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Background information: Allergic diseases are an increasingly serious health
issue worldwide, affecting not only the physiological health of patients but
also significantly reducing their quality of life, thereby imposing a substantial
economic burden on families and society. According to data from the World
Health Organization, the incidence of allergic diseases has risen markedly over
the past few decades, particularly among children and adolescents, making
it a significant public health challenge. Although several clinical studies have
explored the effects of probiotics in the treatment of food-induced allergies
and allergic diseases, the results have been inconsistent. Some studies indicate
positive effects, while others fail to demonstrate their efficacy. Therefore, a
systematic evaluation of the effectiveness of probiotics in allergic diseases is
particularly important. Some studies indicate that patients with food allergies
may also experience respiratory symptoms, and certain foods may be associated
with the onset or exacerbation of allergic rhinitis and asthma. Diseases
such as allergic rhinitis, asthma, and atopic dermatitis are characterized by
inappropriate immune responses to typically harmless environmental allergens.
The incidence of these diseases is continuously rising in urban populations,
prompting researchers to extensively explore novel therapeutic strategies that
can effectively modulate immune responses.

Objective: The aim of this study is to systematically assess the effectiveness
of probiotics in the treatment of allergic diseases. By integrating the results of
existing clinical studies, we hope to provide a clearer scientific basis for the
treatment of allergic diseases.

Methods: We conducted a comprehensive literature search in databases such
as PubMed for articles published before the end of 2023 that evaluated the
effectiveness of probiotics in treating allergic diseases. Inclusion criteria focused
on studies reporting binary outcomes related to the efficacy of probiotics in
patients with food allergies, asthma, allergic rhinitis, or atopic dermatitis.
Data were collected using Excel software, and the Review Manager software
was used to analyze the collected binary variable data. The effectiveness of
probiotics was assessed by calculating the risk ratio (RR) and its 95% confidence
interval (Cl). Heterogeneity among studies was evaluated using the |2 statistic,
and publication bias was assessed through funnel plots.

Results: The analysis of the aggregated binary data indicates that probiotics
significantly improve clinical outcomes in patients with allergic diseases.
Additional analysis using continuous variables (scores) further demonstrates the
effectiveness of probiotics in alleviating allergic diseases. Subgroup analyses
show that probiotics are effective in treating various common conditions, with
two specific probiotics strains being particularly effective for allergic diseases.

01 frontiersin.org


https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fnut.2025.1502390&domain=pdf&date_stamp=2025-03-04
https://www.frontiersin.org/articles/10.3389/fnut.2025.1502390/full
https://www.frontiersin.org/articles/10.3389/fnut.2025.1502390/full
https://www.frontiersin.org/articles/10.3389/fnut.2025.1502390/full
mailto:cdlcr@163.com
https://doi.org/10.3389/fnut.2025.1502390
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/nutrition#editorial-board
https://www.frontiersin.org/journals/nutrition#editorial-board
https://doi.org/10.3389/fnut.2025.1502390

Xietal.

10.3389/fnut.2025.1502390

Conclusion: We included literature involving pediatric patients with common
allergic diseases, Probiotics can help treat allergic diseases by modulating
immune mechanisms, but allergic diseases are typically caused by multiple
factors and individual variations, however, allergic diseases are typically caused
by multiple factors and individual variations, so they should not be used as the
sole treatment method.This meta-analysis provides evidence supporting the
effectiveness of probiotics in various allergic diseases. The findings suggest that
probiotics can serve as a beneficial adjunctive therapy for the treatment of these

conditions.

Systematic review registration: https://clinicaltrials.gov/, CRD42024586317.

KEYWORDS

probiotics, allergic diseases, asthma, rhinitis, eczema

1 Introduction

Allergic diseases have become a significant global public health
issue, affecting the health of millions of people and leading to
substantial morbidity and healthcare costs. Food allergies and
respiratory allergies are common conditions, and their prevalence is
on the rise. Some studies indicate that patients with food allergies may
also experience respiratory symptoms, and certain foods may
be associated with the onset or exacerbation of allergic rhinitis and
asthma (1). Diseases such as allergic rhinitis, asthma, and atopic
dermatitis are characterized by inappropriate immune responses to
typically harmless environmental allergens. The incidence of these
diseases is continuously rising in urban populations, prompting
researchers to extensively explore novel therapeutic strategies that can
effectively modulate immune responses (2-5).

Despite a growing body of literature supporting the use of
probiotics in managing allergic diseases, the results of individual
studies have been inconsistent. Some clinical trials report significant
improvements in symptoms and quality of life (6-8), while others
demonstrate only weak effects (9). This variability may be attributed
to differences in study design, probiotic strains, dosages, and patient
populations. Therefore, there is an urgent need for a comprehensive
evaluation of the existing evidence to clarify the efficacy of probiotics
in the treatment of allergic diseases (10, 11).

This meta-analysis aims to systematically review and synthesize
existing randomized controlled trials (RCTs) and clinical studies on
the effects of probiotics on allergic diseases. It seeks to provide a
clearer understanding of the therapeutic potential of probiotics,
identify factors that may influence treatment outcomes, and offer
insights for future research directions in this evolving field (12).

2 Materials and methods
2.1 Search strategy and selection criteria

This study follows the “Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA)” guidelines to ensure that the
design and reporting of our meta-analysis meet international
standards (13). Given that this study involves secondary data analysis,
ethical committee approval is not required. Literature published in
2023 and earlier was retrieved from the PubMed. We used search
terms including: allergic diseases or asthma or rhinitis, probiotics, and
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eczema. We included literature from RCTs and other relevant studies
that provided full-text articles, while excluding studies that contained
only abstracts, unpublished data, or were in languages other
than English.

