Clinical & Experimental Allergy, 46, 1214–1226

doi: 10.1111/cea.12756

ORIGINAL ARTICLE

Epidemiology of Allergic Disease

© 2016 John Wiley & Sons Ltd

Antibiotic use during pregnancy and asthma in preschool children: the
influence of confounding
B. Mulder1, K. B. Pouwels1, C. C. M. Schuiling-Veninga1, H. J. Bos1, T. W. de Vries2, S. S. Jick3,4 and E. Hak1,5
1

Department of PharmacoEpidemiology & PharmacoEconomics, University Centre of Pharmacy, University of Groningen, Groningen, 2Department of

Pediatrics, Medical Center Leeuwarden, Leeuwarden, The Netherlands, 3Department of Epidemiology, Boston University School of Public Health, 4Boston
Collaborative Drug Surveillance Program, Boston, MA, USA and 5Department of Epidemiology, University Medical Centre Groningen, Groningen,
The Netherlands

Clinical
&
Experimental
Allergy

Correspondence:
B. Mulder, Department of
PharmacoEpidemiology &
PharmacoEconomics, University Centre
of Pharmacy, University of Groningen,
P.O. Box XB45, A. Deusinglaan 1, 9713
AV Groningen, The Netherlands.
E-mail: b.mulder@rug.nl
Cite this as: B. Mulder, K. B. Pouwels,
C. C. M. Schuiling-Veninga, H. J. Bos,
T. W. De Vries, S. S. Jick and E. Hak,
Clinical & Experimental Allergy, 2016
(46) 1214–1226.

Summary
Background A recent study suggested that early-life intestinal microbiota may play an
important role in the development of childhood asthma, indicating that antibiotics taken
during early life or in late pregnancy may be associated with childhood asthma.
Objective This study aims to assess the association between prenatal antibiotic use and
asthma in preschool children using data from the prescription database IADB.nl. To assess
the influence of potential confounding, we conducted both a case–sibling and a case–control study and compared the results.
Methods We conducted a case–sibling study in which 1228 children with asthma were
compared to 1228 siblings without asthma, using data from the prescription database
IADB.nl. In addition, a case–control study was conducted. Asthma in preschool children
was defined as ≥ 3 prescriptions for anti-asthma medication within a year before the fifth
birthday. Conditional logistic regression was used to estimate crude and adjusted odds
ratios (aORs).
Results In both the case–sibling and case–control analysis, the use of antibiotics in the
third trimester of pregnancy was associated with an increased risk of asthma in preschool
children (aOR 1.37; 95% CI 1.02–1.83 and aOR 1.40; 95% CI 1.15–1.47). Time-trend analyses showed that results were not influenced by a time trend in antibiotic exposure. A
significant association between exposure to antibiotics in any trimester of pregnancy and
the development of asthma in preschool children was observed in the case–control
analysis only (aOR 1.46; 95% CI 1.34–1.59).
Conclusion Antibiotic use in the third trimester of pregnancy was associated with a small
increased risk of asthma in preschool children. This association was robust to timeinvariant confounding or exposure time trends, further supporting the important role for
early-life intestinal microbiota in the development of childhood asthma.
Keywords antibiotics, asthma, case–sibling study, childhood, maternal–paternal comparison, pregnancy
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Introduction
The prevalence of atopic diseases, like asthma, has
increased dramatically in developed countries [1]. Latest
evidence suggests that exposure to environmental factors
and drugs during early life or pregnancy may play a role in
this sudden increase in atopic disease development [2–12].
Most recent findings showed that a decrease in different bacterial genera may be important in the immune

