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Abstract
Background  Antibiotics are widely prescribed among children and pregnant women, but their safety profile is controversial. 
This study aimed to summarize and appraise current evidence for the potential impact of antibiotic exposure on pregnancy 
outcomes and children’s health.
Methods  PubMed, Embase, Web of Science and the Cochrane Database of Systematic Reviews were searched from incep-
tion to June 2022. Meta-analyses of any study design comparing the impact of antibiotic exposure with nonexposure among 
children, pregnant women and prepregnant women on adverse health outcomes of children and pregnancy were retrieved. 
The quality of evidence was assessed by a Measurement Tool to Assess Systematic Reviews 2 (AMSTAR2) and the Grad-
ing of Recommendations, Assessment, Development and Evaluation (GRADE). Data were reanalyzed, and the credibility 
of the evidence was determined.
Results  Out of 2956 studies identified, 19 articles with 39 associations were included. Totally 19 of the associations (48.72%) 
were statistically significant with a P value ≤ 0.05, while only six were supported by highly suggestive evidence. Children 
with postnatal antibiotic exposure had a higher risk of developing asthma odds ratio (OR): 1.95, 95% confidence interval 
(CI): 1.76–2.17, wheezing (OR: 1.81, 95% CI 1.65–1.97) and allergic rhinoconjunctivitis (OR: 1.66, 95% CI 1.51–1.83), 
with prediction intervals excluding the nulls. Quality assessed by both AMSTAR2 and GRADE of included meta-analyses 
were very low in general.
Conclusions  Antibiotic exposure in early life was associated with children’s long-term health, especially in cases of allergic 
diseases. Prenatal exposure might also influence children’s health in some aspects but requires more high-quality evidence. 
Potential adverse effects of antibiotics on pregnancy outcomes were not observed in our study. Studies with higher quality 
and better quantification of antibiotic exposure are needed in the future.
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Introduction

Antibiotics have greatly improved health outcomes in many 
aspects, leading to their widespread use [1]. Previous sur-
veys estimated that the overall daily doses of antibiotics con-
sumed have increased by 65% from 2000 to 2015, and their 

consumption could double in 2030 if no policy changes were 
made [2, 3]. However, antibiotic exposure is not that safe, 
considering the rising level of antimicrobial resistance and 
other potential adverse health outcomes [4, 5].

Appropriate antibiotic use is particularly important in 
pediatrics. Researches revealed that the antibiotic prescrip-
tion rate was highest among children under two years old 
[6], and antibiotic exposure in early life was related to an 
increased risk of some childhood medical conditions [6, 7]. 
In addition, children are vulnerable to antibiotic exposure in 
childhood, and prenatal antibiotic exposure may cause both 
short-term and long-term effects on pregnancy outcomes and 
children’s health [8]. Although many previous studies have 
assessed the safety of antibiotic use among pregnant women 
and children from different aspects, some of the results are 
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inconsistent [7, 9]. Several meta-analyses and systematic 
reviews have assessed the safety of antibiotic exposure on 
pregnancy outcomes and children’s health; however, they 
usually only cover a single aspect of adverse health out-
comes of various systems, and the results are easily biased 
and lack quantified credibility [10, 11].

Umbrella review summarizes evidences from multiple 
meta-analyses of the same topic, providing more compre-
hensive quality assessment and credibility of evidence, 
which will better inform guidelines and clinical practice [12, 
13]. Therefore, we performed this umbrella review to sum-
marize the results from meta-analyses and appraise current 
evidence for the potential associations of antibiotic exposure 
and adverse outcomes in children and pregnant women to 
provide evidence for future policy making.

Methods

Protocol

The umbrella review was performed following the Preferred 
Reporting Items for Systematic Reviews and Meta-analyses 
(PRISMA 2020 statement) checklist [14], with the protocol 
registered on PROSPERO, CRD42022299246.

