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ABSTRACT

Introduction: The purpose of this systematic review and meta-analysis was to determine the potential benefits of 
probiotics in the treatment of atopic dermatitis (AD) in adults. Materials and methods: A meta-analysis was per-
formed on randomized controlled trials investigating the use of probiotics, either applied to the skin or taken orally, 
to decrease AD severity in adult patients. A comprehensive search gathered all available trials from January 1st, 2012 
until November 1st, 2023. The analysis was carried out using Review Manager 5 software. Results: In a study involv-
ing 10 prevention studies with 457 adult participants, probiotics significantly reduced AD severity compared to the 
control group, as indicated by SCORAD scores (MD: -7.92; 95% CI -11.69 to -4.15; p < 0.0001). Both short-term 
and long-term treatments showed significant reductions in SCORAD scores. Single-strain and mixed-strain probiot-
ics were both effective. Probiotics improved SCORAD scores for both young and middle-aged adults. Internal (oral) 
and external (topical) interventions both significantly reduced AD severity. Probiotics had a significant impact on 
SCORAD scores in both Europe and Asia. The effectiveness of probiotics was consistent regardless of treatment du-
ration, type of probiotics used (single-strain probiotics vs. mixed-strain probiotics), participant age, intervention type, 
or geographical area. Conclusion: Probiotics significantly alleviate allergic symptoms in adults with AD, demonstrat-
ing consistent effectiveness across various factors including treatment duration, type of probiotics, participant age, 
intervention type, and geographical area.
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INTRODUCTION

Atopic Dermatitis (AD) is a skin condition that causes 
dryness, itchiness, and inflammation, making individuals 
more prone to infections. According to a study by 
Silverberg et al. (1), the prevalence of AD at 12 months 
of age varies between 2.7% and 20.1% across different 
countries when considering both self-reported diagnosis 
and the International Study of Asthma and Allergies in 
Childhood (ISAAC) criteria. When only considering the 
ISAAC criteria, the prevalence of AD among children 
ranges from 13.5% to 41.9%. While AD often improves 
with age, it can persist into adulthood and impose 

significant economic and health burdens on patients and 
healthcare systems. In the United States, for example, 
AD affects between 3.5% and 7.2% of adults (2). The 
causes of AD are believed to be multi-factorial and may 
involve a combination of environmental allergens, food 
allergens, and genetics.

AD is currently understood to be a prevalent skin disorder 
resulting from an imbalanced immune system. An altered 
T-helper Th1 and Th2 immune response underlies AD, 
manifesting in symptoms such as compromised skin 
barrier function, elevated allergen-specific serum IgE 
levels, and microbial colonization in over 74% of acute 
AD lesions (3,4). Skin barrier repair is a critical aspect of 
AD treatment, with emollients frequently recommended 
for this purpose. Moreover, severe AD symptoms may 
warrant the prescription of glucocorticoids, calcineurin 
inhibitors, or nonspecific immunosuppressive drugs (5).
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The importance given to understanding the significance 
of the gut microbiomes role in the development of AD 
is increasing with time. Regulating various physiological 
processes including endocrine function within our 
intestines cell proliferation angiogenesis alongside 
toxin removal- are all functions attributed to a balanced 
functionality via our gut microbiota (6–8). Imbalances 
or dysbiosis within our gut microbiome during early 
childhood have been associated with immune mediated 
diseases. The administration of probiotics composed of 
beneficial microorganisms are extensively used to treat 
a variety of conditions like AD, inflammatory bowel 
disease, asthma as well as allergies. Probiotics offer 
support in regulating the immune system by working 
against Th2 mediated immune disruptions and providing 
a collective protective effect against allergies (9–11). 
However, it is important to consider that distinct types 
of probiotics contain varied strains, species, and genera, 
each imparting their unique effects to individuals.