development of young children [13]. Although the
immune development in young children is complex,
this suggests that early-life microbial dysbiosis may be
an important factor in the development of childhood
asthma [13]. Antibiotics taken during pregnancy can
result in the alteration of vaginal bacterial flora during
birth [14, 15]. During birth, the fetus acquires microorganisms from the mother’s vaginal flora, and the
infants’ intestinal flora will be established within the
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first years of life [14, 15]. A disturbed maternal
microflora has been proposed as a possible explanation
for a disturbed infant intestinal flora [16, 17]. However,
epidemiological studies that studied the relation
between antibiotics during pregnancy show conflicting
results. Several studies reported associations between
antibiotic use during pregnancy and asthma development in children [4–10]. However, a recent study
reported that the association between antibiotic use and
childhood asthma was not restricted to the pregnancy
period only, suggesting that antibiotic use is a marker
of the mother’s general propensity for infections [11].
However, they did not account for the correlation
between antibiotic use before, during and after pregnancy. In addition, a Swedish case–sibling study stated
that previous found associations can be explained by
time-invariant confounders shared within families [12].
In the current study, we aimed to assess the association between antibiotic use in pregnancy and the development of asthma in preschool children, by applying a
(time-invariant) confounding minimizing case–sibling
design in primary analysis. We hypothesized that if an
effect would be present, that this would be strongest in
the third trimester, as antibiotic use during in late pregnancy likely has the strongest influence on the infants’
intestinal flora.
To evaluate the influence of time-invariant
confounding, results of the case–sibling analysis were
compared with results obtained using a matched case–
control design. In addition, we evaluated the influence
of potential time trends in exposure frequencies in the
case–sibling analysis.
Methods
Setting
Data for this study were collected from the IADB.nl
database, a prescription database from the University of
Groningen in the Netherlands. The IADB.nl contains
prescription records of community pharmacies and covers a population of approximately 600 000 patients,
including a mother–infant subset of approximately
40 000 children and their mothers, living in the northern part of the Netherlands. The database is representative of the Netherlands as a whole and is described in
detail elsewhere [18, 19]. Over-the-counter medication
and medication dispensed during hospitalization were
not recorded in the database.
Study designs
In primary analysis, we applied a nested case–sibling
study and in secondary analysis a nested matched case–
control design to gain an indication about the potential
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influence of time-invariant confounding. In the case–
sibling analysis, preschool children with asthma were
compared with their own siblings without asthma,
thereby minimizing (un)measured time-invariant confounding (i.e. covariates that have similar statistical distributions in both pregnancies, such as maternal genetic
predisposition and other stable familial factors) [20, 21].
In addition, results of the case–sibling analysis were
adjusted for potential time trends (see also Appendix A).
In the secondary case–control analysis, cases were
not restricted to children with eligible siblings resulting
in higher statistical power. Because exposure status was
compared between children with asthma and randomly
selected children without asthma, this design is per definition more vulnerable to potential confounding.
In another secondary analysis, a maternal–paternal
comparison was performed, using the case–sibling subjects. We analysed paternal exposure to systemic antibiotics during pregnancy in the subset of children where
paternal data were present as a potential measure for
infections in the household, while adjusting for potential confounders [22].
Study population
The study population was restricted to all preschool
children present in the database from birth until the
age of 5 years. Children who were part of multiple
births were excluded from the study population.
Case definitions
Children were defined as cases if they had received at
least three prescriptions for asthma medication (Anatomical Therapeutic Chemical (ATC) group R03) within a
12-month period before the fifth birthday according to
the primary care drug treatment guidelines [23]. In the
case–sibling analysis, a case was eligible for inclusion if
there was at least one available control, that is one sibling
without any prescriptions from the ATC group R03 before
his or her fifth birthday. Sibling controls were matched to
cases with a 1 : 1 ratio, thereby preventing the introduction of bias due to exposure dependency between control
siblings [24]. Therefore, if multiple sibling controls were
available for a case, one eligible sibling control was randomly selected and matched to the case.
In the case–control analyses, cases and controls were
selected in the same manner as in the case–sibling
analysis. However, in the case–control analysis, cases
were eligible for inclusion, irrespective of their sibling
status. Controls in the case–control analyses were
defined as all children that had not received prescriptions for asthma medication before their fifth birthday.
Controls were matched to cases on birth date
( 3 years) with a 6 : 1 ratio. We matched cases to
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controls in a 6 : 1 ratio since this was the highest
number of controls we could match to one case. We
chose the maximum number of controls to pair to each
case because of power reasons.
Exposure to antibiotics in and after pregnancy
In the Netherlands, antibiotics are prescription drugs
and no over-the-counter sale is allowed. Maternal
exposure was defined as at least a 1 day supply of systemic antibiotics (ATC group J01) during pregnancy.
Since the actual conception date was unknown, pregnancy was defined as the birth date of the child minus
273 days. Subtypes of antibiotics were stratified into
beta-lactam penicillins (ATC group J01C), sulphonamides (ATC group J01E), macrolides (ATC group J01F),
nitrofurantoin (ATC group J01XE) and other antibiotics
(remaining subgroups of ATC J01). Exposure was
further stratified according to trimester of exposure,
consisting of 13 weeks each (first 1–91 days; second:
92–189 days; third 190–273 days), thereby adjusting
for exposure in the other trimesters. This was done
because, based on the hypothesized mechanism [13], an
increased risk would be mainly expected during the
third trimester. Since only the child’s birth date is
known, the theoretical conception data were determined
as the data of birth minus 273 weeks (39 weeks).
Covariates
Covariates that were considered for inclusion in the
regression model were gender of the child and birth
order [25–27]. We did not adjust for antibiotic use in the
preschool children as early symptoms of undiagnosed
asthma are often treated with antibiotics [7, 28]. Adjustment for antibiotic use in preschool children would consequently result in an underestimation of the true effect,
if present, due to protopathic bias [7, 29, 30]. Maternal
characteristics that are measured in the database and
could potentially be confounders or correlated with confounders of the association between maternal antibiotic
use and asthma in the offspring are as follows: age at
delivery [31], the use of asthma medication (ATC group
R03) [31], use of acid-suppressive drugs (ATC group
A02B) [20, 21], use of antidepressant drugs (ATC group
N06) [32], use of drugs indicated for allergic dermatitis
(ATC group D07), use of drugs indicated for allergic
rhinitis (ATC group R01AD, R01AC) and use of insulin
(ATC group A10A) [31, 32] during pregnancy (defined as
having at least a 1 day supply of the drug class).

confidence intervals (95% CIs) in both the case–sibling
and matched case–control analyses. In multivariate
analyses, ORs were adjusted for variables that were significantly associated (P < 0.05) with both the outcome
(asthma of the child) and the exposure (antibiotic use
during pregnancy) in univariate analyses. Each remaining covariate was further assessed for possible confounding by adding it to the multivariate regression to
evaluate whether it resulted in a more than 10% change
in the effect estimate. The distributions of covariates
were measured with paired tests. In addition, ORs for
the development of asthma after exposure to antibiotics
anytime during pregnancy and during different trimesters of pregnancy were adjusted for potential time
trends in the case–sibling analysis (see Appendix A).
Sensitivity analyses
We performed several sensitivity analyses to evaluate
the robustness of our results. It should be taken into
account that we had limited power to perform some of
these sensitivity analyses. First, to further reduce the
likelihood that asthma medication had been used for
transient wheezing episodes, we restricted the case–sibling pairs of the main case-crossover analysis to the
sibling pairs of which the case received at least one
prescription between the age of 3 and 5 years. Second,
to evaluate whether associations were restricted to the
pregnancy period only, we assessed the effect of maternal antibiotic use in the 13 weeks after delivery while
adjusting for antibiotic use during pregnancy. Third,
although the genetic predisposition for the development
of asthma is equal between cases and controls in the
case–sibling analysis, the allergic status of the mother
can be different [33]. Hence, we also performed a subanalysis on a subgroup of children whose mothers who
did not use asthma medication during either pregnancy.
Fourth, since data on smoking, respiratory infections
and asthma status of the mother during pregnancy were
not available in the IADB.nl, both the case–sibling and
the case–control design cannot adjust for these potential time-varying confounders. Therefore, we used a
simplified sensitivity analysis proposed by VanderWeele
et al. [34] to assess the impact of unmeasured confounders on our main analysis of the case–sibling
study. A detailed description of this method is available
in appendix B. All analyses were conducted using the
IBM SPSS Statistics 20 version.
Results

