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Prenatal maternal antibiotic use
increases the risk of childhood
eczema: a systematic review and
meta-analysis
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Early-life disruption of microbiome development is known to impair health; however, the long-term
effects of pregnancy-related pharmacological alterations to the maternal gut microbiota on offspring
health remain unclear. This meta-analysis aimed to evaluate the impact of maternal antibiotic use
(either prenatal or intrapartum) on the risk of childhood atopic dermatitis, based on cohort and
case-control studies. Literature searches were conducted in EMBASE, PubMed, Cochrane, and Web

of Science databases using predefined PICO (patients, intervention, comparison, outcome) criteria.
Overall, our meta-analysis included 30 studies with a total of 4,125,143 mothers and 4,346,050
children. Using the random effects model, our study found that prenatal antibiotic use was associated
with higher odds of atopic dermatitis in childhood (aOR: 1.32; 95% Cl: 1.12; 1.56). This result remained
significant after adjusting publication bias by the trim-and-fill method (aOR: 1.22; 95% CI: 1.03; 1.44),
highlighting the potential relevance of antibiotic prescribing practices during pregnancy in relation

to childhood atopic disease risk. Intrapartum antibiotic use was not associated with elevated risk for
atopic dermatitis in the children (OR: 1.64; 95% Cl: 0.84; 3.17). Prenatal antibiotic use appears to have
a modest effect on atopic dermatitis in offspring.

Keywords Antibiotics, Atopic dermatitis, Meta-analysis, Prenatal, Systematic review

Abbreviations

95% CI 95% Confidence interval

AD Atopic dermatitis

aHR Adjusted hazard ratio

aOR Adjusted odds ratio

GRADE  Grading of recommendations assessment, development and evaluation
HR Hazard ratio

OR Odds ratio

RR Relative risk

PICO Patients, intervention, comparison, outcome, format

It is well established that the first 1000 days of life, from conception to approximately 2 years of age, have a
major influence on overall health!. There is a growing body of evidence that medical products considered safe
in the general population may nonetheless affect the health of pregnant women and their offspring®. Pregnant
women are more susceptible to certain types of infections, possibly due to the immunological changes that occur
during gestation®. Therefore, it is not surprising that antibiotic prescriptions and use are relatively common
among expectant women®. Based on a meta-analysis involving approximately 34 million pregnancies, the pooled
prevalence of prenatal antibiotic use was estimated to be 23.6%*.

Antibiotic overuse is linked to several unfavourable health consequences, such as type 2 diabetes,
autoimmune and inflammatory bowel diseases, and most importantly antimicrobial resistance (AMR)°. An
estimated 4.95 million deaths worldwide were caused by antimicrobial resistance in 2019, making it a leading
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cause of death®. In addition to AMR, it is well-established that antibiotics disrupt the gut microbiome. The
integrity of the microbiome is essential for overall health, particularly for the proper functioning of the immune
system>’. Based on extensive research focusing on the microbiome, there is substantial evidence suggesting that
interrupting the healthy development of the microbiome at an early stage of life is detrimental tothe health of
the child®’. Early disruption of the gut microbiota may increase the likelihood of developing allergic diseases®®,
obesity or autism spectrum disorder®. Similar concerns have been raised regarding maternal dysbiosis and the
prenatal use of medicines that alter the maternal microbiome [10 The development of the infant gut microbiome
is influenced by various other factors as well, such as the mode of delivery and breastfeeding’.

Alterations in microbiome composition are the subject of increasingly intensive investigation. However,
relatively little is known about the long-term effects of agents that disrupt microbiome!"!2. Antibiotics are the
agents with the greatest impact on the microbiome. In particular, antibiotic exposure can disturb the balance
of the vaginal microbiota, which plays an important role in shaping the newborn’s gut microbiota over the long
term!®. Recent studies have linked several diseases to dysbiosis and it has also been reported that the use of
antibiotics during pregnancy also increases the risk of allergic disease in early childhood®.

Atopic dermatitis (AD) is a chronic inflammatory skin disease, characterised by red, dry and itchy skin, which
affects about 20% of children, and up to 10% of adults'%. Due to a defective skin barrier, leading to significant
water loss, and better penetration for the irritants and allergens, causing inflammation'®.The etiology of atopic
dermatitis (AD) is multifactorial, involving a complex interplay between genetic predisposition, skin barrier
dysfunction, immune dysregulation, and environmental exposures'®.. Well-established risk factors include a
family history of atopic diseases, mutations in the filaggrin gene leading to impaired skin barrier function, and
environmental influences such as early-life microbial exposures, mode of delivery, and feeding practices®..
Increasing evidence highlights the critical role of the early-life microbiome in immune system maturation
and the development of allergic diseases, including AD. Disruptions to the maternal or infant microbiome—
particularly during critical developmental windows—may predispose offspring to atopic conditions. Prenatal
antibiotic exposure has been proposed as one such factor, as antibiotics can alter maternal gut and vaginal
microbiota, potentially affecting microbial transmission to the neonate and subsequent immune programming.
This provides a biologically plausible mechanism linking maternal antibiotic use during pregnancy to an
increased risk of AD in offspring.

Atopic dermatitis should not be confused with eczema, which is a broader and non-specific term!”. However,
these terms are often used as synonyms given the lack of standardised nomenclature!”. In the past three decades,
childhood AD cases increased by 4.8%, mainly occurring among children between 2 and 4 years of age!®. It is
usually diagnosed before the age of two, and the lesions can occur anywhere on the body, particularly on the face
and limbs®. The exact cause of atopic dermatitis is unknown, but both genetic and environmental factors may
be involved'. Even though atopic dermatitis clears spontaneously in most of the cases, the affected children are
more likely to develop other atopic diseases later in life!>?°. Atopic dermatitis can be the starting point of the
atopic march, which progresses to IgE mediated food allergy, asthma and allergic rhinitis?°. In the case of atopic
dermatitis, evidence suggests that, in addition to alterations in the skin microbiome, reduced intestinal flora
diversity also has a significant impact in developing the disease’. Accordingly, antibiotic exposure, particularly in
early life, has been examined as a factor potentially associated with the occurrence of this condition’. However,
the results of the studies addressing this topic are inconsistent, possibly due to unadjusted data and unexplored
subgroup analyses*!~%°. Furthermore, a recent study conducted by Chang et al. found significant results for
antibiotic use and childhood eczema, but became nonsignificant after publication bias was assessed??, we aimed
to expand the literature search for studies and therefore gain a clearer picture on the topic. Therefore, our aim
was to conduct a comprehensive systematic review and meta-analysis to evaluate whether maternal antibiotic
use either during the prenatal or the intrapartum period is associated with childhood eczema as our primary
outcome. No secondary outcome was considered.

Methods

Protocol

The meta-analysis was performed according to the PRISMA protocol, and it was registered in the
International Prospective Register of Systematic Reviews (PROSPERO) on June 4 2025 (registration number
CRD420251011416), where the review protocol can be found. The following PICO (patients, intervention,
comparison, outcome) format was applied: P: pregnant women; I: prenatal or intrapartum antibiotic therapy; C:
no antibiotic useantibiotics; and O: atopic dermatitis or eczema in the offspring.

