
lable at ScienceDirect

Annals of Epidemiology 30 (2019) 1e8
Contents lists avai
Annals of Epidemiology
Review article
Trimester-specific association between antibiotics exposure during
pregnancy and childhood asthma or wheeze: the role of confounding

Lijun Bai, BS a,b, Desheng Zhao, MD a,b, Qiang Cheng, BS a,b, Yanwu Zhang, BS a,b,

Shusi Wang, MD a,b, Heng Zhang, MD a,b, Mingyu Xie, MD a,b, Ruixin He, BS c, Hong Su, PhD a,b,*
a Department of Epidemiology and Health Statistics, School of Public Health, Anhui Medical University, Hefei, Anhui, China
b Anhui Province Key Laboratory of Major Autoimmune Diseases, Hefei, Anhui, China
c West China School of Medicine, Sichuan University, Chengdu, Sichuan, China
a r t i c l e i n f o

Article history:
Received 20 May 2018
Accepted 6 October 2018
Available online 2 November 2018

Keywords:
Antibiotic
Asthma
Wheeze
Childhood
Confounding
Meta-analysis
Pregnancy trimester
The authors report no conflict of interest regarding
* Corresponding author. Department of Epidemi

School of Public Health, Anhui Medical University, 81
Province 230032, China. Tel./fax: þ86 55163869140.

E-mail address: 271244914@qq.com (H. Su).

https://doi.org/10.1016/j.annepidem.2018.10.003
1047-2797/© 2018 Elsevier Inc. All rights reserved.
a b s t r a c t

Purpose: We conducted the meta-analysis to respectively evaluate the risk of prenatal antibiotics use
during specific trimesters (first, second, and third trimester) on childhood asthma or wheeze and to
explore whether the association was biased by potential confounding.
Methods: The quality of included articles was assessed according to NewcastleeOttawa Quality Assess-
ment Scale and the Strengthening the Reporting of Observational Studies in Epidemiology. A random
effects model was used to calculate pooled risk ratios and corresponding 95% confidence interval (CI),
and publication bias was tested by Egger statistical test.
Results: Eight studies were included finally. We found a crude positive association of prenatal antibiotics
use during each pregnancy trimester and risk of childhood asthma or wheeze with RRs of 1.28 (95% CI,
1.09e1.51) for the first trimester of pregnancy, 1.25 (95% CI, 1.02e1.52) for the second trimester, and 1.25
(95% CI, 1.05e1.49) for the third trimester. However, when considering potential factors of maternal
infections and presence of siblings, the relationship for each trimester was insignificant.
Conclusions: This systemic review and meta-analysis proposed a crude positive association between
prenatal antibiotic use in every specific trimester and risk of childhood asthma or wheeze. However,
adjustment for confounders decreased the relative risk estimates, supporting the concept that these
associations are, at least in part, because of confounding by indication.

© 2018 Elsevier Inc. All rights reserved.
Introduction

Asthma, a syndrome of reversible respiratory obstruction that
predominantly occurs among the children [1], poses a great disease
burden in many countries in recent years [2]. In 2016, it was re-
ported that asthma accounted for 2.87% in the global total
Disability-Adjusted Life Year among children aged 5e14 years. A
body of evidence from animal and epidemiologic studies suggest
that embryonic and fetal development is a critical stage for sub-
sequent development of the immune and neuroendocrine systems,
and prenatal exposures to antibiotics potentially increase the risk of
the content herein.
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developing asthma and wheezing in children [3], which motivates
many researchers to investigate the role of maternal antibiotics
exposure during pregnancy in later occurrence of childhood
asthma and wheeze [4e15].

Increasing epidemiologic studies suggest a significant associa-
tion between prenatal exposure to antibiotics and increased risk of
asthma or wheeze in offspring. A previous meta-analysis also
pointed out that antibiotic exposure during pregnancy could in-
crease the risk of wheeze or asthma in childhood, which mainly
focused on the maternal antibiotics use throughout the pregnancy
[16]. But the subgroup analysis on specific trimester was only based
on two original studies, which may result in an unstable effect size
largely influenced by only one study. So, in the following years,
growing number of studies have been focused on trimester-specific
risk; nevertheless, findings from different studies were inconsistent
[6e12,15]. For instance, a study observed no statistical association
between infant wheezing and prenatal antibiotics exposure during
the second and third trimesters [8]. Another study showed that
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antibiotics exposure during the two trimesters were both signifi-
cantly associatedwith the risk of asthma in children [11]. Therefore,
there needed ameta-analysis and systematic review to evaluate the
pooled trimester-specific effect of maternal antibiotics use. Induc-
tion of asthma by prenatal antibiotics is biologically plausible,
which is considerably through the modification of the bacterial
ecology of the mother and fetus.