Statistical analyses

Case–sibling analysis

We used conditional logistic regression to obtain the
odds ratios (OR) and their corresponding 95%

In the case–sibling analysis, 1228 children with asthma
were included as cases and 1228 siblings without asthma
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Table 1. Distribution of covariates between cases and controls in case–sibling and case–control analysis

Child characteristics
Male gender
Mean age at index date asthma (years)
Birth order: first born
Use of ABs before index date
Mother characteristics
Mean age (years)
Use of medication for atopic diseases during pregnancy
Asthma medication
Drugs for atopic dermatitis
Drugs for rhinitis
Use of acid-suppressive drugs during pregnancy (ATC A02B)
Use of insulin during pregnancy
Use of antidepressants during pregnancy
Father characteristics
Data present (N)
Use of medication for atopic diseases during pregnancy
Asthma medication
Drugs for atopic dermatitis
Drugs for rhinitis

Case–sibling analysis

Case–control analysis

n (%)
Cases
(N = 1228)

n (%)
Controls
(N = 1228)

P-value

n (%)
Cases
(N = 3754)

n (%)
Controls
(N = 22 523)

P-value

815 (66.4)
1.63
444 (36.2)
939 (76.5)

565 (46.0)

< 0.001

10 808 (48.0)

< 0.001

784 (63.8)
631 (51.4)

< 0.001
< 0.001

2372 (63.2)
1.65
NA
2932 (78.1)

NA
9564 (42.5)

< 0.001

29.8
314 (25.6)
73 (5.9)
123 (10.0)
171 (13.9)
51 (4.2)
10 (0.8)
30 (2.4)

29.0
320 (26.1)
82 (6.7)
110 (9.0)
181 (14.7)
26 (2.1)
8 (0.7)
27 (2.2)

< 0.001
0.774
0.321
0.362
0.535
0.001
0.687
0.749

30.3
1069 (28.5)
301 (8.0)
405 (10.8)
595 (15.8)
196 (5.2)
27 (0.7)
101 (2.7)

30.6
4410 (19.6)
698 (3.1)
1936 (8.6)
2342 (10.4)
627 (2.8)
157 (0.7)
439 (1.9)

903
223 (24.7)
74 (8.2)
99 (11.0)
94 (10.4)

835
189 (22.6)
49 (5.9)
97 (11.6)
80 (9.6)

0.176
0.012
1.000
0.494

2544
738 (29.0)
251 (9.9)
312 (12.3)
349 (13.7)

13 626
2957 (21.7)
595 (4.4)
1427 (10.5)
1438 (10.6)

were included as controls. Analysis of the distribution of
covariates between cases and controls showed that case
siblings were more often male and were more often born
before than after their control siblings. Mothers were
older at delivery and used more acid-suppressive drugs
during the pregnancy that resulted in a case (Table 1).
Children who were exposed to antibiotics during pregnancy were more often born before their sibling. Mothers
who used antibiotics during pregnancy also received
anti-asthma medication and acid-suppressive drugs more
often during that pregnancy (Appendix C).
Of the cases, 24.5% were exposed to antibiotics during pregnancy, while 22.3% were exposed in the control group. The use of antibiotics during pregnancy in
general was not associated with a significant increase
in risk for the development of asthma in preschool children (aOR 1.06; 95% CI 0.85–1.32). Stratification on trimester of exposure was associated with a small but
statistically significant increase in risk for the development of asthma in preschool children (aOR 1.37; 95%
CI 1.02–1.83) among those exposed in the third trimester, independent of exposure in the other trimesters. In
contrast, the associated risk of asthma development
among those with exposure in the first trimester was
significantly decreased (aOR 0.70; 95% CI 0.50–0.98).
This decreased association explains the difference
between the effects in the third trimester compared to
the null effect of exposure at any time during

<
<
<
<
<
<

0.001
0.001
0.001
0.001
0.001
0.001
0.879
0.003

< 0.001
< 0.001
0.025
< 0.001

pregnancy. Subsequent analyses of first trimester
exposure found that the decreased association was present primarily in tetracycline exposure between cases
(n = 8; 0.7%) and controls (n = 15; 1.2%)). There were
no significant increases in the associated risk for the
development of childhood asthma after stratification on
the subtypes penicillins, sulphonamides, macrolides and
nitrofurantoin (Table 2).
Influence of potential time trends
The case–sibling analysis appeared not to be influenced
by a time-trend in exposure frequency, since the timetrend adjusted odds ratio was similar to the original
case–sibling odds ratio (1.06; 95% CI 0.81–1.36 vs.
1.06; 95% CI 0.85–1.32) (Table 2). The time-trend
adjusted odds ratios for antibiotic use in the different
trimesters of pregnancy were also similar to the odds
ratios of the original case–sibling analysis (Table 2).
Sensitivity analyses for case–sibling design
Several sensitivity analyses were performed to assess
the robustness of the results of the case–sibling analysis. When we restricted cases to children who received
anti-asthma treatment at some time after the age of 3,
the aOR after exposure in third trimester increased to
1.51 (95% CI 1.07–2.14). When we assessed the effect
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Table 2. Unadjusted and adjusted conditional odds ratios for the development of asthma in preschool children after exposure to antibiotic drugs
during pregnancy in the case–sibling and case-time-control analysis
Case–sibling analysis

Exposure to any antibiotic during
pregnancy
Trimester of exposure
Trimester 1
Trimester 2
Trimester 3
Subgroup of antibiotics‡
Beta-lactam penicillins
Sulphonamides and trimetoprim
Macrolides
Nitrofurantoin
Other

