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Background: Although the association between maternal exposure to antibiotics
and the risk of atopic dermatitis (AD) in childhood has been studied extensively,
there still is a lack of clarity on the topic. The aim of this study was to
summarize the published data and to examine if maternal exposure to
antibiotics increases the risk of AD in childhood.

Methods: Systematic search was performed in PubMed, Scopus, Web of Science,
and Embase for all types of studies on the review subject independent of any
language restrictions and published up to 28th December 2022. Data was
analyzed using random-effects model and presented as pooled odds ratio (OR)
with 95% confidence intervals (Cl).

Results: A total of 18 studies (5,354,282 mother-child pairs) were included.
Maternal exposure to antibiotics was associated with an increased risk of AD in
childhood (OR: 1.14, 95% Cl: 1.06, 1.22, /2= 85%, p = 0.0003). The significance
of the results was not affected by the location of the study (Asia or Europe).
While subgroup analysis based on exposure assessment or diagnosis of AD
demonstrated a tendency of increased risk of AD, the association was not
statistically significant in multiple subgroups. Segregating data based on the
timing of exposure did not affect the significance of the results for studies on all
trimesters. However, there was no association between antibiotic exposure in
the third trimester or just before delivery and the risk of childhood AD.
Conclusion: The results of this meta-analysis suggest that maternal exposure to
antibiotics may lead to a modestly increased risk of AD in offspring. The evidence
is limited by high interstudy heterogeneity and bias in exposure and outcome
assessment. Future studies are needed to explore if the timing of exposure, the
dose, the number of prescriptions, and the type of antibiotic affect this association.
Systematic Review Registration: https://www.crd.york.ac.uk/prospero/, identifier
CRD42023387233.
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Introduction

Atopic dermatitis (AD) is a common, chronic, and recurring inflammatory skin disease of
childhood. It is characterized by intense itching, dryness, and eczematous lesions (1). Studies
show that AD affects around 20% of children, 7%-14% of adult population, and the incidence
of the disease has increased dramatically in the last decade due to lifestyle changes (2). AD
significantly impacts the quality of life of children and their parents (3). The intense
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pruritis associated with the disease leads to sleep disturbances,
adverse psychosocial effects, and increased financial burden on
the patients and on the healthcare system (4).

During the last decade, clinicians focused on identifying risk
factors for AD which can be modified to reduce disease
prevalence. One such factor is maternal exposure to antibiotics
which has been linked with several allergic diseases (5-8).
Women’s’ susceptibility to infections increase during pregnancy
and over 40% of women receive antibiotics before the delivery.
Recent meta-analyses showed that maternal exposure to antibiotics
can lead to an increased risk of asthma and food allergies in
childhood (6, 8). Numerous studies suggest that exposure to
antibiotics alters maternal microbiota which in turn can influence
infant immunity and increase the risk of allergies (9-11).

The relationship between maternal exposure to antibiotics and
the risk of AD has been a subject of research in multiple studies
(6-8) but with conflicting results. While few studies have reported
a positive association (12-14), others have not detected the
correlation between maternal exposure to antibiotics and AD (15-
17). Several meta-analyses (6-8) have attempted to summarize the
evidence. However, all of them had a very small number of
included studies, ranging from five to seven. Therefore, the current
updated review was designed to examine if maternal exposure to
antibiotics is associated with the increased risk of AD in childhood.

Material and methods

The PROSPERO registration (No. CRD42023387233) of the review
was completed before the beginning of the study. The review
conformed to the standard instructions of the PRISMA statement (18).

Literature search

The search strategy was completed independently by two reviewers.
Systematic electronic literature search of PubMed, Scopus, Web of
Science, and, Embase was done. Since these databases are not
comprehensive, a Google Scholar search was also conducted for gray
literature. The search was independent of any language restrictions
and publication dates, and was completed on 28th December 2022.