An alternative explanation for the association is that it is
because of confounding by indication. That is, this association is
confounded by a third factor that is an indication for antibiotic
prescription during pregnancy while at the same time being a risk
factor for childhood asthma or wheeze. Family confounding may
play an important role in the association, such as maternal age,
maternal asthma history, and so on. Remarkably, infection during
pregnancy leads to increased chance of antibiotics use, and it is
reported that antenatal infections are associated with childhood
asthma [11,17]. Besides, presence of siblings has been linked with
asthma or wheeze [18,19]. But there is a dispute over the state-
ments. Randomized controlled trials for this uncertain relationship
may never be conducted, given the ethical concern. Therefore, the
purposes of this meta-analysis were to (1) to specially evaluate the
association between prenatal antibiotics exposure during specific
trimester and the risk of asthma or wheeze in offspring and (2)
clarify whether the association is independent of potential
confounding.

Methods

Search strategy and study selection

PubMed, Web of Science, and Cochrane Central Register of
Controlled Trials were searched for records up to March 7, 2018.
Search strategy was shown in Table S1. No publication language
restriction was applied. Eligible studies included caseecontrol
studies or cohort studies that assessed the relationship between
prenatal antibiotics use during pregnancy and the risk of childhood
asthma or wheeze.

Studies were included if they met the following criteria: (1)
studies were published beforeMarch 7, 2018; (2) offspring's asthma
or wheeze were diagnosed by physicians or met international
guidelines or were reported as outcomes by parents; (3) cohort or
caseecontrol study design was used; (4) the targeted population
included children aged 0e14 years; (5) studies reported risk esti-
mates (odds ratio [OR], risk ratios [RR], hazard ratios [HR]) or
allowed us to calculate one of these risk estimates; and (6) inves-
tigated the specific effect of maternal antibiotics exposure during at
least one trimester of pregnancy.

Data extraction and study quality assessment

Two investigators (B.L. and C.Q.) independently evaluated the
quality of each primary study based on the criteria derived from the
NewcastleeOttawa Scale (NOS) and the Strengthening the
Reporting of Observational Studies in Epidemiology for quality
assessment [20,21]. Any controversy was adjudicated by a third
reviewer (Z.Y.). The NOS score consists of three groups: selection
(including four items), comparability (including three items), and
exposure or outcome (including one item). We considered studies
being of high quality if they were scored above the median value
(�5 points) [22].

Data were independently extracted by two reviewers (B. L. and
C. Q.) using a standardized agreed data collection form, which
consisted of first author's name, publication year, study area, study
design, measurements of exposure and outcome, sample size, effect
size and corresponding 95% confidence interval (CI) for each
trimester, and adjusted or matched varieties such as maternal in-
fections, maternal age, and so on. Any discrepancy was resolved by
discussion with a third researcher (Z.Y.).

Statistical analysis

Meta-analysis was conducted to generate the overall RR and 95%
CI for the association between prenatal antibiotics use and asthma
or wheeze in offspring using STATA Version 12.0 (Stata, version 12;
StataCorp, College Station, TX). HRs were directly considered as
RRs, and RRs were transformed into ORs with this formula [23]:
RR ¼ OR/[(1 � P0) þ (P0 � OR)], where P0 is the incidence of the
outcome of interest in the nonexposed group. The standard error of
the resulting converted OR was subsequently determined using the
formula: SElog(RR) ¼ SElog(OR) � log(RR)/log(OR). We assessed
heterogeneity by Cochrane Q test (P < .05 indicates statistically
significant) and Higgins I2 statistics (An I2 value of 0%e25%, 26%e
50%, 51%e75%, or >75% represents very low, low, moderate, or high
heterogeneity, respectively). Because of the detected heterogeneity,
a random effects model was conducted for all analyses in this study.
Publication bias was evaluated by Egger statistical test (P < .05 was
considered significant). Considering the different adjusted models
among the included studies, which might play an important role in
the association, we obtained pooled effect estimates of maternal
antibiotics during each trimester by following steps: first, we
respectively extracted crude effect estimates without controlling
for confounding; second, we respectively extracted effect values
that at least adjusted for some common confounders (maternal age,
mode of delivery, etc.). Third, we extracted effect estimates that
additionally adjusted for maternal infections during pregnancy and
effect size that additionally adjusted for siblings besides common
confounders described previously; fourth, a comparison was per-
formed among risk estimates above to identify whether the asso-
ciation was independent of possible confounding. We also
performed sensitivity analysis by successively removing one single
study from all the included studies each time to evaluate the reli-
ability and stability of the results. Stratified analysis was conducted
based on assessment method of antibiotics exposure and outcome
diagnosis (clinician diagnosis vs. parental report) and age of chil-
dren (<4 vs. �4 years). According to the method introduced by
Payton et al [24], we examined significant differences between
effect estimates from stratified analyses of potential effect modifier.