Time-trend analysis

Cases
(N = 1228)
N (%)

Controls
(N = 1228)
N (%)

Unadjusted
conditional
OR (95% CI)

Adjusted
conditional
OR (95% CI)*

Time-trend
OR (95% CI)*

Conditional OR
adjusted for potential
time trends
(95% CI)*

301 (24.5)

274 (22.3)

1.16 (0.94–1.42)

1.06 (0.85–1.32)

1.00 (0.87–1.15)

1.06 (0.81–1.36)

89 (7.2)
128 (10.4)
161 (13.1)

100 (8.1)
112 (9.1)
118 (9.6)

0.88 (0.65–1.19)
1.17 (0.89–1.54)
1.49 (1.14–1.95)

0.70 (0.50–0.98)†
1.25 (0.92–1.69)†
1.37 (1.02–1.83)†

1.00 (0.81–1.25)†
1.01 (0.82–1.24)†
0.91 (0.75–1.09)†

0.70 (0.45–1.03)†
1.24 (0.85–1.79)†
1.51 (1.05–2.13)†

242
34
14
45
15

208
33
14
42
23

1.23
1.03
1.00
0.93
0.64

1.13
1.06
0.96
0.93
0.63

(19.7)
(2.8)
(1.1)
(3.7)
(1.2)

(16.9)
(2.7)
(1.1)
(3.4)
(1.9)

(0.99–1.53)
(0.63–1.70)
(0.45–2.23)
(0.59–1.45)
(0.33–1.24)

(0.90–1.43)
(0.62–1.82)
(0.41–2.28)
(0.57–1.51)
(0.31–1.30)

*Adjusted for gender, birth order, maternal age at delivery and maternal use of acid-suppressive drugs during pregnancy.
†
Odds ratios were additionally adjusted for exposure in other trimesters.
‡
Women can be exposed to more than one subgroup of antibiotics.

of maternal antibiotic use in the 13 weeks after
delivery, the aOR was 1.03 (95% CI 0.80–1.32). When
the analysis of the association between antibiotic use in
third trimester and the development of asthma in the
offspring was restricted to children from mothers who
were not using any asthma medication during pregnancy, the aOR was attenuated to 1.22 (95% CI 0.90–
1.67). Appendix B shows the effects of a hypothetical
unmeasured confounder in the case–sibling analysis. A
binary confounder, with a prevalence of 10% among
unexposed, that could have biased the third-trimester
results from 1.00 to 1.37 should have a strong association with the exposure and/or the outcome
(Appendix B), thereby exceeding the effects of any
measured confounder. For this scenario, if the prevalence of the binary confounder is two times higher than
the prevalence among unexposed women, the OR
between this confounder and asthma in the offspring
should be 6.9 to bias the effect estimate from 1.00 to
1.37. However, for this scenario, a confounder with an
OR of 1.21 could bias the results from statistically nonsignificant to statistically significant.
Case–control analysis
In the case–control analysis, we included 3754 children
with asthma and 22 523 children without asthma (controls). Univariate analysis identified gender, maternal
age at delivery, maternal use of acid-suppressive drugs,
antidepressant drugs and drugs for atopic disease during pregnancy as potential confounders (Appendix C).
25.4% of cases and 17.8% of controls were exposed to

antibiotics during pregnancy. The use of antibiotics
during pregnancy in general yielded a small but significant association with childhood asthma (aOR 1.45; 95%
CI 1.33–1.58). Associations were even stronger when
children were exposed to higher doses (DDDs) during
pregnancy (aOR 1.90; 95% CI 1.62–2.22). After adjusting for antibiotic exposure during other trimesters, the
association with childhood asthma was strongest in the
third trimester, although confidence intervals overlap
(Table 3). Stratification on the different subtypes of
antibiotics yielded significant associations for the
development of childhood asthma only for the penicillin, sulphonamide and macrolide subtypes (Table 3).
Exposure to nitrofurantoin was not statistically significantly associated with the development of asthma in
preschool children (aOR 1.10; 95% CI 0.91–1.33).
Maternal–paternal comparison
The analysis of paternal exposure to antibiotics during
the third trimester of pregnancy as proxy for infections
in the household and other factors shared by both parents showed no significant association with an
increased risk of asthma (aOR 1.11; 95% CI 0.70–1.74).
Effect estimates were almost identical for maternal
exposure in the third trimester when restricted to this
subset or the main analysis (aOR 1.39 vs. aOR 1.37).
Discussion
Exposure to antibiotics during the second and third trimester of pregnancy was associated with a small
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Table 3. Unadjusted and adjusted conditional odds ratios for the development of asthma in preschool children after exposure to antibiotic drugs
during pregnancy in the case–control analysis
Case–control analysis

Exposure to any antibiotic during pregnancy
Trimester of exposure
Trimester 1
Trimester 2
Trimester 3
Subgroup of antibiotics‡
Beta-lactam penicillins
Sulphonamides and trimetoprim
Macrolides
Nitrofurantoin
Other

Cases
(N = 3754)
N (%)

Controls
(N = 22 524)
N (%)

Unadjusted
conditional OR
(95% CI)

Adjusted
conditional
OR (95% CI)*

952 (25.4)

4017 (17.8)

1.57 (1.45–1.71)

1.45 (1.33–1.58)

336 (9.0)
404 (10.8)
477 (12.7)

1401 (6.2)
1603 (7.1)
1880 (8.3)

1.49 (1.31–1.68)
1.57 (1.40–1.77)
1.61 (1.44–1.79)

1.23 (1.08–1.41)†
1.30 (1.15–1.47)†
1.40 (1.25–1.57)†

773
105
50
140
56

3159
393
190
710
250

1.60
1.63
1.60
1.19
1.35

1.48
1.49
1.37
1.10
1.20

(20.6)
(2.8)
(1.3)
(3.7)
(1.5)