Research has shown that the use of Lactobacillus 
paracasei KBL382 can alleviate AD by influencing gut 
bacteria and the immune system (12). An additional 
study has demonstrated that a combination of heat-killed 
probiotics can aid in regulating the balance of T-cells 
within the immune system, as well as the production 
of IgE in mice with house dust mite extraction-induced 
AD (13). Probiotics have the potential to benefit 
individuals with allergic diseases, including AD, by 
reducing inflammation, regulating the immune system, 
and enhancing the intestinal barrier's function. This 
is accomplished through the inhibition of pathogen 
adherence to the epithelium and the prevention of their 
invasion (14–16). Moreover, probiotics can help restore 
the intestinal mucosal barrier's function and break down 
food antigens, which could reduce pathogen proliferation 
(14–16). When it comes to AD, the proportion of Th2 
cells is higher than that of Th1 cells, indicating an 
imbalance. Filaggrin defects can lead to a dysfunctional 
skin barrier, which in turn reduces protection against 
allergens and pathogens. Early exposure to probiotics 
can encourage the maturation of Th1 cells and limit 
the response of Th2 cells. Probiotics can promote the 
production of Tregs and affect Toll-like receptors, which 
could activate dendritic cells and the Th1 response, or 
directly stimulate T-cells (14–16). Research indicates 
that probiotics can boost Th1 function while decreasing 
Th2 and Th17 activity. In acute AD, Th17 cells tend to 
increase and are related to the severity of the condition 
(17,18).

Several systematic reviews have examined probiotics' 
use in treating AD in children and adults, predominantly 
focusing on children. These studies have produced varied 
results due to heterogeneity in study populations, strain 
differences, and individual variability, complicating 
definitive conclusions. Probiotics' efficacy in managing 
AD remains uncertain, with few studies examining 
their use in adult patients. The efficacy of probiotics 

in managing AD remains uncertain, with few studies 
examining their use in adult patients. As such, the current 
study aims to conduct a systematic literature review and 
meta-analysis of randomized controlled trials (RCTs) to 
assess the benefits and outcomes of probiotics in adult 
AD patients by evaluating disease severity. 

MATERIALS AND METHODS 

Inclusion Criteria 
To investigate the effectiveness of probiotics as a 
treatment for AD in adults, all relevant randomized 
controlled trials (RCTs) conducted between January 1st, 
2012 and November 1st, 2023 were comprehensively 
searched. Both single-blinded and double-blinded RCTs 
were considered for inclusion, as the primary focus was 
on the efficacy of probiotics in adult AD patients. The 
blinding status of each study was carefully evaluated 
during the risk of bias assessment, as single-blinded 
studies may have a higher risk of performance and 
detection bias compared to double-blinded studies.

Types of Outcome Measures 
This study's major objective is to evaluate the efficacy 
of treatments for alleviating the symptoms of atopic 
dermatitis. This is typically assessed using standardised 
scoring methods, with the Scoring Atopic Dermatitis 
(SCORAD) index being the most prevalent. The 
SCORAD score ranges from 0 to 103, with lower scores 
suggesting cases of atopic dermatitis that are less severe. 
Additionally, the study also evaluates the occurrence of 
any adverse events or undesirable medical conditions 
among participants after the treatment has been 
administered. This evaluation is qualitative and merely 
documents the presence or absence of adverse events, 
irrespective of their severity. Sepsis, fungemia, and 
gastrointestinal ischemia are the most common adverse 
effects of probiotics, according to a systematic review.

Exclusion Criteria 
This systematic review did not include observational 
or quasi-randomized studies. Also eliminated were 
studies that simply reported surrogate outcomes, such as 
changes in immunoglobulin levels or cytokine counts. 
Also excluded were studies that focused on prebiotics 
or synbiotics. The review was also restricted to adult 
individuals with a diagnosis of atopic dermatitis, omitting 
those with food allergies, asthma, or allergic rhinitis. 
The purpose of the review was to identify the most 
effective probiotic strains for treating atopic dermatitis; 
therefore, it was essential to have a homogeneous study 
population in order to eliminate confounding variables.

Search Process 
In order to identify relevant studies, the search terms 
used were as follows: (“Atopic Dermatitis”[Mesh] OR 
“Atopic Dermatitis”[tw] OR Eczema[tw]) combined 
with (Probiotics[Mesh] OR “probiotic*”[tw] OR 
“probiotic*”[tw]) and (Adults[Mesh] OR “adult*”[tw] OR 
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“geriatric*”[tw] OR “adolescen*”[tw] OR “Aged”[tw]) 
and (Randomized[tw] OR RCT[tw] OR “Trial*”[tw]). 
The search was conducted across several databases 
including PubMed, SCOPUS, Elsevier, and the Cochrane 
Database. Only articles in the English language were 
considered, without any restrictions on the publication 
year. This search adhered to the guidelines set forth 
by PRISMA (Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses). Independently, four 
authors (M.H.N., M.H.A., A.A., and M.A.A) carried out 
the screening at the title, abstract and full text stages. 
Through mutual discussion, the authors resolved any 
conflicting viewpoints that emerged.