Information sources and search strategy

A literature search was conducted until 1 August 2025 in EMBASE, Medline (via PubMed), Cochrane Central
Register of Controlled Trials (CENTRAL) and Web of Science. The search syntax was as follows: (antibiotic)
AND ((Atopic dermatitis) OR Eczema). No language, publication date or publication status restrictions were
applied. The reference lists of all identified articles were inspected. Only publicly available data were analysed,
the authors were not contacted for additional information.

Eligibility criteria and study selection

Studies evaluating the effects of maternal antibiotic therapy on the prevalence of atopic dermatitis or eczema
in offspring were included, including cohort, cross-sectional and case-control studies. Due to the lack of
standardized nomenclature, we included both outcomes. Abstracts, case series, case reports, systematic reviews,
meta-analyses, editorial letters, and studies not reporting numerical data were excluded from the meta-analysis.
For reference management, Zotero 7.0 was used. After removing duplicates, the remaining records were
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screened for eligibility based on their titles and abstracts. The eligibility of the full texts of the resulting records
was assessed by two reviewers independently. Disagreements between reviewers were dissolved by discussion.

Data extraction and synthesis of results

Data collection was executed following the PRISMA guidelines. Study characteristics and results were extracted
by the two reviewers independently. The following data items were extracted from the included papers: study
design, years of data collection, number of mothers and children involved, number of mothers and children at
the end of the study, age at the time of diagnosis, method of data collection, number of vaginal births, number
of caesarean sections, time of the diagnosis of atopic dermatitis/eczema, exposure data and timing of antibiotic
use and its effect size with 95% CI. Discrepancies in extracted data were resolved by discussion between the two
reviewers.

Statistical analysis

The meta-analysis was conducted by using a random effects model, which accounts for variability between
studies. In this method, the aim is to estimate the mean of a distribution of effects. The pooled effect estimates
were presented with 95% confidence intervals (Cls). Odds ratios (ORs), adjusted odds ratios (aOR) and adjusted
hazard ratios (aHR) were assessed separately. Odds ratios were calculated from the population data of the
individual studies, and where it was not possible to extract all the required population data for OR calculation,
the ORs provided by the individual studies were used. To assess statistical heterogeneity, the 12 statistic and
the 12 value were used. According to the Cochrane Handbook, I? can be low (0-40%), moderate (30-60%),
substantial (50-90%), or considerable heterogeneity (75-100%). We performed leave-one-out analyses for
sensitivity analysis.

Forest plots were used to visually display effect sizes and confidence intervals for each study and pooled
results. Data visualization was performed using R metafor package. We synthesized the results narratively when
it was not possible to include a study in the meta-analysis. Furthermore, to assess the potential asymmetry
between the studies and the subsequent publication bias, funnel plots were made, and Egger’s test was performed.
To account for the potential publication bias, trim and fill method was used.

To further assess the heterogeneity between the studies, subgroup analysis was performed. The results were
presented as OR, aOR and aHR data, with 95% CI. If the studies had data for multiple subgroups, we would
include in all of them.

Risk of bias

The Risk of Bias In Non-Randomized Studies—of Interventions (ROBINS-I) tool was used for assessing the
risk of bias of the observational studies. After evaluation, a traffic light plot was made via robvis in which low,
moderate, serious, critical risk of bias or no information was indicated with green, yellow, orange, red and blue
colours respectively (see Supplementary Figure 20, 21).

Quality of evidence

The Grading of Recommendations Assessment, Development and Evaluation (GRADE) was used for estimating
the quality of evidence of all outcomes assessed’. Certainty of evidence was rated as high, moderate, low or very
low. The assessment was conducted by two independent researchers, and any disagreements were resolved by
discussion.

Results

Literature search

Initially, a total of 12,570 records were identified from all databases based on our search strategies. After duplicate
removal 10,352 studies remained, of which 10,199 were excluded based on title. An additional 10 studies were
identified through other sources (citation searching of the included studies), of which 4 were included in the
meta-analysis and 6 were excluded. After this, 153 studies remained for screening. Of these, 127 were excluded:
80 based on abstracts (Cohen’s kappa = 0.84), 41 based on full-text assessment (Cohen’s kappa = 0.89), and
6 identified through citation searching. The reasons for exclusion are listed in Supplementary Table 1. After
assessing the full texts, 6 studies were not eligible for further statistical analysis; however, the results of these add
to the broader picture of this topic; therefore, the results of these studies were briefly summarized below. A total
of 30 studies were included in the statistical analysis (Figure 1).

Qualitative analysis
A total of 36 studies complied with our PICO criteria. Of these, 30 were included in the meta-analysis and 6
studies were excluded from further statistical analysis for various reasons. In two cases only the environmental
exposure to antibiotics was considered, and the studies did not have a control group®!*2. Zheng et al. reported
a higher incidence of allergy related outcomes in the high-antibiotic group, but in the case of atopic dermatitis
the difference was only significant for trimethoprim exposure (OR: 2.00; 95% CI: 1.08; 3.71)>L. Geng et al. also
found an increased risk for current eczema when exposed to certain specific antibiotics prenatally in different
trimesters*2. However, the results were only significant for ciprofloxacin (aOR: 1.17; 95% CI: 1.06; 1.29) in the
second trimester and enrofloxacin (aOR: 1.29; 95% CI: 1.08; 1.54) and ciprofloxacin (aOR: 1.24; 95% CI: 1.08;
1.43) in the third trimester.

We also excluded the study conducted by Batool et al. for not having a specific ‘eczema’ group, only a collective
‘allergic disease” and ‘atopy’ group, referring to at least one positive skin prick test*>.

We excluded two studies from the quantitative analysis for missing data. However, it is important to note
that Wegienka et al. did not find a significant risk for eczema (RR: 0.81; 95% CI: 0.57; 1.15) in vaginal delivery
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Fig. 1. The PRISMA flow diagram for the identification of relevant studies.

cases*. Similarly, Lapin et al. found no significant associations between prenatal antibiotic use and childhood
eczema (p = 0.36)%°. We also excluded the study conducted by Sumilo et al. from the intrapartum analysis due
to missing data®®.