», o«

The terms “eczema”;

», <« », «

atopic dermatitis”; “pregnancy”; “maternal’;
“prenatal”; “antimicrobials”; and “antibiotics” formed the various
search strings used for the literature search (Supplementary
Table S1). The search strings were common to all databases. Two
reviewers screened the studies, identified by the systematic search.
After removal of duplicates, titles and abstracts of the remaining
articles were assessed. Full texts of relevant articles were retrieved and
checked for the eligibility by both reviewers. All discrepancies

between the reviewers were resolved by discussion.

Inclusion criteria

The standardized PECOS inclusion criteria were used to select
eligible studies. The criteria for each domain were as follows:
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Population- Mother-child pairs

Exposure- Exposure to antibiotics before birth

Comparison- No exposure to antibiotics

Outcome- AD in childhood (<18 years of age) [Outcome was to be
reported as adjusted effect size with 95% confidence intervals
(CD]

Study type- All types

Exclusion criteria were: (1) studies not specifically on AD and
reporting data on all allergic diseases combined (2) studies not
reporting adjusted outcomes (3) studies not reporting exclusively
on AD in childhood (4) studies with overlapping or duplicate
data. In such cases, the study with the largest sample or the most
comprehensive data was selected.

Data extraction

Two authors extracted the following data in separate forms:
author’s last name, database of the study, country of origin,
study type, sample size, children’s age range, method of
antibiotic exposure assessment, the timing of exposure, diagnosis
of AD, factors adjusted in the data analysis, and effect size. If
studies reported multiple ratios of the association for different
subgroups, these were combined using the meta-analysis software
to generate a single combined ratio. No restrictions were placed
on the method of exposure assessment, the timing of exposure,
or the diagnosis of AD. All methods reported by the studies were
acceptable.

Quality assessment

Quality assessment was conducted using the Newcastle-Ottawa
scale (NOS) (19). Every study was examined for the following: the
selection of study population, comparability, and outcomes. These
parameters were given a maximum of four, two, and three points
respectively. Quality assessment was also carried out separately
by the two authors of this review. Any discordant scoring was
resolved by consensus.

Statistical analysis

The meta-analysis was performed using “Review Manager”
[RevMan,
Collaboration), Copenhagen, Denmark; 2014]. Effect ratios from

version 5.3; Nordic Cochrane Centre (Cochrane
the studies were combined in a random-effects model to
calculate pooled odds ratio (OR) with 95% confidence intervals
(CI). The I* statistic tool was used for inter-study heterogeneity.
Values of >50% indicated high heterogeneity. Funnel plots were
used for publication bias. The robustness of the results was
checked by excluding one study at a time in a sensitivity analysis.
P-values <0.05 were considered statistically significant. Subgroup
analyses were conducted based on study location, study type,
sample size, exposure assessment, diagnosis of AD, and timing of
exposure.
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Results

Systematic literature search across all databases resulted in
1,238 studies. Of them, 844 were removed as duplicates. Of 394
articles, 31 studies were selected for complete text review.
Thirteen studies failed to meet the eligibility criteria. Finally, 18
studies were included in the review (12-17, 20-31) (Figure 1).
The inter-reviewer reliability for the selection of studies was high
(k=0.9).

All 18 studies were from Asian or European countries
(Table 1). Most of the papers were prospective cohort studies,
except for three retrospective cohort studies, two cross-sectional
studies, and one case-control study. The studies were published
between 2002 and 2022. The total mother-child pair number was

10.3389/fped.2023.1142069

5,354,282. Exposure to antibiotics was determined either by
medical records, interviews, and urine samples, or was parent-
reported. Most studies did not differentiate the timing of
antibiotic studies
exposure, and three studies described pre-delivery exposure.
Diagnosis of AD was either clinical or parent-reported or

exposure. Two reported  third-trimester

obtained from medical records or interviews. All studies used
different confounding variables in the adjusted data analysis. The
studies of McKeever et al. (21) and Mubanga et al. (24) used
hazard ratios to report the association between antibiotic
exposure and risk of AD while all other studies used OR. Due to
limitations of data conversion the hazard ratios were pooled in
the meta-analysis. The NOS score of the studies was between
6 and 8.