Results

Literature search

We identified 3272 articles initially. Four hundred eighty-two
records were excluded for duplicates, and 2757 records were
excluded after screening the titles and abstracts. Full texts of 22
studies were assessed for their eligibility. Fourteen studies did not
provide effect size for any specific trimester. Eight original studies
met the inclusion criteria for the final meta-analysis (Fig. 1).

Characteristics of included studies

The characteristics of each included study were summarized in
Table 1. The age of study population ranged from 0 to 14 years.
Childhood asthma or wheeze was defined as at least one episode of
wheezing or asthma in the first 14 years of life including infant
wheezing. The first trimester was within 3 months after the last
menstrual period (LMP), the second trimester was from the fourth
month to the 27thweek after LMP, and the third trimesterwas from
28th week after LMP to delivery. Maternal infection during preg-
nancy was defined as one or more infections during pregnancy.



Fig. 1. Flow diagram of selecting studies.
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Sibling was defined as the presence of siblings during childhood.
Among included studies in this meta-analysis, seven were cohort
studies, and one was caseecontrol study. Four studies [6,8,11,15]
used questionnaires or self-report to obtain information about
antibiotics exposure, and the remaining [7,9,10,12] used database
records. Questionnaires were used to obtain information of child-
hood asthma or wheeze in three studies [6,8,15], and medical re-
cords or diagnoses by physician [6,9e12] were used in the
remaining to define asthma or wheeze. The childhood age at the
end of follow-up in five studies was 4 years or more [7,9e12], and in
other three studies was less than 4 years [6,8,15]. All included
studies offered effect estimates adjusting for some common con-
founding factors such as maternal age, smoking during pregnancy,
asthma history, and so on. Three studies reported risk estimates
additionally adjusted for infection during pregnancy [7,8,15], and
four studies supplied effect size additionally adjusted for sibling
[7,9,12,15]. The scores of included studies according to NOS and
Strengthening the Reporting of Observational Studies in Epidemi-
ology were given in Tables S2 and S3.

Overall effects

As shown in Figure S1, in the five studies providing crude effect
size without adjustment, there was an increased risk of asthma or
wheeze in children. In the eight studies offered effect estimate
controlling for common confounding factors, a weaker but signifi-
cant association was found. However, there was high between-
study heterogeneity of these effects. We deleted one study every
time to explore potential sources of high heterogeneity and
discovered that the heterogeneity becomes very low or moderate
(Fig. S1A vs. Fig. 2A; Fig. S1B vs. Fig. 2B) after deleting the study of
Chu et al. [11]. Figure 2 displayed pooled results across different
studies with their distinct adjusted models. Figure 2A showed a
significant association for pooling effect estimates without
adjustment (pooled OR: 1.35, 95% CI: 1.30e1.40 for the first
trimester; 1.41, 95% CI: 1.33e1.50 for the second trimester; 1.35, 95%
CI: 1.24e1.48 for the third trimester). Figure 2B presented a less
strong association between antibiotics exposure during pregnancy
and childhood asthma or wheeze based on results from studies
controlling for some common confounders (pooled RR: 1.21, 95% CI:
1.14e1.28 for the first trimester; 1.27, 95% CI: 1.23e1.31 for the
second trimester; 1.24, 95% CI: 1.19e1.29 for the third trimester). No
publication bias was observed (Egger's test, P > .05 for any
trimester). Figure 2C depicted the pooled RRs from studies addi-
tionally adjusted for maternal infections during pregnancy,
showing an insignificant positive association for each trimester
(first trimester: 1.07, 95% CI: 0.92e1.24, P ¼ .386; second trimester:
1.14, 95% CI: 1.00e1.30, P ¼ .051; third trimester: 1.17, 95% CI:
1.00e1.37, P ¼ .050). Figure 2D presented the results by pooling RRs
additionally controlled for sibling, revealing a weaker and insig-
nificant relationship (first trimester: 1.07, 95% CI: 0.88e1.29; sec-
ond trimester: 1.03, 95% CI: 0.89e1.18; third trimester: 1.09, 95% CI:
0.92e1.29). Table 2 summarily described the pooled ORs across
different adjusted models, suggesting that the association become
weakened and even insignificant with more confounding factors
being controlled in studies.