Quantitative analysis

A total of 30 studies were included in the statistical analysis*’~%¢. 26 of these studied the entire prenatal period,
while 4 studies only examined the intrapartum period. (Table 1, 2) Of the prenatal studies included in the meta-
analysis, 23 were cohort studies, one was a case-control study, one was an etiologic study based on prospective
cohort, and one was a cross-sectional study. (Table 1) Seven studies were from Asia [Taiwan (3), Japan (2), China
(1), Korea (1)], 15 were from Europe [Denmark (3), United Kingdom (3), Sweden (3), Belgium (2), Poland (1),
Romania (1), Greece (1) and one study was conducted in multiple countries), one study was from Australia and
three studies were from the United States. (Table 1) Regarding the intrapartum studies, 3 were cohort studies
and one was a case-control study (Table 2). One of them was from Europe [Finland (1)], 2 were from the United
States and one was from Asia (China). (Table 2) The population data of the prenatal studies are summarized in
Table 1 and additional data is listed in Supplementary Table 2. The population data and results of the intrapartum
studies are listed in Table 2, and additional data is found in Supplementary Table 3. Overall, our meta-analysis
consisted of 4,328,170 children and 4,107,696 mothers in the prenatal group, but it is important to note that in 12
studies there was no exact data on the number of mothers involved at the end of the study and therefore were left
out of the sum. In these cases, the total number of children was 217,09237-43:5258.60-62 The intrapartum studies
consisted of 17,880 children and 17,447 mothers; however, in the case of Puisto et al. the number of mothers at
the end of the study is unknown®. In this case, the number of children was 433. Every included study had data
on the exact number of children involved, but they varied greatly in the number of participants. All the included
studies gave data on exposure and outcome assessment and the origin of diagnosis. In two cases, the outcome
was assessed by clinical research units or nurses, in 9 cases data was obtained from databases in 14 cases it was
parent reported and in one case databases were simultaneously used with parent reports (Supplementary Table
2). In the intrapartum group the outcome was assessed by study physicians in one case, 2 cases by database, and
in one case it was parent reported. (Supplementary Table 3) The age of diagnosis also varied between the prenatal
studies. In 14 cases, children were 18 months old or younger, in six cases they were older than 18 months, but not
older than 5 years, and in 6 cases, they were older than 5 years. Two studies even gave data up to 18 years of age
(Table 1). On the other hand, the age of diagnosis did not vary as much in the intrapartum group. In three cases
it was 2 years, and in one case it was 5 years.

Analyses of antibiotic exposure during pregnancy and the risk of childhood atopic dermatitis
Of the 26 studies assessing prenatal antibiotic exposure, 22 gave OR data or had adequate population data to
calculate OR from?7-52545559-62 The overall odds ratio indicates that prenatal antibiotic exposure is associated
with higher odds of atopic dermatitis in childhood (OR 1.24; 95% CI: 1.10; 1.38). (Figure 2) The studies were
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Author name, year Country Study type Age at the time of diagnosis | Outcome measures
Ahmad, 2021 Australia Prospective cohort up to 15 years OR: 1.03; 95% CI 0.79; 1.351

. 62 . 3rd trimester use OR: 0.65;
Bisgaard, 2009 Denmark Prospective cohort 3 years 95% CI: 0.35: 1.22
Chang, 2023 Taiwan Retrospective cohort 0.81+1.1years® OR 1.15;95% CI 1.14; 1.16

. 4 . OR calculated from population
13
Choi, 2025 USA Retrospective cohort 1 year data: 0.83; 95% CI: 0.80; 0.87
Dom, 20114 Belgium éﬁ‘o"rlt‘)glc study based on prospective |, .o aOR: 1.89; 95% CI: 1.29; 2.77
. . 0 .
El-Heis, 2023°¢ UK Prospective cohort 1 year pool‘ed aOR: 1.04; 95% CI:
0.92;1.18

Fuxench, 2024%° UK Population-based cohort 10 years OR: 1.30 95% CI: 1.29; 1.32
Gao, 2019* China Prospective cohort 1 year OR: 3.51; 95% CI: 1.26; 9.79
Hesla, 201752 Sweden Prospective cohort 2 years OR: 2.0;95% CI: 1.2; 3.3
Jedrychowsky, 2006 Poland Prospective cohort 1 year OR: 1.72;95% CI: 0.71; 4.14
Kelderer, 20214 Sweden Prospective cohort 18 months OR: 1.08; 95% CI: 0.72; 1.63
Kurzius-Spencer, 20043 | USA Prospective cohort 1 year OR: 0.74; 95% CI: 0.4; 1.36
Lee, 2014%8 Korea Prospective cohort 1 year aOR:5.7; 95% CI 1.19; 27.3
Lin, 2022°! Taiwan g‘l’l%‘;la“""'based nested case-control | » . > 9 vears old® OR: 1.90 95% CI: 1.78; 2.02
McKeever, 200257 UK Retrospective cohort 1.17 years (mean) aHR: 1.17; 95% CI: 1.06; 1.29

Metzler, 2019%

Rural parts of Austria,
Finland, France, Germany and
Switzerland

Prospective cohort

up to 6 years

aOR: 1.19; 95% CI: 0.69; 2.05 #

Mubanga, 2021% Sweden Prospective cohort 5.8 + 2.4 years® OR: 1.14; 95% CI: 1.12; 1.16
Okoshi, 2023% Japan Prospective birth cohort 3 years aOR: 1.02; 95% CI: 0.97; 1.08
Panduru, 2020% Romania Cross sectional study 18 years OR: 1.28;95% CI: 0.99; 1.65
Sariachvili, 20074° Belgium Prospective cohort 1 year OR 1.67; 95% CI: 1.16; 2.40
Sasaki, 2019%! Japan Prospective cohort 1 year OR: 1.01; 95% CI: 0.97; 1.05
Stefanaki, 20234 Greece Prospective cohort 18 months OR: 7.7;95% CI: 1.23; 48.27
Stensballe, 2013 Denmark Prospective cohort 18 months OR: 1.06; 95% CI: 0.93; 1.21
Tai, 2024°! Taiwan Prospective cohort 5 years OR: 1.16 95% CI 1.15; 1.17
. . . 950, .
Timm, 2017>° Denmark Prospective cohort 18 months If%%l‘ef BR' 1.08; 95% CL:
Vance, 2023*2 USA Retrospective cohort 15-22 years OR: 1.48 95% CI: 1.25; 1.76

Table 1. The population data of the included prenatal studies.

Age at the
time of
Author name, year | Country | Study type diagnosis | Outcome measures Calculated from population data
. Retrospective For vaginal birth: aOR: 1.37; 95% CI: 0.99; 1.88 For C-section: | For vaginal birth: OR: 1.28; 95% CI: 1.09; 1.51
66
Dhudasia, 2021%° | USA cohort Syears | J0R 1.39;95% CI: 0.95; 2.04 For C-section: OR: 1.48; 95% CI: 1.14; 1.94
Hong, 202265 China Retrospective 2 vears For vaginal birth: aOR: 6.56; 95% CI: 4.3; 10.0 For vaginal birth: OR: 6.72; 95% CI: 4.73; 9.54
& cohort ¥ For C-section: aOR: 0.56; 95% CI: 0.27; 1.16 For C-section: OR: 0.56; 95% CI: 0.28; 1.12
Puisto, 20226* Finland | Case-control | 2 years aOR 2.21; 95% CI: 1.2; 4.1 OR: 2.26; 95% CI: 1.24; 4.12
Retrospective RR: 1.03; 95% CI: 0.75; 1.41
63 > > . . 0, . .
Wohl, 2015 usa cohort 2 years when exposed longer than 24 hrs: RR: 1.99; 95% CI: 1.13; 3.49 OR: 1.07; 95% CI 0.69; 1.66

Table 2. The study data of the included intrapartum studies.

found to be considerably heterogenous, but the result remained significant even after the leave out one analysis
(Supplementary Figure 1).

