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Introduction: Previous meta-analyses of multiple studies have suggested that probiotics supplementation plays a role in reducing the risk of atopic dermatitis (AD). However, the conclusions of these studies remain controversial.

Methods: We conducted an umbrella review of meta-analyses to comprehensively analyze and evaluate the evidence regarding the association between probiotics and AD. We searched PubMed, Web of Science, Embase, Spous, and Cochrane Library databases for meta-analyses and systematic reviews up to October 2024. Our selection criteria encompassed meta-analyses of cohort studies, case–control studies, and randomized controlled clinical trials investigating the associations between probiotics and the risk of AD. We also assessed the levels of evidence for these associations using the AMSTAR 2 criteria.

Results: A total of 32 eligible articles, including 126 meta-analyses, were included for qualitative synthesis in this umbrella review. The results indicate that probiotics supplementation is associated with a reduced risk of AD. The subgroup analysis indicates that supplementation with Lactobacillus spp., single-strain, and multi-strain probiotics is associated with a reduced risk of AD, with multi-strain formulations potentially demonstrating more pronounced effects. Furthermore, both combined prenatal and postnatal supplementation, as well as postnatal supplementation alone, contribute to a reduction in AD risk.

Discussion: Probiotics supplementation may help reduce the risk of AD, with early-life administration playing a key role. Future research should focus on well-designed randomized controlled trials that account for potential sources of bias in order to provide evidence-based public health recommendations.

Systematic review registration: PROSPERO (International00 Prospective Register of Systematic Reviews) under the registration number CRD42024599789. The publicly accessible registration record is available at: https://www.crd.york.ac.uk/PROSPERO/view/CRD42024599789.
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1 Introduction

Atopic dermatitis (AD) is a chronic, recurrent inflammatory skin disease affecting 10–20% of children worldwide (1), considered the onset of the atopic process. Some children may develop asthma and allergic rhinitis, affecting their growth, development, and overall health in infancy and early childhood (2–4). Additionally, it increases the economic burden on their families. The rapid increase in AD prevalence globally, especially in developed countries, underscores the urgent need for primary prevention strategies (5, 6). As AD typically begins in infancy, this period may represent a critical window for intervention. The developing immune system and gut microbiota in children may be particularly responsive to probiotics modulation, potentially enhancing preventive effects.

Lactobacillus spp. and Bifidobacterium spp. may modulate immune function via toll-like receptors (TLRs), potentially contributing to mucosal homeostasis and the prevention of AD (7, 8). Therefore, the World Health Organization suggests that administering live probiotics in appropriate doses and at optimal timing may contribute to the prevention of allergic diseases (9). The exact mechanisms by which probiotics prevent AD remain unclear. Increasing research has explored early-life probiotics supplementation as a preventive strategy for atopic diseases, but findings remain inconsistent. The optimal strains, timing, and potential adverse effects are yet to be fully determined. The American Academy of Pediatrics maintains a cautious stance on using probiotics for preventing atopic diseases, stressing the need for further evidence before recommending routine use (10). Therefore, a systematic and comprehensive approach is necessary to gain a clearer understanding of the relationship between probiotics and the risk of AD.

Umbrella reviews have been widely utilized to systematically analyze and assess meta-analyses, particularly in examining the relationships between various factors (such as nutrition, risk factors, and behaviors) and health outcomes. This approach enhances the reliability and precision of findings (11–14). To better understand and reassess this association, we conducted an umbrella review of all available meta-analyses. This study may serve as a foundation for future research in broader populations, including adults, pregnant women, and the elderly.



2 Materials and methods

The protocol and registration details for this umbrella review have been pre-registered with PROSPERO (International Prospective Register of Systematic Reviews) under the registration number CRD42024599789. The publicly accessible registration record is available at: https://www.crd.york.ac.uk/PROSPERO/view/CRD42024599789. This study adheres to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) reporting guidelines (15).


2.1 Literature search strategy

We conducted a systematic search of PubMed, Web of Science, Embase, Spous, and Cochrane Library databases for systematic reviews and meta-analyses published from database inception to October 2024 on the association between probiotics supplementation and the risk of AD. The search strategy included the following keyword combinations: “(probiotics OR probiotics OR prebiotics OR prebiotic OR synbiotics OR synbiotic OR postbiotic OR postbiotics OR microbiological supplements) AND (“dermatitis, atopic” OR “atopic dermatitis” OR “eczema, atopic” OR “atopic eczema” OR “neurodermatitis, atopic” OR “atopic neurodermatitis” OR “neurodermatitis, disseminated” OR “disseminated neurodermatitis” OR “eczema, infantile” OR “infantile eczema”) AND (“systematic review” OR “systematic literature review” OR “meta-analysis” OR “meta analysis”).”There were no language restrictions. Relevant studies were identified and screened based on titles, abstracts, and full texts. To reduce the risk of language-related publication bias, non-English articles were included if they met the eligibility criteria and had sufficient methodological clarity. When necessary, professional translation tools (e.g., DeepL, ChatGPT) or assistance were used to extract data from these studies.



2.2 Eligibility and inclusion/exclusion criteria

The included studies were meta-analyses assessing the association between probiotics supplementation and the risk of AD. The specific inclusion criteria were as follows: (i) Meta-analyses of cohort studies, case–control studies, or randomized controlled trials (RCTs) investigating the effect of probiotics supplementation on the risk of AD. (ii) Considering the incidence of AD as the study outcome. (iii) Reporting effect sizes (OR, odds ratio; RR, relative risk; HR, hazard ratio; RD, risk difference) and corresponding confidence intervals (CIs). (iv) Oral probiotics are formulations that contain one or more strains of beneficial bacteria. (v) The control group received a placebo. The exclusion criteria were as follows: (i) Studies without original data to calculate the pooled risk estimates and 95% CIs. (ii) Systematic reviews without a meta-analysis. (iii) Articles, letters, editorials, and conference abstracts. (iv) Duplicate publications.



2.3 Data extraction and quality assessment

Data extraction was conducted independently by two investigators, followed by verification by a third researcher. In cases of disagreement, a fourth investigator made the final decision. From each eligible meta-analysis, we extracted the following information: first author, year of publication, type of probiotics, timing of probiotics supplementation, number of included studies, study design of the original research, number of cases and participants, adjusted effect estimates, corresponding 95% confidence intervals (CIs), and heterogeneity results (I2). For the original studies included in the systematic reviews or meta-analyses, we extracted the first author, number of cases and participants, effect estimates, and corresponding 95% CIs for further analysis.

We assessed the methodological quality of each meta-analysis using the Assessment of Multiple Systematic Reviews, version 2 (AMSTAR-2) tool. This tool has been proven to be a reliable and effective method for evaluating the quality of systematic reviews and meta-analyses (16). We used Egger’s regression test to assess publication bias and excluded studies with significant bias. Then, we applied the Trim and Fill method to adjust the effect size and conducted a sensitivity analysis by comparing the results before and after adjustment (17).



2.4 Statistical analysis

For each individual meta-analysis, we re-applied both the fixed-effects model and the random-effects model to calculate the pooled effect size and the corresponding 95% confidence intervals (CIs) (18). The I2 statistic was used to assess heterogeneity across studies (19). Additionally, we calculated the 95% confidence interval for I2 to evaluate the uncertainty in heterogeneity assessment (20). Furthermore, we computed the 95% prediction intervals (PIs) for the pooled effect size under the random-effects model. This metric provides additional insights into between-study heterogeneity and indicates the uncertainty of the expected effect size in future studies examining the same association (21). The 95% PIs represent the range within which the true effect sizes of 95% of similar studies are expected to fall in potential future pooled analyses or studies conducted in comparable populations (22). We used Egger’s test to assess publication bias of each meta-analysis (23). A p-value < 0.05 in Egger’s test indicated the presence of small-study effects, meaning that the estimate from the largest component study (i.e., the study with the smallest standard error) was more conservative than the summary estimate from the random-effects model (24–28).

We assessed excess significance bias by determining whether the observed number of studies (O) with nominally statistically significant results (p < 0.05) exceeded the expected number (E) (29). For each meta-analysis, E was estimated as the sum of the statistical power of all component studies. To approximate the power of individual studies, we typically used the effect size from the largest study within the meta-analysis (29, 30). We applied a noncentral t-distribution to assess the statistical power of each study (29). An excess significance bias was considered present if the p-value was <0.10, indicating that O exceeded E.

Moreover, subgroup evaluation was carried out based on the type of probiotics supplementation (e.g., Lactobacillus spp., Bifidobacterium spp., prebiotics, synbiotics, single-strain, mixed-strains) and the timing of probiotics supplementation (e.g., prenatal, postnatal, prenatal and postnatal). Prenatal probiotics intervention involves maternal oral supplementation of probiotics during pregnancy (typically in the second or third trimester) until delivery, aiming to modulate the fetal immune system indirectly. Postnatal probiotics intervention refers to the administration of probiotics directly to the infant after birth and/or continued maternal supplementation, which may influence the infant via breast milk. Combined prenatal and postnatal intervention entails maternal supplementation beginning during pregnancy and continuing postpartum through the mother and/or infant, targeting immunomodulation during both fetal development and early infancy. Finally, we evaluated the incidence of adverse events associated with probiotics. To assess potential heterogeneity arising from study design, we conducted subgroup analyses stratified by study type [randomized controlled trials (RCTs) vs. cohort studies]. This allowed us to evaluate whether the observed associations varied meaningfully between different research designs.



2.5 Assessment of evidence credibility

The assessment of evidence strength was based on the following criteria (17, 22, 27, 31–34): (i) p < 10−6 in a random-effects meta-analysis; (ii) a sample size exceeding 1,000 participants; (iii) p < 0.05 in the largest individual study; (iv) between-study heterogeneity with I2 < 50%; (v) no indication of small-study effects; (vi) a 95% prediction interval that excluded the null value; and (vii) no evidence of excess significance bias. Using these criteria, associations were categorized into five levels of evidence: convincing (Class I), highly suggestive (Class II), suggestive (Class III), weak (Class IV), and non-significant. Evidence was classified as convincing if all seven criteria were met. If (i)–(iii) criteria were satisfied, the classification was highly suggestive. When only the criteria of p ≤ 0.001 under a random-effects model and a sample size >1,000 were met, the evidence was considered suggestive. If only the criterion of p ≤ 0.05 under a random-effects model was met, the classification was weak. Evidence was deemed not significant when the p-value exceeded 0.05 under a random-effects model. All statistical analyses were conducted using Stata (version 15.0) and R studio (version 4.3.2). Apart from the predefined cutoff values, statistical significance was set at p < 0.05 (two-tailed).



2.6 Overlap assessment and strategy for handling overlapping meta-analyses

To assess the degree of overlap among the included meta-analyses, we calculated the Corrected Covered Area (CCA) using the following formula (35):
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where Nr is the total number of primary study occurrences (including duplicates), Ns is the number of unique primary studies, and R is the number of meta-analyses. The CCA quantifies the proportion of overlap beyond what would be expected by chance, and the degree of overlap is interpreted as follows: 0–5% (slight), 6–10% (moderate), 11–15% (high), and >15% (very high) (35). This metric helps identify redundancy across meta-analyses and potential bias due to duplicated evidence.

Based on the Corrected Covered Area (CCA) assessment, we adopted different strategies to address the overlap among included meta-analyses. When the degree of overlap was high (CCA ≥ 6%), two approaches were considered: (1) selecting only one or a few representative meta-analyses for further analysis, prioritizing the most recent, most relevant, or most comprehensive in terms of included primary studies (36, 37); or using established quality assessment tools (e.g., AMSTAR-2) to identify and retain only the highest-quality reviews (38, 39). (2) extracting and merging all relevant primary studies from the existing meta-analyses to conduct a de novo analysis (40). When overlap was low (CCA ≤ 5%), the risk of bias from duplicated data was considered minimal, and the pooled estimates from existing meta-analyses were used directly for further analysis (40).




3 Results

A total of 593 records were identified. After removing duplicates and screening titles and abstracts, 503 articles were excluded, and 90 references were selected for full-text evaluation. Ultimately, 32 studies comprising 126 comparisons were included in this umbrella review (Figure 1). Seven of the included articles were non-English [one in Spanish (41) and six in Chinese (42–47)]. AI-assisted tools, including ChatGPT and DeepL, were used to aid in comprehension and data extraction from these studies. In terms of the quality of the included meta-analyses, results from the AMSTAR 2 questionnaire showed that the present umbrella meta-analysis included 21 studies assessed as high quality, 8 studies as low quality, and 3 studies as critically low quality (Figure 2). A total of 126 comparisons of the included meta-analyses were reported in all eligible meta-analyses, with 119 examining the relationship between probiotics supplementation and AD outcomes (Table 1), and 7 investigating the association between probiotics supplementation and adverse events (Table 2). Subgroup analyses were also conducted based on the type of probiotics (e.g., Lactobacillus spp., Bifidobacterium spp., prebiotics, synbiotics, single-strain, mixed-strains) and the timing of supplementation (e.g., prenatal, postnatal, prenatal and postnatal). Finally, the incidence of adverse reactions associated with probiotics was evaluated. Notably, all studies in Table 2 are also included in Table 1.
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FIGURE 1
 Flow chart of the literature search.