Subgroup meta-analysis

In consideration of the significantly high heterogeneity, we first
stratified the included studies by assessmentmethods of antibiotics
exposure. As presented in Table 3, when antibiotics exposure was
assessed by questionnaires or self-report, prenatal antibiotics use
during the third trimester was statistically associated with child-
hood asthma or wheeze with the pooled RR of 1.19 (95% CI:
1.01e1.40), but no significant associationwas observed during both
the first trimester (1.09, 95% CI: 0.94e1.26) and the second
trimester (1.13, 95% CI: 0.99e1.29). According to the results of



Table 1
Characteristics of included studies in this meta-analysis

Study Design Cases/total
(person-year)

Age (y) Measurements of
exposure and outcome

Effect estimates (95% CI)

Unadjusted Adjusted 1* Adjusted 2y Adjusted 3z

Popovic et al. [15]
(Italy)

Cohort study 1627/7515 0e1.5 Exposure: assessed by
questionnaires
Asthma: at least one
episode of wheezing in
the first 6 mo or
between 6 and 18mo of
life

First trimester:
1.25 (1.00
e1.57)
Third
trimester: 1.34
(1.11e1.64)

d First trimester:
1.14 (0.91
e1.43)
Third
trimester: 1.25
(1.02e1.52)

First trimester:
1.02 (0.80e1.30)
Third trimester:
1.12 (0.90e1.39)

Chu et al. [11]
(USA)

Cohort study 2201/39,907 0e7 Exposure: take
antibiotics by oral or
injection at any month
during pregnancy by
asking regarding
medication.
Asthma: medical
records by
pediatricians.

First trimester:
1.08 (1.04
e1.12)
Second
trimester: 1.03
(1.00e1.06)
Third
trimester: 1.02
(0.98e1.05)

First trimester:
1.08 (1.04
e1.11)
Second
trimester: 1.02
(0.99e1.06)
Third
trimester: 1.01
(0.97e1.04)

d d

€Ortqvist et al. [9]
(Sweden)

Cohort study 29,753/493,785 0e5.5 Exposure: prescriptions
of systemic antibiotics
(Anatomical
Therapeutic Chemical
[ATC] classifications
system code J01A-J01X)
Swedish from
Prescribed Drug
Register
Asthma: registered in
the National Patient
Register and fulfilled
one or both of two
criteria for asthma
drugs (ATC: R03) from
the Swedish Prescribed
Drug Register

First trimester:
1.35 (1.30
e1.40)
Second
trimester: 1.39
(1.34e1.44)
Third
trimester: 1.33
(1.28e1.39)

First trimester:
1.29 (1.23
e1.34)
Second
trimester: 1.30
(1.25e1.35)
Third
trimester: 1.26
(1.21e1.31)

First trimester:
1.09 (0.97
e1.23)
Second
trimester: 0.97
(0.87e1.08)
Third
trimester: 0.95
(0.84e1.06)

d

Bisgaard et al. [10]
(Denmark)

Cohort study 21,352/846,689 0e14 Exposure: prescription
of antibiotics and
inhaled corticosteroids
from the National
Prescription Registry
Asthma: at least two
inpatient hospital
admissions separated
by at least 1 mo or the
child was followed in
outpatient care for at
least 1 y

d First trimester:
1.19 (1.14
e1.23)
Second
trimester: 1.26
(1.22e1.30)
Third
trimester: 1.20
(1.15e1.25)

d d

Stensballe et al. [7]
(Denmark)

Cohort study 162/18,606 0e5 Exposure: at least one
prescription of
antibiotics during
pregnancy
Asthma: recorded in
the Danish National
Patient Registry

First trimester:
1.55 (1.22
e1.95)
Second
trimester: 1.11
(0.85e1.46)
Third
trimester: 1.11
(0.87e1.43)

d First trimester:
1.33 (1.05
e1.69)
Second
trimester: 0.95
(0.72e1.24)
Third
trimester: 0.99
(0.77e1.28)