(14.0)
(1.7)
(0.8)
(3.2)
(1.1)

(1.46–1.74)
(1.31–2.03)
(1.17–2.17)
(0.99–1.44)
(1.01–1.81)

(1.35–1.62)
(1.19–1.87)
(1.00–1.87)
(0.91–1.33)
(0.89–1.61)

*Adjusted for gender, maternal age at delivery, maternal use of acid-suppressive drugs, antidepressant drugs and drugs for atopic diseases during
pregnancy.
†
Odds ratios were additionally adjusted for exposure in other trimesters.
‡
Women can be exposed to more than one subgroup of antibiotics.

increased risk of asthma in preschool children in both
our case–sibling and our case–control analyses. The
similar estimates and confidence intervals of the case–
sibling and case–control study for the second and third
trimester, suggest that the influence of potential timeinvariant confounding is minimal. Sensitivity analyses
showed that results of the case–sibling analysis were
restricted to the pregnancy period only and were not
influenced by a time trend in antibiotic exposure.
Interpretation and comparison with literature
Exposure to antibiotics during any trimester of pregnancy was associated with a small increased risk of
asthma in preschool children in our case–control analysis. In the case–sibling analysis, this association for
exposure anytime during the whole pregnancy was
considerably reduced, suggesting that confounding by
time-invariant factors may have played an important
role. However, when stratified by trimester, both
designs found an association between exposure to
antibiotics in the third trimester and an increased risk
of asthma in preschool children. The similar estimates
and confidence intervals of the case–sibling and case–
control study for the second and third trimester, suggest
that the influence of potential time-invariant confounding is minimal. Given these very similar effect estimates, the discrepancy between both designs after
exposure anytime during pregnancy is almost solely
caused by the significant decreased association found
in the first trimester of the case–sibling design. The reason for the discrepant findings between trimesters

should be explored. The decreased association in the
first trimester of pregnancy may be caused by a biological mechanism. The highest association found in the
third trimester is in agreement with the hypothesis that
antibiotic drug use during pregnancy alters the vaginal
bacterial flora at delivery. Different studies indicate that
antibiotic use can have long-term altering effects on
the vaginal bacterial flora [5, 16], explaining the slight
increased association found after antibiotic drug use in
the second trimester. In contrast to the case–control
analysis, our case–sibling analysis did find a decreased
association for use in the first trimester. Subsequent
analyses found that the decreased association in the
case–sibling analysis was present primarily in tetracycline exposure between cases (n = 8; 0.7%) and controls
(n = 15; 1.2%). Recent studies showed that tetracyclines
may lower IgE levels [35–38]. A reduction in cord blood
IgE levels – a predictor of allergic disorders in children,
especially among children with a family history of
allergic diseases – is likely more relevant in mothers
with elevated IgE levels and atopic diseases [39]. This
may explain the difference between both designs,
because all mothers in the case–sibling gave birth to a
child with asthma, and most mothers of controls in the
case–control did not. Similarly, confounding by allergic
status of the mother may explain why another case–
control study did not find an association between prenatal exposure to tetracyclines and childhood asthma
[10].
Several studies reported associations between antibiotic use during pregnancy and asthma development in
children similar to the associations of the current study
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[4–10]. However, other studies have proposed that the
associations between antibiotic use during pregnancy
and asthma development in children can be largely
explained by time-invariant confounding or by
mother’s general propensity of infections. While we did
find a difference between trimesters, another case–sibling study did not [12]. This discrepancy may be
€
explained by different analytical choices. Ortqvist
et al.
included multiple control siblings per case, which may
have introduced bias due to exposure dependencies
between control siblings [26]. Moreover, in the current
study, we took into account that antibiotic exposure in
one trimester likely correlates with such exposure in
other trimesters. In addition, the odds ratios were
adjusted for a different subset of potential time-variant
confounders and there may have been different antibiotic prescription patterns between the three studies,
which may explain the discrepant results. Alternatively,
given the limited sample size for the stratified analyses
in comparison with the other study, our results for the
different trimester may be chance findings. In addition,
a recent study of Stockholm et al. [11] reported that the
association between antibiotic use and childhood
asthma was not restricted to the pregnancy period only,
suggesting that antibiotic use is a marker of the
mother’s general propensity for infections. However, it
was not taken into account that antibiotic exposures
before, during and after pregnancy are likely correlated
[11]. In a sensitivity analysis, they estimated the effect
of exposure before and after pregnancy in women that
were not exposed during pregnancy, but results were
significantly lower for the period from birth to
40 weeks post-partum (1.42 vs. 1.18). This suggests that
this population was not comparable to the population
in the main analysis or that the effect post-partum was
partly explained by exposure during pregnancy.
Strengths and limitations
A major strength of the present study is the replication
of findings in the two study designs. Application of the
case–sibling study enabled us to minimize the potential
influence of time-invariant confounders that are potential strong risk factors for asthma development.
Comparing the results of the case–sibling with the
case–control study allowed us to gain insight into the
influence of confounding. In addition, this is the first
study that evaluated the presence of a time-trend bias
in a case–sibling design and corrected for that trend.
We also took into account that exposure to antibiotics
at different time points is likely correlated within the
same mother.
Another strength of our study is that data were
obtained from the prescription database IADB.nl [18].
Validation of the identification of mother–infant pairs

