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CONTEXT: The increasing prevalence of childhood asthma has been
associated with low microbial exposure as described by the hygiene
hypothesis.

OBJECTIVE: We sought to evaluate the evidence of association between
antibiotic exposure during pregnancy or in the first year of life and risk
of childhood asthma.

METHODS: PubMed was systematically searched for studies published
between 1950 and July 1, 2010. Those that assessed associations be-
tween antibiotic exposure during pregnancy or in the first year of life
and asthma at ages 0to 18 years (for pregnancy exposures) or ages 3
to 18 years (for first-year-of-life exposures) were included. Validity was
assessed according to study design, age at asthma diagnosis, adjust-
ment for respiratory infections, and consultation rates.

RESULTS: For exposure in the first year of life, the pooled odds ratio
(OR) for all studies (N = 20) was 1.52 (35% confidence interval [Cl]:
1.30—1.77). Retrospective studies had the highest pooled risk estimate
for asthma (0OR: 2.04 [95% Cl: 1.83—2.27]; n = 8) compared with data-
base and prospective studies (OR: 1.25 [95% Cl: 1.08—1.451; n = 12).
Risk estimates for studies that adjusted for respiratory infections
(pooled OR: 1.16 [95% Cl: 1.08—1.25]; n = 5) or later asthma onset
(pooled OR for asthma at or after 2 years: OR: 1.16 [95% Cl: 1.06—1.25];
n = 3) were weaker but remained significant. For exposure during
pregnancy (n = 3 studies), the pooled OR was 1.24 (95% Cl: 1.02—1.50).

CONCLUSIONS: Antibiotics seem to slightly increase the risk of child-
hood asthma. Reverse causality and protopathic bias seem to be pos-
sible confounders for this relationship. Pediatrics 2011;127:1125—-1138
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Asthma, which has an estimated 10%
worldwide prevalence among children
aged 6 to 7 years, is one of the most
common chronic childhood diseases.!
Observations that developed countries
show higher prevalences of asthma
than developing countries' have led to
the “hygiene hypothesis,” which postu-
lates that childhood development in an
overly hygienic environment reduces
microbial exposure and promotes
atopic immune responses and the risk
of asthma.? Results of experiments in
mice have supported this hypothesis,
demonstrating that bacterial gut colo-
nization in early life plays a significant
role in acquired immune system pro-
gramming.58 In utero microbial expo-
sures have also been shown to protect
against allergic phenotypes in mice.”-*
Perturbation to normal microbial ex-
posure during gestation or infancy,
therefore, may elevate the risk of
atopic disease including asthma. In
consideration of this hypothesis, nu-
merous studies to date have at-
tempted to evaluate the association
between antenatal and infant antibi-
otic usage and subsequent develop-
ment of asthma.

This research is highly susceptible to
several possible biases that confound
the true association between antibiot-
ics and asthma.’® Reverse causality,
which occurs when the outcome pre-
cedes and increases the risk for the
putative exposure, may be a strong
source of bias for studies that fail to
accurately determine the relative tim-
ing of antibiotic use and the onset of
asthma. This is a particular concern
because patients with asthma may re-
ceive antibiotics at elevated rates, ei-
ther by misprescription or for treat-
ment of comorbidities." Studies that
assess outcomes of ever or current,
but not incident (ie, onset), asthma
may be susceptible to reverse causal-
ity even if measured after the time of
exposure. A specific type of reverse
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causality is protopathic bias, which oc-
curs when early symptoms of undiag-
nosed asthma are attributed mistak-
enly to respiratory infection and are
treated with antibiotics. Diagnosis of
asthma in children may occur up to
several years after the onset of respi-
ratory symptoms,'2'5 which suggests
that studies that use a short “wash-
out” period between antibiotic expo-
sure and outcome assessment may be
susceptible to protopathic bias. Detec-
tion bias, which occurs when the like-
lihood of diagnosis is influenced by the
patient’s frequency of physician con-
sultations, may also be an issue.' Indi-
cation bias, which occurs when respi-
ratory infections are treated with
antibiotics while being independent
risk factors for asthma, is likewise a
strong possibility."*'8 Finally, recall
bias may be a confounder for retro-
spective studies, because parents of
children with asthma may be more
likely to recall early life exposures.