The main objective of this research was to evaluate 
the efficacy of probiotics as a means of treating AD in 
adults. In order to ensure the highest quality of data, 
only studies that satisfied strict inclusion criteria were 
taken into account. These criteria included randomized 
controlled trials, non-randomized studies, and controlled 
observational clinical trials that compared a probiotic 
intervention group against a control group receiving 
either standard treatment or a placebo. Additionally, 
the studies needed to provide clear documentation of 
AD diagnosis criteria and detailed descriptions of the 
probiotic intervention and control groups. Those studies 
that utilized quantitative measures were given higher 
priority. Infants/children, case reports or series, literature 
reviews or commentary, case conference series, and 
studies that failed to meet the aforementioned criteria 
were excluded from the analysis.

Data Collection
A comprehensive investigation was conducted, 
encompassing an exhaustive analysis of existing 
literature. This analysis encompassed the date of 
publication, name of the author, trial design, geographic 
location, probiotic strain utilized, as well as the timing 
and quantity of the intervention, along with the duration 
of follow-up. Additionally, to evaluate interventional 
studies, we used the Jadad Quality Scale, which assesses 
six objective criteria related to randomization, blinding, 
and outcome data. The studies were assigned to one 
of three categories: low, unclear, or high risk of bias 
according to this scale. The primary outcomes that we 
compared between the probiotic supplementation group 
and the control group were the change in AD severity 
ratings (SCORAD scores).

Statistical Analysis
A comprehensive investigation was conducted to 
determine the effects of probiotics on AD in adults 
through a meta-analysis. This analysis amalgamated 
data from ten distinct studies and utilized Review 
Manager software (Version 5.3) for evaluation. The 
findings were illustrated in a forest plot, with the 
treatment effect being estimated via the mean difference 
(MD). The Inconsistency test (I2) was employed to 
gauge the heterogeneity of the studies, categorizing I2 
values as low (below 25%), moderate (25-49%), or high 
(exceeding 50%). 

RESULTS 

Study Selection 
The process of study selection is illustrated in Figure 
1. Our initial search for relevant literature produced 
532 records. After removing 115 duplicate records, 
417 remained for the initial screening. Of these, an 
additional 417 were discarded due to being unrelated 
to the research question, involving animal studies, not 
being full-text, reviews, not pertaining to adults, having 
restricted publication types, or having missing data. 
Out of the 15 remaining records, 5 were eliminated 
after a thorough review as they were not randomized 
controlled trials. The final meta-analysis included 10 
prevention studies with 457 adult participants.

Figure 1: PRISMA flow diagram of articles included in the meta-
analysis.
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Study Characteristics
Table I presents detailed information about the 
characteristics of the ten selected trials or studies. These 
ten studies were published between 2012 and 2021 
and include six from Europe and four from Asia. We 
used tools suggested by the Cochrane Collaboration to 

evaluate the risk of bias.  Figure 2(a) and 2(b) provide 
a visual representation and summary of the biases 
present in each individual trial, including selection bias; 
performance bias; detection bias; attrition bias; reporting 
bias; and other biases.

Table I: Characteristics of the studies included in this meta-analysis.

Study, year, 
Country

Age of
participants

Gender
(Male/
Female)

Intervention design Probiotic strains, dose Frequency Duration 
in weeks

Primary 
outcomesn Placebo Probiotics

Butler et al., [19] 
(Sweeden)

38.0±9.7 2/32 34 17 17 L. reuteri DSM17938 
(2.5x109 CFU)

Once 
daily

8 SCORAD 
Index

Drago et al., [20] 
(Italy)

30.5±2.5 18/20 38 19 19 L. salivarius LDR0723 
(1x109 CFU/g)

Twice 
daily

16 SCORAD 
Index

Drago et al., [21] 
(Italy)

42.7±11.0 15/10 25 12 13 L. salivarius LS01 (5x109 
CFU/sachet), S. thermophi-

lus ST10 (2x109 CFU/sachet)

Twice 
daily

4 SCORAD 
Index

Fang et al., [22] 
(China)

51.1±13.3 28/41 69 26 43 L. plantarum CCFM8610 
(1x109 CFU)

or
Bifidobacterium bifidum F35 

(1x109 CFU)