)
Records identified from:
_g PubMed (n=421); Records removed before
® Scopus (n=134); screening:
s.‘i_’ Web of Science (n=115) —> Duplicate records removed
= Embase (568); (n=844)
§ (Total= 1238)
{ N\ "
Records screened | z?g\c/);ﬂ(s::xcluded due to non-
(n=394) (n = 363)
\ 4
Reports sought for retrieval Reports not retrieved
o (n=31) > n=0
2 (n=0)
(=
[}
5
& v
Reports assessed for eligibility Reports excluded:
(n=31) » Overlapping data (n=1)
Not reporting on atopic
dermatitis (n=10)
Comparing low vs high
antibiotic exposure (n=1)
Not reporting adjusted data
_J (n=1)
Studies included in review
(n=18)
FIGURE 1
Study flow chart
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As shown by the results of the meta-analysis of all 18 studies,
w 0 ~ ® | maternal exposure to antibiotics was associated with increased risk
of AD in childhood (OR: 1.14, 95% CI: 1.06, 1.22, I* = 85%, p=
=R 5 98 . .
£ g% cEE L g% 0.0003) (Figure 2). The funnel plot did not demonstrate an
i : s > = E ) 15} - = )
L3835 s & PR ] . K .
EEA® o §_§ %2 2¢ |5 2 major asymmetry (Figure 3). There was no change in the
- . Y = 1) - f— O g < . . . .
9 gé GEEES |E2 2 & |E |8 significance of results on the exclusion of any study during
Ez8828%5 |8§88ST =52 |5 .
2 g5 2358328 8% 2% go g |2 sensitivity analysis.
o a2 ool 98 98 o 83 RoRty .
£ JEEsBEYE |pE3ELE E The results of subgroup analyses are shown in Table 2. The
& i%zy gz EELERE & - . .
= o222 g8E EEFEZ P % significance of results did not change based on study location
8288 ¢ £858 5 NECEE- R AR . . .
2 sEzasis: £ESEZZ % (Asian or European) or sample size of the studies (>1,000 or
S E5S8glgEs > 2=35¢5"@ g i ioni
= EEE§PT ; g ) E EREI 5 <1,000). In terms of study type, the results remained significant
= o A =0 2 _§ 2 0o s 2 = . . . :
= aé - £|E & _g«—g ® E 2 g g ElE: £ for retrospective studies but not for prospective or cross-sectional
g 5> =~ 8 b = =1 | B
é PRsl: gg SEs 8z g La"é ki Ea studies. Subgroup analysis based on exposure assessment or
S o gl 38 e° s %S EBE g . . . .
SEC 2 ES S8R 5285 Em diagnosis of AD demonstrated a tendency of increased risk of
AR RPN NN AD but this i b tatistically insignificant in multipl,
8§28 8355822252828 2= 3 ut this increase became statistically insignificant in multiple
» z subgroups. When segregated based on the timing of exposure,
v
° = " " § " the results remained significant for studies on all trimesters.
n 2 ] 2 | h<] . g s .
% % g g Ef - However, there was no association between antibiotic exposure in
< o < Q I . . . . .
51-8 3 & 3 2 g the third trimester or just before delivery and the risk of
© = = & = 5 B .
68 E £ 2 T % childhood AD.
] = =} = s ]
© ®} a O @ a
e K 5 5 |5
5 K 2 2 | % ; ;
o2 K g 5 ¢z Discussion
£9 [ £ 7 E g
€< E B = B =]
= E £ E R ; ,
5 Over the past two decades, numerous studies have attempted to
(o}
w . . B ) .