Furthermore, 14 out of the 26 prenatal studies gave adjusted odds ratio data®”:39-12:44-16.52.53.56.58,5961 The
studies adjusted for various different covariates, but the most common confounders were infant sex, maternal
age, maternal allergy or atopy, and maternal smoking during pregnancy. Our meta-analysis revealed a statistically
significant association between the increased risk of atopic dermatitis following prenatal exposure to antibiotics,
with an adjusted odds ratio (aOR) of 1.32 95% CI: 1.12; 1.56. (Figure 3), which remained significant even after
the leave-one-out analysis (Supplementary Figure 2).

To assess the potential asymmetry of the studies, funnel plots were made, which indicated significant
asymmetry in both the OR cases and the aOR cases, (Supplementary Figures 3, 4) and the Egger’s test revealed
significant publication bias in both cases (for OR: z=2.0749, p=0.038 and for aOR: z=2.8647, p=0.0042). To
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Fig. 2. The effect of prenatal antibiotic exposure on childhood eczema based on OR data.

address this bias, trim-and-fill method was performed, and the results remained significant in both cases OR:
1.21; 95% CI: 1.08; 1.36; and aOR: 1.22; 95% CI: 1.03; 1.44.

Four out of the 26 prenatal studies gave aHR data for measuring the risk for prenatal antibiotic use
Similarly, these studies also found an increased risk for developing atopic dermatitis in childhood with a pooled
aHR of 1.10 (95% CI: 1.05; 1.14). The studies adjusted for various confounders, but the most prevalent were
maternal age, infant’s sex and the presence of maternal atopic disorders (Supplementary Figure 5).

It is important to note that the statistical heterogeneity was high in all cases. Among the studies which gave
OR data the I2 was 99.74%, in the aOR cases it was 93.58%, and for the aHR studies the heterogeneity was 97.33%.

48,49,51,57

Intrapartum antibiotic usage

Four studies assessed intrapartum antibiotic usage and childhood eczema (Table 2). For better comparability,
we used the OR data derived from population data (Table 2). Two of these studies investigated two cohorts,
vaginal birth and caesarean section separately®>®. Dhudasia et al. found significant risk for both the vaginal
birth (OR: 1.28; 95% CI: 1.09; 1.51) and C-section cohorts (OR: 1.48; 95% CI: 1.14; 1.94)%. However, Hong et
al. only found significant risk in the vaginal birth group (OR: 6.72; 95% CI: 4.73; 9.54) and the C-section cohort
produced nonsignificant results (OR: 0.56; 95% CI: 0.28; 1.12)%. Overall, the meta-analysis of the included
four studies found no statistically significant association with developing atopic dermatitis later in life based on
results derived from population data (OR: 1.64; 95% CI: 0.84; 3.17) (Supplementary Figure 6).

Subgroup analysis
In our meta-analysis, we conducted multiple subgroup analyses examining the following factors: location of
the study, type of the study, sample size (number of children involved), mode of the diagnosis of the eczema/
atopic dermatitis, age of the children, and the frequency of antibiotic prescription, in order to address potential
confounders. Other factors, such as the timing of antibiotic use and the specific antibiotic class, may also
influence the measured outcomes; however, there were insufficient data in these domains to statistically assess
their potential effects. To analyse the data, we used random effects model, and variables (i.e. OR, aOR) were
handled separately. The results of these analyses are summarized in Table 3. Forest plots of the subgroup analyses
are found in the supplementary material (Supplementary Figure 7-19).

Our subgroup analyses revealed differences depending on the geographical location of the studies. The
results of the European studies showed a statistically significant association between antibiotic use and atopic
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Fig. 3. The effect of prenatal antibiotic exposure on childhood eczema based on aOR data.

Variable Groups Results

Europe OR: 1.25; 95% CI: 1.12; 1.40 (based on 13 studies)?73%4045-47,49,50,52,54,35,60.62

P aOR: 1.40; 95% CI: 1.08; 1.83 (based on 7 studies)>7-3%40:4>46:52,56
Location Asia OR: 1.27; 95% CI: 1.00; 1.61 (based on 6 studies)*!:4448:51.59.61
aOR: 1.47; 95% CI: 0.95; 2.29 (based on 5 studies)*!:44°8:5%61

USA OR: 1.01; 95% CI: 0.65; 1.55 (based on 3 studies)?*4>43

Prospective cohort OR: 1.11 95% CI 1.05; 1.17 (based on 15 studies)?7~#1:44:46:49.51,52,54,55.59,60,62
Study type P aOR: 1.08; 95% CI: 0.99; 1.19 (based on 10 studies)?”-39-41,4446,552,53,56,59

Retrospective cohort

OR: 1.11; 95% CI: 0.81; 1.54 (based on 3 studies)*>#348

Sample size

<1000

OR: 1.52; 95% CI: 1.03; 2.24 (based on 8 studies)37’38"“”‘1’1"{5'52'5“’62
aOR: 2.00; 95% CI 1.57; 2.55 (based on 6 studies)?740:44:45:52,58

1000-10,000

OR: 1.40; 95% CI: 1.24; 1.59 (based on 4 studies)3%4>40:47
aOR: 1.11; 95% CI: 0.97; 1.26 (based on 5 studies)3*4246:53:56

>10,000

OR: 1.14; 95% CI: 1.00; 1.30 (based on 10 studies)*!4348-51.55:59-61
aOR: 1.20; 95% CI: 0.87; 1.66 (based on 3 studies)*"*>¢!

Diagnosis of atopic dermatitis

Medical records

OR: 1.15; 95% CI: 0.95; 1.38 (based on 7 studies)*345-51:60.61

Parent reported

OR 1.30; 95% CI: 1.13; 1.51 (based on 14 studies)*~#244-47,52545559
aOR 1.23; 95% CI: 1.06; 1.44 (based on 12 studies)37-3-42:44-46,52,53,56,59

Age of child

<18 months

OR: 1.09; 95% CI: 0.96; 1.24 (based on 11 Studies)37’38’4o’41’43’?4’46’48’54’55’60
aOR: 1.41; 95% CI: 0.99; 2.01 (based on 7 studies)37-40:41:4446.56,58

18-60 months

OR: 1.34; 95% CI: 1.00; 1.79 (based on 6 studies)*>>152:59:61.62
aOR: 1.39; 95% CI: 1.05; 1.84 (based on 5 studies)*>°2335%61

More than 5 years old

OR 1.30; 95% CI: 1.16; 1.45 (based on 5 studies)3®4247:49:50

The frequency of antibiotic use

Once only

aHR: 1.07; 95% CI: 1.04; 1.11 (based on 3 studies)**>":>7

Twice

aHR: 1.10; 95% CI: 1.05; 1.15 (based on 3 studies)**>%7

More than two times

aHR: 1.16; 95% CI: 1.10; 1.22 (based on 3 studies)**>"%7

Table 3. Results of the subgroup analyses (significant results are in bold).
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dermatitis or eczema, nonetheless, we found non-significant results when we analysed the Asian and American
studies. However, it should be noted that only three American studies were involved in this analysis; therefore,
these results should be interpreted with caution. Furthermore, there were differences between the results of
the prospective and retrospective studies as well. Regarding the OR group, the overall risk was only significant
among the prospective studies, but when aOR data was considered, this result became non-significant. It is
also noteworthy, that the overall results were non-significant if the diagnosis was made by medical records, but
significant when parent reports were used. When compared with the overall effect (OR: 1.24; 95% CI: 1.10-1.38),
it is likely that our results were driven by parent-reported studies. However, it is also worth mentioning that six
studies in this group reported non-significant results®”341:464759 When the number of children involved was
considered, smaller studies (i.e. those involving fewer than 10,000 children) showed a significant correlation
between prenatal antibiotic use and atopic dermatitis. However, when the results of the larger studies were
analysed separately, this correlation became non-significant. Regarding the age of the involved children, our
study found that the effect of prenatal antibiotic use became significant among children older than 18 months. As
for the frequency of antibiotic prescription, our study found that even a single antibiotic course was associated
with higher odds of developing atopic dermatitis, and this risk increased with further courses. However, this
evidence is also limited due to the low number of studies involved.