Once 
daily

8 SCORAD 
Index / DLQI

Iemoli et al., [18] 
(Italy)

31.9±2.1 20/28 48 16 32 Lactobacillus LS01 (1x109 
CFU/g), Bifidobacterium 

BR03 (1x109 CFU/g)

Once 
daily

20 SCORAD 
Index

Inoue et al., [23] 
(Japan)

29.7±14.0 28/21 49 25 24 L. acidophilus L-92 (20.7 
mg/day)

Once 
daily

8 SCORAD 
Index

Litus et al., [24] 
(Ukraine)

28.3 (11.7) 16/21 37 12 25 Lactobacillus acidophilus 
LA-5, Bifidobacterium ani-
malis subsp. Lactis BB-12

Twice 
daily

4 SCORAD 
Index

Michelotti et al., 
[25] (Italy)

38.5 (1.7) 12/68 80 40 40 L. plantarum PBS067 (1x109 
CFU), L. reuteri PBS072 

(1x109 CFU), L. rhamnosus 
LRH020 (1x109 CFU)

Daily 12 SCORAD 
Index

Prakoeswa et al., 
[26] (Indonesia)

37.9 (14.2) 9/21 30 15 15 L. plantarum IS-10506 
(2x1010 cfu/day)

Once 
daily

8 SCORAD 
Index

Yamamoto et al., 
[27] (Japan)

27.7 (8.0) 22/28 50 26 24 Lactobacillus acidophilus 
L-92 (20.7 mg/day)

Once 
daily

24 SCORAD 
Index

Figure 2: (a) The risk of bias graph, across a collection of included 
studies, delineating each risk of bias item as a percentage within the 
graph; (b) The summary of risk of bias, a detailed account of each risk 
of bias item for every study included in the analysis.

Overall Clinical Probiotic Efficacy 
The intervention group, consisting of 251 adults, and the 
control group, comprising 206 adults, were evaluated, 
resulting in a total of 457 adults examined. Figure 3(a) 
depicts the results of a meta-analysis that incorporated 
all ten trials. The overall conclusion stated that probiotics 
yielded significantly better outcomes compared to the 
control group in terms of SCORAD scores (MD: -7.92; 
95% CI: -11.69 to -4.15; p < 0.0001). The Mean Differ-

ence (MD) and 95% CI values indicate that individuals 
who received probiotics had a considerable decrease 
in the likelihood of developing AD. However, due to 
the fact that there was a high degree of heterogeneity 
among these trials (I2 = 95%), a random-effects model 
was employed.

Overall Effect by Duration of Treatment 
The ten studies conducted had different treatment 
durations, ranging from 4 to 16 weeks. We investigated 
whether treatment duration had an effect on treatment 
efficacy (Figure 3(b)). We defined short-term treatment 
as a duration of four weeks or less, and long-term 
treatment as a duration of more than four weeks. In 
the studies with probiotics, we found that SCORAD 
scores were significantly reduced at treatment durations 
of less than four weeks (274 adults) (MD: -3.90; 95% 
CI: -6.18 to -1.63; p = 0.0008; I2 =78%). It was found 
that trials with treatment duration longer than 4 weeks 
had a greater effect in reducing SCORAD scores (MD: 
-8.00; 95% CI: -12.47 to -3.53; p = 0.0004; I2 = 96%) 
than trials with treatment duration shorter than 4 weeks. 
However, there was no statistically significant difference 
between these two subgroups (p = 0.11). Therefore, 
the conclusion from these results is that extending the 
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treatment duration beyond four weeks offers no extra 
benefits, as per our findings.

Clinical Effect by Type of Intervention 
The results of the subgroup analysis, shown in Figure 5(a), 
indicate that similar results were obtained regardless of 
the type of intervention. A significant decrease in severity 
AD was achieved by the use of internal or oral probiotics 
(MD: -8.61; 95% CI: -12.89 to -4.33; p < 0.0001; I2 = 
96%). On the other hand, external or atopic intervention 
also resulted in a reduction (MD: -4.25; 95% CI: -7.08 
to -1.41; p = 0.003; I2= 0%). These results suggest 
that probiotics may be beneficial in the treatment of 
eczema, whether used internally or externally. Despite 
the observed heterogeneity, both intervention types 
significantly reduced AD severity, with no significant 
difference between subgroups (p = 0.10).