We included literature involving pediatric patients with common
allergic diseases, specifically studies reporting on diagnosed children.
This analysis included research on oral probiotics, comparing this
intervention with a placebo control group to assess whether allergic
manifestations relieved post-intervention. We explored whether
different diseases influenced the control of allergic conditions
following probiotic use and evaluated the impact of single versus
combined probiotic strains on health outcomes. Two personnel
independently screened the literature based on the inclusion and
exclusion criteria. In case of disagreements between the two reviewers,
a third reviewer was consulted to mediate and reach a consensus.

3 Data extraction

The following items were extracted from the included literature:
@ basic study information, including the first author and year of
publication; @ study design; ® number of cases; @ type of probiotics.
References from the initially retrieved literature that met the study
criteria were also subjected to data extraction (14, 15). Two personnel
independently extracted relevant data from the included studies and
verified the accuracy of the data entry. In case of discrepancies, the
researchers consulted with each other to reach a consensus. When a
study reported multiple groups within a single trial, only the relevant
groups were included.

4 Quality assessment

The Cochrane tool for assessing the risk of bias in randomized
trials was used, with two personnel independently evaluating the
quality of the literature across six bias domains (16): @ selection bias:
random sequence generation and allocation concealment; @
performance bias: blinding of participants and personnel; ® detection
bias: blinding of outcome assessment; @ attrition bias: incomplete
outcome data; ® reporting bias: selective reporting; ® other bias. The
risk of bias for each domain is categorized as low, high, or unclear. A
study is considered to have a low risk of bias if each domain is clearly
described. If at least one domain is assessed as high risk, the study is
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deemed to have a high risk of bias. If at least one domain’s risk is
unclear, the study is classified as having unclear risk. Discrepancies
will be resolved by consulting a third reviewer.

5 Statistical analysis

Data were collected using Excel software and analyzed using
Review Manager Software. The effectiveness of probiotics was
assessed by calculating the risk ratio (RR) and its 95% confidence
interval (CI). A forest plot was used to evaluate heterogeneity
between studies. A fixed-effect model was applied for studies with
low heterogeneity (I < 50%, p > 0.1), whereas a random-effects
model was used for studies with high heterogeneity (I* > 50%,
p <0.1). A p-value of <0.05 was considered statistically significant.

10.3389/fnut.2025.1502390

A funnel plot was employed to explore potential publication bias.
Heterogeneity between studies was assessed using the I* statistic,
and publication bias was evaluated through the funnel plot
(Figure 1).

6 Results
6.1 Characteristics of patients

A total of 2,731 relevant studies were initially retrieved from the
database. After removing 97 duplicate studies, 2,582 articles were
excluded based on a review of titles, abstracts, and keywords.
Following a full-text review, an additional 39 articles were excluded.
Ultimately, 13 studies were included in the analysis (17-29).
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FIGURE 1
Flowchart of the search process for articles included.
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The articles that met the inclusion criteria were incorporated into
the meta-analysis, and their characteristics are presented in Table 1.

6.2 Quality assessment of the literature
Among the 13 RCTs, 12 were randomized double-blind trials, and

1 was a quasi-experimental study. The risk of bias for these studies was
assessed using the Cochrane tool, as illustrated in Figures 2, 3.

TABLE 1 Characteristics of 13 RCTs included in the meta-analysis.

10.3389/fnut.2025.1502390

6.3 Effects of probiotics on allergic
diseases

This study evaluated the impact of probiotics on the risk of
developing allergic diseases. The overall results indicated that the
probiotics group had a 25% lower risk of allergic diseases compared
to the control group (RR = 0.75), with this result being statistically
significant (p = 0.009). The heterogeneity analysis revealed a
moderate level of heterogeneity among studies, with an I” statistic

Author/year Sample  Study design = Type of probiotics Type
Jonatas (2019) 30 quasi-experimental | Lactobacillus reuteri Asthma
Yue-Sheng Chen (2010a) 105 RCT Lactobacillus gasseri A5 Asthma
Yue-Sheng Chen (2010b) 94 RCT Lactobacillus gasseri A5 Rhinitis
Xiao-Dong (2021) 206 RCT Lactobacillus, Bifdobacterium animalis Eczema
Chian-Feng (2018a) 147 RCT Lactobacillus paracasei Asthma
Chian-Feng (2018b) 147 RCT Lactobacillus fermentum Asthma
Michele (2017a) 40 RCT Bifidobacteria mixture Rhinitis
Michele (2017b) 40 RCT Bifidobacteria mixture Rhinitis
Miisa Komulainen (2023a) 195 RCT Lacticaseibacillus rhamnosus, Bifidobacterium animalis Asthma
Miisa Komulainen (2023b) 195 RCT Lacticaseibacillus rhamnosus, Bifidobacterium animalis Eczema
Rikke (2019a) 260 RCT Lactobacillus rhamnosus, Bifidobacterium animalis Asthma
Rikke (2019b) 241 RCT Lactobacillus rhamnosus, Bifidobacterium animalis Eczema
Rikke (2019¢) 260 RCT Lactobacillus rhamnosus, Bifidobacterium animalis Rhinitis
Gareth Davies (2018a) 370 RCT Lactobacilli, Bifdobacteria Asthma
Gareth Davies (2018b) 370 RCT Lactobacilli, Bifdobacteria Eczema
Erica (2020) 255 RCT Bifidobacterium, Streptococcus thermophilus Eczema
Niers (2009) 102 RCT Bifidobacterium, Lactococcus lactis Eczema
Kaarina (2007) 925 RCT Lactobacillus rhamnosus, Bifidobacterium, Propionibacterium freudenreichiis Eczema
Bozena (2021) 96 RCT Lactobacillus rhamnosus, Lactobacillus casei Eczema
Lorenzo (2022) 422 RCT Ligilactobacillus salivarius, Bifidobacterium breve Asthma
Random sequence generation (selection bias)
Allocation concealment (selection bias)
Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)
Selective reporting (reporting bias)
Other bias
I t t + i
0% 25% 50% 75% 100%
. Low risk of hias D Unclear risk of bias . High risk of bias
FIGURE 2
Risk of bias summary. The quality assessment of each literature has been shown. The color green, yellow and red mean low, high and unclear risk of
bias, respectively, (Color online).
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of 51%. Despite this, the relative risks in the most studies were less
than 1, reinforcing the conclusion that the incidence of allergic
diseases was significantly lower in the probiotics group compared
to the control group.