Risk of bias
Two authors independently assessed the risk of bias within the selected studies, and any disagreements were
resolved with the help of a third investigator. The results of the risk of bias assessment were discussed when
evaluating the limitations of each study. Of the included papers, 25 were judged to have a moderate risk of bias,
while six showed a serious risk of bias in at least one domain. Therefore, these studies were considered to have
an overall serious risk of bias. However, as shown by the leave-one-out analysis, the results remained significant
even after excluding studies with a high risk of bias. (Supplementary Figure 1). Subgroup analyses suggested that
part of this heterogeneity may be explained by differences in study characteristics, as significant associations
were primarily observed in European studies and prospective cohorts, as well as in studies with smaller sample
sizes and parent-reported outcomes, whereas results were attenuated or non-significant in other subgroups.

Studies were judged to be at low risk of bias due to confounding factors if they adjusted for all or almost all
major covariates (e.g. breastfeeding, postnatal antibiotic use, maternal allergies, and mode of delivery). Studies
that adjusted for fewer factors were considered to be at moderate risk of bias. Studies that made no adjustments
were considered to be at serious risk of bias. Bias due to participant selection was low in most cases. However, it
was deemed serious in the case of Choi et al. due to their extensive search for controls®’. Furthermore, studies
were judged to be at moderate risk if they only selected mothers with a prior history of allergic diseases. As for
the bias in the classification of results studies were mainly judged to be of low risk, but were judged as moderate
if no clear definition was given. Deviations from the intended interventions due to missing results were judged
to be of low risk of bias for all studies. Studies were judged to be of low risk if they had no missing data. If the
number of participants fell by less than 10% compared to the start of the study and the evidence remained robust,
the risk of bias was judged to be moderate. If these criteria were not met, the study was judged to be at serious
risk of bias. All studies were judged to be at moderate risk of bias in the measurement of outcomes. Regarding
the risk of bias in the selection of reported results, all studies were judged to be low risk, as there was no evidence
of selective reporting.

After discussion, none of the studies were excluded from the meta-analysis due to risk of bias. (Supplementary
Figures 20-21, Supplementary Table 4)

Grade of evidence

The GRADE assessment revealed that the certainty of the evidence regarding the use of antibiotics during
pregnancy and the subsequent development of atopic dermatitis in childhood in these settings was low due to
the risk of bias, inconsistency, and imprecision (see Table 4). The certainty of the evidence regarding intrapartum
antibiotic use and childhood atopic dermatitis was deemed to be very low due to the small number of included
studies, as well as due to risk of bias, inconsistency and imprecision (Table 4).

Discussion

This systematic review and meta-analysis aimed to investigate the association between prenatal or intrapartum
antibiotic exposure and childhood atopic dermatitis, and provides up-to-date evidence on this relationship.
Although several previous studies have examined this association, no prior meta-analysis has undertaken such
a comprehensive evaluation of the topic.

Our study identified a statistically significant association between prenatal antibiotic use and childhood AD
(OR: 1.24; 95% CI: 1.10; 1.38), which is coherent with several previous studies?"*>~2® but contrasts with the
studies conducted by Tsakok et al. and Baron et al.?>?3,

Our results remained significant after adjusting publication bias by the trim-and-fill method (OR: 1.21; 95%
CI: 1.08; 1.36). The analysis therefore suggested potential left-sided asymmetry, with the adjusted effect size
decreasing from OR 1.32 to 1.22, indicating possible overestimation of the observed effect.

The observed effect size (OR: 1.24) indicates a modest but statistically significant increase in the risk of
childhood eczema associated with prenatal antibiotic exposure. While the magnitude of the association may
appear relatively small at the individual level, it may still be clinically relevant at the population level given
the high prevalence of both antibiotic use during pregnancy and atopic dermatitis in childhood. However, it
is important to emphasize that the observed association does not imply causality, and the results should be
interpreted with caution due to the observational nature of the included studies and the potential for residual
confounding. Even though beta-lactams, fosfomycin and clindamycin are considered to be safe during
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pregnancy®’ our results advise caution regarding antibiotic use during this period. In pregnancy, antimicrobial
therapy should be used judiciously—only when clearly indicated, for the shortest effective duration, and with
the narrowest-spectrum agents possible, preferably guided by microbiological confirmation of the causative
pathogen. Although substantial heterogeneity was observed across studies, this variability is likely attributable to
differences in study design, population characteristics, outcome definitions, and exposure assessment. However,
this still contrasts with the study of Huang et al. who identified zero heterogeneity (I>=0.0%, P=0.765), but this
is likely due to the fact that they only investigated eczema before 1 year of age?. Importantly, the direction of
effect remained consistent across sensitivity and subgroup analyses. A recent meta-analysis, based on 16 prenatal
and 4 intrapartum studies, with an overall number of children of 3,256,929, also investigated the associations
between prenatal antibiotic use and childhood atopic dermatitis. The present analysis includes a substantially
larger number of studies than previous meta-analyses on this topic. With the exception of Wan et al., which
included 18 studies?, earlier analyses incorporated only 3 to 8 relevant studies?!~%’. Similarly to our study, Chang
et al. found significant risk with an OR of 1.12 (95% CI: 1.03; 1.31), but their results became non-significant after
adjusting publication bias?®. When hazard ratio (HR) data were examined, the reported associations were non-
significant. This contrasts with our study, since we found a consistent association even when adjusted hazard
ratios were considered. On the other hand, when intrapartum antibiotic use was considered, our study did not
find a significant risk, which is coherent with the results of Chang et al*. This might be explained by the much
narrower timing of exposure, leading only to a transient impact on the infant’s gut microbiome?’. However, it is
important to note that the duration of intrapartum antibiotic exposure was only investigated by Wohl et al., and
they found a significant risk when the exposure was longer than 24 hours®. The low number of studies in this
category limits our results. It is also worth mentioning that the heterogeneity was also high among the studies (I?
95.6%), Further analysis of this issue is therefore needed. One major strength of our study is the high number of
included subjects. This is due to the large initial ‘study pool, and extensive search for relevant studies. However,
it is important to note that grey literature (e.g. PhD theses) was excluded from our meta-analysis. Another
major strength of our study is transparency. Our study was registered with PROSPERO, and we predefined the
research question, the population, the comparator and the outcome. We carried out the systematic review and
meta-analysis as outlined in the original protocol, making no alterations to the objectives, eligibility criteria,
search strategy or methods. This resulted in several studies being included that had not been assessed prior to
the analysis. Excluding grey literature also resulted in a distinct pool of included studies.