Clinical Effect by Type of Geographical Area 
As shown in Figure 5(b), we carried out subgroup 
analyses based on geographical area, specifically Europe 
and Asia. In both Europe (MD: -8.87; 95% CI: -15.18 to 
-2.56; p = 0.006; I2 = 97%) and Asia (MD: -6.61; 95% 
CI: -10.88 to -2.34; p = 0.002; I2 = 78%), probiotics had 
a significant effect on SCORAD scores. This significant 
effect observed in both regions suggests that probiotics 
may have a potential role in managing eczema among 
these populations. The heterogeneity observed may 
be due to variations in study design, probiotic strains 
used, dosages administered, and treatment duration. 
However, no statistically significant difference was 
found between these subgroups (p = 0.56), suggesting 
that the effects of probiotics on SCORAD scores are not 

Figure 3: (a) Forest plot depicting the MD in the change of SCORAD 
scores among individuals treated with probiotics; (b) Forest plot 
demonstrated the probiotics’ efficacy on atopic dermatitis by 
different follow-up times.

Clinical Effect by Single or Mixed Probiotics Used 
Figure 4(a) displays the utilization of single-strain and 
mixed-strain probiotics in all ten trials conducted. We 
classified the probiotics into two distinct groups: single-
strain and mixed-strain. Consequently, the single-strain 
subgroup consisted of six trials, whereas the mixed-
strain subgroup encompassed four trials. In the single-
strain subgroup, probiotics exhibited an efficacy of -7.04 
(95% CI, -10.42 to -3.65; p < 0.0001), while the mixed-
strain subgroup displayed an efficacy of -9.09 (95% 
CI, -16.70 to -1.49; p = 0.02). However, a substantial 
level of heterogeneity was observed among both the 
single-strain (I2 = 64%) and mixed-strain (I2 = 95%) 
subgroups. Notably, both types significantly improved 
SCORAD scores, with no significant difference between 
subgroups (p = 0.63).

Clinical Effect by Participant Age 
As in Figure 4(b), three studies included participants 
aged 17-30 years, specifically focusing on young adults. 
Additionally, seven other studies encompassed middle-
aged adults aged over 31 years. Probiotics exhibited 
a significant impact on improving SCORAD scores in 
adults aged 17-30 years with AD (MD: -6.34; 95% CI: 
-10.94 to 1.74; P = 0.007; I2 = 90%). Notably, the effect 
of probiotics was also observed in adults aged over 31 
years (MD: -8.66; 95% CI: -14.91 to -2.42; P = 0.007; 
I2 = 96%). Probiotics were effective in both age groups, 
with no significant difference between subgroups (p = 
0.56).

Figure 4: (a) Forest plot demonstrated the probiotics’ efficacy on 
atopic dermatitis by single or mixed probiotics used; (b) Forest plot 
demonstrated the probiotics’ efficacy on atopic dermatitis by age 
group.
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DISCUSSION

This comprehensive review presents the latest evidence 
regarding the impact of probiotics on the prevention 
and treatment of AD in adult individuals. A total of ten 
randomized controlled trials (RCTs) were thoroughly 
examined and quantitatively analyzed in this study. 
The combined findings clearly indicate that probiotics 
significantly reduce SCORAD scores (MD: -7.92; 95% 
CI: -11.69 to -4.15; p < 0.0001) when compared to 
placebo in adults with AD. This reduction in SCORAD 
scores translates to a clinically meaningful improvement 
in AD symptoms. Our investigation also encompassed 
three existing systematic reviews that investigated 
the use of probiotics for the treatment or prevention 
of AD in adults (28–30). Notably, a recent meta-
analysis incorporating up-to-date data demonstrated 
the potential of probiotic intervention in reducing the 
incidence of AD. Additionally, subgroup analyses 
revealed noteworthy findings.

First, the results of our study demonstrate that probiotics 
have a significant effect in reducing the severity of AD, 
as evidenced by the decrease in SCORAD scores, within 
both the single-strain (MD: -7.04; p < 0.0001) and 
mixed-strain subgroups (MD: -9.09; p = 0.02). This is 
in line with the findings of previous meta-analyses by 
Chen et al. (31) and Huang et al. (32), although their 
focus was primarily on the use of probiotics for AD 
prevention in infants and children. However, Doege et 
al. (33) and Zuccotti et al. (34) conducted previous meta-
analyses on probiotics' clinical effects in AD, yielding 
inconsistent findings. Doege et al. (33) concluded that 

significantly different between Europe and Asia. Overall, 
our results suggest that probiotics may have beneficial 
effects for eczema management in both Europe and Asia 
but further studies are needed to determine the optimal 
strains, dosages, and treatment duration for achieving 
the best outcomes.