First trimester:
1.20 (0.50e2.89)
Second trimester:
1.36 (0.70e2.63)
Third trimester:
0.82 (0.39e1.74)

Jedrychowski et al.
[8] (Poland)

Cohort study 31/102 0e1 Exposure: prenatal
interviewing of
pregnant women
Wheeze: trained
interviewers conducted
a standardized
interview with mothers

d d d First trimester:
1.09 (0.90e1.31)
Second trimester:
1.13 (0.99e1.29)
Third trimester:
1.28 (1.01e1.63)
Second to third
trimester: 1.18
(1.04e2.94)

Lapin B et al. [6]
(Chicago)

Cohort study 44/298 3 Exposure: by
questionnaire of
pregnant women
Asthma: ever having an
asthma diagnosis by a
physician by 3 y of age
based on the self-
reported answer

d First trimester:
2.23 (0.90
e5.49)
Second to third
trimester: 3.33
(1.52e7.27)

d d
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Table 1 (continued )

Study Design Cases/total
(person-year)

Age (y) Measurements of
exposure and outcome

Effect estimates (95% CI)

Unadjusted Adjusted 1* Adjusted 2y Adjusted 3z

Lapin B et al. [6]
(Chicago)

Cohort study 65/298 3 Exposure: by
questionnaire
Wheeze: a positive
response within the
year before their third-
year visit based on the
designed questions

d First trimester:
1.32 (0.58
e3.02)
Second to third
trimester: 1.77
(0.92e3.59)

d d

Mulder B et al. [12]
(Netherlands)

Case-sibling and
caseecontrol

1228/2456 and
3754/26,278

0e5 Exposure: at least a 1 d
supply of systemic
antibiotics (ATC group
J01) during pregnancy
Asthma: received at
least three
prescriptions for
asthma medication
(ATC group R03)

First trimester:
1.49 (0.31
e1.68)
Second
trimester: 1.57
(1.40e1.77)
Third
trimester: 1.61
(1.44e1.79)

First trimester:
1.23 (1.08
e1.41)
Second
trimester: 1.30
(1.15e1.47)
Third
trimester: 1.40
(1.25e1.57)

First trimester:
0.70 (0.50
e0.98)
Second
trimester: 1.25
(0.92e1.69)
Third
trimester: 1.37
(1.02e1.83)

d

CI ¼ confidence interval.
* Adjusted for maternal age at delivery, marital status at pregnancy, race, educational level, parity, smoking during pregnancy, maternal asthma history, and maternal

history of drug allergy.
y Additionally adjusted for siblings.
z Additionally adjusted for maternal infection during pregnancy.
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statistical differences test, significantly higher RRs were found for
any trimester when antibiotics exposurewasmeasured by database
records (first trimester: 1.23, 95% CI: 1.16e1.30; second trimester:
1.27, 95% CI: 1.24e1.31; third trimester: 1.25, 95% CI: 1.18e1.31;
Fig. S2AeC). Second, the analysis was stratified by methods of
outcome diagnosis; similarly, stronger association was discovered
when asthma or wheeze was measured by database records than
by questionnaires (Fig. S2DeF). Third, analysis was also stratified by
the age of children (<4 vs.�4 years). Significantly higher pooled RR
was appeared in children aged older than 4 years than that in
children less than 4 years for each pregnancy trimester (Fig. S2GeI).
In addition, we respectively analyzed the data by separating the
studies according to outcome classification (either wheeze or
asthma). When only analyzing studies focused on asthma, similar
effect estimate was observed (Fig. S3 vs. Fig. 2). Because only two
[6,8] of included studies explored association of prenatal antibiotics
use and childhood wheeze, and only one study [8] provided effect
size during the second and third trimesters, meta-analysis specified
on childhood wheeze could not be performed. Finally, according to
study design, we conducted meta-analysis separately for cohort
study and caseecontrol study. Because only one study was
caseecontrol study, we extracted all cohort studies to conduct the
meta-analysis. As shown in Figure S4, little change was observed
compared with results in previous step (Fig. 2).

To confirm the finding in the present meta-analysis, we also
performed the same analysis across all studies that provided effect
Fig. 2. (After deleting one study [11]) Meta-analysis with the random effects model for the
risk of childhood asthma or wheeze. Squares represent study-specific estimates without ad
maternal infection during pregnancy, besides some common confounding (C); additionally
zontal lines indicate 95% CIs. Pooled estimates with 95% CIs are represented by filled black
estimates for the whole pregnancy, not only confined to trimester-
specific association. As presented in Figure S5, the attenuation of
the association was likewise observed.