The overall effect Z-value was 2.63 (p =0.009), indicating a
significant association between the probiotics use and a reduced risk
of allergic diseases. Additionally, the funnel plot analysis showed good
overall symmetry, suggesting a low likelihood of publication bias, and
enhancing the reliability of the study results (Figures 4, 5).

6.4 Comparison of differences in various
scoring systems between probiotics and
control groups

The overall mean difference was-7.79 (95% CI: —9.79, —5.79),
indicating that the symptom scores in the probiotics group were
significantly lower than those in the control group, with statistical
significance (p < 0.00001). The overall effect test showed a Z-value of 7.64
(p < 0.00001), indicating that the overall effect was statistically significant.
Overall, the funnel plot did not demonstrate any obvious publication bias,
and probiotics significantly reduced symptom scores (Figures 6, 7).

6.5 Analysis of the use of one, two, and
three probiotic strains in the treatment of
allergic diseases

In the studies using one probiotic strain, a total of 25 events in
the probiotics group and 44 events in the control group were
included. The RR was 0.65, with a CI of [0.43, 0.98]. The overall
effect in this group was significant (p = 0.04), indicating that the
risk in the group using one probiotic strain was significantly lower
than that in the control group.

In the studies using two probiotics strains, a total of 162 events in
the probiotics group and 221 events in the control group were
included. The RR was 0.74, with a CI of [0.62, 0.89]. The overall effect
in this group was also significant (p = 0.001), indicating that the risk
in the group using two probiotics strains was significantly lower than
that in the control group.

In the studies using three probiotics strains, the total number of
events was 120 in the probiotics group and 150 in the control group.
The RR was 0.81, with a CI of [0.66, 0.99]. The overall effect in this
group was similarly significant (p = 0.04), indicating that the risk in
the group using three probiotics strains was significantly lower than
that in the control group.

Combining the results of all studies, the RR was 0.76, with a CI of
[0.67, 0.86], p < 0.0001, demonstrating that probiotics significantly
reduced the risk of a certain outcome (Figures 8, 9).

The probiotic treatment strategies collected in this study are mainly
categorized into four types: those based on lactobacilli, those based on
bifidobacteria, the combination of lactobacilli and bifidobacteria, and
bifidobacteria, and
propionibacteria. Lactobacilli exhibit antibacterial properties, regulate

the combined treatment of lactobacilli,

gut microbiota, and enhance immune function, while bifidobacteria
primarily contribute to maintaining intestinal barrier integrity,
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FIGURE 3
Risk of bias assessment for included studies. Low risk of bias (+), high
risk of bias (=), unclear risk of bias (?).

inhibiting pathogenic bacteria, and alleviating gut inflammation. The
combination of these two types of probiotics can produce synergistic
effects. Propionibacteria, on the other hand, exert additional anti-
inflammatory and immunomodulatory effects through their metabolic
byproducts, such as propionic acid and acetic acid. However, these
mixed treatment strategies may face challenges such as metabolic
competition between strains, differences in environmental sensitivity
among species, and formulation stability issues. Furthermore, variations
in the gut microbiota composition of different individuals may also
impact the efficacy of mixed probiotic treatments.
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Probiotics Control Risk Ratio Risk Ratio
__Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Bozena2021 3 48 10 48 22% 0.30(0.09,1.02) I

Erica2020 35 118 37 137 7.7% 1.10[0.74,1.62) o e

Gareth Davies2018a 43 183 40 187 8.9% 1.10[0.75,1.61) |

Gareth Davies2018h 61 183 65 187 145% 0.96[0.72,1.27) & B

Jonatas2019 1 14 1 16 02% 1.14([0.08,16.63]

Kaarina2007 120 461 150 464 336% 0.81 [0.66, 0.99] -

Lorenzo2022 19 212 50 210 11.3% 0.38[0.23,0.62] =

Miisa Komulainen2023a 0 66 3 66 08% 0.14[0.01,2.71] ¢

Miisa Komulainen2023b 15 66 1 68 24% 1.40([0.70, 2.83) e

Niers2009 6 50 15 52 33% 0.42[0.18,0.99] — =

Rikke2019a 3 130 6 130 13% 0.50([0.13,1.96) —

Rikke2018h 5 119 14 122 31% 0.37[0.14,0.98]

Rikke2019c 0 130 0 130 Not estimable

Xiao-Dong2021 7 104 7 102 16% 0.98(0.36, 2.70] D

Yue-Sheng Chen2010a 12 49 21 56 4.4% 0.65(0.36,1.19]

Yue-Sheng Chen2010b 12 41 22 47  46% 0.63[0.36,1.10] |

Total (95% Cl) 1974 2022 100.0% 0.78[0.69, 0.88] ¢

Total events 342 452

Heterogeneity: Chi*= 28.73, df=14 (P=0.01); F=51% =0 0 0=1 1 130 100=

Test for overall effect: Z=3.95 (P < 0.0001) Favours [Probiotics] Favours [control]

FIGURE 4

Forest plot showing the effectiveness of probiotics in treating allergic diseases.