Figure 5: (a) Forest plot demonstrated the probiotics’ efficacy on 
atopic dermatitis at different type of intervention (internal or external 
use); (b) Forest plot demonstrated the probiotics’ efficacy on atopic 
dermatitis at different type of geographical area.

Clinical Effect by Source of Participants 
Figure 6(a) shows significant reductions in long-term 
AD severity among both normal individuals (MD: -4.16; 
95% CI: -5.25 to -3.06; I2= 0%, p < 0.0001) and high-
risk individuals (MD: -11.90; 95% CI: -16.62 to -7.19; I2 
= 93%, p < 0.00001) who received probiotics compared 
to those who received a placebo. A significant subgroup 
difference was found (MD: -7.92; 95% CI: -11.69 to 
-4.15; I2 =95%, p = 0.002), with high-risk individuals 
experiencing greater reductions in AD severity compared 
to the normal population. This suggests that probiotics 
may be particularly beneficial for individuals at higher 
risk of developing AD.

Publication Bias 
To assess the potential publication bias, we generated 
funnel plots using Review Manager software (Figure 6(b)). 
Each dot in the plot represents data from an individual 
randomized controlled trial (RCT) and a random-effects 
model was employed for the analysis. The funnel plots 
exhibited some asymmetry, suggesting a moderate 
risk of publication bias. This asymmetry may be partly 
due to our inclusion criteria, which only encompassed 
English-language publications and excluded conference 
abstracts. It should be acknowledged that studies with 
positive outcomes have a higher likelihood of being 
published, introducing a bias towards positive results.

Figure 6: (a) Forest plot demonstrated the probiotics’ efficacy 
on atopic dermatitis at different source of participants; (b) The 
publication bias is shown on the funnel plot, indicates the studies 
that reported atopic dermatitis.
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designs, probiotic strains utilized, patient populations, 
or other unmeasured factors.

The age of the participants was taken into account 
when performing a subgroup analysis on the effects of 
probiotics on AD. The eligible studies were categorized 
into two distinct groups according to age: young adults 
(aged 17 to 30 years) and middle-aged adults (aged 
more than 31 years). The findings revealed that probiotic 
treatment significantly reduced SCORAD scores in 
both age groups. This suggests that probiotics have the 
potential to be an effective therapeutic approach for 
managing AD symptoms in adults. We discovered that 
probiotic supplementation was effective in preventing 
AD among young adults (MD: -6.35; p < 0.0001) and 
middle-aged adults (MD: -8.86; p < 0.00001), resulting 
in a decreased risk of AD. No statistically significant 
difference (p = 0.56) was observed between the effects 
observed in the two adult groups, suggesting that the 
effects of probiotics on gut microbiome composition in 
adults may be determined by the presence of their fully 
developed immune systems, as opposed to the immature 
immune systems typically observed in children. Notably, 
probiotic bacteria containing specific cell components 
have been shown to alleviate AD symptoms in adults 
(41). The effects of probiotics on AD in relation to age 
can be explained by a number of factors, one of which 
is the different composition of the gut microbiota in 
middle-aged and young individuals (42). As people 
age, changes in the gut microbiota occur, impacting 
the effectiveness of probiotics in modulating immune 
responses and maintaining gut barrier function (43). The 
response to probiotic interventions may be influenced 
by the gut microbiota's ability to interact with the 
host immune system, as well as the specific strains of 
probiotics used in the studies (9,10).