[image: Color-coded table evaluating various studies using the AMSTAR 2 tool, with columns Q1 to Q16. Symbols indicate answers: Y (yes, green), PY (partly yes, yellow), N (no, red). The overall assessment is listed in the last column as High, Low, or Critically Low.]

FIGURE 2
 Results of risk of bias assessment based on AMSTAR 2 tool.



TABLE 1 Summary of the meta-analyses of probiotics and AD risk.


	Study year (ref)
	Number of study
	Study design
	Exposure
	Time
	Cases/total
	Type of metrics
	Summary effect size (95% CI)
	I2

 

 	Wang Shumin 2024 (102) 	13 (7) 	RCT 	Probiotics 	 	820/3147 	OR 	0.72 (0.62, 0.85) 	17%


 	Wang F 2023 a (46) 	29 	RCT 	Probiotics 	 	1718/6154 	RR 	0.83 (0.73, 0.94) 	65.2%


 	Wang F 2023 b (46) 	18 	RCT 	Probiotics 	Prenatal and postpartum 	1364/4401 	RR 	0.64 (0.49, 0.85) 	66.6%


 	Wang F 2023 c (46) 	11 	RCT 	Probiotics 	Postpartum 	396/1977 	RR 	0.85 (0.62, 1.17) 	44.7%


 	Wang F 2023 d (46) 	8 	RCT 	Lactobacillus rhamnosus 	 	517/2255 	RR 	0.54 (0.36, 0.80) 	68.2%


 	Wang F 2023 e (46) 	8 	RCT 	Lactobacillus spp. 	 	295/1118 	RR 	1.09 (0.79, 1.49) 	25.7%


 	Wang F 2023 f (46) 	13 	RCT 	Mixed probiotics 	 	447/3143 	RR 	0.70 (0.52, 0.93) 	52.4%


 	Husein-ElAhmed 2023 a (103) 	17 	RCT 	Probiotics 	Postpartum 	560/2844 	OR 	0.78 (0.64, 0.94) 	53%


 	Husein-ElAhmed 2023 b (103) 	7 	RCT 	Probiotics 	Prenatal and postpartum 	347/1298 	OR 	0.51 (0.39, 0.66) 	64%


 	Husein-ElAhmed 2023 c (103) 	14 	RCT 	Probiotics 	Prenatal and postpartum 	892/3602 	OR 	0.73 (0.63, 0.86) 	43%


 	Husein-ElAhmed 2023 d (103) 	5 	RCT 	Probiotics 	Prenatal and postpartum 	172/951 	OR 	0.71 (0.43, 0.86) 	0%


 	Husein-ElAhmed 2023 e (103) 	23 	RCT 	Single-strain 	 	1010/3963 	RR 	0.80 (0.69, 0.93) 	–


 	Husein-ElAhmed 2023 f (103) 	20 	RCT 	Mixed-strains 	 	1019/4876 	RR 	0.60 (0.52, 0.70) 	–


 	Sun-S 2022 a (104) 	17 	RCT 	Probiotics 	 	1361/4011 	OR 	0.59 (0.45, 0.78) 	69%


 	Sun-S 2022 b (104) 	9 	RCT 	Single-strain 	 	430/1761 	OR 	0.75 (0.55, 1.03) 	45%


 	Sun-S 2022 c (104) 	3 	RCT 	Single-strain 	 	96/431 	OR 	0.97 (0.62, 1.54) 	0%


 	Sun-S 2022 d (104) 	8 	RCT 	Mixed-strains 	 	931/2250 	OR 	0.44 (0.28, 0.71) 	81%


 	Sun-S 2022 e (104) 	3 	RCT 	Mixed-strains 	 	126/762 	OR 	0.48 (0.32, 0.72) 	0%


 	Sun-S 2022 f (104) 	7 	RCT 	Probiotics 	Prenatal and postpartum 	840/2076 	OR 	0.74 (0.57, 0.97) 	37%


 	Sun-S 2022 g (104) 	3 	RCT 	Probiotics 	Prenatal and postpartum 	88/567 	OR 	0.73 (0.40, 1.35) 	37%


 	Sun-S 2022 h (104) 	5 	RCT 	Probiotics 	Postpartum 	159/908 	OR 	0.73 (0.41, 1.30) 	56%


 	Voigt J 2022 (60) 	10 	RCT 	Lactobacillus rhamnosus 	 	620/2572 	RR 	0.6 (0.47, 0.75) 	48%


 	Pan Hua 2022 (105) 	8 	RCT 	Probiotics 	 	968/2575 	RR 	0.86 (0.78, 0.95) 	32.2%


 	Chen L 2022 a (106) 	22 	RCT 	Probiotics 	 	1395/5019 	RR 	0.74 (0.64, 0.86) 	55.4%


 	Chen L 2022 b (106) 	7 	RCT 	Probiotics 	Postpartum 	225/1181 	RR 	0.76 (0.60, 0.96) 	–


 	Chen L 2022 c (106) 	14 	RCT 	Probiotics 	Prenatal and postpartum 	1092/3628 	RR 	0.73 (0.61, 0.88) 	–


 	Chen L 2022 d (106) 	10 	RCT 	Lactobacillus spp. 	 	491/1913 	RR 	0.84 (0.72, 0.98) 	–


 	Chen L 2022 e (106) 	11 	RCT 	Single-strain 	 	823/2789 	RR 	0.64 (0.51, 0.80) 	–


 	Sun-M 2021 a (65) 	10 	RCT 	Probiotics 	 	598/2093 	RR 	0.60 (0.47, 0.78) 	67%


 	Sun-M 2021 b (65) 	8 	RCT 	Probiotics 	Prenatal 	522/1588 	RR 	0.59 (0.45, 0.78) 	71%


 	Sun-M 2021 c (65) 	2 	RCT 	Probiotics 	Postpartum 	76/505 	RR 	0.63 (0.26, 1.48) 	63%


 	Jiang W 2020 a (64) 	16 	RCT 	Probiotics 	 	879/3111 	RR 	0.70 (0.57, 0.84) 	65%


 	Jiang W 2020 b (64) 	7 	RCT 	Single-strain 	 	368/1408 	RR 	0.84 (0.66, 1.09) 	50%


 	Jiang W 2020 c (64) 	9 	RCT 	Mixed-strains 	 	511/1703 	RR 	0.61 (0.47, 0.78) 	65%


 	Jiang W 2020 d (64) 	8 	RCT 	Probiotics 	Prenatal and postpartum 	336/1340 	RR 	0.71 (0.58, 0.86) 	18%


 	Jiang W 2020 e (64) 	4 	RCT 	Probiotics 	Postpartum 	257/823 	RR 	0.88 (0.59, 1.33) 	74%


 	Amalia N 2020 a (48) 	32 	RCT, cohort 	Probiotics 	 	5551/33192 	RR 	0.77 (0.70, 0.86) 	58.5%


 	Amalia N 2020 b (48) 	10 	RCT, cohort 	Probiotics 	Prenatal and postpartum 	592/2032 	RR 	0.75 (0.65, 0.87) 	4.1%


 	Amalia N 2020 c (48) 	9 	RCT, cohort 	Probiotics 	Prenatal and postpartum 	4248/28471 	RR 	0.87 (0.76, 0.98) 	46.9%


 	Amalia N 2020 d (48) 	8 	RCT 	Probiotics 	Prenatal and postpartum 	442/1504 	RR 	0.72 (0.52, 1.00) 	74.8%


 	Amalia N 2020 e (48) 	4 	RCT 	Probiotics 	Postpartum 	180/943 	RR 	0.85 (0.58, 1.25) 	43.8%


 	Amalia N 2020 f 	4 	RCT 	L. rhamnosus HN001 	 	306/1233 	RR 	0.75 (0.62, 0.92) 	5.5%


 	Amalia N 2020 g (48) 	3 	RCT 	Bifidbacterium animalis HN019 	 	276/868 	RR 	0.82 (0.67, 1.01) 	0%


 	Amalia N 2020 h (48) 	5 	RCT 	Lactobacillus rhamnosus GG 	 	215/735 	RR 	1.04 (0.83, 1.30) 	0%


 	Amalia N 2020 i (48) 	2 	RCT 	L. paracasei F19 	 	46/291 	RR 	0.55 (0.32, 0.97) 	0%


 	Amalia N 2020 j (48) 	18 	RCT, cohort 	Mixed-strains 	 	4714/30065 	RR 	0.72 (0.62, 0.83) 	71.5%


 	Kuang Linghan 2020 a (78) 	9 	RCT 	Probiotics 	 	599/3256 	RR 	0.68 (0.58, 0.81) 	0%


 	Kuang Linghan 2020 b (78) 	5 	RCT 	Probiotics 	 	403/1348 	RR 	0.79 (0.68, 0.91) 	27.6%


 	Yin D 2019 a (42) 	22 	RCT 	Probiotics 	 	1848/6561 	RR 	0.81 (0.70, 0.93) 	65%


 	Yin D 2019 b (42) 	10 	RCT 	Lactobacillus spp. 	 	568/1981 	RR 	0.78 (0.73, 1.04) 	50%


 	Yin D 2019 c (42) 	11 	RCT 	Mixed-strains 	 	1255/4510 	RR 	0.68 (0.52, 0.90) 	78%


 	Yin D 2019 d (42) 	6 	RCT 	Probiotics 	Postpartum 	251/933 	RR 	0.99 (0.80, 1.23) 	44%


 	Yin D 2019 e (42) 	16 	RCT 	Probiotics 	Prenatal and postpartum 	1430/5116 	RR 	0.77 (0.66, 0.90) 	67%


 	Li L 2019 a (59) 	28 	RCT, cohort 	Probiotics 	 	2174/6892 	OR 	0.69 (0.58, 0.82) 	53.6%


 	Li L 2019 b (59) 	8 	RCT, cohort 	Probiotics 	Postpartum 	349/1358 	OR 	0.77 (0.59, 1.01) 	38%


 	Li L 2019 c (59) 	19 	RCT, cohort 	Probiotics 	Prenatal and postpartum 	1747/5324 	OR 	0.67 (0.54, 0.82) 	61%


 	Li L 2019 d (59) 	6 	RCT, cohort 	L. rhamnosus 	 	321/1048 	OR 	0.65 (0.50, 0.86) 	19%


 	Li L 2019 e (59) 	15 	RCT, cohort 	Mixed-strains 	 	1578/4636 	OR 	0.64 (0.51, 0.81) 	62%


 	Szajewska 2018 a (107) 	3 	RCT 	Lactobacillus rhamnosus GG 	Prenatal and postpartum 	106/352 	RR 	0.93 (0.49, 1.76) 	72%


 	Szajewska 2018 b (107) 	2 	RCT 	Lactobacillus rhamnosus GG 	Prenatal and postpartum 	71/236 	RR 	0.74 (0.43, 1.26) 	44%


 	Hong L 2018 a (47) 	20 	RCT 	Probiotics 	 	1176/3701 	RR 	0.74 (0.64, 0.86) 	57%


 	Hong L 2018 b (47) 	13 	RCT 	Probiotics 	Prenatal and postpartum 	801/2540 	RR 	0.68 (0.57, 0.82) 	59%


 	Hong L 2018 c (47) 	2 	RCT 	Probiotics 	Prenatal 	118/314 	RR 	0.91 (0.62, 1.33) 	41%


 	Hong L 2018 d (47) 	5 	RCT 	Probiotics 	Postpartum 	257/847 	RR 	0.91 (0.71, 1.16) 	25%


 	Hong L 2018 e (47) 	5 	RCT 	Lactobacillus spp. 	 	263/986 	RR 	0.70 (0.52, 0.94) 	38%


 	Hong L 2018 f (47) 	7 	RCT 	Mixed-strains 	 	509/1484 	RR 	0.65 (0.50, 0.86) 	74%


 	Cuello-Garcia 2017 (79) 	6 	RCT 	Prebiotics 	 	341/2030 	RR 	0.68 (0.40, 1.15) 	67%