FIGURE 5
Funnel plot showing publication bias.
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6.6 The impact of probiotics on different
diseases

Probiotics have demonstrated benefits in reducing allergic

diseases, particularly asthma and eczema. Overall, the funnel plot
shows a certain degree of symmetry (Figures 10, 11).

7 Discussion

We included literature involving pediatric patients with common
allergic diseases, Probiotics can help treat allergic diseases by
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modulating immune mechanisms, but allergic diseases are typically
caused by multiple factors and individual variations (30), so they
should not be used as the sole treatment method (31). This study
assessed the effects of probiotics on different scoring systems through
a meta-analysis. The results showed that the symptom scores in the
probiotics group were significantly lower than those in the control
group, indicating a significant negative correlation between probiotics
use and symptom improvement. This finding is consistent with existing
literature (32, 33), supporting the potential role of probiotics in
improving allergic diseases and other related symptoms.

In various scoring systems, the results for IgE and quality of life
were particularly notable, indicating that probiotics may reduce
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Probiotics Control Mean Difference Mean Difference
Study or Subgroup Mean SD_Total _Mean SD _Total Weight IV, Random, 95% CI IV, Random, 95% Cl
2.1.11gE
Chian-Feng2018a 48242 37168 38 577.81 70594 35 00% -9539[357.43,166.65 * »
Chian-Feng2018b 4964 62251 38 577.81 70594 35 0.0% -81.41([-387.79,224.97] ¢ »
Niers2009 35.1 7.7 50 546 131 52 111% -19.50[-23.65,-15.35) =
Subtotal (95% Cl) 126 122 11.1% -19.53[-23.68,-15.38] *
Heterogeneity: Tau*= 0.00; Chi*= 0.48, df= 2 (P=0.79), F= 0%
Test for overall effect: Z= 9.22 (P < 0.00001)
2.1.2FEV1
Jonatas2019 85.5 81 14 815 84 15 73% 4.00-2.01,10.01) =
Yue-Sheng Chen2010a 123 035 49 136 043 56 21.2% -0.13-0.28,0.02)
Subtotal (95% Cl) 63 71 285% 0.80 [-2.58, 4.18] +
Heterogeneity: Tau®= 3.83; Chi*= 1.82,df= 1 (P = 0.18); F= 45%
Test for overall effect: Z= 0.46 (P = 0.64)
2.1.3NSS
Michele2017a 35 1.7 20 1 13 20 203% -7.50 [-8.44,-6.56) 8
Xiao-Dong2021 053 072 104 086 076 102 212% -0.13[-0.33,0.07)
Subtotal (95% Cl) 124 122 415% -3.80[-11.02, 3.42] L
Heterogeneity: Tau®= 27.04; Chi*= 226.65, df= 1 (P < 0.00001); F=100%
Test for overall effect Z=1.03 (P = 0.30)
2.1.4 Q0L
Michele2017b 11.9 52 20 475 71 20 119% -3560[-39.46,-31.74] =
Subtotal (95% CI) 20 20 11.9% -35.60[-39.46,-31.74] L
Heterogeneity. Not applicable
Test for overall effect Z= 18.09 (P < 0.00001)
2.1.5 SCORAD
Bozena2021 132 173 48 147 134 48 70% -1.50 [-7.69, 4.69) =
Subtotal (95% Cl) 48 448 7.0% -1.50 [-7.69, 4.69] <
Heterogeneity. Not applicable
Test for overall effect Z= 0.47 (P = 0.63)
Total (95% CI) 381 383 100.0% -7.791-9.79, -5.79] '
Heterogeneity: Tau®= 4.90; Chi*= 640.91, df= 8 (P < 0.00001); F= 99% ' ~ t i
Testfor overall effect Z=7.64 (P < 0.00001) ~300 5° = 108
Test for subaroun differences: Chi*= 224.25. df= 4 (P < 0.00001). F= 98.2%
FIGURE 6
Changes in scoring system following probiotics use for allergic diseases.
__SE(MD)
0 A O By
i
]
|
1
1
|
|
50T :
]
1
1
|
1
|
|
|
|
1001 '
]
|
1
|
0 i
|
1
1501 :
le) i
|
|
|
|
|
|
1
200 : e : L
-100 -50 0 50 100
Subgroups
[0 15e Orevi Onss  AocaL SCORAD