Discussion

Summary of main results

If pregnant mother's exposure to antibiotics can elevate the
risk of childhood asthma or wheeze, identifying the critical time-
window will be important for both early detection and inter-
vention of such disease in practice. To our knowledge, it was the
first meta-analysis to specially evaluate pooled effects of prenatal
antibiotics use in each trimester and to explore potential con-
founding factors in the observed association. Our results revealed
positive crude association between maternal use of antibiotics
during each trimester and increased risk of asthma or wheeze in
children. However, when only pooled effect size across studies
adjusted for identified confounders, as well as those additionally
adjusted for sibling or maternal infection, we found a weaker and
even insignificant effect (Table 2). The present results from
random effects models support the hypothesis that the reported
association between maternal antibiotics use during pregnancy
and childhood asthma or wheeze can be mainly, if not completely
explained by confounding, such as maternal infection and sibling.
But we were unable to affirmatively conclude the confounding
association between maternal antibiotics exposure during different trimesters and the
justment (A), adjusting for common confounding factors (B); additionally adjusting for
adjusting for presence of siblings, besides some common confounding (D), and hori-
diamonds. CI ¼ confidence interval.



Table 2
Pooled ORs and corresponding 95% CI of studies adjusted for different confounders

Trimester Unadjusted [7,9,12,15] Adjusted 1*[6e12,15] Adjusted 2y[7,8,15] Adjusted 3z[7,9,12,15]

First trimester 1.35 (1.30e1.40)x 1.21 (1.14e1.28)x 1.07 (0.92e1.24) 1.07 (0.88e1.29)
Second trimester 1.41 (1.33e1.50)x 1.27 (1.23e1.31)x 1.14 (1.00e1.30) 1.03 (0.89e1.18)
Third trimester 1.35 (1.24e1.48)x 1.24 (1.19e1.29)x 1.17 (1.00e1.37) 1.10 (0.92e1.29)

CI ¼ confidence interval; OR ¼ odds ratio.
* Adjusted for maternal age at delivery, marital status at pregnancy, race, educational level, parity, smoking during pregnancy, maternal asthma history, and maternal

history of drug allergy.
y Additionally adjusted for maternal infection during pregnancy.
z Additionally adjusted for sibling.
x P < .05.
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effect of siblings in this association owing to lack of available data
(only four studies provided RRs adjusted for sibling). Similarly,
given the small number of included studies that supplied effect
estimates adjusted for infection in pregnancy, a type I error
(inadequate sample size) may be appeared although no hetero-
geneity was observed. However, when we performed the same
meta-analysis for the whole pregnancy, similar phenomenon was
appeared (Figure S5), which strengthened our conclusion that
association between prenatal antibiotics exposure during each
trimester and risk of childhood asthma or wheeze at least partly
because of confounding.

The presented positive effect of mother's use of antibiotics
during pregnancy on risk of asthma in the child may be mediated
through the human microbiome. Antibiotics use during pregnancy
can affect maternal microbiome to a much greater extent [25].
Disturbance in microbial ecology induced by antibiotics could last
for long. Infants acquire their commensal bacteria from other
humans, and most importantly, from the mother [26]. That is, a
disturbed maternal microflora may be offered as a possible expla-
nation for a disturbed infant intestinal flora [27]. The gutmicrobiota
has a wide range of key functions in the modulation of maturation
and maintenance of the immune system [28]. Antibiotics exposure
may profoundly affect the symbiotic relationship between gut flora
and the immune system, ultimately modifying the nature and
Table 3
Stratified analyses for childhood asthma or wheeze and maternal antibiotics exposure d

Subgroup types Number of studies (n)

Exposure assessment*

Self-report or questionnaires [6,8,11,15] 5

Database records [7,9,10,12] 4

Outcome diagnosisy

Questionnaires [6,8,15] 4

Database records or by physician [7,9e12] 5

Age (y)z

�4 [7,9,10,12] 4

<4 [6,8,15] 4

CI ¼ confident interval; RR ¼ rate ratio.
* Stratified by method of measuring exposure of antibiotics.
y Stratified by method of measuring childhood asthma or wheeze.
z Stratified by age of children.
intensity of immune response [4], which could lead to increased
risk of asthma or wheeze in children.