The large number of included studies enabled us to perform various subgroup analyses. This is in contrast
with other meta analyses that analysed eczema as an outcome, but did not make further distinctions?*-2. As
the results of the original studies were presented using different parameters, we did not convert them to avoid
potential inaccuracy. Therefore, the results of these studies were analysed separately. Some studies provided
multiple parameters and were included in multiple groups.

Comparing our subgroup analyses three meta-analyses also separated studies based on sample size,
four studies addressed the different study types?"*>?%2°, Wan et al. also addressed the study location?® and Chang
et al. separated studies based on number of courses administered similarly to our study?. In contrast with our
subgroup analysis, two meta analyses differentiated studies based on publication year?""?, and also timing of
exposure?®?°. However, in the case of Chang et al. only two studies were included?, and Wan et al. separated
them as follows: antibiotic use before delivery, all trimesters and 3¢ trimester specifically?®. Interestingly, none
of the included meta-analyses made a subgroup analysis based on the age of the children at the time of the
diagnosis.

Another strength of our study is that we assessed not only the risk of bias in the initial studies, but also
publication bias, and performed a leave-one-out analysis. We also investigated the intrapartum studies
separately due to the specific timing of antibiotic use. As these studies provided results using various parameters,
we used population-data-derived ORs to improve comparability. By analysing intrapartum and prenatal
exposures separately—reflecting their substantially different timing and duration—the present study addresses a
methodological limitation of some previous meta-analyses, in which this distinction was not made, potentially
leading to bias?*2%28,

However, our meta-analysis is not without limitations. A substantial proportion of the included studies
relied on parent-reported diagnoses of atopic dermatitis, which may be subject to recall bias or misclassification.
Although subgroup analyses stratified by diagnostic method yielded broadly consistent results, this limitation
should be considered when interpreting the magnitude of the observed associations. Given the observational
design of the included studies, all findings should be interpreted as associations rather than evidence of a causal
relationship. One further limitation is the low grade of evidence, based on the GRADE analysis, due to the
high heterogeneity, wide confidence intervals and an overall serious risk of bias. Another major limitation is
the limited aOR data regarding various subgroups, leading to potential bias between the results. Furthermore,
among the studies that did adjust to various confounders, not all calculated for postnatal antibiotic use, which
can affect the results. Therefore, residual confounding cannot be excluded, particularly with respect to postnatal
antibiotic exposure, which was not consistently adjusted for across the included studies. Given the known impact
of early-life antibiotic use on immune development, this factor may have influenced the reported associations
independently of prenatal exposure. Studies based on medical reports may not have had access to the children’s
postnatal antibiotic use data.

Furthermore, there is limited data on the duration, dosage and type of antibiotic used, as well as the mode
and timing of administration. While some studies addressed these matters, there was insufficient data to enable
comparisons to be made. In the case of the timing of antibiotic use, the control group and parameters varied
between studies; therefore, no statistical analysis could be made. Six studies provided relevant data in total.
Among them, in three cases the control group was ‘no exposure in the given trimester’*°*, while in two
other cases the reference group was no antibiotic exposure during pregnancy, and only study gave data in both

21,28,29
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categories?”*®>1. One Further assessments need to be carried out regarding this issue. Additionally, the majority
of the included studies used parent reported data, and even though these studies used specific questions for
eczema assessment this is not without potential bias. However, Kurzius Spencer et al. used two questionnaires
and one medical report for outcome assessment and they found a significant concordance with 80 and 81%,
although the low Kappa values represent only marginal reproducibility*.

Conclusion

Overall, our meta-analysis demonstrated a consistent and statistically significant association between prenatal
antibiotic exposure and an increased risk of atopic dermatitis and eczema in offspring. These findings underscore
the importance of heightened awareness regarding antibiotic use during pregnancy, particularly in light of
potential long-term immunological consequences for the child. While antibiotics remain essential in managing
maternal infections, our results support the need for careful risk-benefit consideration and more judicious
prescribing practices during the prenatal period. The association was not confirmed when studies assessing the
use intrapartum antibiotics were examined. It should also be noted that limited data is available on the type of
antibiotics used, their exact dosage and the timing of exposure. Further studies may provide the additional detail
needed to better characterize these associations.

Data availability
Data extracted from the included studies that is not reported in the article or in the supporting information can
be obtained from the authors.