FIGURE 7
Funnel plots in scoring system.
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probiotic Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M_-H, Fixed, 95% CI
3.1.1 one probiotic strain
Jonatas2019 1 14 1 16  0.3% 1.15[0.07,20.34]
Yue-Sheng Chen2010a 12 49 21 56  46% 0.54 [0.23,1.26) T
Yue-Sheng Chen2010b 12 41 22 47  45% 0.47(0.19,1.14) —
Subtotal (95% Cl) 104 119 9.4%  0.52[0.29, 0.95) -
Total events 25 44
Heterogeneity: Chi*= 0.35, df= 2 (P = 0.84), *= 0%
Test for overall effect Z= 212 (P=0.03)
3.1.2 two probiotic strains
Bozena2021 3 48 10 48 29% 0.25(0.06, 0.99)
Gareth Davies2018a 43 183 40 187 95% 1.13[0.69,1.84) =T
Gareth Davies2018b 61 183 65 187 13.4% 0.94[0.61,1.44) -
Lorenz02022 19 212 50 210 143% 0.32[0.18, 0.56) ———
Miisa Komulainen2023a 0 66 3 66 1.1% 0.14[0.01,269 ¢
Miisa Komulainen2023b 15 66 11 68 26% 1.52(0.64,362) |
Niers2009 6 50 15 52 41% 0.34[0.12,0.95) —
Rikke2013a 3 130 6 130 18% 0.49[0.12,2.00] —
Rikke2013b 5 119 14 122 41% 0.34[0.12,0.97] - = |
Rikke2013c 0 130 0 130 Not estimable
Xiao-Dong2021 7 104 7 102 21% 0.98[0.33,2.90] 1
Subtotal (95% CI) 1291 1302 55.9%  0.69[0.55, 0.86] L 2
Total events 162 221
Heterogeneity: Chi*= 23.85, df= 9 (P = 0.005); F=62%
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allergic symptoms and improve quality of life by modulating
immune responses and enhancing the gut microbiome (34). The
mechanisms of action of probiotics (35) may be related to their
ability to promote intestinal barrier function, suppress
inflammatory responses, and regulate the host immune system.
Studies have shown that certain probiotic strains can lower IgE
levels, thereby alleviating allergic symptoms. However, the results
for FEV1, NSS, and SCORAD were not statistically significant,
which may reflect the complexity and diversity of these scoring
systems. FEV1, as an indicator of lung function, may be influenced
by various factors, including environmental factors, individual
differences, and the severity of underlying diseases. Therefore, the
effects of probiotics on improving lung function require
further investigation.

Although the results of this study indicate that probiotics are
effective in improving common allergic diseases, the clinical
significance of these findings suggests that probiotics may serve as
an adjunctive treatment. However, further research targeting
different populations, symptoms, and probiotic strains is still
necessary to clarify their optimal application scenarios and
mechanisms. Additionally, it is noteworthy that some studies have

Frontiers in Nutrition

shown less than ideal results following probiotic interventions; for
example, certain clinical trials failed to demonstrate the
effectiveness of probiotics on specific allergic symptoms, which
may be related to individual differences, the types of probiotics,
and their dosages. These negative results further emphasize the
need for cautious evaluation of the role of probiotics in clinical
applications (36, 37).

Some studies indicate that patients with food allergies may also
experience respiratory symptoms, and certain foods may be associated
with the onset or exacerbation of allergic rhinitis and asthma (1).
Diseases such as allergic rhinitis, asthma, and atopic dermatitis are
characterized by inappropriate immune responses to typically
harmless environmental allergens.

Eczema and asthma, as common allergic diseases, exhibit certain
similarities in their pathological mechanisms; however, the effects of
probiotics on these two conditions show significant differences.
Current studies and meta-analyses provide some evidence supporting
the beneficial effects of probiotics on eczema (38). Certain strains may
help reduce the incidence of eczema or alleviate its symptoms by
modulating the gut microbiota, enhancing immune tolerance, and
reducing the levels of inflammatory cytokines. However, the results of
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this study suggest that probiotics may contribute to the improvement
of asthma. Some studies have also shown positive effects of probiotics
on asthma (39, 40), while others have reported limited or no
significant benefits (41). The effectiveness of probiotics in asthma
management may be influenced by various factors, including the
specific conditions of the patients, the type and dosage of probiotics
used, as well as the duration of the treatment.

In summary, this meta-analysis provides strong evidence for the
effectiveness of probiotics in the treatment of allergic diseases.
However, the heterogeneity among studies and the non-significant
results for certain symptom scores suggest that more detailed and
systematic exploration is needed in clinical applications and
future research.

8 Conclusion

We included literature involving pediatric patients with common
allergic diseases, Probiotics can help treat allergic diseases by
modulating immune mechanisms (42, 43), but allergic diseases are
typically caused by multiple factors and individual variations,
however, allergic diseases are typically caused by multiple factors and
individual variations, so they should not be used as the sole treatment
method. This meta-analysis provides evidence supporting the
effectiveness of probiotics in various allergic diseases. The findings
suggest that probiotics can serve as a beneficial adjunctive therapy
for the treatment of these conditions.

Some studies indicate that patients with food allergies may also
experience respiratory symptoms, and certain foods may

Frontiers in Nutrition

be associated with the onset or exacerbation of allergic rhinitis and
asthma (1). Diseases such as allergic rhinitis, asthma, and atopic
dermatitis are characterized by inappropriate immune responses
to typically harmless environmental allergens. This study explored
the effectiveness of probiotics in reducing the risk of allergic
diseases through systematic literature screening and meta-analysis.
The results indicate that the use of probiotics significantly reduces
the risk of allergic diseases, with a risk ratio of 0.75 (p = 0.009),
suggesting that probiotics may play an important role in the
prevention and management of allergic diseases. Although there is
a certain degree of heterogeneity among the studies (I* = 51%), the
majority of the results consistently support the positive effects
of probiotics.

Furthermore, the comparison of symptom scores further validated
the efficacy of probiotics, showing significant improvement. These
findings provide strong support for the clinical application of
probiotics in allergic diseases. However, it is important to note that the
heterogeneity present in the studies and the differences in scoring
systems highlight the complexity and diversity of future research.
Therefore, it is recommended that future studies focus on exploring
different probiotic strains, dosages, and their mechanisms of action to
better understand the potential of probiotics in the management of
allergic diseases.