The purpose of this review was to sys-
tematically evaluate evidence from
studies that addressed 2 questions:
“Does antibiotic exposure in the first
year of life increase the risk of asthma
in children aged 3 to 18 years?” and
“Does antibiotic exposure during preg-
nancy increase the risk of asthma in
offspring by the age of 18 years?” For
the first question, the separation of at
least 2 years between exposure and
outcome was chosen to reduce the
likelihood of reverse causality or pro-
topathic bias in the included studies.

A previous systematic review in 2006
by Marra et al'” similarly examined the
evidence for association between anti-
biotic exposure in the first year of life
and childhood asthma, but the results
of numerous studies that addressed
this question have been published
since then.

Evidence of a true association be-
tween antibiotic use and childhood
asthma would further support the

reduction of unnecessary antibiotic
prescriptions during pregnancy and
in early life and add support for the
hygiene hypothesis.

METHODS

A completed PRISMA (Preferred Re-
porting ltems for Systematic Reviews
and Meta-analyses) 2009 checklist for
this systematic review is available in
Supplemental Table 3. A protocol for
this review has not been previously
published.

Search Strategy and
Study-Selection Criteria

PubMed was searched between the
date of index start (1950) and July 1,
2010. The search was not restricted by
language. The following query string
was used: (child or childhood or “early
life” or “early child” or postnatal or pe-
diatric or prenatal or antenatal or
pregnancy or “in utero” or maternal or
infant or mothers or mother or “ma-
ternal exposure” or “maternal expo-
sures” or “prenatal exposure delayed
effects” or “prenatal care”) and
(asthma* or wheezing or atopy or
GOPD or “chronic obstructive pulmo-
nary disease” or bronchitis or bronchi-
olitis) and (antibiotic* or antimicrobial
or antibacterial or “anti-bacterial
agents”).

A publication was selected for further
evaluation if it met inclusion criterion
of evaluating an association between
exposure to antibiotics and an out-
come of childhood asthma. Outcomes
defined as “wheeze” or “wheezing” but
not asthma were not included. A study
was excluded from final analysis if it
met 1 of the following criteria: (1)
there was no reported age of exposure
or outcome; (2) only mixed exposures
or outcomes were assessed (ie, expo-
sure to antibiotics and another factor
ordevelopment of asthma and another
condition); (3) antibiotic exposure was
assessed after 1 year of age only; (4)
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asthma was assessed before 3 years
only (for studies of childhood expo-
sure); (5) outcomes were assessed af-
ter 18 years of age only; or (6) there
was a lack of a reported statistical
measure of association or enough
data to allow for its calculation. If a
study assessed asthma that could
have been diagnosed before 3 years
but also included any of years 3to 18 in
its follow-up, it was still included in this
study. Each included study was scored
on the basis of a modified Strengthen-
ing the Reporting of Observational
Studies in Epidemiology (STROBE)
checklist,® and studies were excluded
if they had <<50% of STROBE checklist
criteria.

Data Extraction

Studies were evaluated and ab-
stracted by 2 independent reviewers
(Mr Murk and Dr Risnes); discordant
data abstraction was resolved by con-
sensus and discussion with a third re-
viewer (Dr Bracken). For each included
study, data were collected regarding
study design, population size in
each study group, criteria for eligibil-
ity, time of antibiotic use, type of anti-
biotic used, number of prescriptions
for antibiotics, reasons for antibiotic
use, method of determining antibiotic
exposure, time of asthma diagnosis,
method of determining asthma diag-
nosis, risk estimates with 95% confi-
dence intervals (Cls), respiratory in-
fections between ages 0 and 1 year,
number of medical consultations (vis-
its to a physician) between ages 0 and
1 year, family history of asthma, and
other covariates used to adjust the
risk estimates. If the authors of a study
reported multiple comparisons of an-
tibiotic and exposure, the comparison
that was judged to be the least biased
(eg, had an older first possible age of
asthma diagnosis or was adjusted for
respiratory infections or other factors
mentioned above) was included forthe
final analysis. When the authors re-
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ported an adjusted estimate for the
whole cohort, as well as for a sub-
group with asthma first diagnosed at
or after 2 years of life, the overall re-
sults were included in the appropriate
main analysis, and the latter was
included in comparisons of age of
diagnosis-related subgroups.