showed high accuracy; hence, potential information
bias was minimal. Since we made use of a prescription
database, recall bias with respect to maternal medication use during pregnancy was not present. The study
into prenatal medication use and the development of
asthma in children is complex. This study merely covers
a relatively small piece of this discussion; however, the
novel approach on confounders and time trends adds
value for future studies. This study also has potential
limitations. First, although we minimized potential confounding influences by design, we cannot rule out the
possibility of some unmeasured time-variant confounding in the case–sibling analysis, such as smoking, infections and allergic state of the mother [34, 39].
If smoking did confound our estimate, a stronger
association would also be expected for exposure to
antibiotics in the 3 months after delivery since smoking
would increase the risk of infection regardless of pregnancy. It is unlikely that women smoke during the
pregnancy and stop immediately after the child is born.
However, no increased association was observed after
post-natal use of antibiotics, indicating that the results
are not confounded by smoking. Moreover, almost
identical results were obtained in the case–sibling study
€
of Ortqvist
et al. before and after adjustment for maternal smoking, indicating that this is not an important
confounder for this association using a sibling design.
Several studies evaluated the possibility of confounding by respiratory infections by investigating whether
specific groups of antibiotics were associated with
asthma [8, 10, 12]. The only other case–sibling study
that investigated the relation between prenatal exposure
to antibiotics and asthma development in children
showed no differences in the child’s asthma risk if
antibiotics were used for urinary tract infections or respiratory tract infections [12]. This would indicate that
the association between prenatal antibiotic use and the
development of asthma is not confounded by respiratory tract infections. Amoxicillin is in those studies
often considered as an ‘airway antibiotic’; however, at
least in the Dutch situation, this would be an inadequate categorization as amoxicillin was during the
study period the first-choice treatment for urinary tract
infections in pregnant women. In our study, in contrast
to, for example, penicillin, exposure to nitrofurantoin
showed no association with the child’s asthma risk.
Given the limited effect of nitrofurantoin on the vaginal
flora and Lactobacillus colonization [40], this further
supports the hypothesis that a reduced microbial exposure during delivery can predispose the child to allergic
diseases like asthma. However, since penicillins, such as
amoxicillin, are also indicated for respiratory infections,
it may also indicate that respiratory infections do confound the association and urinary tract infections do
not. Since data on types of infections were not
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available,
we
performed
a
maternal–paternal
comparison with data from the case–sibling analysis.
Paternal exposure to antibiotics was used as a proxy
for infections in the household and other factors shared
by both parents that may change between pregnancies.
Paternal exposure did not significantly increase the
associated risk of asthma in the child and the point
estimate was also lower for paternal than for maternal
exposure (aOR 1.11 vs. 1.37). However, since pathogens
will not always be transmitted to the mother, a lower
effect estimate would also be expected a priori for
paternal exposure. Thus, we cannot exclude indication
bias due to respiratory infections.
The allergic state of the mother, or disease severity,
could also change between pregnancies and be associated with the child’s asthma risk. When our analysis
was restricted to a subgroup of children whose mothers
had not used asthma medication during either pregnancy, the associated child’s asthma risk was attenuated
but antibiotic use during third trimester was still associated with a 22% increase in the associated child’s
asthma risk.
Since we could not rule out potential confounding by
time-varying disease severity and (respiratory) infections, we performed sensitivity analyses to assess how
strong such an unmeasured confounder should be to
account for the observed association in the third trimester. These analyses showed that potential unmeasured
time-variant confounders should have a much stronger
association with the outcome and exposure than measured confounders to fully explain our findings. However, given the relatively low power of our case–sibling
study, a weaker unmeasured confounder could render
our results statistically non-significant.
Since we used the case–sibling design, children that
were included in our analysis are per definition not
only children. The results from this study only provide
information about the association in families with at
least two children and results may not be generalized to
exposures in single child families.
The IADB.nl contains records of dispensed prescriptions of participating pharmacies and not the actual use
of medication. It is possible that some women did not
take all of the medication which may have led to small
amount of exposure misclassification and an overestimation of actual use. In addition, pregnancy was a
standardized at 273 days preceding the date of birth,
which also could have led to exposure misclassification.
This could have led to over- as well as underestimation
of actual use of antibiotic drugs during each trimester
of pregnancy.
Since the IADB.nl contains only records of dispensed
prescriptions, children that did not receive any prescriptions before the age of 5 years are not included in the
database. However, a previously performed validation
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study showed that approximately 80% of the children
aged 2 years had received at least one prescription and
could be included in the database. [19] In the current
study, a minimal follow up of 5 years was ensured for
both cases and controls. Therefore, we do not believe
that this could have influenced our results.
In addition, the database lacks information regarding
the use of over-the-counter medication. Previous literature has shown that prenatal exposure to paracetamol
may be a risk factor for the development of childhood
asthma. However, we were not able to control for this.
The database lacks information about indications;
therefore, case status was determined based on dispensed prescriptions for anti-asthma medications [26].
Using prescription data to identify children with asthma
is difficult since asthma medication is also used to treat
childhood wheeze that is often transient. To ensure high
specificity of case selection, cases were required to
receive at least three prescriptions for anti-asthma medication within a 12-month period. Because of this specific inclusion of cases, some children with mild
symptoms or untreated asthma may have been missed.
However, a recent study of our group in the same
source population showed that still 49% of preschool
children with an asthma diagnosis could be identified
(positive predictive value 0.77) when the same medication proxy as in this study was used [41]. Given these
accuracy measures, this would likely not have materially influenced the results of our study. However, it
should be noted that no distinction could be made
between allergic vs. non-allergic asthma.
Fifth, the database does not include information on
the delivery method. Caesarean sections are associated
with an increased risk of childhood asthma. Since rates
of Caesarean sections are low in the Netherlands
(1.0–5.5%), this would not have a substantial influence
[26]. Since the actual pregnancy duration is unknown
in the IADB.nl database, we were not able to adjust for
prematurity. In addition, the database lacks information
on the dispensation of in-hospital and thereby intrapartum antibiotic use, including antibiotics prescribed
for neonatal group B streptococcal disease during
labour [17, 42]. A previous study, however, has shown
that the use of intrapartum antibiotic prophylaxis is
5.9% in the hospital setting in the Netherlands. However, this is likely an overestimation, because it is estimated that around 20–30% of births in the Netherlands
occur at home. [43].
In conclusion, exposure to antibiotics in the third trimester of pregnancy appeared to be associated with a
small increased risk of asthma in preschool children.
This association did not appear to be influenced by
time-invariant confounders or time trends in antibiotic
exposure. More studies are now warranted to focus on
whether there is indeed a difference for the different
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trimesters and on the potential mechanisms underlying
the associations.
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designed a method akin the case-time-control design
[1]. In this design, we divided the odds ratio obtained
with the case–sibling analysis with a so-called timetrend odds ratio. This time-trend odds ratio was
obtained by comparing the frequencies of antibiotic use
between two different pregnancies of the same woman
that both resulted in a child without asthma (derived
from the control group of the case–control analysis),
see Fig. 1. In total, 3503 children without asthma and
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Fig. 1. Schematic overview of the case–sibling analysis and the adjustment for potential time trends. The case–sibling odds ratio after adjustments
for potential time trends (c) is the case–sibling odds ratio (a) divided by the time-trend odds ratio (b).