Although this analysis provides a more comprehensive
evaluation, some questions remain unanswered, such as the
optimal combination of different probiotic strains and dosages.

In conclusion, the results of this study provide scientific evidence
for the efficacy of probiotics as an adjunctive treatment for allergic
diseases, emphasizing their potential for clinical practice.

frontiersin.org


https://doi.org/10.3389/fnut.2025.1502390
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Xietal.

Data availability statement

The original contributions presented in the study are included in
the article/supplementary material, further inquiries can be directed
to the corresponding author/s.

Author contributions

ZX: Data curation, Formal analysis, Methodology, Software,
Writing - original draft, Writing - review & editing. XF: Data curation,
Formal analysis, Software, Writing — original draft, Writing - review &
editing. ZY: Data curation, Writing - original draft, Writing - review
& editing. LC: Formal analysis, Supervision, Validation, Writing —
original draft, Writing - review & editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

References

1. Vega E Panizo C, Dordal MT, Gonzalez ML, Veldzquez E, Valero A, et al. Relationship
between respiratory and food allergy and evaluation of preventive measures. Allergol
Immunopathol (Madr). (2016) 44:263-75. doi: 10.1016/j.aller.2015.05.008

2. Shin YH, Hwang J, Kwon R, Lee SW, Kim MS, Shin JI, et al. Global, regional, and
national burden of allergic disorders and their risk factors in 204 countries and
territories, from 1990 to 2019: a systematic analysis for the global burden of Disease
study 2019. Allergy. (2023) 78:2232-54. doi: 10.1111/all.15807

3. Nicolaou N, Siddique N, Custovic A. Allergic disease in urban and rural
populations: increasing prevalence with increasing urbanization. Allergy. (2005)
60:1357-60. doi: 10.1111/§.1398-9995.2005.00961.x

4. Vijayan S, Kandi V, Palacholla PS, Rajendran R, Jarugu C, Ca J, et al. Probiotics in
allergy and immunological diseases: a comprehensive review. Cureus. (2024) 16:¢55817.
doi: 10.7759/cureus.55817

5. Lynch SV, Microbiota G, Disease A. New insights. Ann Am Thorac Soc. (2016)
13:551-4. doi: 10.1513/AnnalsATS.201507-451MG

6. Kalliomiki M, Salminen S, Arvilommi H, Kero P, Koskinen P, Isolauri E. Probiotics
in primary prevention of atopic disease: a randomised placebo-controlled trial. Lancet.
(2001) 357:1076-9. doi: 10.1016/S0140-6736(00)04259-8

7. Luo C, Peng S, Li M, Ao X, Liu Z. The efficacy and safety of probiotics for allergic
rhinitis: a systematic review and Meta-analysis. Front Immunol. (2022) 13:848279. doi:
10.3389/fimmu.2022.848279

8. Guo Q, Goldenberg JZ, Humphrey C, el Dib R, Johnston BCCochrane IBD Group.
Probiotics for the prevention of pediatric antibiotic-associated diarrhea. Cochrane
Database Syst Rev. (2019) 4:p. Cd004827. doi: 10.1002/14651858.CD004827.pub5

9. De Silva D, Halken S, Singh C, Muraro A, Angier E, Arasi S, et al. Preventing food
allergy in infancy and childhood: systematic review of randomised controlled trials.
Pediatr Allergy Immunol. (2020) 31:813-26. doi: 10.1111/pai.13273

10. Farahmandi K, Mohr AE, McFarland LV. Effects of probiotics on allergic rhinitis:
a systematic review and Meta-analysis of randomized clinical trials. Am J Rhinol Allergy.
(2022) 36:440-50. doi: 10.1177/19458924211073550

11. McFarland LV, Evans CT, Goldstein EJC. Strain-specificity and Disease-specificity
of probiotic efficacy: a systematic review and Meta-analysis. Front Med (Lausanne).
(2018) 5:124. doi: 10.3389/fmed.2018.00124

12. Cuello-Garcia CA, Brozek JL, Fiocchi A, Pawankar R, Yepes-Nuiiez JJ, Terracciano
L, et al. Probiotics for the prevention of allergy: a systematic review and meta-analysis
of randomized controlled trials. J Allergy Clin Immunol. (2015) 136:952-61. doi:
10.1016/j.jaci.2015.04.031

13. Moher D, Liberati A, Tetzlaff ], Altman DGThe PRISMA Group. Preferred
reporting items for systematic reviews and meta-analyses: the PRISMA statement. PLoS
Med. (2009) 6:¢1000097. doi: 10.1371/journal.pmed.1000097

14. Chen N, Liu E, Gao Q, Wang R, Zhang L, Li Y. A Meta-analysis of probiotics for
the treatment of allergic airway diseases in children and adolescents. Am ] Rhinol
Allergy. (2022) 36:480-90. doi: 10.1177/19458924221080159

Frontiers in Nutrition

11

10.3389/fnut.2025.1502390

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

15.Feng H, Wu Y. The effectiveness of probiotics in treating food and Cow's Milk
allergies among pediatric age group: a Meta-analysis of randomized controlled
trials. Iran ] Allergy Asthma Immunol. (2023) 22:124-37. doi:
10.18502/ijaai.v22i2.12674

16. Yuan SL, Matsutani LA, Marques AP. Effectiveness of different styles of massage
therapy in fibromyalgia: a systematic review and meta-analysis. Man Ther. (2015)
20:257-64. doi: 10.1016/j.math.2014.09.003

17. Moura JCV, Moura ICG, Gaspar GR, Mendes GMS, Faria BAV, Jentzsch N, et al.
The use of probiotics as a supplementary therapy in the treatment of patients with
asthma: a pilot study and implications. Clinics (Sao Paulo). (2019) 74:€950. doi:
10.6061/clinics/2019/€950