Literature search, study selection and data 
extraction

PubMed, Embase, Web of Science and Cochrane Database 
of Systematic Reviews were searched from inception to June 
2022 for eligible meta-analyses of any study design. Medical 
subject heading (MeSH) terms and keywords were used in 
the search, including (“antibiotics”) AND (“pregnancy out-
come” OR “childhood”) AND (“meta-analysis” or “system-
atic review”), without language limitations (Supplementary 
Table 1). References of included studies were also searched 
manually.

Two authors (YL and LL) independently screened the 
titles and abstracts and went for full-text review for eligibil-
ity. For any discrepancy, discussion with another reviewer 
(ZJ) was conducted. Studies were initially included if they 
met the following criteria: (1) population: prepregnant/
pregnant women or children under 18 years old; (2) inter-
vention: antibiotics of any regimen administered orally or 
by injection for any purpose; (3) control: no antibiotics or 
placebo; (4) outcomes: pregnancy outcomes and adverse 
health outcomes of children related to antibiotic exposure; 
and (5) study design: systematic reviews with meta-analyses 
of either observational studies (cohort, case‒control, nest 
case–control or cross-sectional studies) or interventional 
studies [randomized controlled trials (RCTs)]. We excluded 
(1) systematic reviews without meta-analysis; (2) studies 

with insufficient data for reanalysis; (3) network meta-anal-
yses or conference abstracts; (4) studies comparing different 
types of antibiotics or different doses of antibiotics, and (5) 
studies reporting unspecified adverse events. Where two or 
more meta-analyses examined the same population and out-
come, the most comprehensive one was selected (consider-
ing both the number of original studies and their publication 
years included in the meta-analysis) [10, 15].

Data were extracted by two authors (YL and PL) indepen-
dently and verified by another two authors (XJ and HL). For 
each included meta-analysis, we recorded (1) first author, 
(2) publication year, (3) PICOS (population, intervention, 
control, outcome and study design) elements, (4) number of 
included original studies, (5) types of antibiotics used, (6) 
number of cases/total population, (7) control event rate, (8) 
follow-up time, (9) effect size [i.e., relative risk (RR), odds 
ratio (OR) with 95% confidence interval (CI)] and type of 
pooling model. For each original study included in the meta-
analysis, we recorded study design, effect size with 95% CI 
or number of events and total population in both exposure 
and control groups if given.

Quality assessment of included studies

The methodological quality for each included meta-analysis 
was assessed by A Measurement Tool to Assess Systematic 
Reviews 2 (AMSTAR2), which categorizes evidence into 
“high”, “moderate”, “low”, or “critically low” [16]. The 
Grading of Recommendations, Assessment, Development 
and Evaluation (GRADE) working group classification was 
employed for quality assessment of evidence for each out-
come, which categorizes evidence into “high”, “moderate”, 
“low”, or “very low” [17].

Data analysis

We reanalyzed the pooled effect size and its 95% CIs by the 
DerSimonian and Laird (DL) random-effect model to ensure 
the real effect of exposure for each meta-analysis [18]. Since 
the DL model may overestimate the effect in meta-analyses 
including a small number of studies, we also calculated the 
effect size by the modified Hartung–Knapp–Sidik–Jonkman 
(HKSJ) method in meta-analyses with ≤ 5 original studies 
[19, 20]. Heterogeneity was assessed using I2 and τ2 sta-
tistics. The I2 statistic indicates the proportion of variance 
observed in the estimated effect reflecting true differences in 
effect size (I2 > 50% indicates large heterogeneity) [21, 22]. 
The τ2 statistic quantifies the true variance in pooled esti-
mates [22]. We also calculated the 95% prediction intervals, 
providing the possible range of effect sizes for an individual 
study [23]. Small study effects (i.e., studies with smaller 
sample size show different, often larger, effect size than 
large ones, which may threaten the validity of the pooled 
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estimate) was assessed by Egger regression asymmetric test. 
A small study effect was indicated when a P value ≤ 0.10 
was observed in Egger’s test, while the effect size of the 
largest study was also smaller than the pooled estimate in the 
meta-analysis [10, 24]. Excess significance bias of studies 
with statistically significant findings was assessed to detect 
whether the number of studies observed to have statistically 
significant results (O) differed from the expected number 
(E). A χ2-based test was conducted, and a P value ≤ 0.10 was 
considered to indicate excess significance bias [25]. Publi-
cation bias was assessed by Egger’s regression asymmetric 
test, and for associations with Egger’s P < 0.05, trim and 
fill analysis with a funnel plot was further conducted [26].