We examined different participant groups receiving 
either internal (oral) or external (topical) probiotics and 
found that both internal and external probiotics were 
effective in preventing AD in adults. The risk of AD 
significantly decreased in both groups: those receiving 
internal probiotics (MD: -4.25; p = 0.003) and those 
receiving external probiotics (MD: -8.61; p < 0.0001). 
However, no significant differences were found between 
the two adult groups (p = 0.10). Internal consumption of 
probiotics is known to modulate the immune system, 
reduce inflammation, and enhance the skin's response 
to environmental factors. On the other hand, topical 
probiotics can assist in reducing skin eczema. By 
increasing ceramide production, topical probiotics 
improve the skin's barrier function. Ceramides, lipid 
components naturally present in the outermost layer of 
the skin (stratum corneum), are crucial for maintaining 
the skin's integrity and functionality. They prevent 
water loss and protect against irritants, allergens, 
and pathogens. Research demonstrated that a cream 
containing Lactobacillus plantarum extract, when 
topically applied, improved skin hydration and barrier 

probiotic supplementation significantly reduced AD 
risk (risk difference, RD: 0.057, p = 0.022), particularly 
with single-strain probiotics, whereas Zuccotti et al. (34) 
found better outcomes with a mixed-strain probiotics 
(relative risk, RR: 0.54; p < 0.000). Noteworthy, Zuccotti 
et al. (34) incorporated results from the same group of 
people observed at various follow-up periods. On the 
other hand, the research conducted by Doege et al. (33) 
was focused solely on the administration of probiotics 
to pregnant women, this hampers their ability to provide 
an in-depth overview of probiotics' impact and may 
understate their effects. Alternatively, in a meta-analysis 
conducted by Kim et al. (35), demonstrated that mixed-
strain probiotics produced the most significant reduction 
in SCORAD scores (WMD: -6.60, P < 0.001) among 
adult subjects. Following this, Lactobacillus species 
exhibited a favorable impact (WMD: -3.81; P = 0.004). 
Conversely, the use of Bifidobacterium species alone 
displayed a negative effect (WMD: 1.75). It is possible 
that the superior efficacy of mixed-strain probiotics in 
the prevention and treatment of AD can be attributed to 
a potential synergistic effect arising from the combined 
action of multiple bacterial strains in modulating the 
intestinal microbiome and, consequently, the immune 
system. This is an effect that cannot be achieved by a 
single-strain alone, as suggested by Chang et al. (36).

The duration of probiotic treatment for eczema varies 
significantly among studies. In our comprehensive 
review, we encompassed studies with treatment periods 
ranging from 4 weeks to 16 weeks. To investigate the 
impact of short-term (≤4 weeks) versus long-term 
(>4 weeks) probiotic treatment on eczema severity, 
as assessed by the SCORAD score, we conducted a 
subgroup analysis. Interestingly, in trials with treatment 
durations of 4 weeks or less, a significant reduction in 
SCORAD scores was observed (MD: -3.90; 95% CI: 
-6.18 to -1.63; p = 0.0008; I2 = 78%), indicating a 
notable effect of probiotics in mitigating eczema severity 
within a relatively brief treatment period. However, trials 
with treatment durations exceeding 4 weeks exhibited 
an even more pronounced decrease in SCORAD scores 
(MD: -8.00; 95% CI: -12.47 to -3.53; p = 0.0004; I2 
= 96%). This improvement could be attributed to the 
cumulative influence of probiotics on the composition 
and function of the gut microbiota, subsequently 
modulating the immune response. Probiotics are known 
to impact the gut microbiota, potentially altering the 
immune response associated with eczema (37–39). 
However, the difference between these two subgroups 
was not statistically significant (p = 0.11), suggesting 
that extending the treatment duration beyond 4 weeks 
may not yield additional benefits. This could be due 
to the rapid colonization of probiotics in the gut and 
the consequent early onset of their immunomodulatory 
effects (40). The observed heterogeneity in these studies 
was relatively high (I2 = 78% and I2 = 96% respectively), 
indicating substantial variation in the study outcomes. 
This variation could be attributed to differences in study 
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function in healthy adults (44). This effect was attributed 
to enhanced ceramide production and improved 
skin barrier function (45). Additionally, another study 
highlighted the efficacy of the lactic acid bacterium 
Streptococcus thermophilus in improving ceramide 
concentrations in the skin's stratum corneum (46).

Our meta-analysis included geography-specific sub-
analyses, revealing the effectiveness of probiotics 
in reducing SCORAD scores in both Europe and 
Asia. Surprisingly, we found no significant subgroup 
difference between these regions. One possible 
explanation for this lack of distinction is the similarity 
in probiotic strains used across the studies conducted 
in Europe and Asia. For instance, Panduru et al. (47) 
employed a combination of Lactobacillus acidophilus 
and Bifidobacterium lactis strains, which are commonly 
found in probiotic products marketed in both regions. 
This similarity in strain usage suggests that the effects of 
probiotics on eczema may be comparable in Europe and 
Asia. However, further investigation is necessary to fully 
explore this hypothesis and comprehend the potential 
influence of geographical location on probiotic efficacy 
for eczema treatment.