18. Chen YS, Lin YL, Jan RL, Chen HH, Wang JY. Randomized placebo-controlled
trial of lactobacillus on asthmatic children with allergic rhinitis. Pediatr Pulmonol.
(2010) 45:1111-20. doi: 10.1002/ppul.21296

19. Bi XD, Lu BZ, Pan XX, Liu S, Wang JY. Adjunct therapy with probiotics for chronic
urticaria in children: randomised placebo-controlled trial. Allergy Asthma Clin Immunol.
(2021) 17:39. doi: 10.1186/s13223-021-00544-3

20. Huang CF, Chie WC, Wang IJ. Efficacy of Lactobacillus Administration in School-
age Children with asthma: a randomized, placebo-controlled trial. Nutrients. (2018)
10:678. doi: 10.3390/nul0111678

21. Miraglia M, Indolfi C, Capasso M, Maiello N, Decimo FE Ciprandi G.
Bifidobacterium mixture (B longum BB536, B infantis M-63, B breve M-16V) treatment
in children with seasonal allergic rhinitis and intermittent asthma. Ital ] Pediatr. (2017)
43:25. doi: 10.1186/s13052-017-0340-5

22. Komulainen M, Saros L, Vahlberg T, Nermes M, Jartti T, Laitinen K. Maternal fish
oil and/or probiotics intervention: allergic diseases in children up to two years old.
Pediatr Allergy Immunol. (2023) 34:e14004. doi: 10.1111/pai.14004

23. Davies G, Jordan S, Brooks CJ, Thayer D, Storey M, Morgan G, et al. Long term
extension of a randomised controlled trial of probiotics using electronic health records.
Sci Rep. (2018) 8:7668. doi: 10.1038/541598-018-25954-z

24.Plummer EL, Chebar Lozinsky A, Tobin JM, Uebergang JB, Axelrad C,
Garland SM, et al. Postnatal probiotics and allergic disease in very preterm infants:
sub-study to the ProPrems randomized trial. Allergy. (2020) 75:127-36. doi:
10.1111/all.14088

25. Cukrowska B, Ceregra A, Maciorkowska E, Surowska B, Zegadlo-Mylik MA,
Konopka E, et al. The effectiveness of probiotic Lactobacillus rhamnosus and Lactobacillus
casei strains in children with atopic dermatitis and Cow's Milk protein allergy: a
multicenter, randomized, double blind, placebo controlled study. Nutrients. (2021)
13:1169. doi: 10.3390/nu13041169

26. Drago L, Cioffi L, Giuliano M, Pane M, Amoruso A, Schiavetti I, et al. The
probiotics in pediatric asthma management (PROPAM) study in the primary care
setting: a randomized, controlled, double-blind trial with Ligilactobacillus salivarius
LS01 (DSM 22775) and Bifidobacterium breve B632 (DSM 24706). ] Immunol Res. (2022)
2022:3837418. doi: 10.1155/2022/3837418

frontiersin.org


https://doi.org/10.3389/fnut.2025.1502390
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1016/j.aller.2015.05.008
https://doi.org/10.1111/all.15807
https://doi.org/10.1111/j.1398-9995.2005.00961.x
https://doi.org/10.7759/cureus.55817
https://doi.org/10.1513/AnnalsATS.201507-451MG
https://doi.org/10.1016/S0140-6736(00)04259-8
https://doi.org/10.3389/fimmu.2022.848279
https://doi.org/10.1002/14651858.CD004827.pub5
https://doi.org/10.1111/pai.13273
https://doi.org/10.1177/19458924211073550
https://doi.org/10.3389/fmed.2018.00124
https://doi.org/10.1016/j.jaci.2015.04.031
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1177/19458924221080159
https://doi.org/10.18502/ijaai.v22i2.12674
https://doi.org/10.1016/j.math.2014.09.003
https://doi.org/10.6061/clinics/2019/e950
https://doi.org/10.1002/ppul.21296
https://doi.org/10.1186/s13223-021-00544-3
https://doi.org/10.3390/nu10111678
https://doi.org/10.1186/s13052-017-0340-5
https://doi.org/10.1111/pai.14004
https://doi.org/10.1038/s41598-018-25954-z
https://doi.org/10.1111/all.14088
https://doi.org/10.3390/nu13041169
https://doi.org/10.1155/2022/3837418

Xietal.

27.Schmidt RM, Pilmann Laursen R, Bruun S, Larnkjer A, Mplgaard C,
Michaelsen KF, et al. Probiotics in late infancy reduce the incidence of eczema: a
randomized controlled trial. Pediatr Allergy Immunol. (2019) 30:335-40. doi:
10.1111/pai.13018

28. Kukkonen K, Savilahti E, Haahtela T, Juntunen-Backman K, Korpela R, Poussa T,
et al. Probiotics and prebiotic galacto-oligosaccharides in the prevention of allergic
diseases: a randomized, double-blind, placebo-controlled trial. J Allergy Clin Immunol.
(2007) 119:192-8. doi: 10.1016/j.jaci.2006.09.009

29. Niers L, Martin R, Rijkers G, Sengers F, Timmerman H, van Uden N, et al. The
effects of selected probiotic strains on the development of eczema (the PandA study).
Allergy. (2009) 64:1349-58. doi: 10.1111/j.1398-9995.2009.02021.x