Determining the credibility of evidence

We categorized the evidence from these meta-analyses into 
five classes according to previous umbrella reviews [10, 11, 
27–30]: convincing (class I), highly suggestive (class II), 
suggestive (class III), weak (class IV), and not significant 
(NS) (criteria in details are in Supplementary Table 2). An 
evidence map was created to show the potential risk of anti-
biotic exposure and the certainty of evidence [31]. For meta-
analyses classified as class I-III evidence, we performed 
sensitivity analysis by including prospective studies only to 
further assess the robustness and reliability of the results.

Results

Characteristics of the included studies

We initially identified 2956 articles after removing dupli-
cates, and 89 of them underwent full-text review. Ulti-
mately, we included 19 studies with 39 groups of exposure 

population outcomes in this umbrella review (Fig. 1, list of 
19 included studies is presented in Supplementary Table 3, 
and the list of 70 excluded studies is presented in Supple-
mentary Table 4) [7, 32–49]. According to the period of 
antibiotic exposure, the outcomes were presented in two 
groups: outcomes of prenatal exposure and outcomes of 
postnatal exposure.

Quality of evidence and methodological quality

Of 39 meta-analyses going for methodological quality 
assessment by AMSTAR2, 2 (5.13%) meta-analyses were 
graded as moderate, four (10.26%) as low and the remain-
ing 33 (84.62%) as critically low quality (Supplementary 
Table 5, details of AMSTAR2 assessment are presented in 
Supplementary Table 6). The overall methodological qual-
ity of the included meta-analyses was unsatisfying mainly 
for no protocol registration, no list of excluded studies, no 
report on the sources of funding of individual studies, or no 
satisfactory explanation for observed heterogeneity.

For the GRADE classification for quality of evidence, 
eight (20.51%) out of 39 meta-analyses were graded as low 
quality, while the other 31 (79.49%) were graded as very low 
quality (Supplementary Table 5, details of GRADE classifi-
cation are presented in Supplementary Table 7). Poor qual-
ity of evidence was mainly due to the mixed study design 
of the included studies, serious inconsistency and serious 
imprecision.

The credibility of evidence of included studies

We used OR as an effect metric to reanalyze each meta-
analysis, except for one study exploring the toxicity of 
fluconazole in children, which recruited four RCTs where 
RR was employed in the estimate [49]. Nineteen out of 39 

Fig. 1   Flowchart of study selection
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associations (48.72%) were statistically significant with a 
P value < 0.05. Of them 24 (61.5%) had a P value < 0.001. 
Totally 16 out of 39 (41.03%) reported more than 1000 
cases, and 28 (71.79%) showed large heterogeneity. A small 
study effect was noted in eight associations (20.51%), and 
excess significance bias were detected in two (5.13%). Three 
associations (7.69%) presented 95% prediction intervals 
excluding the nulls (Supplementary Table 5). Sensitiv-
ity analysis was conducted by including prospective stud-
ies only in eight (20.51%) meta-analyses (Supplementary 
Table 8, one association supported by class III evidence 
included only one prospective study; thus, sensitivity anal-
ysis was not performed). Publication bias was observed in 
seven (17.95%) associations with funnel plots (Supplemen-
tary Table 9). Fourteen associations were re-analyzed by 
modified HKSJ methods (Supplementary Table 10).