Retrospective studies were defined as
those studies that assessed exposures
by self-report after they had already
occurred. Database studies were as-
sessed as a separate type of study de-
sign and were defined as those that
assessed exposures via a medical
practice or administrative database.

Statistical Methods

The effect measure used in the meta-
analysis was the adjusted odds ratio
(OR), relative risk (RR), or hazard ratio
(HR) for asthma. If no adjusted effect
measure was provided, then the crude
measure was used. Meta-analysis was
performed by using random-effects
and fixed-effects models; the fixed-
effects models were only used when
low or moderate heterogeneity was
detected. When not otherwise speci-
fied, pooled estimates mentioned in
the text are from a random-effects
model. Effect measures were weighted
by log inverse variance. Heterogeneity
was assessed by using Cochran’s (
(x?) statistic (P < .10 was considered
significant evidence for heterogene-
ity), the P test (values of >40%
and >75% were considered to indi-
cate moderate and high heterogeneity,
respectively), and visual inspection of
Galbraith plots. Sources of heteroge-
neity were investigated by performing
subgroup sensitivity analyses of stud-
ies on the basis of the following pre-
specified factors: study design (retro-
spective, database, or prospective
study design); age of asthma onset
(0—1 vs =2 years); asthma definition
(doctor-diagnosed versus parental re-
port of “having asthma”); use of an
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RR/HR or an OR effect estimate; adjust-
ment for respiratory infections; ad-
justment for number of medical con-
sultations; and adjustment for family
history of asthma. Comparison of
pooled effect estimates was per-
formed by using a test of interaction
for normally distributed differences in
effect estimates.” Publication bias
was evaluated by visual inspection of
funnel plots and by using Egger’s
asymmetric distribution test; P < .10
was considered significant.0

Statistical significance for pooled esti-
mates was defined by using a = .05.
Calculations were performed by using
Review Manager (RevMan) 5.0 (Co-
chrane Collaboration, Oxford, United
Kingdom  [www.cc-ims.net/revman])
and SAS 9.0 (SAS Institute Inc, Cary,
NC).

RESULTS

Study Selection

The literature search identified 2071
citations, of which 29 assessed the as-
sociation between antibiotics and
asthma (Fig 1). Of these 29 studies,
721-27 were excluded because they met
exclusion criterion (see Supplemental
Table 4): 3 studies only examined anti-
biotic exposures after 1 year of age,
and 4 studies only examined mixed
outcomes (asthma with another mor-
bidity). The remaining 22 studies
were included in the final analysis.
Characteristics of the included studies
that assessed exposure in infancy2-4
(n=20) are listed in Table 1, and stud-
ies of in utero exposures#4849 (n = 3)
are listed in Table 2. Two of the in-
cluded studies met strict exclusion cri-
teria by exceeding age of exposure
(Wickens et al*; exposure age: 0—15
months) or outcome (Sobko et al*;
asthma outcome age: 7—23 years [me-
dian age: 71) limits, but they were re-
tained because it was judged that
these ages of exposure/outcome were
not substantially different from those
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N =2071

References identified through database searching

_>

n=2032

Studies that did not evaluate an association between
antibiotics and development of childhood asthma

Y

n=29

Remaining studies (those that met inclusion criterion)

P | Studies that met exclusion criteria (n = 7)
» 3 outcome assessed atage <4y
* 4 outcome not asthma only

Y

Studies included in qualitative and quantitative synthesis (n = 22)
« 19 assessed childhood antibiotic exposures only
« 1 assessed prenatal and childhood antibiotic exposures
« 2 assessed prenatal antibiotic exposures only

FIGURE 1

Allocation of 2071 publications identified by a PubMed search for all studies published between 1950

and July 1, 2010.

in the rest of the studies. Several in-
cluded studies presented multiple es-
timates each for risk of asthma (ie, by
conducting sensitivity or subgroup anal-
yses); in such cases, the estimate that
was judged to be the least susceptible to
bias while retaining the most statistical
power was included in the meta-
analysis. A detailed list of all estimates
eligible for inclusion, as well as rationale
for selecting the estimate that was used,
are provided in Supplemental Table 5
(early life exposures) and Supplemental
Table 6 (in utero exposures).