Received: 2 February 2026; Accepted: 28 April 2026
Published online: 08 May 2026

References
1. Robertson, R. C., Manges, A. R., Finlay, B. B. & Prendergast, A. J. The human microbiome and child growth — First 1000 days and
beyond. Trends Microbiol. 27, 131-147 (2019).
2. Martin-Peldez, S., Cano-Ibaiiez, N., Pinto-Gallardo, M. & Amezcua-Prieto, C. The impact of probiotics, prebiotics, and synbiotics
during pregnancy or lactation on the intestinal microbiota of children born by cesarean section: A systematic review. Nutrients 14,
341 (2022).
3. Abu-Raya, B., Michalski, C., Sadarangani, M. & Lavoie, P. M. Maternal immunological adaptation during normal pregnancy. Front.
Immunol. 11, 575197 (2020).
4. Orwa, S. A. et al. Global prevalence of antibiotic consumption during pregnancy: A systematic review and meta-analysis. J. Infect.
89, 106189 (2024).
5. Leong, K. S. W, Derraik, J. G. B., Hofman, P. L. & Cutfield, W. S. Antibiotics, gut microbiome and obesity. Clin. Endocrinol. (Oxf.)
88, 185-200 (2018).
6. Murray, C. J. L. et al. Global burden of bacterial antimicrobial resistance in 2019: A systematic analysis. Lancet. 399, 629-655
(2022).
7. Polkowska-Pruszynska, B., Gerkowicz, A. & Krasowska, D. The gut microbiome alterations in allergic and inflammatory skin
diseases - An update. J. Eur. Acad. Dermatol. Venereol. 34, 455-464 (2020).
8. Muhammad Danial Song, H. J. J. et al. Childhood Acid Suppressants May Increase Allergy Risk—A Systematic Review and Meta-
Analysis. J. Allergy Clin. Immunol. Pract. 11, 228-237.e8 (2023).
9. Butel, M.-J., Waligora-Dupriet, A.-]. & Wydau-Dematteis, S. The developing gut microbiota and its consequences for health. J. Dev.
Orig. Health Dis. 9, 590-597 (2018).
10. Eriksen, C. et al. Early life factors and oral microbial signatures define the risk of caries in a Swedish cohort of preschool children.
Sci. Rep. 14, 8463 (2024).
11. Bowman, R. L., Davis, D. L., Ferguson, S. & Taylor, ]. Women’s motivation, perception and experience of complementary and
alternative medicine in pregnancy: A meta-synthesis. Midwifery 59, 81-87 (2018).
12. Renz, H. & Skevaki, C. Early life microbial exposures and allergy risks: Opportunities for prevention. Nat. Rev. Immunol. 21,
177-191 (2021).
13. Arboleya, S. et al. Impact of prematurity and perinatal antibiotics on the developing intestinal microbiota: A functional inference
study. Int. J. Mol. Sci. 17, 649 (2016).
14. Langan, S. M. et al. Trends in eczema prevalence in children and adolescents: A Global Asthma Network Phase I study. Clin. Exp.
Allergy 53, 337-352 (2023).
15. Kolb, L. & Ferrer-Bruker, S. J. Atopic Dermatitis (StatPearls, 2023).
16. Gupta, J. & Margolis, D. J. Filaggrin gene mutations with special reference to atopic dermatitis. Curr. Treat. Options Allergy 7,
403-413 (2020).
17. Kantor, R., Thyssen, J. P, Paller, A. S. & Silverberg, J. I. Atopic dermatitis, atopic eczema, or eczema? A systematic review, meta-
analysis, and recommendation for uniform use of ‘atopic dermatitis. Allergy 71, 1480-1485 (2016).
18. Qiu, L. et al. Projected epidemiology of atopic dermatitis in children from 2022 to 2050: Findings from the Global Burden of
Disease Study 2021. Clin. Exp. Allergy 55, 440-442 (2025).
19. Schmitt, J., Apfelbacher, C. J. & Flohr, C. Eczema. BM]J Clin. Evid. 2011, 1716 (2011).
20. Hill, D. A. & Spergel, J. M. The atopic march. Ann. Allergy Asthma Immunol. 120, 131-137 (2018).
21. Zhong, Y., Zhang, Y., Wang, Y. & Huang, R. Maternal antibiotic exposure during pregnancy and the risk of allergic diseases in
childhood: A meta-analysis. Pediatr. Allergy Immunol. 32, 445-456 (2021).
22. Tsakok, T., McKeever, T. M., Yeo, L. & Flohr, C. Does early life exposure to antibiotics increase the risk of eczema? A systematic
review. Br. J. Dermatol. 169, 983-991 (2013).
23. Baron, R. et al. The relationship of prenatal antibiotic exposure and infant antibiotic administration with childhood allergies: A
systematic review. BMC Pediatr. 20312. (2020).
24. Gestels, T. & Vandenplas, Y. Prenatal and perinatal antibiotic exposure and long-term outcome. Pediatr. Gastroenterol. Hepatol.
Nutr. 26, 135-145 (2023).
25. Huang, E-Q, Lu, C.-Y., Wu, S.-P,, Gong, S.-Z. & Zhao, Y. Maternal exposure to antibiotics increases the risk of infant eczema before
one year of life: A meta-analysis of observational studies. World J. Pediatr. 16, 143-151 (2020).
26. Cait, A. et al. Prenatal antibiotic exposure, asthma, and the atopic march: A systematic review and meta-analysis. Allergy 77,
3233-3248 (2022).

Scientific Reports |

(2026) 16:21156 | https://doi.org/10.1038/s41598-026-51441-x nature portfolio



www.nature.com/scientificreports/

27.

28.

29.

30.

Cui, H. & Mu, Z. Prenatal maternal risk factors contributing to atopic dermatitis: A systematic review and meta-analysis of cohort
studies. Ann. Dermatol. 35, 11-22 (2023).

Wan, M. & Yang, X. Maternal exposure to antibiotics and risk of atopic dermatitis in childhood: a systematic review and meta-
analysis. Front. Pediatr. 11, (2023).

Chang, Y.-C., Wu, H.-J. & Wu, M.-C. Association of prenatal and intrapartum antibiotic use with risk of childhood atopic
dermatitis: A systematic review and meta-analysis. Children 12, 859 (2025).

Guyatt, G. H. et al. GRADE: An emerging consensus on rating quality of evidence and strength of recommendations. BMJ 336,
924-926 (2008).

31. Zheng, H. et al. Early life environmental antibiotic exposure and preschool allergic diseases: A biomonitoring-based prospective
study in eastern China. Front. Public Health 10, 1043942 (2022).

32. Geng, M. et al. Prenatal low-dose antibiotic exposure and children allergic diseases at 4 years of age: A prospective birth cohort
study. Ecotoxicol. Environ. Saf. 225, 112736 (2021).

33. Batool, T. et al. Prenatal and early-life predictors of atopy and allergic disease in Canadian children: Results of the Family
Atherosclerosis Monitoring In earLY life (FAMILY) Study. J. Dev. Orig. Health Dis. 7, 665-671 (2016).

34. Wegienka, G. et al. Combined effects of prenatal medication use and delivery type are associated with eczema at age 2 years. Clin.
Exp. Allergy 45, 660668 (2015).

35. Lapin, B. et al. Relationship between prenatal antibiotic use and asthma in at-risk children. Ann. Allergy. Asthma. Immunol. 114,
203-207 (2015).

36. Sumilo, D. et al. Long term impact of prophylactic antibiotic use before incision versus after cord clamping on children born by
caesarean section: Longitudinal study of UK electronic health records. BMJ 377, €069704 (2022).

37. Jedrychowski, W., Galas, A., Whyatt, R. & Perera, F. The prenatal use of antibiotics and the development of allergic disease in one
year old infants. A preliminary study. Int. J. Occup. Med. Environ. Health 19, 70-76 (2006).

38. Kurzius-Spencer, M., Halonen, M., Lohman, I. C., Martinez, F. D. & Wright, A. L. Prenatal factors associated with the development
of eczema in the first year of life. Pediatr. Allergy Immunol. 16, 19-26 (2005).

39. Metzler, S. et al. Association between antibiotic treatment during pregnancy and infancy and the development of allergic diseases.
Pediatr. Allergy Immunol. 30, 423-433 (2019).

40. Sariachvili, M. et al. Is breast feeding a risk factor for eczema during the first year of life?. Pediatr. Allergy Immunol. 18, 410-417
(2007).

41. Sasaki, M., Sakurai, K., Shimojo, N., Yamamoto, M. & Mori, C. No association between prenatal antibiotic exposure and atopic
dermatitis among Japanese infants. Pediatr. Allergy Immunol. Off. Publ. Eur. Soc. Pediatr. Allergy Immunol. 31, 218-221 (2020).

42. Vance, T. M. et al. Prenatal antibiotic use and subsequent risk of atopic eczema. Br. J. Dermatol. 188, 561-563 (2023).

43. Choi, U. et al. Risk factors and temporal associations of progression of the atopic march in children with early-onset atopic
dermatitis. . Am. Acad. Dermatol. 92, 732-740 (2025).

44. Gao, X. et al. Influence of prenatal and early-life exposures on food allergy and eczema in infancy: A birth cohort study. BMC
Pediatr. 19, 239 (2019).

45. Dom, S. et al. Pre- and post-natal exposure to antibiotics and the development of eczema, recurrent wheezing and atopic
sensitization in children up to the age of 4 years. Clin. Exp. Allergy 40, 1378-1387 (2010).