3503 siblings also without asthma could be detected for
the time-trend analysis.
We assigned the case and control windows in the
time-trend analysis in such a way that this was similar
to the distribution of the birth sequence in the case–sibling analysis. Since 66% of the cases in the case–sibling
analysis were born after their control sibling (Table 1),
66% of the pregnancies that resembled case windows in
the time-trend analysis occurred after the pregnancy
that resembled a control window. By comparing exposure frequencies between different pregnancies within

References
1 Suissa S. The case-time-control design.
Epidemiology 1995; 6:248–53.

mothers that both resulted in children without asthma
and by using a similar distribution in birth sequence as
the case–sibling analysis, the odds ratio will be an estimate of the exposure frequency in the underlying
cohort, a so-called time-trend odds ratio. By dividing
the odds ratio obtained with the case–sibling analysis
with a ‘time-trend’ odds ratio, results will be adjusted
for potential time trends in the underlying cohort. Confidence intervals for the time-trend adjusted odds ratios
were computed by bootstrapping.

2 Hernandez-Dıaz S, Hernan MA, Meyer
K, Werler MM, Mitchell AA. Casecrossover
and
case-time-control

Appendix B Sensitivity analysis unmeasured confounding
Since data on smoking, infections and IgE levels during
pregnancy are not available in the IADB.nl, we used a
simplified sensitivity analysis proposed by VanderWeele
et al. to assess the impact of a binary unmeasured confounder or several unmeasured confounders combined
on the association between third-trimester antibiotic
use and childhood asthma in the case–sibling analysis.
Assumptions made with this method are (i) that relationships between the outcome and the unmeasured
confounder and between the exposure and unmeasured
confounder are the same across different levels of

designs in birth defects epidemiology.
Am J Epidemiol 2003; 158:385–91.

measured confounders and (ii) that there is no threeway interaction between exposure, outcome and the
unmeasured confounder.
For this study, we assumed that the prevalence of the
binary unmeasured confounder ranges from 5% to 15%
in the unexposed group and varied the association of
this confounder with antibiotic use (ORxu) and asthma
of the child (ORyu).
The following notations will be used in the formulas
to obtain the bias term for the unmeasured confounder:
x, Binary treatment status/exposure; y, Binary outcome; u, Unobserved binary confounder; c, Observed
confounders; p, Prevalence.
Formula for the prevalence of the unmeasured confounder among the exposed:
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p ðujx ¼ 1Þ ¼

ORxu  p ðujx ¼ 0Þ
1  p ðujx ¼ 0Þ þ ORxu  p ðujx ¼ 0Þ

Formula for the bias factor according to VanderWeele
and Arah’s approach
bias ¼

1 þ ðORyu  1Þp ðujx ¼ 1Þ
1 þ ðORyu  1Þp ðujx ¼ 0Þ

Table A1 shows the influence of a binary unmeasured confounder that increases the risk of asthma in
the offspring two times (ORyu). To bias the effect
estimate from 1.00 to 1.37, the prevalence of this
Table A1. Sensitivity analysis (according to the approach of VanderWeele and Arah) of an unmeasured confounder on the child’s
asthma risk after exposure to antibiotics in third trimester of pregnancy using a ORyu of 2
aOR (95% CI)

p (u|x = 0)

ORxu

Bias

ORyx 9 cu (95% CI)

1.37
1.37
1.37
1.37
1.37
1.37
1.37
1.37
1.37
1.37
1.37
1.37
1.37
1.37
1.37
1.37
1.37
1.37
1.37
1.37

0.050
0.050
0.050
0.050
0.050
0.075
0.075
0.075
0.075
0.075
0.100
0.100
0.100
0.100
0.100
0.125
0.125
0.125
0.125
0.125

1.25
1.50
1.75
2.00
3.00
1.25
1.50
1.75
2.00
3.00
1.25
1.50
1.75
2.00
3.00
1.25
1.50
1.75
2.00
3.00

1.01
1.02
1.03
1.04
1.08
1.02
1.03
1.05
1.06
1.11
1.02
1.04
1.06
1.07
1.14
1.02
1.05
1.07
1.09
1.16

1.35
1.34
1.33
1.31
1.27
1.35
1.33
1.31
1.29
1.23
1.34
1.32
1.30
1.28
1.21
1.34
1.31
1.28
1.26
1.19

(1.02–1.83)
(1.02–1.83)
(1.02–1.83)
(1.02–1.83)
(1.02–1.83)
(1.02–1.83)
(1.02–1.83)
(1.02–1.83)
(1.02–1.83)
(1.02–1.83)
(1.02–1.83)
(1.02–1.83)
(1.02–1.83)
(1.02–1.83)
(1.02–1.83)
(1.02–1.83)
(1.02–1.83)
(1.02–1.83)
(1.02–1.83)
(1.02–1.83)