 	Chang YS 2016 (63) 	2 	RCT 	Synbiotics 	 	148/1006 	RR 	0.44 (0.11, 1.83) 	56.7%


 	Panduru 2015 a (108) 	18 	RCT 	Probiotics 	 	1189/3564 	OR 	0.64 (0.56, 0.74) 	67.04%


 	Panduru 2015 b (108) 	8 	RCT 	Lactobacillus spp. 	 	363/1243 	OR 	0.70 (0.54, 0.89) 	–


 	Panduru 2015 c (108) 	10 	RCT 	Mixed-strains 	 	826/2321 	OR 	0.62 (0.52, 0.74) 	–


 	Panduru 2015 d (108) 	13 	RCT 	Probiotics 	Prenatal and postpartum 	985/2767 	OR 	0.61 (0.52, 0.71) 	–


 	Panduru 2015 e (108) 	4 	RCT 	Probiotics 	Postpartum 	115/555 	OR 	0.95 (0.63, 1.45) 	–


 	Cuello-Garcia 2015 a (80) 	15 	RCT 	Probiotics 	Prenatal and postpartum 	864/3267 	RR 	0.71 (0.59, 0.84) 	53%


 	Cuello-Garcia 2015 b (80) 	11 	RCT 	Probiotics 	Prenatal and postpartum 	423/2777 	RR 	0.65 (0.55, 0.78) 	0%


 	Cuello-Garcia 2015 c (80) 	10 	RCT 	Probiotics 	Prenatal and postpartum 	421/1507 	RR 	0.61 (0.49, 0.76) 	37%


 	Cuello-Garcia 2015 d (80) 	7 	RCT 	Probiotics 	Prenatal and postpartum 	191/1225 	RR 	0.63 (0.49, 0.82) 	0%


 	Cuello-Garcia 2015 e (80) 	5 	RCT 	Probiotics 	Postpartum 	217/790 	RR 	0.83 (0.58, 1.19) 	55%


 	Cuello-Garcia 2015 f (80) 	11 	RCT 	Probiotics 	Prenatal and postpartum 	685/2657 	RR 	0.80 (0.68, 0.93) 	32%


 	Cuello-Garcia 2015 g (80) 	2 	RCT 	Probiotics 	Postpartum 	51/427 	RR 	1.67 (0.98, 2.92) 	0%


 	Cuello-Garcia 2015 h (80) 	8 	RCT 	Probiotics 	Postpartum 	351/2218 	RR 	0.63 (0.52, 0.77) 	0%


 	Cuello-Garcia 2015 i (80) 	16 	RCT 	Probiotics 	 	953/3509 	RR 	0.72 (0.61, 0.85) 	52%


 	Cuello-Garcia 2015 j (80) 	12 	RCT 	Probiotics 	 	461/2985 	RR 	0.68 (0.57, 0.80) 	0%


 	Cuello-Garcia 2015 k (80) 	11 	RCT 	Probiotics 	 	446/1595 	RR 	0.61 (0.50, 0.74) 	30%


 	Cuello-Garcia 2015 L (80) 	16 	RCT 	Probiotics 	 	902/3447 	RR 	0.81 (0.70, 0.94) 	38%


 	Cuello-Garcia 2015 m (80) 	10 	RCT 	Probiotics 	 	402/2645 	RR 	0.72 (0.55, 0.95) 	47%


 	Zuccotti 2015 a (61) 	29 	RCT 	Probiotics 	 	1519/4755 	RR 	0.78 (0.69, 0.89) 	57%


 	Zuccotti 2015 b (61) 	9 	RCT 	Mixed-strains 	 	350/939 	RR 	0.54 (0.43, 0.68) 	38%


 	Zuccotti 2015 c (61) 	17 	RCT 	Lactobacillus spp. 	 	899/2948 	RR 	0.90 (0.77, 1.05) 	46%


 	Zuccotti 2015 d (61) 	3 	RCT 	Bifidobacterium spp. 	 	270/868 	RR 	0.89 (0.73, 1.08) 	0%


 	Cao-L 2015 a (45) 	6 	RCT 	Probiotics 	 	769/1955 	RR 	0.86 (0.77, 0.96) 	46%


 	Cao-L 2015 b (45) 	3 	RCT 	Probiotics 	Postpartum 	132/484 	RR 	0.98 (0.73, 1.31) 	56%


 	Cao-L 2015 c (45) 	3 	RCT 	Probiotics 	Prenatal and postpartum 	637/1471 	RR 	0.83 (0.74, 0.94) 	47%


 	Mansfield 2014 (109) 	27 	RCT 	Probiotics 	 	2088/6277 	RR 	0.78 (0.70, 0.88) 	59%


 	Jaramillo 2013 (41) 	7 	RCT 	Probiotics 	 	389/1237 	OR 	0.64 (0.50, 0.82) 	0%


 	Dang 2013 a (62) 	3 	RCT 	Prebiotics 	 	97/1095 	RR 	0.80 (0.54, 1.18) 	48%


 	Dang 2013 b (62) 	14 	RCT 	Probiotics 	 	754/2550 	RR 	0.69 (0.62, 0.78) 	57%


 	Dang 2013 c (62) 	7 	RCT 	Lactobacillus spp. 	 	361/1207 	RR 	0.78 (0.60, 1.01) 	53%


 	Dang 2013 d (62) 	2 	RCT 	Bifidobacterium spp. 	 	119/336 	RR 	0.82 (0.63, 1.07) 	0%


 	Dang 2013 e (62) 	6 	RCT 	mixed-strains 	 	284/1008 	RR 	0.58 (0.44, 0.76) 	43%


 	Pelucchi 2012 a (110) 	13 	RCT 	Probiotics 	 	930/3092 	RR 	0.79 (0.71, 0.88) 	24%


 	Pelucchi 2012 b (110) 	8 	RCT 	Probiotics 	Prenatal and postpartum 	683/2219 	RR 	0.76 (0.65, 0.89) 	31%


 	Pelucchi 2012 c (110) 	4 	RCT 	Probiotics 	postpartum 	169/663 	RR 	0.85 (0.61, 1.19) 	32%


 	Wang-Y 2012 a (111) 	8 	RCT 	Probiotics 	 	208/2290 	RD 	−0.06(−0.10,-0.03) 	0%


 	Wang-Y 2012 b (111) 	8 	RCT 	Probiotics 	 	355/2097 	RD 	−0.02(−0.08, −0.03) 	56%


 	Tang-LJ 2012 a (44) 	15 	RCT 	Probiotics 	 	872/3604 	RR 	0.78 (0.70, 0.88) 	30.7%


 	Tang-LJ 2012 b (44) 	9 	RCT 	Lactobacilli 	 	397/1197 	RR 	0.70 (0.59, 0.82) 	43.7%


 	Tang-LJ 2012 c (44) 	6 	RCT 	Mixed-strains 	 	500/2415 	RR 	0.84 (0.72, 0.98) 	18.9%


 	Doege 2012 a (112) 	3 	RCT 	Mixed-strains 	 	514/1956 	RR 	0.92 (0.83, 1.02) 	0%


 	Doege 2012 b (112) 	4 	RCT 	Lactobacillus spp. 	 	228/834 	RR 	0.82 (0.71, 0.95) 	0%


 	Zhu-DL 2010 a (43) 	11 	RCT 	Probiotics 	 	674/2297 	RR 	0.80 (0.70, 0.90) 	31%


 	Zhu-DL 2010 b (43) 	5 	RCT 	Lactobacillus spp. 	 	238/760 	RR 	0.85 (0.69, 1.05) 	57%


 	Zhu-DL 2010 c (43) 	5 	RCT 	Mixed-strains 	 	418/1480 	RR 	0.79 (0.68, 0.93) 	0%


 	Osborn 2009 (113) 	2 	RCT 	Prebiotics 	 	55/432 	RR 	0.69 (0.40, 1.17) 	80%


 	Lee 2008 a (2) 	6 	RCT 	Probiotics 	 	348/1581 	RR 	0.69 (0.57, 0.83) 	54.8%


 	Lee 2008 b (2) 	5 	RCT 	Probiotics 	Prenatal and postpartum 	276/1406 	RR 	0.61 (0.49, 0.76) 	0%


 	Osborn 2007 a (114) 	4 	RCT 	Probiotics 	 	220/1356 	RR 	0.80 (0.62, 1.02) 	65%


 	Osborn 2007 b (114) 	5 	RCT 	Probiotics 	 	472/1477 	RR 	0.82 (0.70, 0.95) 	64%


 	Osborn 2007 c (114) 	2 	RCT 	Lactobacillus rhamnosus GG 	 	64/189 	RR 	0.45 (0.29, 0.72) 	0%




 


TABLE 2 Summary of the meta-analyses of probiotics and adverse events risk.


	Study, year (ref)
	Number of study
	Study design
	Exposure
	Adverse event
	Cases/Total
	Type of metrics
	Summary effect size (95% CI)
	I2

 

 	Sun-M 2021 (65) 	6 	RCT 	Probiotics 	Adverse events 	136/1309 	RR 	1.09 (0.83, 1.44) 	0%


 	Kuang Linghan 2020 a (78) 	2 	RCT 	Probiotics 	Death 	21/244 	RR 	0.34 (0.13, 0.91) 	0%


 	Kuang Linghan 2020 b (78) 	2 	RCT 	Probiotics 	NEC 	32/244 	RR 	0.38 (0.18, 0.81) 	0%


 	Kuang Linghan 2020 c (78) 	2 	RCT 	Probiotics 	Pre-eclampsia 	41/322 	RR 	1.49 (0.85, 2.63) 	0%


 	Cuello-Garcia 2017 a (79) 	9 	RCT 	Prebiotics 	Adverse events 	951/2876 	RR 	1.01 (0.92, 1.10) 	0%


 	Cuello-Garcia 2015 b (80) 	4 	RCT 	Probiotics 	Adverse events 	232/829 	RR 	1.10 (0.64, 1.91) 	51%




 


3.1 Probiotics and AD outcomes

This study found a significant association between probiotics supplementation and the risk of AD (RR = 0.76; 95% CI: 0.74, 0.78; p < 0.001) with a low heterogeneity (I2 = 0.386, p < 0.001) (Figure 3). 11 comparisons (9%) exhibited small-study effect bias, as indicated by an Egger’s asymmetry test with p < 0.05. We found that in 58 comparisons, the observed number of studies with significant results exceeded the expected number, suggesting the presence of excess significance bias (Table 3). Among the 119 comparisons, 47 (39%) exhibited heterogeneity (I2 > 50%), which may be attributed to variations in probiotics types, timing of interventions, and other contributing factors. Egger’s regression test (p = 0.407) showed no evidence of small-study effects, indicating a low likelihood of publication bias. The Trim and Fill analysis further confirmed the robustness of the results (RR = 0.763; 95% CI: 0.745, 0.781), indicating that the current results are relatively consistent.

[image: Forest plot displaying risk ratios (RR) for multiple studies, with values ranging approximately from 0.2 to 5. Log risk ratios (logRR), standard errors, 95% confidence intervals, total sample sizes, case counts, and GRADE assessments are shown alongside each study. The plot provides visual representation of study heterogeneity and overall effect size using a random effects model, with a pooled RR of 0.76 (95% CI: 0.74, 0.78). The GRADE assessments include labels like weak, suggestive, and non-significant.]

FIGURE 3
 Forest plot of the effect of probiotics on AD risk.



TABLE 3 Effect estimates, evidence credibility, risk of bias, and heterogeneity assessment in the included meta-analyses.