30. Eslami M, Bahar A, Keikha M, Karbalaei M, Kobyliak NM, Yousefi B. Probiotics
function and modulation of the immune system in allergic diseases. Allergol
Immunopathol (Madr). (2020) 48:771-88. doi: 10.1016/j.aller.2020.04.005

31.Lopez-Santamarina A, Gonzalez EG, Lamas A, Mondragon AC, Regal P,
Miranda JM. Probiotics as a possible strategy for the prevention and treatment of
allergies. A narrative review. Foods. (2021) 10:701. doi: 10.3390/foods10040701

32. Kalliomaki M, Salminen S, Poussa T, Arvilommi H, Isolauri E. Probiotics and
prevention of atopic disease: 4-year follow-up of a randomised placebo-controlled trial.
Lancet. (2003) 361:1869-71. doi: 10.1016/S0140-6736(03)13490-3

33. Giiveng IA, Muluk NB, Mutlu F§, Eski E, Altintoprak N, Oktemer T, et al. Do
probiotics have a role in the treatment of allergic rhinitis? A comprehensive systematic
review and meta-analysis. Am ] Rhinol Allergy. (2016) 30:¢157-75. doi:
10.2500/ajra.2016.30.4354

34.Wang X, Zhang P, Zhang X. Probiotics regulate gut Microbiota: an effective
method to improve immunity.  Molecules.  (2021) 26:76. doi:
10.3390/molecules26196076

Frontiers in Nutrition

12

10.3389/fnut.2025.1502390

35.Dimidi E, Christodoulides S, Scott SM, Whelan K. Mechanisms of action of
probiotics and the gastrointestinal Microbiota on gut motility and constipation. Adv
Nutr. (2017) 8:484-94. doi: 10.3945/an.116.014407

36. Hao Q, Dong BR, Wu T. Probiotics for preventing acute upper respiratory tract
infections. ~ Cochrane  Database  Syst ~Rev. (2015) 2:Cd006895.  doi:
10.1002/14651858.CD006895.pub3

37. Huang R, Ning H, Shen M, Li ], Zhang J, Chen X. Probiotics for the treatment of
atopic dermatitis in children: a systematic review and Meta-analysis of randomized
controlled trials. Front Cell Infect Microbiol. (2017) 7:392. doi: 10.3389/fcimb.2017.00392

38.Sun S, Chang G, Zhang L. The prevention effect of probiotics against eczema in
children: an update systematic review and meta-analysis. ] Dermatolog Treat. (2022)
33:1844-54. doi: 10.1080/09546634.2021.1925077

39. Balan D, Baral T, Manu MK, Mohapatra AK, Miraj SS. Efficacy of probiotics as
adjuvant therapy in bronchial asthma: a systematic review and meta-analysis. Allergy
Asthma Clin Immunol. (2024) 20:60. doi: 10.1186/s13223-024-00922-7

40. Uwaezuoke SN, Ayuk AC, Eze JN, Odimegwu CL, Ndiokwelu CO, Eze IC.
Postnatal probiotic supplementation can prevent and optimize treatment of childhood
asthma and atopic disorders: a systematic review of randomized controlled trials. Front
Pediatr. (2022) 10:956141. doi: 10.3389/fped.2022.956141

41. Wei X, Jiang P, Liu J, Sun R, Zhu L. Association between probiotic supplementation
and asthma incidence in infants: a meta-analysis of randomized controlled trials. J
Asthma. (2020) 57:167-78. doi: 10.1080/02770903.2018.1561893

42. Wu Y, Zhang G, Wang Y, Wei X, Liu H, Zhang L, et al. A review on maternal and
infant Microbiota and their implications for the prevention and treatment of allergic
diseases. Nutrients. (2023) 15:483. doi: 10.3390/nu15112483

43. Fu L, Wang C, Wang Y. Seafood allergen-induced hypersensitivity at the microbiota-
mucosal site: implications for prospective probiotic use in allergic response regulation. Crit
Rev Food Sci Nutr. (2018) 58:1512-25. doi: 10.1080/10408398.2016.1269719

frontiersin.org


https://doi.org/10.3389/fnut.2025.1502390
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1111/pai.13018
https://doi.org/10.1016/j.jaci.2006.09.009
https://doi.org/10.1111/j.1398-9995.2009.02021.x
https://doi.org/10.1016/j.aller.2020.04.005
https://doi.org/10.3390/foods10040701
https://doi.org/10.1016/S0140-6736(03)13490-3
https://doi.org/10.2500/ajra.2016.30.4354
https://doi.org/10.3390/molecules26196076
https://doi.org/10.3945/an.116.014407
https://doi.org/10.1002/14651858.CD006895.pub3
https://doi.org/10.3389/fcimb.2017.00392
https://doi.org/10.1080/09546634.2021.1925077
https://doi.org/10.1186/s13223-024-00922-7
https://doi.org/10.3389/fped.2022.956141
https://doi.org/10.1080/02770903.2018.1561893
https://doi.org/10.3390/nu15112483
https://doi.org/10.1080/10408398.2016.1269719

	Efficacy of probiotics in the treatment of allergic diseases: a meta-analysis
	1 Introduction
	2 Materials and methods
	2.1 Search strategy and selection criteria

	3 Data extraction
	4 Quality assessment
	5 Statistical analysis
	6 Results
	6.1 Characteristics of patients
	6.2 Quality assessment of the literature
	6.3 Effects of probiotics on allergic diseases
	6.4 Comparison of differences in various scoring systems between probiotics and control groups
	6.5 Analysis of the use of one, two, and three probiotic strains in the treatment of allergic diseases
	6.6 The impact of probiotics on different diseases

	7 Discussion
	8 Conclusion

	References