Exposure to Antibiotics in the First
Year of Life and Risk of Childhood
Asthma

Study-specific and pooled risk esti-
mates of asthma after any exposure to
antibiotics in the first year of life are
provided in Fig 2. The pooled OR for the
adjusted estimates of all 20 applicable
studies was 1.52 (95% Cl: 1.30-1.77).
However, this estimate showed high
heterogeneity (P = 95%), which sup-
ports the need for subgroup analysis.
For the main subgroup analysis, stud-
ies were analyzed according to design
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type (viz, retrospective, database, or
prospective). Retrospective studies
(n = 8) showed the highest pooled es-
timate of any subgroup (pooled OR:
2.04[95% Cl: 1.83—2.27]). These studies
contributed significantly to the hetero-
geneity among all included studies
while having moderate intragroup het-
erogeneity (P = 45%). Database stud-
ies had a significantly weaker pooled
estimate (n = 6; 0R: 1.35[95% Cl: 1.12—
1.62]) (test for interaction, retrospec-
tive versus database subgroup: P =
.0001). Prospective studies revealed
the weakest pooled estimate, which re-
vealed no significant effect of antibiot-
ics on asthma (n = 6; OR: 1.07 [95% Cl:
0.89—1.28]) (retrospective or data-
base versus prospective subgroup:
P < .000001 and P = .075, respec-
tively). However, prospective studies
were small (total cohort size: 5133
subjects) compared with the total
database cohort size (400 167 sub-
jects). Significant heterogeneity was
detected among database studies
(P = 96%) but not prospective stud-
ies (P =0%).

To further investigate heterogeneity
according to factors other than study
design, sensitivity analyses were per-
formed by using prospective and data-
base studies combined (retrospective
studies were excluded because of the
clear effect on heterogeneity, as dis-
cussed in the previous section). The
main findings for the sensitivity analy-
ses are provided in Fig 3, and Supple-
mental Table 7 summarizes all sensi-
tivity analyses in detail. The pooled OR
for prospective and database studies
combined was 1.25 (95% Cl: 1.08—1.45;
P = 92%; n = 12). Stratifying this
group according to age of first possi-
ble asthma incidence revealed that
studies with asthma at ages 0to 1 year
had a higher pooled estimate (n = 9;
OR: 1.26 [95% Cl: 1.08—1.471; P = 51%)
than those with asthma at ages 2to 3
(n = 3; OR: 1.16 [95% Cl: 1.06—-1.25];
P = 43%), although this difference
was not significant. This effect was
driven by database studies, because
there were no prospective studies that
assessed asthma at the age of 2 years
or older. Stratifying according to ad-
justment or no adjustment for respira-
tory infections revealed that studies
that did not adjust had a higher pooled
estimate (n=7; 0R: 1.38 [95% Cl: 1.15—
1.65]; P = 64%) than those that did
adjust (n = 5; OR: 1.16 [95% Cl: 1.08—
1.25]; P = 30%) (test for interaction:
P = .079). This result was also ob-
served when restricted to database
studies but not when restricted to pro-
spective studies. Figure 3B provides a
Galbraith plot that illustrates study
heterogeneity when stratifying accord-
ing to adjustment for respiratory in-
fections. Note that the 2 largest stud-
ies, by Martel et al*® and Marra et al,*
strongly influenced study heterogene-
ity and the results of the stratification
analyses. Although both of them were
large database studies, Martel et al*®
examined asthma at age 0 or older, did
not adjust for respiratory infections,
and reported a relatively strong
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References Included No. of No.of  No., Heterogeneity Pooled OR Pooled OR F;::ITdtSubf.roup
Subgroup in Each Group Studies Cases Total [ 2P [95% CI] (FE) [95% CI] (RE) ‘(I'esl :em fon
Prospective design [30, 37, 38, 42, 44, 45] 6 390+ 5,133 0% .45 1.07 [0.89, 1.28] 1.07 [0.89, 1.28]
By adj. for respiratory infections
Not adj. for respiratory infections  [30, 37, 42, 44] 4 390 1,862 29% .24 1.04 [0.83, 1.31] 1.05[0.77, 1.45] 80 075
Adj. for respiratory infections [38, 45] 2 - 3,271 0% .51 1.11[0.83, 1.49] 1.11[0.83, 1.49] :
Database design [29, 36, 39 - 41, 43] 6 28,179 400,187 96% <.0001 - 1.35[1.12, 1.62]
By age of asthma incidence
Incident asthma at 0-1y [36, 41, 43] 3 3,775 34,446 56% .10 1.41[1.28, 1.55] 1.44[1.21,1.72] 028
Incident asthma at 2-3 y [29, 39, 407 3 20,113 275,630 0% .99 1.13[1.09, 1.17] 1.16 [1.06, 1.25] .
By ad. for respiratory infections
Not adj. for respiratory infections [40, 41, 43] 3 8,214 131,076 0% 92 1.59 [1.51, 1.68] 1.59 [1.51, 1.68] <0001
Adj. for respiratory infections [29, 36, 39] 3 19,965 269,111  62% .07 1.13[1.10, 1.17] 1.17 [1.06, 1.29] :
Prospective and database design [29, 30, 36 - 45] 12 28,569+ 405,320 92% <.0001 - 1.25[1.08, 1.45]
By age of asthma incidence
Incident asthma at 0-1y [30, 36 - 38, 41 - 45] 9 4,165+ 39,579 51% .04 1.32[1.22, 1.44] 1.26 [1.08, 1.47] 34
Incident asthma at 2-3 y [29, 39, 4017 3 20,113 275,630 43% A7 1.13[1.09, 1.17] 1.16 [1.06, 1.25] )
By adj. for respiratory infections
Not adj. for respiratory infections = [30, 37, 40 - 44] 7 8,604 132,938 64% .01 1.56 [1.48, 1.64] 1.38[1.15, 1.65] 079
Adj. for respiratory infections [29, 36, 38, 39, 45] 5 19,965+ 272,382 30% 22 1.13[1.10, 1.17] 1.16 [1.08, 1.25] .
25 —— —— ;
. Did not adjust for respiratory infections; prospective Martel et al*® e
o Did not adjust for respiratory infections; database el
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FIGURE 3