	Study year (ref)
	Exposure
	Time
	RRa
	p-valueb
	I2(95% CI)
	Q test p-value
	Egger’s p-value
	95%PI
	O
	E
	Excess significance bias p-value
	RR of the largest study
	Evidence credibility

 

 	Wang Shumin (102) 	Probiotics 	 	0.80 (0.69, 0.91) 	0.00111412 	22.5%(0%, 60%) 	0.2162 	0.053 	(0.59, 1.07) 	4 	0.84 	0.001793 	0.92 (0.65, 1.32) 	Weak


 	Wang F 2023 a (46) 	Probiotics 	 	0.77 (0.67, 0.89) 	0.0002946 	62.9%(45%, 75%) 	0 	0.137 	(0.44, 1.36) 	9 	1.65 	2.90E-07 	0.70 (0.51, 0.96) 	Suggestive


 	Wang F 2023 b (46) 	Probiotics 	Prenatal and postpartum 	0.73 (0.61, 0.86) 	0.00027264 	70.6%(53%, 82%) 	0 	0.066 	(0.39, 1.34) 	7 	1.07 	6.66E-10 	0.95 (0.83, 1.09) 	Suggestive


 	Wang F 2023 c (46) 	Probiotics 	Postpartum 	0.85 (0.64, 1.11) 	0.23404639 	52.2%(5%, 76%) 	0.0217 	0.663 	(0.39, 1.84) 	2 	1.34 	0.2943 	0.79 (0.55, 1.15) 	Non-significant


 	Wang F 2023 d (46) 	Lactobacillus rhamnosus 	 	0.69 (0.51, 0.93) 	0.01552051 	72.5%(44%, 87%) 	0.0006 	0.663 	(0.27, 1.76) 	4 	7.14 	0.001341 	0.40 (0.30, 0.55) 	Weak


 	Wang F 2023 e (46) 	Lactobacillus spp. 	 	1.17 (0.87, 1.59) 	0.30301001 	54.3%(0%, 79%) 	0.0323 	0.215 	(0.49, 2.79) 	1 	1.07 	1 	1.27 (0.84, 1.94) 	Non-significant


 	Wang F 2023 f (46) 	Mixed probiotics 	 	0.71 (0.58, 0.85) 	0.00028342 	60.4%(27%, 78%) 	0.0025 	0.007 	(0.43, 1.17) 	5 	0.78 	3.14E-05 	0.95 (0.83, 1.09) 	Weak


 	Husein-ElAhmed 2023 a (103) 	Probiotics 	Postpartum 	0.79 (0.62, 1.00) 	0.05237969 	53.3%(19%, 73%) 	0.005 	0.034 	(0.37, 1.70) 	2 	1.91 	1 	0.80 (0.53, 1.19) 	Non-significant


 	Husein-ElAhmed 2023 b (103) 	Probiotics 	Prenatal and postpartum 	0.61 (0.47, 0.79) 	0.00018402 	44.1%(0%, 76%) 	0.0971 	0.768 	(0.31, 1.19) 	5 	5.76 	0.03075 	0.40 (0.27, 0.60) 	Weak


 	Husein-ElAhmed 2023 c (103) 	Probiotics 	Prenatal and postpartum 	0.79 (0.68, 0.92) 	0.00168948 	38.7%(0%, 67%) 	0.0691 	0.146 	(0.53, 1.18) 	6 	0.77 	2.12E-07 	0.96 (0.76, 1.20) 	Weak


 	Husein-ElAhmed 2023 d (103) 	Probiotics 	Prenatal and postpartum 	0.68 (0.52, 0.90) 	0.00652819 	0%(0%, 79%) 	0.533 	0.796 	(0.43, 1.07) 	1 	0.71 	1 	0.76 (0.47, 1.22) 	Weak


 	Husein-ElAhmed 2023 e (103) 	Single-strain 	 	0.85 (0.74, 0.98) 	0.02925746 	41%(3%, 64%) 	0.022 	0.206 	(0.53, 1.37) 	5 	8.28 	0.1891 	0.66 (0.46, 0.94) 	Weak


 	Husein-ElAhmed 2023 f (103) 	Mixed-strains 	 	0.65 (0.56, 0.76) 	7.87E-08 	41.6%(1%, 66%) 	0.0271 	0.022 	(0.41, 1.05) 	8 	1.07 	6.88E-13 	0.96 (0.76, 1.20) 	Suggestive


 	Sun-S 2022 a (104) 	Probiotics 	 	0.73 (0.62, 0.86) 	0.00017683 	65.6%(43%, 79%) 	0.0001 	0.079 	(0.42, 1.28) 	6 	1.47 	2.55E-07 	0.91 (0.78, 1.06) 	Suggestive


 	Sun-S 2022 b (104) 	Single-strain 	 	0.82 (0.66, 1.02) 	0.07029579 	38.2%(0%, 72%) 	0.1143 	0.922 	(0.48, 1.40) 	2 	0.74 	0.2888 	0.88 (0.63, 1.22) 	Non-significant


 	Sun-S 2022 c(104) 	Single-strain 	 	0.98 (0.69, 1.39) 	0.91240937 	0%(0%, 90%) 	0.9802 	0.135 	(0.10, 9.54) 	0 	0.16 	NA 	0.88 (0.63, 1.22) 	Non-significant


 	Sun-S 2022 d(104) 	Mixed-strains 	 	0.66 (0.52, 0.84) 	0.00083778 	79.3%(60%, 89%) 	0 	0.016 	(0.31, 1.42) 	4 	0.87 	0.001341 	0.91 (0.78, 1.06) 	Weak


 	Sun-S 2022 e(104) 	Mixed-strains 	 	0.57 (0.41, 0.78) 	0.00060358 	0%(0%, 90%) 	0.7225 	0.452 	(0.07, 4.66) 	2 	1.11 	0.2207 	0.61 (0.41, 0.91) 	Weak


 	Sun-S 2022 e (104) 	Probiotics 	Prenatal and postpartum 	0.85 (0.74, 0.99) 	0.03077267 	35%(0%, 73%) 	0.1611 	0.155 	(0.61, 1.19) 	2 	0.78 	0.2801 	0.91 (0.78, 1.06) 	Weak


 	Sun-S 2022 g (104) 	Probiotics 	Prenatal and postpartum 	0.79 (0.47, 1.32) 	0.36812025 	45.1%(0%, 84%) 	0.162 	0.29 	(0.00, 124.80) 	1 	0.15 	2.20E-16 	0.98 (0.54, 1.80) 	Non-significant


 	Sun-S 2022 h (104) 	Probiotics 	Postpartum 	0.77 (0.48, 1.25) 	0.29371811 	56.7%(0%, 84%) 	0.0554 	0.203 	(0.17, 3.48) 	1 	0.54 	1 	0.80 (0.53, 1.19) 	Non-significant


 	Voigt J 2022 (60) 	Lactobacillus rhamnosus 	 	0.60 (0.47, 0.75) 	9.87E-06 	48%(0%, 75%) 	0.0439 	0.755 	(0.32, 1.10) 	6 	3.94 	0.1967 	0.64 (0.52, 0.79) 	Weak


 	Pan Hua 2022(105) 	Probiotics 	 	0.88 (0.76, 1.01) 	0.07507596 	39.7%(0%, 73%) 	0.1141 	0.567 	(0.62, 1.24) 	2 	0.83 	0.285 	0.91 (0.78, 1.06) 	Non-significant


 	Chen L 2022 a (106) 	Probiotics 	 	0.74 (0.64, 0.85) 	0.00003473 	55.1%(27%, 72%) 	0.001 	0.119 	(0.44, 1.24) 	7 	3.81 	0.09725 	0.81 (0.66, 0.99) 	Suggestive


 	Chen L 2022 b (106) 	Probiotics 	Postpartum 	0.75 (0.54, 1.04) 	0.08543244 	38.1%(0%, 74%) 	0.1383 	0.016 	(0.34, 1.64) 	1 	0.47 	2.20E-16 	0.88 (0.57, 1.37) 	Non-significant


 	Chen L 2022 c(106) 	Probiotics 	Prenatal and postpartum 	0.73 (0.61, 0.87) 	0.00052046 	65%(38%, 40%) 	0.0004 	0.362 	(0.40, 1.34) 	6 	2.91 	0.0507 	0.81 (0.66, 0.99) 	Suggestive


 	Chen L 2022 d (106) 	Lactobacillus spp. 	 	0.85 (0.72, 1.01) 	0.06724994 	16.2%(0%, 57%) 	0.294 	0.614 	(0.62, 1.17) 	1 	1.86 	0.4292 	0.77 (0.54, 1.10) 	Non-significant


 	Chen L 2022 e(106) 	Single-strain 	 	0.63 (0.50, 0.80) 	0.00010024 	68.7%(41%, 83%) 	0.0004 	0.05 	(0.31, 1.30) 	6 	2.24 	0.001766 	0.81 (0.66, 0.99) 	Weak


 	Sun-M 2021 a (65) 	Probiotics 	 	0.60 (0.47, 0.78) 	0.00008495 	66.7%(35%, 83%) 	0.0014 	0.13 	(0.27, 1.33) 	6 	0.56 	1.36E-07 	1.05 (0.81, 1.37) 	Weak


 	Sun-M 2021 b (65) 	Probiotics 	Prenatal 	0.59 (0.45, 0.78) 	0.00026224 	70.8%(40%, 86%) 	0.0011 	0.163 	(0.24, 1.44) 	5 	0.46 	2.20E-16 	1.05 (0.81, 1.37) 	Weak


 	Sun-M 2021 c (65) 	Probiotics 	Postpartum 	0.63 (0.26, 1.48) 	0.28461931 	 	 	- 	 	1 	0.14 	2.20E-16 	0.88 (0.56, 1.39) 	Non-significant


 	Jiang W 2020 a(64) 	Probiotics 	 	0.69 (0.57, 0.84) 	0.00019148 	66.2%(43%, 80%) 	0.0001 	0.38 	(0.34, 1.41) 	8 	3.61 	0.02092 	0.76 (0.56, 1.04) 	Weak


 	Jiang W 2020 b (64) 	Single-strain 	 	0.84 (0.66, 1.09) 	0.19019584 	49.6%(0%, 79%) 	0.0642 	0.313 	(0.42, 1.69) 	2 	1.09 	0.2801 	1.25 (0.89, 1.75) 	Non-significant


 	Jiang W 2020 c (64) 	Mixed-strains 	 	0.60 (0.47, 0.77) 	0.00006072 	65.8%(31%, 83%) 	0.0029 	0.408 	(0.28, 1.31) 	6 	2.15 	0.001341 	0.76 (0.56, 1.04) 	Weak


 	Jiang W 2020 d (64) 	Probiotics 	Prenatal and postpartum 	0.71 (0.58, 0.85) 	0.00034359 	15.6%(0%, 59%) 	0.3069 	0.604 	(0.49, 1.01) 	4 	1.52 	0.1025 	0.76 (0.56, 1.04) 	Weak


 	Jiang W 2020 e (64) 	Probiotics 	Postpartum 	0.88 (0.59, 1.33) 	0.55519065 	74.2%(28%, 91%) 	0.0088 	0.089 	(0.15, 5.20) 	1 	0.75 	1 	1.25 (0.89, 1.75) 	Non-significant


 	Amalia N 2020 a (48) 	Probiotics 	 	0.77 (0.69, 0.85) 	4.91E-07 	58.1%(38%, 72%) 	0 	0.002 	(0.51, 1.16) 	9 	2.50 	0.0002738 	0.93 (0.87, 1.00) 	Highly suggestive


 	Amalia N 2020 b (48) 	Probiotics 	Prenatal and postpartum 	0.75 (0.65, 0.87) 	0.00009619 	4.5%(0%, 64%) 	0.3994 	0.083 	(0.62, 0.92) 	2 	1.06 	0.2918 	0.86 (0.63, 1.16) 	Weak


 	Amalia N 2020 c (48) 	Probiotics 	Prenatal and postpartum 	0.87 (0.76, 0.99) 	0.02925746 	48.3%(0%, 76%) 	0.0508 	0.063 	(0.63, 1.19) 	3 	1.09 	0.03389 	0.93 (0.87, 1.00) 	Weak


 	Amalia N 2020 d (48) 	Probiotics 	Prenatal and postpartum 	0.72 (0.52, 0.99) 	0.04883837 	74.9%(49%, 88%) 	0.0002 	0.037 	(0.25, 2.08) 	4 	7.44 	0.001341 	0.41 (0.27, 0.60) 	Weak


 	Amalia N 2020 e (48) 	Probiotics 	Postpartum 	0.84 (0.64, 1.10) 	0.20408463 	7%(0%, 86%) 	0.3575 	0.112 	(0.44, 1.62) 	0 	0.48 	NA 	1.22 (0.85, 1.76) 	Non-significant


 	Amalia N 2020 f (48) 	L. rhamnosus HN001 	 	0.70 (0.57, 0.85) 	0.00034359 	0%(0%, 85%) 	0.56 	0.562 	(0.45, 1.08) 	2 	1.72 	1 	0.69 (0.49, 0.98) 	Weak


 	Amalia N 2020 g(48) 	Bifidbacterium animalis HN019 	 	0.89 (0.73, 1.08) 	0.23013934 	0%(0%, 90%) 	0.9512 	0.507 	(0.25, 3.18) 	0 	0.43 	NA 	0.86 (0.63, 1.16) 	Non-significant


 	Amalia N 2020 h (48) 	Lactobacillus rhamnosus GG 	 	1.04 (0.83, 1.30) 	0.71884713 	0%(0%, 79%) 	0.5445 	0.206 	(0.72, 1.50) 	0 	0.40 	NA 	0.88 (0.63, 1.22) 	Non-significant


 	Amalia N 2020 i (48) 	L. paracasei F19 	 	0.55 (0.32, 0.97) 	0.03939854 	 	 	– 	 	0 	0.82 	0.1573 	0.49 (0.24, 1.02) 	Weak