In total, six out of 39 associations (15.38%), namely, the 
associations between postnatal antibiotic exposure and early 
life eczema, asthma, allergic rhinoconjunctivitis, atopic der-
matitis, food allergy and wheezing, were classified into Class 
II evidence (highly suggestive), 3 (7.69%) were Class III 
evidence (suggestive), 10 (25.64%) were Class IV evidence 
(weak) and the others (51.28%) were not significant (Sup-
plementary Table 5, Fig. 2).

Prenatal antibiotic exposure

We summarized the results of different outcomes of 
antibiotic exposure during or before pregnancy from 20 

meta-analyses embodying 121 original studies (Fig. 3) 
[32–41]. Weak evidence has shown that antibiotic use 
of any regimen during pregnancy may be related to the 
development of wheezing/asthma (OR: 1.29, 95% CI 
1.17–1.42) [32], eczema/atopic dermatitis (OR: 1.60, 95% 
CI 1.21–2.13) [32] and childhood attention-deficit/hyper-
activity disorder (ADHD) (OR: 1.14, 95% CI 1.10–1.19) 
[34] in offspring in early life. Prenatal antibiotic expo-
sure seemed to be safe in terms of the development of 
acute lymphoblastic leukemia (ALL) (OR: 1.09, 95% CI 
0.97–1.21) [36] and childhood overweight/obesity (OR: 
1.08, 95% CI 0.97–1.21) [33].

Suggestive evidence indicated the possible association 
between antibiotic exposure during pregnancy and spontane-
ous abortion (OR: 1.39, 95% CI 1.24–1.55) [35]. However, 
the association became insignificant after either removing 
retrospective/cross-sectional studies or trim and fill analy-
sis. In addition, in another analysis focused on quinolone 
exposure during the first trimester [40], the association of 
spontaneous abortion (OR: 1.19, 95% CI 0.93–1.52) was 
insignificant. Prenatal antibiotic exposure seemed to be safe 
in terms of other pregnancy outcomes.

There are some gynecological diseases that may affect 
pregnancy outcomes and require antibiotic treatment. In 
this condition, whether antibiotic treatment has a positive 
or negative effect on pregnancy outcomes is crucial. Three 
meta-analyses investigated associations between antibiotic 
use before pregnancy in patients with chronic endometritis 
and the implantation rate, intrauterine pregnancy rate and 

Fig. 2   Evidence map of prenatal and postnatal antibiotic exposure and adverse health outcomes
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live birth rate later; and none of the differences were sig-
nificant [41].

Postnatal antibiotic exposure

Nineteen meta-analyses embodying 309 original studies have 
assessed the potential risk of antibiotic exposure in early 
life (Fig. 4) [7, 34, 37, 42–49]. Evidences have indicated an 
association between antibiotic exposure in childhood and the 
development of allergic diseases [7, 42], including eczema 
(OR: 1.26, 95% CI 1.15–1.37), allergic rhinoconjunctivitis 
(OR: 1.66, 95% CI 1.51–1.83), asthma (OR: 1.95, 95% CI 
1.76–2.17), atopic dermatitis (OR: 1.40, 95% CI 1.30–1.52), 
food allergy (OR: 1.35, 95% CI 1.20–1.52) and wheezing 
(OR: 1.81, 95% CI 1.65–1.97). Suggestive evidence also 
supported the associations between childhood antibiotic 
exposure and inflammatory bowel disease (IBD) (OR: 1.50, 
95% CI 1.22–1.85) [45], which is also related to the immune 
system. Weak evidence supported childhood antibiotic expo-
sure and risk of autism spectrum disorder (ASD) (OR: 1.13, 
95% CI 1.07–1.21) [43], childhood overweight/obesity (OR: 
1.19, 95% CI 1.12–1.25) [44] and hypomineralized second 
primary molar (HSPM) (OR: 1.47, 95% CI 1.15–1.87) [46].