ks g assess the association between maternal exposure to antibiotics and
=
SESL - |, g allergic diseases in children (5-8). Nevertheless, the underlying
o 3 54 ’ = . . . . s . .
qE,;E i S g LE» g o pathophysiological mechanisms of this association are still
S5 o 2. g |z @ ) N
2 c s 2 = = ¢  unclear. One hypothesis states that the type of microbial
© o b=l = O
= o < = . . . . .
% 3 g ” £ |8 z exposure received by the infant in-utero is responsible for
= A z A = v . . . . .
O  shaping the intestinal flora and the immune system of the child.
) - m - 5 Research has shown that microbial colonization in the fetus
()] 1 1 1 ] n Q
< ° ° ° ° e g starts as early as the 11th week of gestation. Therefore, any
= alteration of microbial flora by antibiotics could increase the risk
() ¢]
g. ~ o 2 a |8 > of chronic allergic diseases (9-11). Using the mouse model,
<+ o~ 3} — £ BRI .
S I Z  Alhasan et al. (32) showed that exposure to antibiotics durin
3 =
©
° 5 the gestational period correlated with marked dose-dependent
= " 2 changes in maternal and pup microbiota and was associated with
[— A~ A~ A~ ~ O
% a proportionately increasing asthma severity. Another study has
O e . . .
c o  reported that maternal exposure to antibiotics led to significant
o © . . . . . . T .
= N = alteration of intestinal microbiota with reduced biodiversity of
9] = F=] , . . .
S s § g 3 < Lactobaccillus and Bifidobacterium (33). Both Lactobaccillus and
5 =2 5 < 0o . . . .
> & a s |5 @ Bifidobacterium are probiotics. Recent studies showed that early
© . . .
) - 3 © life exposure to these strains can reduce the risk of AD (34).
) 5 © =} Y . . . .
E £ = £ v However, the results of the studies in support of this hypothesis
Z 3 2 E: a £ a1 . . . .
2 g5 s = 8 are still inconclusive. Corresponding clinical studies have also
(4] 5 o = g 3 . . . .
@ 2 ., s & s 5 . |8 o  produced mixed results. While some studies showed that risk of
o) 3 = L 5 3 131 = . s s
S £ 2 ° = Z 2 £ |7 §  AD increased after maternal exposure to antibiotics (12-14),
© = .2 5 2= © S o Lo e
o 5T % E o = g 3 2 others found no significant association (15-17).
[ & @ B} = =1
€7 s B &8 T = < Considering these lack of consensus, the results of our meta-
i ER: g e |5 o . . L . .
- % < £ % éﬂ £ e g = analysis are of clinical significance, as it was based on a detailed
9] =1 O Gy % 5
o) & o) 2 |o g N . .
2 © ° s < and comprehensive literature search that included higher number
b= —~ — o
S g =) = g | s o of studies compared to previous reviews of Cait et al. (6), Zhong
o < —_ - 2 = . .
- -~ = s E 5 8 0 et al. (8), and Huang et al. (7) which included only five, seven,
w < o IS S —| 3 a . . .
= £ %= B~ 9 and seven studies, respectively. All three of these previous
@ oo S Z 8 T oo § ~ o
= = e il = ®I= =1 a0 reviews noted a statistically significant increase in the risk of AD