 	Amalia N 2020 j (48) 	Mixed-strains 	 	0.71 (0.61, 0.82) 	6.48E-06 	71.1%(53%, 82%) 	0 	0.001 	(0.42, 1.19) 	7 	1.63 	0.0001768 	0.93 (0.87, 1.00) 	Suggestive


 	Kuang Linghan 2020 a (78) 	Probiotics 	 	0.69 (0.60, 0.80) 	9.11E-07 	0%(0%, 65%) 	0.7672 	0.996 	(0.58, 0.83) 	4 	3.03 	0.4795 	0.70 (0.51, 0.96) 	Weak


 	Kuang Linghan 2020 b (78) 	Probiotics 	 	0.83 (0.70, 0.97) 	0.02144822 	0%(0%, 79%) 	0.4779 	0.733 	(0.64, 1.08) 	1 	1.35 	1 	0.78 (0.59, 1.02) 	Weak


 	Yin D 2019 a (42) 	Probiotics 	 	0.81 (0.70, 0.93) 	0.00317774 	64.9%(45%, 78%) 	0 	0.496 	(0.47, 1.40) 	7 	5.89 	0.6321 	0.78 (0.62, 0.98) 	Weak


 	Yin D 2019 b (42) 	Lactobacillus spp. 	 	0.99 (0.83, 1.18) 	0.91240937 	27.6%(0%, 65%) 	0.1901 	0.701 	(0.67, 1.46) 	0 	1.38 	0.2918 	0.83 (0.65, 1.05) 	Non-significant


 	Yin D 2019 c (42) 	Mixed-strains 	 	0.71 (0.59, 0.85) 	0.00025222 	71%(46%, 84%) 	0.0002 	0.71 	(0.39, 1.30) 	7 	3.74 	0.06006 	0.78 (0.62, 0.98) 	Suggestive


 	Yin D 2019 d (42) 	Probiotics 	Postpartum 	0.99 (0.77, 1.33) 	0.92828721 	44.2%(0%, 78%) 	0.1103 	0.674 	(0.45, 2.18) 	0 	0.88 	0.2733 	1.27 (0.84, 1.94) 	Non-significant


 	Yin D 2019 e (42) 	Probiotics 	Prenatal and postpartum 	0.76 (0.65, 0.90) 	0.00168948 	68.9%(47%, 82%) 	0 	0.826 	(0.42, 1.38) 	7 	4.44 	0.07984 	0.78 (0.62, 0.98) 	Weak


 	Li L 2019 a (59) 	Probiotics 	 	0.79 (0.71, 0.88) 	0.00002554 	52.5%(27%, 69%) 	0.0007 	0.289 	(0.52, 1.20) 	8 	2.30 	1.07E-05 	0.91 (0.78, 1.06) 	Suggestive


 	Li L 2019 b (59) 	Probiotics 	Postpartum 	0.73 (0.50, 1.07) 	0.10959858 	73.7%(46%, 87%) 	0.0004 	0.629 	(0.22, 2.38) 	1 	5.99 	4.46E-05 	0.40 (0.30, 0.55) 	Non-significant


 	Li L 2019 c (59) 	Probiotics 	Prenatal and postpartum 	0.82 (0.75, 0.91) 	0.00011812 	29%(0%, 59%) 	0.1156 	0.201 	(0.64, 1.06) 	7 	1.68 	0.0001857 	0.91 (0.78, 1.06) 	Suggestive


 	Li L 2019 d (59) 	L. rhamnosus 	 	0.75 (0.63, 0.90) 	0.0016327 	0%(0%, 75%) 	0.4395 	0.264 	(0.58, 0.97) 	2 	1.27 	0.2733 	0.77 (0.54, 1.10) 	Weak


 	Li L 2019 e (59) 	Mixed-strains 	 	0.77 (0.66, 0.88) 	0.03% 	62.4%(34%, 78%) 	0.0007 	0.139 	(0.48, 1.23) 	5 	1.43 	3.47E-05 	0.91 (0.78, 1.06) 	Suggestive


 	Szajewska 2018 a (107) 	Lactobacillus rhamnosus GG 	Prenatal and postpartum 	0.93 (0.49, 1.76) 	0.82587115 	71.2%(0%, 92%) 	0.0276 	0.41 	(0.00, 1412.82) 	1 	1.83 	0.2207 	0.51 (0.31, 0.86) 	Non-significant


 	Szajewska 2018 b (107) 	Lactobacillus rhamnosus GG 	Prenatal and postpartum 	0.74 (0.43, 1.26) 	0.25847622 	 	 	– 	 	1 	0.98 	1 	0.57 (0.33, 0.97) 	Non-significant


 	Hong L 2018 a (47) 	Probiotics 	 	0.73 (0.62, 0.85) 	0.00006607 	61.1%(37%, 76%) 	0.0002 	0.201 	(0.41, 1.31) 	5 	1.13 	4.06E-05 	1.05 (0.80, 1.37) 	Suggestive


 	Hong L 2018 b (47) 	Probiotics 	Prenatal and postpartum 	0.66 (0.54, 0.80) 	0.00003473 	63.6%(34%, 80%) 	0.001 	0.357 	(0.35, 1.27) 	5 	0.74 	3.14E-05 	1.05 (0.80, 1.37) 	Weak


 	Hong L 2018 c (47) 	Probiotics 	Prenatal 	0.91 (0.62, 1.33) 	0.61707508 	 	 	– 	 	0 	0.48 	NA 	0.77 (0.54, 1.10) 	Non-significant


 	Hong L 2018 d (47) 	Probiotics 	Postpartum 	0.91 (0.71, 1.16) 	0.4237108 	27.2%(0%, 71%) 	0.2397 	0.076 	(0.51, 1.63) 	0 	0.47 	NA 	1.15 (0.85, 1.55) 	Non-significant


 	Hong L 2018 e (47) 	Lactobacillus spp. 	 	0.70 (0.52, 0.94) 	0.01778809 	38.3%(0%, 77%) 	0.1654 	0.441 	(0.31, 1.58) 	2 	0.26 	2.20E-16 	1.04 (0.71, 1.54) 	Weak


 	Hong L 2018 f (47) 	Mixed-strains 	 	0.62 (0.46, 0.83) 	0.00168948 	77.5%(53%, 89%) 	0.0002 	0.32 	(0.23, 1.65) 	4 	0.41 	2.20E-16 	1.05 (0.80, 1.37) 	Weak


 	Cuello-Garcia 2017 a (79) 	Prebiotics 	 	0.68 (0.40, 1.15) 	0.1498674 	66.7%(21%, 86%) 	0.0103 	0.255 	(0.16, 2.99) 	3 	0.30 	NA 	1.02 (0.82, 1.27) 	Non-significant


 	Chang YS (63) 	Synbiotics 	 	0.44 (0.11, 1.83) 	0.25847622 	 	 	– 	 	1 	0.67 	1 	0.70 (0.51, 0.96) 	Non-significant


 	Panduru 2015 a (108) 	Probiotics 	 	0.75 (0.64, 0.88) 	0.00041556 	57.8%(29%, 75%) 	0.0012 	0.421 	(0.43, 1.29) 	4 	1.39 	0.002022 	0.91 (0.78, 1.06) 	Suggestive


 	Panduru 2015 b (108) 	Lactobacillus spp. 	 	0.88 (0.71, 1.09) 	0.22627889 	29.1%(0%, 68%) 	0.1955 	0.19 	(0.55, 1.41) 	1 	0.65 	1 	0.88 (0.63, 1.22) 	Non-significant


 	Panduru 2015 c (108) 	Mixed-strains 	 	0.66 (0.52, 0.83) 	0.00040013 	69.4%(41%, 84%) 	0.0006 	0.08 	(0.32, 1.35) 	3 	0.85 	0.03501 	0.91 (0.78, 1.06) 	Weak


 	Panduru 2015 d (108) 	Probiotics 	Prenatal and postpartum 	0.70 (0.58, 0.85) 	0.00022425 	63.4%(33%, 80%) 	0.0011 	0.201 	(0.38, 1.28) 	4 	1.07 	0.001793 	0.91 (0.78, 1.06) 	Weak


 	Panduru 2015 e (108) 	Probiotics 	postpartum 	0.97 (0.60, 1.56) 	0.89656643 	40.7%(0%, 80%) 	0.1675 	0.854 	(0.18, 5.25) 	0 	0.27 	NA 	0.88 (0.56, 1.39) 	Non-significant


 	Cuello-Garcia 2015 a (80) 	Probiotics 	Prenatal and postpartum 	0.71 (0.59, 0.84) 	0.00010446 	53.4%(16%, 74%) 	0.0076 	0.117 	(0.40, 1.23) 	7 	0.83 	5.28E-10 	1.05 (0.81, 1.36) 	Weak


 	Cuello-Garcia 2015 b (80) 	Probiotics 	Prenatal and postpartum 	0.65 (0.55, 0.78) 	3.01E-06 	0%(0%, 60%) 	0.7525 	0.815 	(0.53, 0.80) 	4 	2.34 	0.1179 	0.70 (0.51, 0.96) 	Weak


 	Cuello-Garcia 2015 c (80) 	Probiotics 	Prenatal and postpartum 	0.61 (0.49, 0.76) 	8.59E-06 	37%(0%, 70%) 	0.1127 	0.825 	(0.36, 1.05) 	6 	8.30 	0.1138 	0.41 (0.27, 0.60) 	Weak


 	Cuello-Garcia 2015 d (80) 	Probiotics 	Prenatal and postpartum 	0.63 (0.49, 0.82) 	0.00060358 	0%(0%, 71%) 	0.7846 	0.963 	(0.45, 0.89) 	2 	3.18 	0.445 	0.514 (0.31, 0.86) 	Weak


 	Cuello-Garcia 2015 e (80) 	Probiotics 	Postpartum 	0.83 (0.58, 1.19) 	0.30772846 	55.2%(0%, 83%) 	0.0631 	0.004 	(0.29, 2.41) 	1 	0.34 	2.20E-16 	1.10 (0.77, 1.58) 	Non-significant


 	Cuello-Garcia 2015 f (80) 	Probiotics 	Prenatal and postpartum 	0.80 (0.68, 0.93) 	0.00495415 	32.2%(0%, 67%) 	0.1414 	0.274 	(0.54, 1.17) 	4 	0.61 	0.001653 	1.05 (0.81, 1.36) 	Weak


 	Cuello-Garcia 2015 g (80) 	Probiotics 	Postpartum 	1.67 (0.98, 2.92) 	0.05743312 	 	 	– 	 	0 	0.74 	0.1573 	1.87 (1.00, 3.52) 	Non-significant


 	Cuello-Garcia 2015 h (80) 	Probiotics 	Postpartum 	0.63 (0.52, 0.77) 	3.66E-06 	0%(0%, 68%) 	0.6526 	0.612 	(0.49, 0.80) 	4 	1.87 	0.1025 	0.70 (0.51, 0.96) 	Weak


 	Cuello-Garcia 2015 i (80) 	Probiotics 	 	0.72 (0.61, 0.85) 	0.00007815 	51.6%(14%, 73%) 	0.0088 	0.117 	(0.43, 1.21) 	7 	0.89 	5.76E-10 	1.05 (0.81, 1.36) 	Weak


 	Cuello-Garcia 2015 j (80) 	Probiotics 	 	0.68 (0.57, 0.80) 	6.18E-06 	0%(0%, 58%) 	0.7016 	0.858 	(0.56, 0.82) 	4 	2.57 	0.505 	0.70 (0.51, 0.96) 	Weak


 	Cuello-Garcia 2015 k (80) 	Probiotics 	 	0.61 (0.50, 0.74) 	9.11E-07 	30.1%(0%, 66%) 	0.1593 	0.849 	(0.38, 0.97) 	6 	9.05 	0.01902 	0.41 (0.27, 0.60) 	Weak


 	Cuello-Garcia 2015 l (80) 	Probiotics 	 	0.81 (0.70, 0.94) 	0.00560563 	38.3%(0%, 66%) 	0.06 	0.025 	(0.54, 1.23) 	5 	0.89 	3.61E-05 	1.05 (0.81, 1.36) 	Weak


 	Cuello-Garcia 2015 m (80) 	Probiotics 	 	0.72 (0.55, 0.95) 	0.02144822 	47%(0%, 74%) 	0.049 	0.721 	(0.34, 1.53) 	4 	2.18 	0.1138 	0.70 (0.51, 0.96) 	Weak


 	Zuccotti 2015 a (61) 	Probiotics 	 	0.78 (0.69, 0.89) 	0.00026224 	56.7%(35%, 71%) 	0.0001 	0.347 	(0.45, 1.36) 	7 	3.01 	0.01473 	0.86 (0.63, 1.16) 	Suggestive