(1.01–1.81)
(1.00–1.79)
(0.99–1.77)
(0.98–1.75)
(0.94–1.69)
(1.00–1.80)
(0.99–1.77)
(0.98–1.75)
(0.96–1.73)
(0.92–1.65)
(1.00–1.79)
(0.98–1.76)
(0.96–1.72)
(0.95–1.70)
(0.90–1.61
(1.00–1.79)
(0.98–1.75)
(0.96–1.72)
(0.94–1.68)
(0.88-1.58)
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confounder among exposed pregnant women should be
5.1 times higher than the prevalence among unexposed
women (assuming a prevalence of 0.10 in unexposed
women). The prevalence of this confounder among
exposed women would then be 51% vs. 10% among
unexposed women.
If the prevalence of the binary confounder is two
times higher than the prevalence among unexposed
women (assuming a prevalence of 0.10 in unexposed
women), the OR between this confounder and asthma in
the offspring (ORyu) should be 6.9 to bias the effect
estimate from 1.00 to 1.37.

Table A2. Sensitivity analysis of an unmeasured confounder on the
child’s asthma risk after exposure to antibiotics in third trimester of
pregnancy using a p (u,x = 0) of 0,1
aOR (95% CI)

p (u|x = 1)*

ORyu

Bias

ORyx 9 cu (95% CI)

1.37
1.37
1.37
1.37
1.37
1.37
1.37
1.37
1.37
1.37
1.37
1.37
1.37
1.37
1.37
1.37
1.37
1.37
1.37
1.37

0.125
0.125
0.125
0.125
0.150
0.150
0.150
0.150
0.175
0.175
0.175
0.175
0.200
0.200
0.200
0.200
0.250
0.250
0.250
0.250

1.5
2
3
4
1.5
2
3
4
1.5
2
3
4
1.5
2
3
4
1.5
2
3
4

1.01
1.02
1.04
1.06
1.02
1.05
1.08
1.12
1.04
1.07
1.13
1.17
1.05
1.09
1.17
1.23
1.07
1.14
1.25
1.35

1.35
1.34
1.32
1.30
1.34
1.31
1.26
1.23
1.32
1.28
1.22
1.17
1.31
1.26
1.17
1.11
1.28
1.21
1.10
1.02

(1.02–1.83)
(1.02–1.83)
(1.02–1.83)
(1.02–1.83)
(1.02–1.83)
(1.02–1.83)
(1.02–1.83)
(1.02–1.83)
(1.02–1.83)
(1.02–1.83)
(1.02–1.83)
(1.02–1.83)
(1.02–1.83)
(1.02–1.83)
(1.02–1.83)
(1.02–1.83)
(1.02–1.83)
(1.02–1.83)
(1.02–1.83)
(1.02–1.83)

(1.01–1.81)
(1.00–1.79)
(0.98–1.76)
(0.96–1.73)
(1.00–1.79)
(0.95–1.75)
(0.94–1.69)
(0.91–1.64)
(0.98–1.77)
(0.95–1.71)
(0.91–1.63)
(0.87–1.56)
(0.97–1.75)
(0.94–1.68)
(0.87–1.57)
(0.83–1.49)
(0.95–1.71)
(0.90–1.61)
(0.82–1.46)
(0.76–1.36)

*p (u|x = 0) = 0.10.

Appendix C Distribution of covariates between exposed and unexposed in case–sibling analysis

Child characteristics
Male gender
Birth order: first born
Use of ABs before index date
Mother characteristics
Mean age in years
Use of medication for atopic diseases during pregnancy
Asthma medication

Case–sibling analysis

Case–control analysis

n (%)
Exposed
(N = 575)

n (%)
Unexposed
(N = 1881)

P-value

n (%)
Exposed
(N = 4969)

n (%)
Unexposed
(N = 21 309)

P-value

336 (58.4)
263 (45.7)
424 (73.7)

1044 (55.5)
965 (51.3)
1146 (60.9)

0.215
0.020
< 0.001

2533 (51.9)

10 647 (49.8)

0.009

2742 (56.1)

9754 (45.6)

< 0.001

29.9
213 (37.0)
59 (10.4)

29.8
421 (22.4)
96 (5.1)

0.575
< 0.001
< 0.001

29.8
1566 (31.5)
376 (7.6)

30.1
3913 (18.4)
623 (2.9)

< 0.001
< 0.001
< 0.001
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Appendix C (continued)

Drugs for atopic dermatitis
Drugs for rhinitis
Use of acid-suppressive drugs during pregnancy (ATC A02B)
Use of insulin during pregnancy
Use of antidepressants during pregnancy
Father characteristics
Data present (N)
Use of medication for atopic diseases during pregnancy
Asthma medication
Drugs for atopic dermatitis
Drugs for rhinitis

Case–sibling analysis

Case–control analysis

n (%)
Exposed
(N = 575)

n (%)
Exposed
(N = 4969)

n (%)
Unexposed
(N = 1881)

P-value

n (%)
Unexposed
(N = 21 309)

71
124
34
4
17

(12.3)
(21.6)
(5.9)
(0.7)
(3.0)

162
228
43
14
40

(8.6)
(12.1)
(2.3)
(0.7)
(2.1)

0.007
0.000
< 0.001
0.905
0.247

592
882
34
4
17

(11.9)
(17.8)
(5.9)
(0.7)
(3.0)

1749
2055
43
14
40

903
115
29
66
44

(27.3)
(6.9)
(15.7)
(10.5)

835
297
94
130
130

(22.6)
(7.1)
(9.9)
(9.9)

0.045
0.862
0.001
0.730

3220
812
188
390
382

(25.2)
(5.8)
(12.1)
(11.9)

12 950
2883
658
1349
1405

P-value

(8.2)
(9.6)
(2.3)
(0.7)
(2.1)

< 0.001
< 0.001
< 0.001
0.905
0.247

(22.3)
(5.1)
(10.4)
(10.8)

< 0.001
0.084
0.005
0.101
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