For antibiotics of a specific type, weak evidence showed 
that macrolide exposure before one year of age was asso-
ciated with infantile hypertrophic pyloric stenosis (IHPS) 

(OR: 1.98, 95% CI 1.12–3.50) [37]. For some special popu-
lations, antibiotic exposure of preterm infants in the first 
three days could increase the risk of necrotizing enterocolitis 
(NEC) (OR: 2.35, 95% CI 1.54–3.57) [48], and hospitalized 
children exposed to antibiotics had a higher risk of Clostridi-
oides difficile infection (CDI) than those without exposure 
(OR: 2.14, 95% CI 1.31–3.52) [47].

Discussion

Antibiotics are widely prescribed among children and preg-
nant women [6, 8]. Our review aimed to provide a compre-
hensive overview of the potential adverse effects of antibi-
otic exposure on pregnancy outcomes and children’s health.

We reviewed 19 publications with 39 unique exposure 
outcomes, comprising 430 original studies. We found six 
associations between postnatal exposure and adverse effects 
on children’s health supported by highly suggestive evidence 
and another 13 associations supported by weak to suggestive 
evidence. Generally, current evidence supports the associa-
tion between postnatal antibiotic exposure and the devel-
opment of allergic diseases and other immune-related dis-
eases. The associations were especially important between 
postnatal exposure and asthma, allergic rhinoconjunctivitis 
and wheezing with 95% prediction intervals excluding the 

Fig. 3   Summary estimates of meta-analyses of prenatal antibiotic 
exposure and adverse health outcomes. Annotation: Solid lines pre-
sent effect sizes with 95% CI of each meta-analysis, and dotted lines 
present scales of 95% prediction intervals of each analysis. Arrows 
indicate that the exact scale is larger than the defined scale given in 

the graph. ○○○ indicates I2 ≤ 25%, ●○○ indicates 25% < I2 ≤ 50%, 
●●○ indicates 50% < I2 ≤ 75%, ●●● indicates I2 ≥ 75%. AMSTAR2 
a Measurement Tool to Assess Systematic Reviews 2, GRADE the 
Grading of Recommendations, Assessment, Development and Evalu-
ation, CI confidence interval
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nulls, which means that future studies are unlikely to yield 
contrary results. The potential of antimicrobial resistance to 
antibiotic exposure in childhood cannot be ignored either. 
Antibiotic use in pregnancy seemed to be safe in terms of 
pregnancy outcomes such as birth defects and stillbirth, but 
the drug should still be given carefully until more confirmed 
evidence comes out. Obvious heterogeneity was observed 
in most outcomes. We explored the source of heterogeneity 
by trim and fill and sensitivity analysis in some outcomes. 
The association of prenatal exposure and spontaneous abor-
tion became insignificant after either adjusting for missing 
studies or sensitivity analysis. In addition, the economy and 
healthcare resources of different regions will affect antibi-
otic prescriptions and health outcomes and therefore may be 
an important source of heterogeneity. The types and doses 
of antibiotics may also make a difference. Furthermore, an 
exact exposure period is crucial for the development of these 
adverse outcomes. The factors above are possible sources 
of heterogeneity and should be better determined in future 
meta-analyses.

Mechanisms underlying postnatal antibiotic exposure 
and children’s health are complex and may vary in different 
conditions [7]. One of the most accepted and widely applied 
hypotheses is the perturbation of microbiota [50]. The early 
life period, especially the first three years, is crucial for the 

colonization and maturation of microbes [51, 52]. Childhood 
antibiotic exposure, especially during infancy, can decrease 
the species richness and diversity of gut microbiota. Dysbio-
sis can alter intestinal permeability, inflammation, metabo-
lism and the immune state and therefore plays an important 
role in the pathological process of many diseases [53–56].