Frontiers in Pediatrics 05 frontiersin.org


https://doi.org/10.3389/fped.2023.1142069
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Wan and Yang

10.3389/fped.2023.1142069

Study or Subgroup

log[Odds Ratio]

SE Weight IV, Random, 95% CI

Odds Ratio
Year

Odds Ratio
1V, Random, 95% CI

FIGURE 2

Heterogeneity: Tau? = 0.01; Chi® = 113.65, df = 17 (P < 0.00001); I*> = 85% I
Test for overall effect: Z = 3.61 (P = 0.0003)

McKeever 2002 0.0488 0.03 14.4% 1.05[0.99, 1.11] 2002
Jedrychowski 2006 0.8329 0.4731 0.6% 2.30[0.91, 5.81] 2006
Bisgaard 2009 -0.4308 0.3158 1.2% 0.65 [0.35, 1.21] 2009
Dom 2010 0.5988 0.2387 2.0% 1.82 [1.14, 2.91] 2010
Lee 2014 1.0043 0.6263 0.3% 2.73[0.80,9.32] 2014
Hesla 2016 0.6931 0.2606 1.7% 2.00[1.20, 3.33] 2016
Timm 2017 0.0677 0.0501 12.2% 1.07 [0.97, 1.18] 2017
Gao 2019 1.2782 0.5634 0.4%  3.59[1.19, 10.83] 2019
Metzler 2019 0.207 0.2662 1.6% 1.23[0.73, 2.07] 2019
Panduru 2020 0.9708 0.4902 0.5% 2.64 [1.01, 6.90] 2020
Sasaki 2020 0.01 0.0206 15.2% 1.01[0.97, 1.05] 2020
Geng 2021 0.0953 0.0538 11.8% 1.10[0.99, 1.22] 2021
Mubanga 2021 0.0953 0.0047 16.0% 1.10 [1.09, 1.11] 2021
Hong 2022 1.0828 0.161 3.8% 2.95 [2.15, 4.05] 2022
Kelderer 2022 -0.0834 0.2354 2.0% 0.92 [0.58, 1.46] 2022
Puisto 2022 0.793 0.3116 1.2% 2.21[1.20, 4.07] 2022
Stefenaki 2022 0.7178 1.1874 0.1%  2.05[0.20, 21.01] 2022
Sumilo 2022 -0.0202 0.0213 15.1% 0.98 [0.94, 1.02] 2022
Total (95% CI) 100.0% 1.14 [1.06, 1.22]

0.01

Favours [Antiobiotics] Favours [No antibiotics]

Meta-analysis of association between maternal antibiotic exposure and risk of AD.

0.1

10 100

TABLE 2 Subgroup analysis.
o SE(I0g[OR]) I
. ° Variable Groups Studies QOdds ratio
© P QDO Location Asian 5 1.53, 95% CI: 1.13, 2.06,
: I’=92%
0.5+ i [®6} ?
: o° European 13 1.12, 95% CI: 1.04, 1.22,
: I’=62%
: Study type Prospective 12 1.06, 95% CI: 0.99, 1.13,
1t : cohort I*=81%
E o Retrospective 3 2.62, 95% CI: 2.03, 3.39,
: cohort I*=0%
1.5+ I Cross sectional 2 1.46, 95% CI: 0.61, 3.48,
: ’=72%
i Case-control 1 2.21, 95% CI: 1.20, 4.07
, ) i ) OR Sample size <1,000 8 1.81, 95% CI: 1.25, 2.62,
0.01 0.1 1 10 100 IZ: 47%
>1,000 10 1.09, 95% CI: 1.02, 1.17,
FIGURE 3 P 0%
Forrest plot to judge publication bias. s
Exposure assessment Interviews 2 1.36, 95% CI: 0.68, 2.72,
I’=61%
Medical records 6 1.18, 95% CI: 1.06, 1.32,
’=93%
. e s . . Parent-reported 7 1.36, 95% CI: 0.99, 1.87,
with maternal exposure to antibiotics, with an effect size of 1.28, P IZ 20
= 0
1.62, and 1.93, respectively. While our results are in agreement Diagnosis of atopic Parent-reported P 113, 95% CI: 0.99, 1.30.,
with these studies, we also demonstrate that the risk of AD is dermatitis *=43%
very modest at 14% with a narrow CI of 6%-22%. Credibility of Medical records 3 1.04, 95% CI: 0.96, 1.13,
. . - . I?=93%
our results is further strengthened by their stability, as indicated 0
o ) Clinical diagnosis 7 1.64, 95% CI: 0.99, 2.07,
by the sensitivity analysis. =90%

The primary and most Slgnlﬁcant limitation of the meta- Timing of exposure Before delivery 3 1.82, 95% CI: 0.78, 4.27,
analysis is its high (85%) heterogeneity. This inter-study ’=96%
heterogeneity may be explained by the varied study populations All trimesters 13| 109 95% CL 1.03, 115,

. . . . . . I"=69%
and methodological differences in the included studies. Multiple —— -