Investigation of heterogeneity among studies that assessed the association between early-life antibiotics and asthma. A, Sensitivity analysis of
nonretrospective studies to identify sources of heterogeneity. Studies are first stratified according to design type (prospective, database, or both)
and then to age of asthma incidence or adjustment for respiratory infections. Fixed-effects pooled estimates were not calculated when a subgroup
showed high heterogeneity (P > 75%). @ Estimate is for the age 3+ subgroup of Martel et al“® (see Supplemental Table 5), used here for the analyses
of stratification according to diagnosis age; when not indicated (ie, for other stratifications), the main analysis from Martel et al** was used. FE
indicates fixed-effects model; RE, random-effects model. B, Superimposed Galbraith plots of prospective/database studies stratified according to
adjustment for respiratory infections (blue) or no such adjustment (red). The slope of each regression line represents the magnitude of effect of
a pooled analysis of studies in each stratum; shaded areas indicate 2 SDs above and below the regression lines. In the absence of significant
heterogeneity, 95% of the included studies are expected to lie within this interval. Studies are also characterized by prospective versus database
design and by age of first possible asthma incidence. Studies that fell outside of the confidence bounds of at least 1 stratum (even if not included
in the regression analysis of that stratum) are indicated by reference identity.

Analysis of Dose-Specific Exposure sure to antibiotics included esti- none (Fig 4). Pooled ORs of these stud-

to Antibiotics in Early Life and Risk
of Asthma

Ten studies that assessed the risk
of asthma after early-life expo-

PEDIATRICS Volume 1

mates by number of courses of anti-
biotics 28-3036-39414446  Fjye of these
studies?829363941 gllowed comparisons
of 1t02,3104, and >4 courses versus
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ies revealed that there was a stron-
ger risk of asthma for increased
numbers of doses. However, when
the study by Ahn et al?® (the only ret-
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FIGURE 4

Dose-effect assessment for antibiotics in early life and risk of childhood asthma. A, Study characteristics; B, study-specific and pooled effect estimates
according to number of courses of antibiotics. 2 Ages of first possible diagnosis and/or symptoms of asthma in cohort; ® design methodology used to assess
exposure (R, retrospective; D, database); ¢ outcome diagnosed by a doctor (D, doctor diagnosis determined from a database) or not (ie, parental report of
the child “having asthma”); 4 outcome adjusted or not for respiratory infections at least in the first year of life (L, adjusted for lower respiratory infections;
U, adjusted for upper respiratory infections); ¢ outcome adjusted or not for number of medical consultations at least in the first year of life; f outcome
adjusted or not for family history of asthma (M, maternal asthma); € study weight by inverse variance of the effect estimate for the pooled estimate of each

dose group (n = 5).