46. Kelderer, F. et al. Associations between pre- and postnatal antibiotic exposures and early allergic outcomes: A population-based
birth cohort study. Pediatr. Allergy Immunol. 33, 13848 (2022).

47. Panduru, M. et al. Antibiotics administration during last trimester of pregnancy is associated with atopic dermatitis - A cross-
sectional study. Rom. J. Intern. Med. 58, 99-107 (2020).

48. Chang, Y.-C., Wu, M.-C., Wu, H.-],, Liao, P-L. & Wei, J.-C. Prenatal and early-life antibiotic exposure and the risk of atopic
dermatitis in children: A nationwide population-based cohort study. Pediatr. Allergy Immunol. 34, €13959 (2023).

49. Mubanga, M. et al. Association of early life exposure to antibiotics with risk of atopic dermatitis in Sweden. JAMA Netw. Open 4,
€215245 (2021).

50. Fuxench, Z. C. et al. In utero or early-in-life exposure to antibiotics and the risk of childhood atopic dermatitis, a population-based
cohort study. Br. J. Dermatol. 191, 58-64 (2024).

51. Tai, S.-K,, Lin, Y.-H,, Lin, C.-H. & Lin, M.-C. Antibiotic exposure during pregnancy increases risk for childhood atopic diseases: A
nationwide cohort study. Eur. J. Med. Res. 29, 189 (2024).

52. Marell Hesla, H., Stenius, E, Jarnbert-Pettersson, H. & Alm, J. Allergy-related disease in relation to early life exposures—The
ALADDIN birth cohort. J. Allergy Clin. Immunol. 139, 686-688 (2017).

53. Ahmad, K., Kabir, E., Ormsby, G. M. & Khanam, R. Are wheezing, asthma and eczema in children associated with mother’s health
during pregnancy? Evidence from an Australian birth cohort. Arch. Public Health https://doi.org/10.1186/s13690-021-00718-w
(2021).

54. Stefanaki, E. et al. Prenatal antibiotic exposure increases the risk of infant atopic dermatitis: Data from a Greek cohort. Eur. Ann.
Allergy Clin. Immunol. 55, 271-277 (2023).

55. Timm, S., Schliinssen, V., Olsen, J. & Ramlau-Hansen, C. H. Prenatal antibiotics and atopic dermatitis among 18-month-old
children in the Danish National Birth Cohort. Clin. Exp. Allergy 47, 929-936 (2017).

56. El-Heis, S. et al. 075 Early life exposure to antibiotics and laxatives in relation to infantile atopic eczema. J. Invest. Dermatol. 142,
$193 (2022).

57. McKeever, T. M., Lewis, S. A., Smith, C. & Hubbard, R. The importance of prenatal exposures on the development of allergic
disease: A birth cohort study using the West Midlands General Practice Database. Am. J. Respir. Crit. Care Med. 166, 827-832
(2002).

58. Lee, S.-Y. et al. Additive effect between IL-13 polymorphism and cesarean section delivery/prenatal antibiotics use on atopic
dermatitis: A birth cohort study (COCOA). PLoS One 9, 96603 (2014).

59. Okoshi, K., Sakurai, K., Yamamoto, M. & Mori, C. Maternal antibiotic exposure and childhood allergies: The Japan Environment
and Children’s Study. J. Allergy Clin. Immunol. Glob. 2, 100137 (2023).

60. Stensballe, L. G., Simonsen, J., Jensen, S. M., Bennelykke, K. & Bisgaard, H. Use of antibiotics during pregnancy increases the risk
of asthma in early childhood. J. Pediatr. 162, 832-838.e3 (2013).

61. Lin, T.-L. et al. Early-life infections in association with the development of atopic dermatitis in infancy and early childhood: A
nationwide nested case-control study. J. Eur. Acad. Dermatol. Venereol. 36, 615-622 (2022).

62. Bisgaard, H. et al. Risk analysis of early childhood eczema. J. Allergy Clin. Immunol. 123, 1355-1360.e5 (2009).

63. Wohl, D. L., Curry, W. J., Mauger, D., Miller, J. & Tyrie, K. Intrapartum antibiotics and childhood atopic dermatitis. J. Am. Board
Fam. Med. 28, 82-89 (2015).

64. Puisto, R., Turta, O., Rautava, S. & Isolauri, E. Early life exposures and development of allergic disease in infants with familial risk:
Results from ongoing probiotic intervention trials. Acta Paediatr. (Oslo, Nor. : 1992) 112, 115-121 (2023).

65. Hong, Z. et al. A cohort study of intrapartum group B Streptococcus prophylaxis on atopic dermatitis in 2-year-old children. BMC
Pediatr. 22693. (2022).

66. Dhudasia, M. B. et al. Intrapartum group B streptococcal prophylaxis and childhood allergic disorders. Pediatrics https://doi.org/
10.1542/peds.2020-012187 (2021).

67. Nguyen, . et al. A review of antibiotic safety in pregnancy—2025 update. Pharmacotherapy 45, 227-237 (2025).

Scientific Reports|  (2026) 16:21156 | https://doi.org/10.1038/s41598-026-51441-x nature portfolio


https://doi.org/10.1186/s13690-021-00718-w
https://doi.org/10.1542/peds.2020-012187
https://doi.org/10.1542/peds.2020-012187

www.nature.com/scientificreports/

Acknowledgements
The authors are grateful for the assistance provided by Dorottya Gergé in managing the EMBASE database.

Author contributions

Study conception and design: Szilard Petras, Barbara Téth, Dezsé Csupor. Literature search: Szilard Petras,
Barbara Toth, Statistical analysis: Bettina Vargdné Szabd, Risk of bias evaluation: Tivadar Kiss, Szilard Petrds,
GRADE analysis: Muh. Akbar Bahar, Barbara Toth, Critical revision of the manuscript: All authors

Funding
Open access funding provided by University of Szeged. This paper was supported by the Janos Bolyai Research
Scholarship from the Hungarian Academy of Science.

Declarations

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/1
0.1038/s41598-026-51441-x.

Correspondence and requests for materials should be addressed to B.T.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and
indicate if changes were made. The images or other third party material in this article are included in the article’s
Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy
of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2026

Scientific Reports |

(2026) 16:21156 | https://doi.org/10.1038/s41598-026-51441-x nature portfolio


https://doi.org/10.1038/s41598-026-51441-x
https://doi.org/10.1038/s41598-026-51441-x
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	﻿Prenatal maternal antibiotic use increases the risk of childhood eczema: a systematic review and meta-analysis
	﻿Methods
	﻿Protocol
	﻿Information sources and search strategy
	﻿Eligibility criteria and study selection
	﻿Data extraction and synthesis of results
	﻿Statistical analysis
	﻿Risk of bias
	﻿Quality of evidence

	﻿Results
	﻿Literature search
	﻿Qualitative analysis
	﻿Quantitative analysis
	﻿Analyses of antibiotic exposure during pregnancy and the risk of childhood atopic dermatitis
	﻿Intrapartum antibiotic usage
	﻿Subgroup analysis