In our study, the risk of asthma almost doubled in the 
exposure group. Antibiotics may induce dysbiosis in both the 
lung and gut, and the consequent dysregulation of immune 
cells and cytokines can possibly cause inflammation and 
hypersensitivity of the airway and thus lead to the onset of 
asthma [57, 58]. Apart from the immune system, the brain-
gut-microme axis has also been studied widely in recent 
years and is related to neurodevelopmental disorders and 
metabolic disorders such as obesity [59–62]. Meanwhile, 
antibiotic exposure can destroy the natural gut microbiota 
and create a favorable environment for Clostridioides dif-
ficile, as well as lead to an expansion of antibiotic resistance 
genes. These factors may contribute to the increased risk of 
CDI among the pediatric inpatient population [47, 48]. Apart 
from microbiota, some specific types of antibiotics may have 
other direct effects. In the case of erythromycin, it can act 
as a motilin receptor agonist and then stimulate phase III 
migrating motor complexes in the stomach, which is related 
to the development of IHPS [37].

Fig. 4   Summary estimates of meta-analyses of postnatal antibiotic 
exposure and adverse health outcomes. Annotation: Solid lines pre-
sent effect sizes with 95% CI of each meta-analysis, and dotted lines 
present scales of 95% prediction intervals of each analysis. Arrows 
indicate that the exact scale is larger than the defined scale given in 

the graph. ○○○ indicates I2 ≤ 25%, ●○○ indicates 25% < I2 ≤ 50%, 
●●○ indicates 50% < I2 ≤ 75%, ●●● indicates I2 ≥ 75%. AMSTAR2 
a Measurement Tool to Assess Systematic Reviews 2, GRADE the 
Grading of Recommendations, Assessment, Development and Evalu-
ation, CI confidence interval
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Despite the possible cues indicating the associations, dif-
ferences in the risks of ADHD, celiac disease, allergic sensi-
tization and type 1 diabetes between the postnatal exposure 
and nonexposure groups were not observed in our study. 
Considering the contrary results of original studies and the 
presence of heterogeneity in the pooled estimates, high-qual-
ity cohort studies with larger sample sizes and better study 
designs are needed for further assessment.

The effects of prenatal antibiotic exposure are more 
complicated. Antibiotics of almost any type administered 
to pregnant women can cross the placental barrier and reach 
the fetus [63]. Antibiotic exposure of the fetus can either 
have direct toxicity and teratogenicity or disrupt microbiota, 
which is important in the maturation of their immune system 
[64, 65]. In addition, recent studies also discovered the pres-
ence of microbiota or their related components in the uterus, 
which may be potentially involved in the modulation of 
immune cell subsets that are essential for implantation and 
the fetus’s immunological development [66]. Meanwhile, the 
time and type of antibiotic exposure during pregnancy will 
make a difference. The first trimester is the most sensitive 
period to teratogenic agents, while the potential effects of 
microbiota perturbation are more likely to be observed in 
the second and third trimesters [8]. The toxicity and tera-
togenicity of antibiotics differ between different antibiotic 
regimens, while the effects on microbiota can be observed 
in antibiotics of almost any type [8].

In our review, the incidence of wheeze/asthma, atopic 
dermatitis/eczema and ADHD increased in the exposure 
group despite weak credibility. Regarding toxicity and tera-
togenicity, antibiotic use seemed to be safe except for an 
overall slight increase in spontaneous abortion risk in the 
exposure group. Since the quality of these included stud-
ies was unsatisfying, we still believed antibiotics should be 
prescribed very cautiously in gestation, while more high-
quality studies are needed to confirm the effects of different 
types of antibiotics given in different periods of gestation on 
pregnancy outcomes.