 	Zuccotti 2015 b (61) 	Mixed-strains 	 	0.54 (0.43, 0.68) 	9.30E-08 	38%(0%, 71%) 	0.1168 	0.311 	(0.32, 0.92) 	3 	1.44 	0.03389 	0.79 (0.57, 1.08) 	Weak


 	Zuccotti 2015 c (61) 	Lactobacillus spp. 	 	0.90 (0.77, 1.05) 	0.18024534 	46%(5%, 69%) 	0.0202 	0.932 	(0.55, 1.46) 	4 	1.46 	0.001986 	0.88 (0.63, 1.22) 	Non-significant


 	Zuccotti 2015 d (61) 	Bifidobacterium spp. 	 	0.89 (0.73, 1.08) 	0.23013934 	0%(0%, 90%) 	0.9512 	0.507 	(0.25, 3.18) 	0 	0.43 	NA 	0.86 (0.63, 1.16) 	Non-significant


 	Cao-L 2015 a. (45) 	Probiotics 	 	0.84 (0.70, 1.00) 	0.05237969 	45.6%(0%, 78%) 	0.1013 	0.694 	(0.53, 1.33) 	2 	0.65 	0.2733 	0.91 (0.78, 1.06) 	Non-significant


 	Cao-L 2015 b (45) 	Probiotics 	Postpartum 	1.03 (0.64, 1.66) 	0.89656643 	56.2%(0%, 87%) 	0.1023 	0.306 	(0.01, 157.20) 	2 	0.45 	2.20E-16 	0.91 (0.78, 1.06) 	Non-significant


 	Cao-L 2015 c (45) 	Probiotics 	Prenatal and postpartum 	0.80 (0.67, 0.95) 	0.01313824 	46.8%(0%, 84%) 	0.1526 	0.287 	(0.14, 4.59) 	0 	0.42 	NA 	0.80 (0.53, 1.19) 	Weak


 	Mansfield 2014 (109) 	Probiotics 	 	0.78 (0.70, 0.88) 	0.00006892 	59.3%(38%, 73%) 	0 	0.334 	(0.49, 1.27) 	10 	2.22 	4.13E-09 	0.91 (0.78, 1.06) 	Suggestive


 	Jaramillo 2013 (41) 	Probiotics 	 	1.09 (0.92, 1.28) 	0.32708612 	0%(0%, 71%) 	0.5109 	0.602 	(0.87, 1.35) 	0 	2.18 	0.09426 	0.72 (0.50, 1.03) 	Non-significant


 	Dang 2013 a (62) 	Prebiotics 	 	0.80 (0.45, 1.44) 	0.45929999 	48.4%(0%, 85%) 	0.1444 	0.693 	(0.00, 291.62) 	1 	0.28 	2.20E-16 	0.81 (0.46, 1.40) 	Non-significant


 	Dang 2013 b (62) 	Probiotics 	 	0.69 (0.58, 0.84) 	0.00011339 	57%(22%, 76%) 	0.0044 	0.965 	(0.38, 1.26) 	5 	12.14 	8.98E-08 	0.40 (0.30, 0.55) 	Weak


 	Dang 2013 c (62) 	Lactobacillus spp. 	 	0.77 (0.60, 1.00) 	0.05237969 	52.1%(0%, 80%) 	0.0511 	0.199 	(0.38, 1.58) 	2 	1.43 	0.2801 	0.77 (0.54, 1.10) 	Non-significant


 	Dang 2013 d (62) 	Bifidobacterium spp. 	 	0.82 (0.63, 1.07) 	0.13887325 	 	 	– 	 	0 	0.49 	NA 	0.79 (0.57, 1.08) 	Non-significant


 	Dang 2013 e (62) 	Mixed-strains 	 	0.58 (0.44, 0.76) 	0.00007815 	42.6%(0%, 77%) 	0.1212 	0.429 	(0.29, 1.14) 	3 	4.78 	0.02846 	0.40 (0.30, 0.55) 	Weak


 	Pelucchi 2012 a (110) 	Probiotics 	 	0.79 (0.69, 0.89) 	0.0002156 	22.5%(0%, 60%) 	0.2162 	0.394 	(0.60, 1.04) 	4 	2.54 	0.5104 	0.81 (0.66, 0.99) 	Weak


 	Pelucchi 2012 b (110) 	Probiotics 	Prenatal and postpartum 	0.76 (0.65, 0.89) 	0.00067386 	28.9%(0%, 68%) 	0.1972 	0.644 	(0.54, 1.08) 	4 	1.79 	0.1025 	0.81 (0.66, 0.99) 	Weak


 	Pelucchi 2012 c (110) 	Probiotics 	Postpartum 	0.85 (0.60, 1.20) 	0.35757276 	32.7%(0%, 76%) 	0.2159 	0.159 	(0.28, 2.57) 	0 	0.27 	NA 	1.10 (0.77, 1.58) 	Non-significant


 	Wang-Y 2012 a (111) 	Probiotics 	 	0.82 (0.72, 0.94) 	0.00480236 	17%(0%, 60%) 	0.2954 	0.641 	(0.63, 1.07) 	2 	1.88 	1 	0.81 (0.66, 0.99) 	Weak


 	Wang-Y 2012 b (111) 	Probiotics 	 	0.86 (0.64, 1.14) 	0.29371811 	47.3%(0%, 77%) 	0.0632 	0.241 	(0.40, 1.84) 	3 	1.93 	0.4142 	0.70 (0.51, 0.96) 	Non-significant


 	Wang-Y 2012 b (44) 	Probiotics 	 	0.76 (0.66, 0.88) 	0.00016991 	26%(0%, 60%) 	0.1676 	0.184 	(0.54, 1.06) 	5 	1.06 	3.47E-05 	0.91 (0.72, 1.14) 	Weak


 	Tang-LJ 2012 b (44) 	Lactobacilli 	 	0.70 (0.56, 0.87) 	0.0016327 	40.8%(0%, 73%) 	0.0955 	0.102 	(0.40, 1.23) 	4 	1.65 	0.1088 	0.77 (0.54, 1.10) 	Weak


 	Tang-LJ 2012 c (44) 	Mixed-strains 	 	0.80 (0.68, 0.95) 	0.01108525 	9%(0%, 77%) 	0.3579 	0.896 	(0.60, 1.08) 	2 	0.48 	2.20E-16 	0.91 (0.72, 1.14) 	Weak


 	Doege 2012 a (112) 	Mixed-strains 	 	0.84 (0.72, 0.97) 	0.02088815 	0%(0%, 90%) 	0.4653 	0.501 	(0.32, 2.20) 	1 	1.10 	1 	0.81 (0.66, 0.99) 	Weak


 	Doege 2012 b (112) 	Lactobacillus spp. 	 	0.74 (0.57, 0.94) 	0.01595252 	21%(0%, 88%) 	0.2839 	0.607 	(0.35, 1.55) 	1 	1.29 	1 	0.72 (0.50, 1.02) 	Weak


 	Zhu-DL 2010 a (43) 	Probiotics 	 	0.80 (0.67, 0.94) 	0.00853849 	31.3%(0%, 66%) 	0.1493 	0.163 	(0.54, 1.18) 	3 	1.91 	0.4344 	0.81 (0.66, 0.99) 	Weak


 	Zhu-DL 2010 b (43) 	Lactobacillus spp. 	 	0.83 (0.59, 1.16) 	0.27571314 	56.8%(0%, 84%) 	0.0549 	0.234 	(0.29, 2.37) 	1 	0.35 	2.20E-16 	1.10 (0.77, 1.58) 	Non-significant


 	Zhu-DL 2010 c (43) 	Mixed-strains 	 	0.79 (0.68, 0.93) 	0.00385242 	0%(0%, 79%) 	0.899 	0.235 	(0.62, 1.02) 	1 	1.11 	1 	0.81 (0.66, 0.99) 	Weak


 	Osborn 2009 (113) 	Prebiotics 	 	0.79 (0.21, 2.94) 	0.7263387 	 	 	– 	 	1 	1.09 	1 	0.42 (0.21, 0.84) 	Non-significant


 	Lee 2008 a (2) 	Probiotics 	 	0.66 (0.49, 0.89) 	0.00672832 	54.8%(0%, 82%) 	0.0514 	0.119 	(0.28, 1.54) 	4 	1.94 	0.08326 	0.70 (0.51, 0.96) 	Weak


 	Lee 2008 b (2) 	Probiotics 	Prenatal and postpartum 	0.61 (0.49, 0.75) 	6.18E-06 	0%(0%, 79%) 	0.5662 	0.033 	(0.43, 0.86) 	4 	1.44 	0.0007962 	0.70 (0.51, 0.96) 	Weak


 	Osborn 2007 a (114) 	Probiotics 	 	0.85 (0.51, 1.42) 	0.54186181 	65.1%(0%, 88%) 	0.0353 	0.75 	(0.11, 6.85) 	1 	1.09 	1 	0.70 (0.51, 0.96) 	Non-significant


 	Osborn 2007 b (114) 	Probiotics 	 	0.79 (0.59, 1.07) 	0.12851098 	63.6%(4%, 86%) 	0.0268 	0.451 	(0.31, 2.05) 	3 	1.17 	0.02535 	0.81 (0.66, 0.99) 	Non-significant


 	Osborn 2007 c (114) 	Lactobacillus rhamnosus GG 	 	0.46 (0.29, 0.73) 	0.00093296 	 	 	- 	 	2 	0.97 	0.1573 	0.51 (0.31, 0.86) 	Weak





a: RR of random-effects model; b: p value of random-effects model; O: the observed number of studies; E: the expected number.
 

In terms of the level of evidence, associations are classified into five categories: convincing, highly suggestive, suggestive, weak and non-significant (Table 3). The evaluation of one meta-analysis provided evidence at the “highly suggestive” level, indicating a negative association between probiotics supplementation and the risk of AD (RR: 0.77, 95% CI: 0.69–0.85) (48). No associations were identified at the “convincing” level of evidence in this study. This study found that 15 comparisons (13%) provided evidence classified as “suggestive” while 60 (50%) were classified as having “weak” evidence. The remaining 43 (36%) comparisons were classified as providing “non-significant” evidence. Among them, the 95% prediction intervals of 10 comparisons did not include the null value of 1. When applying a significance threshold of p < 0.05, 80 out of 119 comparisons (67%) demonstrated statistical significance under the random-effects model. When the threshold was set at p < 0.001, 49 comparisons (41%) remained statistically significant. At a more stringent threshold of p < 0.000001, only 6 comparisons retained statistical significance under the random-effects model.



3.2 Different type of probiotics and AD outcomes


3.2.1 Lactobacillus spp

In the subgroup analysis, Lactobacillus spp. supplementation was associated with a reduced risk of AD (RR = 0.79; 95% CI: 0.73, 0.86). The highest level of evidence achieved was classified as “weak” (Figure 4). Egger’s regression test yielded a p-value of 0.258, indicating no evidence of small-study effects. Furthermore, the Trim and Fill analysis showed a robust pooled effect estimate, suggesting that the results are relatively stable.

[image: Forest plot presenting the meta-analysis results of multiple studies investigating interventions with Lactobacillus spp. Each study is represented with a black square indicating the risk ratio, and horizontal lines showing the 95% confidence interval. The size of the square reflects the study’s weight. The overall effect estimate is shown as a diamond at the bottom, with a risk ratio of 0.79 and a confidence interval of 0.73 to 0.86. Study-specific results and total case numbers are listed alongside. Heterogeneity statistics include an I-squared of 54.5% and a p-value of 0.0024.]

FIGURE 4
 Subgroup analysis of the effect of Lactobacillus spp. on AD risk.




3.2.2 Bifidobacterium spp

For Bifidobacterium spp., the pooled effect size was 0.87 (95% CI: 0.77, 0.99) (Figure 5). However, the strength of evidence was rated as “non-significant” and no further bias assessments were conducted due to the limited number of comparisons available.

[image: Forest plot showing risk ratios from three studies: Amalia N 2020 g, Zuccotti 2015 d, and Dang 2013 d. Each study's 95% confidence interval is depicted by horizontal lines. The combined risk ratio from the random effects model is 0.87, with a confidence interval of [0.77, 0.99]. Heterogeneity values indicate low variance among studies. All results are categorized as non-significant.]

FIGURE 5
 Subgroup analysis of the effect of Bifidobacterium spp. on AD risk.




3.2.3 Single-strain probiotics

Single-strain probiotics were associated with a reduced risk of AD (RR = 0.81; 95% CI: 0.76, 0.86), with the highest level of evidence classified as “weak” (Figure 6). Egger’s regression test (p = 0.226) indicated no evidence of publication bias. The robustness of the pooled estimate was supported by Trim and Fill analysis, suggesting consistency in the observed association.