From our study, we evaluated the effect of probiotics on 
reducing the severity of AD in individuals categorized as 
normal-risk (i.e., no personal or family history of atopy 
or previous AD episodes) or high-risk (i.e., with a family 
history of atopy or previous AD episodes). It was observed 
that probiotics exert a significant effect, with greater 
efficacy seen in high-risk individuals and a notable 
difference among subgroups. These findings suggest 
that individuals with a heightened predisposition to AD, 
including those with a family history of atopy or other 
risk factors, may benefit significantly from probiotics' 
potential (48). One possible explanation is that high-risk 
individuals may have a dysbiotic gut microbiota, which 
can contribute to the development and exacerbation of 
AD (49). Probiotics may help to restore a healthy gut 
microbiota composition, which in turn may reduce AD 
severity. Another possible explanation is that high-risk 
individuals may have a more dysregulated immune 
system, which can contribute to the development and 
exacerbation of AD (50). Probiotics have the ability 
to modulate the immune system, which may help to 
reduce inflammation and improve immune function in 
high-risk individuals with AD (9,10). Moreover, high-
risk individuals may have a higher level of oxidative 
stress, which can contribute to the development and 
exacerbation of AD (51–53). Studies have indicated 
that probiotics possess antioxidant properties that may 
play a significant role in ameliorating oxidative stress 
and optimizing skin health, particularly in high-risk 
individuals with AD (54,55). In addition, high-risk 
individuals may have a higher level of psychological 
stress, which can contribute to the development and 

exacerbation of AD (56). Probiotics have been shown to 
have a positive effect on mood and stress levels, which 
may help to reduce psychological stress and improve 
AD symptoms in high-risk individuals (57) In summary, 
high-risk individuals may experience a greater reduction 
in AD severity when receiving probiotics due to several 
possible mechanisms, including the restoration of a 
healthy gut microbiota composition, modulation of 
the immune system, reduction of oxidative stress, and 
improvement of psychological stress. Further research is 
needed to better understand the underlying mechanisms 
by which probiotics exert their beneficial effects on AD 
in high-risk individuals.

In general, this systematic review and meta-analysis 
provides evidence that probiotics have a significant 
impact on reducing the severity of AD in adults. The 
study analyzed ten randomized controlled trials and 
found that probiotics significantly reduce SCORAD 
scores when compared to placebo in adults with AD. 
The findings suggest that probiotics have a significant 
effect in reducing the severity of AD within both the 
single-strain and mixed-strain subgroups. The duration 
of probiotic treatment for eczema varies significantly 
among studies, but the results suggest that extending 
the treatment duration beyond 4 weeks may not yield 
additional benefits. The study also found that probiotic 
treatment was effective in preventing AD among young 
adults and middle-aged adults, resulting in a reduced 
risk of AD. Both internal and external probiotics were 
effective in preventing AD in adults. The study also 
investigated the impact of probiotics on reducing the 
severity of AD in individuals categorized as normal-risk 
or high-risk and found that probiotics exert a significant 
effect, with greater efficacy seen in high-risk individuals. 
Overall, the study provides valuable insights into the 
potential of probiotics as a therapeutic approach for 
managing eczema symptoms in adults.

CONCLUSION

The current study provides evidence suggesting the 
potential of probiotics to attenuate SCORAD indices 
in adult patients diagnosed with AD. Nevertheless, 
due to the observed heterogeneity within the dataset, 
caution should be exercised when generalizing these 
findings. The outcomes, nonetheless, instil a degree of 
optimism concerning the potential therapeutic strategies 
for managing adult AD. Considering the complex nature 
of the skin and gut microbiome, along with the rapid 
evolution of research methodologies within this domain, 
it is incumbent upon the scientific community to conduct 
further investigations to expound on the role of skin 
and gut microbiota in the aetiopathogenesis of AD. To 
substantiate these preliminary findings, future research 
should focus on executing adequately more powerful 
RCTs utilizing standardized measurement procedures. 
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This will facilitate a more precise determination of the 
most efficacious probiotic species, their optimal dosages, 
and suitable treatment durations for adult AD patients.
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