In addition, there is concern about prenatal antibiotic 
exposure and carcinogenesis since the reproductive toxic-
ity and genotoxic potential of antibiotics were observed in 
a few animal studies and in vitro studies [36]. A possible 
association between antibiotic consumption and colorectal 
cancer in adulthood was also reported in previous studies 
[67–69]. From our results, however, no association was 
observed between maternal antibiotic use and child ALL. 
Further research assessing the influence of different types of 
antibiotics, different times of exposure and different tumor 
types is needed.

To our knowledge, this is the first umbrella review 
systematically assessing the potential adverse effects of 
antibiotic exposure on pregnancy outcomes and chil-
dren’s health. Umbrella review is a good tool to study 

the associations between uncertain and complex adverse 
health outcomes and medical variables. We used an opti-
mized search strategy and followed a strict selection pro-
cess to ensure that the included meta-analyses provided 
the most comprehensive and up-to-date information. We 
assessed the methodological quality of the included stud-
ies by GRADE and AMSTAR2 and provided the effect size 
of each meta-analysis after reanalysis. We also presented 
an evidence map to intuitively show the risk of exposure 
and the credibility of the evidence. More importantly, 
our review also objectively described the overall status 
of research on prenatal and postnatal antibiotic exposure. 
The high heterogeneity in the existing meta-analyses and 
low quality of current evidence indicated an evidence gap 
in this field, which requires more high-quality research in 
the future.

Nevertheless, there are several limitations. The overall 
quality of evidence is low due to the limitations of origi-
nal studies and this topic. First, the definition of antibiotic 
exposure is obscure. Information on whether the patient was 
exposed was usually collected retrospectively by asking 
guardians or referring to medical records; therefore, a his-
tory of antibiotic use can be omitted, and recall bias cannot 
be avoided. In addition, antibiotic exposure does not only 
come from drugs. Antibiotics are involved in animal feed 
production for treating or preventing diseases and growth 
promotion, which may lead to antibiotic residues in food 
such as milk, eggs and meat, causing various health prob-
lems [70]. Antibiotic use by breastfeeding mothers may also 
have an impact on infant health [71]. Second, most origi-
nal studies did not provide information on exposure time, 
doses, courses and reasons for antibiotic use, which were 
important to adverse effects. Third, large heterogeneity was 
observed in most meta-analyses. Several associations of 
adverse health outcomes were insignificant despite being 
supported by microbiota theory. Considering the existence 
of the confounding factors mentioned above, we were not 
able to confirm the true relationship between antibiotic expo-
sure and these health outcomes. Last, the short-term and 
long-term adverse effects of antibiotic use are very complex 
and comprehensive topics. Here, we only studied pregnancy 
outcomes and children’s health and mainly discussed long-
term adverse health outcomes related to the microbiota.

In future studies, we should determine more objective and 
precise methods to determine the true history of antibiotic 
exposure. Antibiotic use in pregnant women and children 
should be better recorded prospectively, including indica-
tions, precise time of use, types of antibiotics, doses and 
courses. We hope there are more studies providing data on 
quantified exposure levels to enable dose‒response analysis, 
which is important for establishing the causal relationship. 
The detailed mechanism underlying the potential harm of 
antibiotic exposure should also be clarified in the future.
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In conclusion, this umbrella review assessed potential 
adverse effects of antibiotic exposure on pregnancy out-
comes and children’s health, which is important in the 
context of widespread use of antibiotics in these popula-
tions. Associations were found for multiple adverse out-
comes, especially for those related to the immune system, 
including postnatal exposure and asthma, allergic rhino-
conjunctivitis and wheezing. The association for antimi-
crobial resistance-related conditions was also significant 
despite the weak evidence. Antibiotic prescriptions should 
be administered cautiously in clinical practice, especially 
for those under three years, since they are in the key period 
for gut microbiota colonization and immune system devel-
opment. Although a potential mechanism may explain the 
associations, the causal relationship cannot yet be con-
firmed. Future studies should make more efforts to meas-
ure and quantify antibiotic exposure precisely and address 
whether true causality exists.
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