[image: Forest plot showing risk ratios and confidence intervals for various studies. Each study is listed with log risk ratios, standard errors, and risk ratios depicted by squares on a horizontal line, indicating effect size and precision. Confidence intervals are illustrated, with a vertical line at 1 indicating no effect. The random effects model at the bottom suggests an overall risk ratio of 0.81 with a confidence interval of [0.76, 0.86]. The heterogeneity statistic is I² = 45.0%.]

FIGURE 6
 Subgroup analysis of the effect of single-strain probiotics on AD risk.




3.2.4 Mixed-strains probiotics

Mixed-strains probiotics showed the most pronounced association with a lower risk of AD among all subgroups (RR = 0.70; 95% CI: 0.65, 0.74), with the highest evidence level graded as “suggestive” (Figure 7). However, Egger’s regression test indicated the presence of small-study effects (p = 0.002), suggesting potential publication bias. Despite this, the Trim and Fill analysis produced similar results, indicating that the observed effect estimate was relatively robust after adjustment.

[image: Forest plot showing risk ratios from multiple studies. Each study lists its log risk ratio (logRR), standard error, confidence intervals, total cases, and GRADE. The overall random effects model shows a pooled risk ratio of 0.70 with a confidence interval of 0.65 to 0.74. Heterogeneity statistics include I² at 41.3%, τ² at 0.0066, and a p-value of 0.0479, indicating moderate heterogeneity.]

FIGURE 7
 Subgroup analysis of the effect of mixed-strains probiotics on AD risk.




3.2.5 Prebiotics and synbiotics

Current evidence does not provide strong support for an association between prebiotics (RR = 0.69; 95% CI: 0.43, 1.13) or synbiotics (RR = 0.44; 95% CI: 0.11, 1.79) and reduced risk of AD. Both interventions showed wide confidence intervals and limited statistical precision, making it difficult to draw definitive conclusions. Further high-quality studies are warranted to better understand their potential roles in the prevention of AD.




3.3 Supplement time of probiotics and AD outcomes


3.3.1 Prenatal probiotics supplementation

The subgroup analysis for prenatal probiotics supplementation only (RR = 0.72; 95% CI: 0.47, 1.09) (Figure 8) showed no strong evidence to support a significant effect on the risk of AD. The confidence interval includes 1.0, suggesting that the effect is uncertain and not statistically significant.
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FIGURE 8
 Subgroup analysis of the effect of prenatal supplementation of probiotics on AD risk.




3.3.2 Postnatal probiotics supplementation

The pooled risk ratio for postnatal probiotics supplementation alone was RR = 0.83 (95% CI: 0.76, 0.91). However, nearly all of the evidence was classified as “non-significant” (Figure 9), indicating that the observed effect was insufficient to draw definitive conclusions about its efficacy in reducing the risk of AD. In this subgroup, Egger’s regression test yielded a p-value of 0.382, suggesting no significant evidence of publication bias, indicating that the observed results are unlikely to be influenced by selective reporting of studies.

[image: Forest plot showing a meta-analysis of 18 studies with risk ratios and confidence intervals. Each study is listed with its log risk ratio, standard error, risk ratio confidence interval, patient counts, and significance grade. The combined random effects model shows a risk ratio of 0.83, with confidence intervals of 0.76 to 0.91 and non-significant heterogeneity (I-squared = 19.9%).]

FIGURE 9
 Subgroup analysis of the effect of postpartum supplementation of probiotics on AD risk.




3.3.3 Combined prenatal and postnatal probiotics supplementation

In the analysis of combined prenatal and postnatal probiotics supplementation (RR = 0.74; 95% CI: 0.71, 0.78), the intervention was associated with a reduced risk of AD, and the highest evidence level was classified as “suggestive” (Figure 10). Egger’s regression test for small-study effects in this subgroup yielded a p-value of 0.02, suggesting the presence of a small-study effect, which may indicate some degree of bias in the included studies. Despite this, the trim and fill analysis demonstrated the robustness of the combined effect size, indicating that the overall effect was not significantly altered by the potential small-study bias.

[image: Forest plot showing various studies analyzing risk ratios (RR) and confidence intervals (CI) for different conditions. Each study is listed with its logRR, standard error, RR, 95% CI, total cases, and GRADE classification ranging from weak to suggestive. The overall random effects model is depicted at the bottom, with a combined RR of 0.74 [0.71; 0.78]. Heterogeneity statistics are provided below the plot.]

FIGURE 10
 Subgroup analysis of the effect of combined prenatal and postpartum supplementation of probiotics on AD risk.


The summary of evidence levels for probiotics strain/intervention timing and the risk of AD is presented in Table 4.


TABLE 4 Summary of evidence levels for probiotic strain/intervention timing and risk of AD.


	Evidence level(n)Subgroup
	Non-significant
	Weak
	Suggestive
	Highly suggestive
	Convincing
	Re-evaluated evidence level

 

 	Probiotic strains 	Lactobacillus spp. 	10 	9 	0 	0 	0 	Weak


 	Bifidobacterium spp. 	3 	0 	0 	0 	0 	Non-significant


 	Strain numbers 	Mixed-strains 	0 	11 	4 	0 	0 	Highly suggestive


 	Single-strain 	16 	11 	0 	0 	0 	Suggestive


 	Timing 	Prenatal 	1 	1 	0 	0 	0 	Weak


 	Postpartum 	15 	1 	0 	0 	0 	Suggestive


 	Prenatal and postpartum 	3 	19 	3 	0 	0 	Highly suggestive





Re-evaluated evidence level: evidence levels obtained after reanalysis of the original studies.
 




3.4 Probiotics and adverse events outcomes

This study also found that probiotics supplementation did not increase the risk of adverse events (RR = 0.95; 95% CI: 0.77, 1.18; p < 0.001), and the highest evidence level was classified as “weak” (Figure 11). The studies on the incidence of adverse reactions related to probiotics are presented in Table 2.

[image: Forest plot showing risk ratio analysis for multiple studies. Each line represents a study with a confidence interval on the risk ratio scale. Log risk ratios and their standard errors are listed. Results range from weak to non-significant. The random effects model summary is 0.95 with a confidence interval of 0.77 to 1.18, indicating heterogeneity with an I-squared of 57.6%.]

FIGURE 11
 Forest plot between probiotics and adverse events.




3.5 Different type of study designs and AD outcomes

In the stratified analysis by study design, the pooled relative risk derived from randomized controlled trials was 0.75 (95% CI: 0.73–0.77; I2 = 37.8%), while that from cohort studies was 0.79 (95% CI: 0.75–0.83; I2 = 16.1%). These findings suggest that both study types showed a consistent inverse association between probiotic supplementation and the risk of AD, with moderate heterogeneity observed among RCTs and low heterogeneity among cohort studies.



3.6 Re-estimation of effect sizes and credibility ceiling analysis results

Nr, Ns, and R are 471, 73, and 32, respectively. The CCA among the included meta-analyses was calculated to be 17.6%, indicating a high degree of overlap. Due to the high degree of overlap among the included meta-analyses, removing overlapping reviews would have risked omitting key studies and introducing selection bias. Therefore, we chose to extract and synthesize all relevant original studies from the existing meta-analyses and performed a reanalysis. This approach allowed for a more comprehensive and unbiased evaluation of the evidence.

Following reanalysis of all original studies, the pooled effect estimate for the association between probiotics and the risk of AD was 0.81 (95% CI: 0.75–0.88), and 0.84 (95% CI: 0.75–0.95) for adverse events. The reanalyzed results of other subgroup comparisons are presented in Table 5. Compared with the pooled RR values from the original meta-analyses, the reanalyzed estimates showed only minor differences, suggesting a potential slight overestimation in the original results, particularly in subgroups with higher heterogeneity. Regarding adverse events, the reanalysis suggested a possible association between probiotics use and a reduced risk of adverse outcomes, whereas the original meta-analysis did not demonstrate a significant effect. This trend is consistent with the direction of the association observed for AD risk and may partially support the favorable safety profile and potential clinical value of probiotics.


TABLE 5 Results after reanalysis.


	Variable
	Number of study
	Study design
	Cases/Total
	Re-evaluated RR (95% CI)
	I2(95%CI)
	Evidence credibility
	RR (95% CI)

 

 	Probiotics 	73 	RCT, cohort 	7949/42672 	0.81 (0.75, 0.88) 	55%(41.65%) 	Highly suggestive 	0.76 (0.74, 0.78)


 	Lactobacillus spp. 	32 	RCT 	1665/6217 	0.81 (0.70, 0.94) 	65%(49.76%) 	Weak 	0.79 (0.73, 0.86)


 	Bifidobacterium spp. 	3 	RCT 	270/868 	0.89 (0.73, 1.08) 	0%(0.90%) 	Non-significant 	0.87 (0.77, 0.99)


 	Mixed-strains 	34 	RCT, cohort 	2076/7941 	0.72 (0.65, 0.80) 	67%(53%, 77%) 	Highly suggestive 	0.70 (0.65, 0.74)


 	Single-strain 	37 	RCT 	6281/36306 	0.82 (0.73, 0.92) 	56%(37.70%) 	Suggestive 	0.81 (0.76, 0.86)


 	Prenatal 	9 	RCT 	576/1770 	0.69 (0.55, 0.88) 	64%(25.82%) 	Weak 	0.72 (0.47, 1.09)


 	Postpartum 	33 	RCT 	1960/7678 	0.74 (0.64, 0.85) 	64%(48.75%) 	Suggestive 	0.83 (0.76, 0.91)


 	Prenatal and postpartum 	39 	RCT, cohort 	6823/36402 	0.79 (0.73, 0.87) 	61%(45.73%) 	Highly suggestive 	0.74 (0.71, 0.78)


 	Prebiotics 	7 	RCT 	362/2256 	0.77 (0.48, 1.23) 	64%(17.84%) 	Non-significant 	0.69 (0.43, 1.13)


 	Synbiotics 	2 	RCT 	148/1006 	0.44 (0.11, 1.83) 	– 	Non-significant 	0.44 (0.11, 1.79)


 	Adverse events 	36 	RCT 	2187/7966 	0.84 (0.75, 0.94) 	54%(33, 69%) 	Weak 	0.95 (0.77, 1.18)




 




4 Discussion

This umbrella review represents a quantitative assessment of the association between probiotics supplementation and the risk of AD, incorporating a classification of the existing evidence. Overall, we reviewed 32 published meta-analyses, encompassing 126 comparisons. The findings of the umbrella review indicate that probiotics supplementation is associated with a lower incidence of AD, despite the presence of relatively low heterogeneity.

Currently, various probiotics, including Bifidobacterium spp., Lactobacillus acidophilus, Lactobacillus casei, and Lactobacillus rhamnosus, are widely recognized globally. However, Lactobacillus spp. and Bifidobacterium spp. are the most commonly used probiotics in clinical practice. Earlier studies have established that in healthy children, Lactobacillus spp. and Bifidobacterium spp. are the predominant species in the intestinal microbiota. Children with AD have higher quantities of Escherichia coli and Staphylococcus aureus in their intestines, while the quantities of Bifidobacterium spp. and Lactobacillus spp. are notably diminished (49, 50). This imbalance may partly account for the observed association between probiotic supplementation and a reduced risk of AD. Probiotics exert their effects through various mechanisms. Immunoglobulin A (IgA) is a crucial antimicrobial protein in intestinal mucosal defense. They prevent pathogen adhesion to the intestinal epithelium and enhance bacterial entrapment in mucus (51). Lactobacillus spp. and Bifidobacterium spp. can regulate cytokine release and modify the mucosal environment, thereby inducing IgA production and maintaining intestinal barrier integrity (52). Balancing Th1 and Th2 immune responses is recognized as one of the mechanisms of Lactobacillus spp. They enhance the expression of genes associated with Th1/Th2 cells, inflammatory cells, regulatory T cells, and physiological functions in the gut while reducing Th2-driven immune responses (53). Lactobacillus spp. enhance immune balance by upregulating IL-10 and TGF-β and promoting CD4 + CD25 + Foxp3 + Treg differentiation in mesenteric lymph nodes (54). Lactobacillus spp. also help reduce the expression of pro-inflammatory cytokines, such as IL-13, thymic stromal lymphopoietin (TSLP), and IL-5 (55, 56). On the other hand, Bifidobacterium spp. inhibit the growth of Staphylococcus aureus and Escherichia coli in the intestine while enhancing the production of short-chain fatty acids (SCFA) and conjugated linoleic acid (CLA) (50). This may subsequently contribute to a reduced risk of allergies. However, it is suggested that SCFAs support gut microbiota balance and are closely linked to immune cell levels (57). CLA exhibits anti-inflammatory properties and shows significant potential in alleviating AD (58). It is hypothesized that the potential benefits of probiotics are associated with the activation of Toll-like receptors (TLRs), which triggers the production of mediators such as IL-6, subsequently inducing the differentiation of naive B cells into IgA-producing cells (6). These studies provide a theoretical basis for the use of Lactobacillus spp. and Bifidobacterium spp. in the primary prevention of AD.