rospective study) was removed, the
pooled estimates for >4 and 3 to 4
courses were nearly the same. No
pairwise comparison with the 1- to
2-course subgroup showed a signifi-
cant test for interaction for either
analysis.
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Five additional studies3037.384446 exam-
ined dose-specific effects but did not
have directly comparable strata. When
combined into strata with the previous
5 studies (n = 10), the pooled OR for
assessment of >1vs 0 or >2 courses
vs 0 was 1.49 (95% Cl: 1.24—-1.80; P =

76%), whereas the pooled OR for as-
sessment of 1 course vs 0 or 110 2
courses vs 0 was 1.24 (95% Cl: 1.10—
1.40; P = 72%) (test for interaction:
P = .11). When the 2 retrospective
studies were removed (Wickens et al*
and Ahn et al®) (n = 8), these pooled
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Association between exposure to antibiotics during pregnancy and risk of childhood asthma. 2 Design methodology used to assess exposure (P, prospective;
D, database); P outcome diagnosed by a doctor (D, doctor diagnosis determined from a database); ¢ outcome adjusted or not for number of medical
consultations at least in the first year of life; ¢ study weight by inverse variance of the effect estimate for the pooled estimate (n = 3); ¢ estimate derived
from a pooled estimate of exposure dose-specific estimates for which estimate of any versus no exposure was not directly provided; f estimate is the RR per
additional antibiotic prescription, because an estimate of any versus none was not provided.

estimates became 1.37 (95% Cl: 1.14—
1.65; P = 74%) and 1.15 (95% Cl: 1.08—
1.23; P = 20%), respectively (test for
interaction: P = .08).

Exposure According to Type of
Antibiotics and Risk of Asthma

Four studies assessed the effect of
type of antibiotic on the association be-
tween exposure in the first year of life
and childhood asthma, but because of
high heterogeneity they could not be
meta-analyzed. McKeever et al*' re-
ported that although amoxicillin, mac-
rolides, cephalosporins, and augmen-
tin were all associated with a
significantly increased risk of asthma,
no risk with penicillin was revealed. In
contrast, Marra et al®® reported that
penicillin exposure was associated
with a relatively high risk for asthma
and that amoxicillin, macrolides, ceph-
alosporins, and sulfonamide were also
significantly associated with asthma,
whereas all other types of antibiotics
were not. Kozyrskyj et al®® grouped an-
tibiotics into categories of “narrow-
spectrum”  (penicillin,  cloxacillin,
cephalexin, cefadroxil, and erythromy-
cin) and “broad-spectrum” (all other
classes) antibiotics and found that the
OR for narrow-spectrum antibiotics
was 1.35 (95% Cl: 0.29—-6.23), whereas
for broad-spectrum antibiotics the OR
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was 1.50 (95% Cl: 1.16—1.93). Finally,
Celedodn et al?® reported that there was
no association according to any class
of antibiotic.

Exposure to Antibiotics During
Pregnancy and Risk of Asthma

Three studies assessed whether expo-
sure to antibiotics in pregnancy was
associated with childhood asthma (Fig
9). The pooled estimate for these stud-
ies revealed an increased risk with
borderline significance (pooled OR:
1.24 [95% Cl: 1.02—1.50]; # = 80%). The
only prospective study had the highest
effect estimate (OR: 1.70 [95% Cl: 1.11—
2.60]) compared with the other 2 stud-
ies, which were of database design
(pooled OR of the 2 database studies:
1.38 [95% Cl: 1.07-1771; P = 73%). The
2 studies that did not adjust for medi-
cal consultation rates had a higher
pooled estimate (pooled OR: 1.65 [95%
Cl: 1.32-2.071; P = 0%) than the study
that did (RR: 1.09 [95% Cl: 1.06—1.12]).
The estimate for this latter study, Mar-
tel et al,*0is the RR per each additional
antibiotic prescription, which may ex-
plain the smaller effect estimate.