Previous studies have reported a higher risk of asthma in chil-
dren whose mother experienced infections in different trimesters
[29e32]. Also, €Ortqvist et al. and Stokholm et al. suggested that the
association between prenatal antibiotics use and childhood asthma
or wheeze could be greatly explained by confounding factors,
particularly maternal infection in pregnancy [15,33]. Unlike this, a
recent study did not observe significant association between in-
fections during pregnancy and childhood asthma but found sig-
nificant risk effect of antibiotics use during pregnancy [14].
However, the study was a retrospective caseecontrol study and
only selected cases with complete data sheets, which might lead to
information bias and poor representation. The mechanism through
which infection during pregnancy increases the risk of asthma or
wheeze in children is still not clear. But maternal infection is
associated with a strong proinflammatory response that increases
inflammatory cytokines [27]. Exposing fetus to high levels of
proinflammatory cytokines after maternal infections may have
dramatic effects on the early programming of the developing im-
mune system [34], and fetal exposure to inflammatory cytokines,
including tumor necrosis factor a, interleukin 6, and interleukin 8,
has been linked to a consequence of lung damage, which may in-
crease the risk of asthma or wheeze in offspring [35,36]. Based on
uring different trimesters

Trimester Heterogeneity Pooled OR (95% CI)

I2 (%) P - value

First 0.0 .407 1.09 (0.94e1.26)
Second d d 1.13 (0.99e1.29)
Third 0.0 .418 1.19 (1.01e1.40)
First 62.7 .045 1.23 (1.16e1.30)
Second 0.0 .638 1.27 (1.24e1.31)
Third 53.2 .09 1.25 (1.18e1.31)

First 0.0 .407 1.09 (0.94e1.26)
Second d d 1.13 (0.99e1.29)
Third 0.0 .418 1.19 (1.01e1.40)
First 60.7 .054 1.24 (1.17e1.31)
Second 0.0 .653 1.28 (1.25e1.31)
Third 70.1 .018 1.26 (1.18e1.35)

First 62.7 .05 1.23 (1.16e1.30)
Second 0.0 .638 1.27 (1.24e1.31)
Third 53.2 .093 1.25 (1.18e1.31)
First 0.0 .407 1.09 (0.94e1.26)
Second d d 1.13 (0.99e1.29)
Third 53.1 .42 1.19 (1.01e1.40)



L. Bai et al. / Annals of Epidemiology 30 (2019) 1e8 7
previous epidemiologic evidence, not only prenatal but also
childhood infections might play an important role in persistent
wheeze or later development of asthma [37]. Mediation role of
pregnancy outcomes or complications, such as sepsis [38], and
early infantile factors, such as respiratory viral infections [39],
should also be considered. Because of existing limited research,
future work needs take these factors into consideration.

Besides infections in pregnancy, this study suggested that the
association between mother's antibiotics use and childhood
asthma or wheeze was affected by factors shared by siblings. The
mechanism of siblings acting on childhood asthma or wheeze is
complicated. Sibling is a marker of an unknown exposure, which is
often used by different characterizations, such as being firstborn,
birth order, number of siblings, number of younger or older sib-
lings, and so on. But epidemiologic studies have shown that the
presence of siblings and first-born probably make children at
increased risk of asthma or wheeze [18,19]. It is perceived that the
presence of older siblings is likely a protective factor of childhood
asthma or wheeze; instead, presence of younger siblings may be a
risk factor. Based on various immunologic explanations, a lot of
hypotheses emerged to explain the associations of asthma with
siblings, such as “Hygiene hypothesis” [40]. But the clear mecha-
nism remained in dispute [41,42].

In sensitivity analysis, no substantial change of the pooled RR
was observed when we randomly removed one single study from
all the included studies and separately focused our analysis on
cohort studies or studies whose outcome was childhood asthma,
which implied the robustness of our results. But when we drop
one study, heterogeneity decreased dramatically. We also
explored the reason why the study of Chu et al. [11] could lead to
great heterogeneity. First, the study only included “definite
asthma” confirmed by pediatricians and excluded suspected
asthma, which might omit some cases and lead to an underesti-
mate of risk effect. Second, the study calculated antibiotic-specific
risk for each trimester, but the sample size for antibiotics was so
different (ranged from 385 to 6208) that the effect would be
influenced by a particular type of antibiotics if the type of anti-
biotics plays a part in the association.