. Third trimester 2 1.25, 95% CI: 0.32, 4.90,
subgroup analysis that was performed to assess the source of 2= 83%

heterogeneity showed that the results were not affected by the
study location and sample size. A slightly increased risk of AD
was noted in Asian vs. European studies (53% vs. 12%) but this
could be due to a smaller proportion of Asian studies in the
review. Also, most of the studies included in the review were
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predominantly prospective cohort studies. The risk of AD was
increased in both study types but just lost statistical significance
in the case of only prospective studies.
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Assessment of exposure and outcomes can also be a major
source of bias. Assessment of antibiotic exposure from medical
records and clinical diagnosis of AD is more reliable that self-
reported data which can be a subject of recall bias. There is
always a possibility of mistaken reporting of drugs used by the
women, or reporting other symptoms for AD. However, no
marked difference was noted in the subgroup analyses, and all
results remained statistically significant or showing a tendency of
increased risk of AD.

According to the altered gut microbiota theory, the timing of
maternal antibiotic exposure should be an important variable
influencing the risk of AD. Theoretically, very early exposure to
antibiotics should have minimal impact as there is still enough to
restore the maternal microbiota. However, research shows that
certain classes of microorganisms, eliminated by antibiotics, are
not restored even after nine months (35). Literature is scarce on
the association of trimester-wise exposure to antibiotics and the
risk of AD. Therefore, our meta-analysis included only few such
that
intrapartum exposure to antibiotics were not associated with an

studies and showed third-trimester ~ exposure and
increased risk of AD. These results must be considered in light
of changed guidelines that recommend the use of antibiotics
before skin incision in caesarean sections (15). However, studies
also suggest that the mode of delivery is an important
confounder and the correlation between intrapartum antibiotic
treatment and AD is increased for vaginally delivered infants but
not for infancts, delivered by cesarean sections (12). Similarly,
while Mubanga et al. (24) have shown a modest increase in the
risk of AD that was associated with maternal antibiotics in all
three trimesters, Geng et al. (23) have shown that the timing of
antibiotic exposure is confounded by the type of antibiotic. They
noted that sulfamethazine exposure in the first trimester and
ciprofloxacin exposure in the second trimester increased the risk
of AD in offspring. Further research on the timing of maternal
antibiotic exposure and the risk of AD is needed.

This review should be interpreted with the following
limitations. The pathophysiology of AD is complex with a
number of confounding factors such as maternal smoking,
socioeconomic status, parental history of allergy, infant gender,
birth weight, delivery mode, breastfeeding, pet contact, etc., (7).
While our study used adjusted data, there was variability in
covariates among studies, and many known and unknown
confounders were missed. Secondly, it is possible that the
interaction was affected by the multiple variables related to the
antibiotic treatment regimen. This review was unable to assess
how the timing of exposure, the dose, the number of
prescriptions, and the type of antibiotic alter the risk of AD.
Thirdly, rigorous recoding of exposure and outcome was not
followed in all studies. Medical records could be prone to errors
while self-reported data can be erroneous due to recall bias.
More objective methods for both exposure and outcome
assessment should be utilized by future studies to generate
rigorous evidence. Lastly, there was a predominance of European
studies in the review and this may affect the general applicability
of the results.
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In terms of the clinical significance, our review demonstrated
that while maternal exposure to antibiotics led to a higher risk of
AD in offspring, the increased risk was modest at 14% (6%-
22%). Given the high inter-study heterogeneity and bias in the
included studies, our results do not recommend avoiding
antibiotics in pregnancy. The prescription of antibiotics in
pregnancy should be carefully considered after evaluating the risk
vs. benefit ratio. Most of the times antibiotics are needed for
improving the overall health of the female and prevent any
of the
However, mothers should be advised that any intake of

adverse effects infectious disease on the fetus.
antibiotics during pregnancy may lead to a small risk of AD in
the child who needs to be closely monitored for early diagnosis

and treatment.

Conclusions

The results of this meta-analysis suggest that maternal
exposure to antibiotics may lead to a modestly increased risk of
AD in childhood. The evidence is limited by high interstudy
heterogeneity and bias in exposure and outcome assessment.
Future studies are needed to explore if the timing of exposure,
the dose, the number of prescriptions, and the type of antibiotic
affect this association.
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