In this umbrella review, the findings suggest a potential association between probiotics intake and a reduced risk of AD. The strongest evidence supporting this association was classified as “highly suggestive”; however, it was derived from a meta-analysis rated as low quality by the AMSTAR 2 tool, and no association met the criteria for “convincing” evidence. Additionally, 15 (13%) comparisons were classified as having “suggestive” evidence. Amalia et al. analyzed 21 original studies, including randomized controlled trials and cohort studies, involving a total of 33,192 participants. Their results indicated that supplementation with a mixture of probiotics strains may reduce the risk of developing AD in children, regardless of high-risk status (48). However, this meta-analysis was rated as “low quality” according to the AMSTAR 2 scale. Similarly, Li Li et al. conducted a meta-analysis involving 6,892 participants and reached the same conclusion that probiotics supplementation during the prenatal and postnatal periods reduces the incidence of AD in infants and children (59). This meta-analysis was rated as “high quality” based on the AMSTAR 2 scale. While our findings may indicate a possible link between probiotics intake and reduced AD incidence, further high-quality studies are needed to strengthen the reliability of this conclusion. Compared to “convincing” evidence, the highest level of evidence we obtained is “highly suggestive.” Most of the studies included in our analysis have small sample sizes, potential small-study effects, no significant pooled effects (p > 10−6), and heterogeneity, all of which suggest that the conclusions drawn should be interpreted with caution.

We conducted a subgroup analysis based on bacterial strains. Lactobacillus spp. was associated with a lower risk of AD, although this conclusion is supported by “weak” evidence. Supplementation with both single-strain and multi-strain probiotics showed associations with reduced AD risk, supported by “weak” and “suggestive” evidence, respectively. Weak evidence suggests that Lactobacillus reuteri, alone or combined with other probiotics, appears to reduce AD incidence in pediatric patients for at least 7 years (60). This meta-analysis included 11 randomized controlled trials with a total of 2,572 participants and a maximum follow-up of 7 years, evaluating the effects of Lactobacillus reuteri on AD. Meta-analysis of the timeframes ≤ 2 years (RR 0.60, 95% CI 0.47–0.75; p < 0.00001) and 6–7 years (RR 0.62, 95% CI 0.50–0.75; p < 0.00001) both demonstrated statistically significant reductions in AD with use of Lactobacillus rhamnosus. These findings align with our results. The association between Bifidobacterium spp. and AD remains unestablished, with only three meta-analyses included in this subgroup analysis. This limited sample size is insufficient for an umbrella review, and the current evidence level remains “non-significant.”

Subgroup analyses suggest that mixed-strain probiotics may be more effective than single-strain in reducing the risk of AD. However, this finding should be interpreted with caution due to limited strength of the overall evidence and the absence of any association classified as “convincing.” The effect estimates for both mixed-and single-strain probiotics were consistent across different analytical approaches, indicating good result stability. Furthermore, after reanalyzing original studies, the evidence levels were upgraded to “highly suggestive” for mixed-strains and “suggestive” for single-strain, enhancing the reliability of these associations. A growing body of evidence also supports the superiority of mixed-strain probiotics (42, 43, 61, 62). For example, “suggestive” evidence indicates that Lactobacillus spp. or Bifidobacterium spp. alone may not significantly prevent AD in children, whereas their combination showed a significant effect (RR = 0.68, 95% CI: 0.52–0.90) (42). The enhanced efficacy of mixed-strain probiotics may result from synergistic interactions among bacterial strains, modulating the gut microbiome and immune system—an effect potentially unachievable by single-strain (63, 64). The consistent effect estimates before and after re-analysis indicate result stability, while the upgraded evidence level supports increased reliability of the association between mixed-strain probiotics and reduced AD risk. Further studies are required to validate this hypothesis.

From a mechanistic perspective, prenatal probiotics supplementation may support early fetal immune development. Pregnancy is a critical window for establishing the infant gut microbiota, and probiotics may help modulate early immune responses (65). Immune factor production may even begin before birth (66, 67). Animal studies have shown that prenatal probiotics increase IFN-γ levels in offspring skin (68), and human studies suggest a similar effect on fetal IFN-γ production via the feto-placental unit, though this occurs in only some infants (69). However, in our meta-analysis, the effect of prenatal supplementation appeared unstable. The effect estimate before reanalysis was 0.72 (95%CI, 0.47–1.09), and after reanalysis it was 0.69 (95%CI, 0.55–0.88). Although statistically significant, the latter was still rated as low-certainty evidence, suggesting limited robustness. In contrast, postnatal or combined prenatal-postnatal supplementation showed more consistent effects across analyses, with improved certainty levels, indicating potential value in AD prevention. Postnatal probiotics supplementation may exert the potential benefits via TGF-β. Animal studies have shown that cytokines in milk, such as TGF-β, can induce oral tolerance (70–72). Human milk TGF-β plays a key role in the development and maintenance of appropriate immune responses in infants and may provide protection against adverse immunological outcomes, such as AD, consistent with findings from experimental animal studies (73). Boyle et al.’s study suggests that prenatal intervention alone has no preventive effect on AD, sensitization responses, food allergies, or asthma, highlighting the importance of postnatal intervention in preventing allergic diseases (74). Moreover, the duration of prenatal-only supplementation may be too short to induce lasting effects on the infant immune system. In comparison, postnatal or combined supplementation offers a longer intervention window, potentially enhancing preventive efficacy.

In our subgroup analysis, several RRs were relatively close (e.g., 0.79 vs. 0.81). Despite these modest differences, they may still hold potential value in clinical and public health decision-making, particularly when targeting high-risk population (such as children with a family history of allergies). For example, Dale et al. conducted a study involving 28,000 mother–infant pairs to evaluate the impact of environmental exposure on mean birthweight and low birthweight. They found that vulnerable subpopulations with higher baseline risks were more adversely affected by the same environmental exposure compared to the general population (75). Similarly, Tran et al., using simulation models of different vaccine allocation strategies, showed that prioritizing high-risk groups—such as adults aged 70 and above—could substantially reduce mortality, even under constrained vaccine supply (76). Nevertheless, the clinical significance of small differences in RRs should be interpreted with caution, especially given the most evidence is rated as “weak” or “suggestive.” Clinical decision-making should incorporate not only statistical significance but also multiple factors such as effect size, certainty of evidence, disease incidence, and population characteristics.

Probiotics have been safely used for many years. Our study found that probiotics were well tolerated and were not associated with adverse events during the intervention period. Reported adverse events associated with probiotics include systemic infections, harmful metabolic activities, excessive immune stimulation in susceptible individuals, gene transfer, and gastrointestinal side effects (77). Kuang et al. demonstrated that pregnant women receiving probiotics had a significantly reduced risk of mortality and necrotizing enterocolitis, while the risks of microbiota-related symptoms, preeclampsia, and sepsis did not show statistically significant differences (78). Similarly, Cuello-Garcia et al. found no differences in adverse events between the probiotics and control groups, with most reported events being mild gastrointestinal symptoms (e.g., diarrhea, vomiting, retching, bloating), mild respiratory symptoms (e.g., cough, rhinorrhea), and mild rash (79, 80). Even in very low birth weight preterm infants, no adverse effects or complications associated with probiotics use were observed. Specifically, Lacticaseibacillus rhamnosus was not isolated from blood cultures or peritoneal fluid, and no cases of necrotizing enterocolitis (NEC) beyond stage II were reported (81). Concerns exist that probiotics could overstimulate the immune response in certain individuals, potentially triggering autoimmune phenomena or inflammation (82–84). However, this theoretical concern has not been reported in any human subjects. While horizontal gene transfer between probiotics organisms and gut microorganisms is theoretically possible (85, 86), no clinical evidence of antimicrobial resistance transfer has been documented. Probiotics have been demonstrated to provide benefits in the prevention or treatment of various pediatric diseases, such as Clostridioides difficile-associated diarrhea, infantile colic, Helicobacter pylori infection, necrotizing enterocolitis (NEC), and late-onset sepsis (87).

Although probiotics supplementation may offer potential benefits in the management of AD, an exclusive focus on its intake could overlook the critical role of a diverse and balanced diet in overall health maintenance. Probiotics should be appropriately integrated into a broader dietary strategy based on individualized assessment, with a primary focus on nutritional adequacy and dietary diversity. Lim et al. (88) have indicated an association between high-fiber diets and a reduced risk of AD and house dust mite allergy. Notably, moderate to high fiber intake, particularly when combined with probiotics, may further decrease the risk of developing AD. This may be related to the stabilizing effect of dietary fiber on gut microbiota diversity as well as its ability to reduce leptin levels (89, 90). Moreover, studies have shown that higher levels of short-chain fatty acids (SCFAs) in feces are significantly associated with a reduced risk of AD (91, 92). As microbial metabolites, SCFAs may exert protective effects through several mechanisms, including promoting IL-10 secretion by dendritic cells, modulating the number and function of regulatory Tregs, reducing effector T cell activity, enhancing epithelial barrier function, and inhibiting the activation of mast cells and group 2 innate lymphoid cells (93). Microbial tryptophan metabolites, such as indole-3-acetic acid, indole-3-propionic acid, and indole-3-aldehyde, can activate the aryl hydrocarbon receptor (AHR), thereby suppressing inflammatory responses and improving the epidermal skin barrier (94). It has been demonstrated that Bifidobacterium longum CCFM1029 metabolizes tryptophan to generate indole-3-carboxaldehyde (I3C), which activates the AHR and thereby significantly ameliorates symptoms of AD (95). In addition to microbial-derived metabolites, Flavonoids may help maintain skin barrier function by scavenging free radicals, stabilizing enzymes involved in collagen and hyaluronic acid metabolism, and enhancing skin hydration, structural integrity, and resistance to environmental irritants and allergens (96). Moreover, some studies have suggested that supplementation with dietary fats (such as gamma-linolenic acid, docosahexaenoic acid, and arachidonic acid), vitamins and pancreatic enzymes and may also exert beneficial effects on the incidence of AD in infants (97–101), although the evidence remains limited and the efficacy requires further investigation. Future research should focus on exploring synergistic dietary intervention strategies that combine probiotics with other dietary components to optimize the management of AD.

Our umbrella review possesses several strengths. First, it comprehensively synthesizes published meta-analyses on the association between probiotics supplementation and AD, representing one of the highest levels of evidence. Second, we employed a rigorous and systematic search strategy across multiple databases. Study selection and data extraction were conducted independently by two investigators. Third, we recalculated the pooled effect size for each meta-analysis using a random-effects model and assessed heterogeneity, small-study effects, and excess significance bias to facilitate a more reliable comparison of different findings. Fourth, we clarified the extent of overlap among the included studies and chose to integrate all relevant primary studies from the existing meta-analyses for re-analysis, in order to ensure the comprehensiveness and accuracy of the study’s conclusions.

However, this study has certain limitations. First, only meta-analyses with complete individual study data were included, as required by the umbrella review’s methodological framework. Consequently, relevant associations from meta-analyses with incomplete individual study data or unsynthesized studies may have been overlooked. Second, despite applying rigorous, objective criteria, inherent biases in individual studies cannot be entirely excluded. For example, the included meta-analyses did not provide a clear determination of probiotics dosage. Third, when a meta-analysis includes fewer than 10 studies, the statistical power to detect small-study effects and excess significance bias decreases, making it more challenging to identify potential sources of bias. Future large-scale randomized controlled trials with long-term follow-up are needed to generate evidence-based public health recommendations on the relationship between probiotics intake and AD.



5 Conclusion

Probiotics formulations are widely available and commonly used as supplements to regulate gut microbiota. This study provides a comprehensive assessment of the association between probiotics and atopic dermatitis (AD) risk. The results indicate a significant correlation between probiotics supplementation and a reduced incidence of AD. Subgroup analysis indicates that Lactobacillus spp., as well as both single-strain and multi-strain probiotics formulations, may contribute to risk reduction, with multi-strain preparations potentially offering greater efficacy. Furthermore, both combined prenatal and postnatal supplementation and postnatal supplementation alone were associated with decreased AD risk, underscoring the potential benefits of early-life probiotics interventions.
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