We conducted subgroup analysis stratifying by methods of an-
tibiotics exposure assessment and methods of childhood asthma/
wheeze diagnosis. As shown in Table 3, studies assessing exposure
by database records presented a higher pooled RR estimate than
that of studies using questionnaires or self-report. This might be
explained by several possible reasons. Mothers who took a small
amount of antibiotics or occasionally use it might make a negative
answer in self-report and questionnaire, which could cause an
underreporting and further underestimate the effect of antenatal
antibiotics exposure. Conversely, the information required from
database record was more accurate. In addition, because of
different knowledge level of drugs, somemothers may do not know
the medicine she took belongs to antibiotics, which would lead to
an underestimated exposure rate. Similarly, judging childhood
asthma or wheeze by questionnaires from mother may lead to an
underestimated rate of childhood asthma or wheeze. Therefore,
pooled effect across studies measuring childhood asthma or
wheeze by database records also showed a stronger association
than those by questionnaires. But the studies for stratifications
were so limited that we may not draw such conclusions. Children
aged 4 years or older showed a significantly higher RRs than those
aged less than 4 years, which may be attributed to follow-up
period. The longer duration of follow-up (means older age of chil-
dren) could found more children with wheeze or asthma. There-
fore, it would contribute to the increased risk of childhood wheeze
or asthma in children aged 4 years or older. In addition, an accurate
diagnosis of asthma in children aged younger 4 years is often
difficult, so studies whose outcome was asthma in children aged
younger than 4 yearsmay lead tomiss diagnosis of asthma and thus
underestimated the risk effect.

The present study was focused on trimester-specific association
between maternal antibiotics during pregnancy and childhood
asthma or wheeze and exploring whether the association was
biased by potential confounders, particularly pregnancy infection
and sibling. Some common confounding factors were not discussed
separately because those factors were often controlled together in
included studies. And, a smaller effect was observed when adjusted
for these acknowledged factors, compared with that unadjusted
(Table 2). These confounding factors can be divided into three
parts: prenatal (e.g., maternal asthma history, and smoking),
intrapartum (e.g., mode of delivery), and postpartum exposure
(e.g., birth weight), which have been discussed previously [14,43].
However, there are moderate differences among common con-
founding factors adjusted in included studies. For example, only
two studies controlled for breastfeeding [6,7], which was consid-
ered a protective factor of childhood asthma/wheeze [44]. Breast-
feeding not only modulates neonatal bacterial colonization and
immune maturation but also is a direct source of maternal bacteria.
After birth, skin-to-skin contact and nursing ensure direct transfer
of maternal bacteria to the infant to enhance healthy immune and
metabolic maturation [26]. Moreover, antibiotics exposure during
pregnancy can alter maternal bacterial phyla and reduce bacterial
species diversity [45]. The immune factors and bacteria of breast
milk may be varied between mothers using antibiotics and those
not using. Therefore, breastfeeding should be regarded as a
confounder, and it should be controlled in the analysis of the link
between antibiotics exposure during pregnancy and childhood
asthma or wheeze. Besides, mode of delivery, maternal age at
pregnancy, birth weight, and the other factors has also been linked
with elevated risk of childhood asthma [46,47]. We did not discuss
here anymore.
Strengths and limitations

The systematic review and meta-analysis will shed light on
the detailed risk estimation for each trimester. Furthermore, we
took potential confounders into consideration including preg-
nancy infection, presence of siblings, which help to clarify true
association between maternal antibiotics use and childhood
asthma or wheeze. Because exposure and disease are not acting
on the same individual and maternal antibiotics exposure during
any trimester precedes asthma or wheeze in offspring, bias
induced by reverse causation will not be our concern, which is
similar to Zhao et al. [16]. It should be acknowledged that
although we have considered some confounding factors in this
relation, because of limited studies, we are not able to explore
some other confounding such as breastfeeding, birth weight, and
so on and not able to stratify by different types of maternal in-
fections. Furthermore, the adjusted models, which might play an
important role in the risk estimate of childhood asthma or
wheeze, differed among the included studies. Finally, because of
inadequate studies at present, the subgroup analysis was only
stratified by the method of antibiotics assessment and childhood
asthma or wheeze measurement and age of children.

Overall, this systemic review and meta-analysis proposed a
crude positive association between prenatal antibiotic use in every
specific trimester and risk of childhood asthma or wheeze. How-
ever, adjustment for confounders, such as infections during preg-
nancy and sibling, decreased the relative risk estimates, supporting
the concept that these associations are, at least in part, because of
confounding by indication.
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