DISCUSSION

With this review we aimed to deter-
mine if exposure to antibiotics during
pregnancy or in early life increased

ﬁediatricsaappublicationsorg at Swets Info Serv 37619198 on June 13, 2011

the risk for childhood asthma. On the
basis of the heterogeneity analysis,
nonretrospective studies that ad-
justed for respiratory infections likely
had the greatest validity in assessing
early-life exposures. The pooled esti-
mate of effect for these studies (OR:
1.13 [95% Cl: 1.10—1.17]; n = 5; fixed
effects) is also in general agreement
with stratification according to studies
that only examined asthma at the age
of 2 years or older (pooled OR: 1.13
[95% Cl: 1.09-1.17]; n = 3; fixed ef-
fects), which suggests that there is a
significant but weak association be-
tween antibiotic use in early life and
childhood asthma.

Assuming a baseline childhood
asthma incidence rate of 10%, an OR of
1.13 (95% Cl 1.10—1.17) yields a num-
ber needed to harm of 87 (95% Cl: 67—
113); that is, for every 87 children
exposed to antibiotics, 1 child will de-
velop asthma because of his or her an-
tibiotic exposure. However, this number
is highly uncertain, because it is sensi-
tive to the assumptions that were used
to generate the effect estimate. Never-
theless, if there is a true causal relation
between antibiotics and asthma, the to-
tal number of children who develop
asthma as a result ofthis exposure is not
insignificant even for small effect esti-
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mates, given the large proportion of chil-
dren who are exposed to antibiotics.

We took 2 approaches in attempting to
reduce the effect of protopathic bias:
(1) stratifying studies according to
their adjustment or lack of adjustment
for respiratory infections; and (2)
stratifying studies according to their
age of first possible asthma diagnosis
(age 0 or 1 vs =2 years). With both of
these stratifications we were able to
reduce the heterogeneity among the
combined prospective and database
studies, and studies that did not adjust
for respiratory infections or used ear-
lier ages of asthma incidence revealed
a stronger relationship between anti-
biotic exposure and asthma, which sup-
ports the interpretation that protopathic
bias was present among such studies.
However, protopathic bias likely does
not completely explain the observed
association between antibiotics and
asthma, because pooled estimates of
studies with older ages of asthma inci-
dence and those that adjusted for respi-
ratory infections retained significant
risk estimates. This insufficiency of pro-
topathic bias to completely account for
the association is emphasized by the
Marra et al study,® in which 2 sensitivity
analyses were conducted: 1 that exam-
ined antibiotics not dispensed for respi-
ratory infections or otitis media in the
first year of life, which revealed that the
association with asthma at ages 2
through 9 years was retained (HR: 1.13
[95% Cl: 1.09—1.16]), and 1 that excluded
children diagnosed with respiratory in-
fections or otitis in the first year, which
also revealed that the association was
retained (HR: 1.17 [95% CI: 1.10—1.25]).

Retrospective studies (with self-
reported exposure) revealed the high-
est pooled risk estimate of any sub-
group, which strongly suggests recall
bias. Gonversely, all nonsignificant es-
timates of asthma risk were reported
by prospective studies, which may be a
result of the relatively small number of
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subjects in the prospective studies
compared with the database studies.
Moreover, it has been suggested that
antibiotic use is not a risk factor in
children with a genetic predisposition
to asthma,'”36 which could explain the
lack of an association in 2 of the pro-
spective studies that exclusively stud-
ied children with a family history of al-
lergic disease. To explore the effect of
familial history of asthma, we con-
ducted a subgroup analysis that re-
vealed that, although the association
was “protective” in the high-risk stud-
ies and harmful in the other prospec-
tive studies, the low numbers of partic-
ipants yielded low precision, and we
found no statistical difference be-
tween the 2 groups. The uncertainty of
subgroup effects by parental asthma,
therefore, challenges the interpreta-
tion of the lack of an association in the
prospective study group.

Database studies included in this re-
view mostly showed significant associ-
ations, but this study design may be
vulnerable to recall biases in their
original data collection and suscepti-
ble to detection bias, as well as other
potential limitations.5® Because evi-
dence of a significant association be-
tween antibiotics and asthma in the
reviewed literature is entirely sup-
ported by retrospective and data-
base studies, the conclusion that
there is a causal relationship be-
tween antibiotics and asthma should
be treated with caution until large,
prospective studies can be con-
ducted to examine this question.

For the 3 studies of in utero antibiotic
exposure, the pooled estimate re-
vealed a significantly increased risk of
asthma, which supports an etiologic
relation between antibiotic use and
asthma, because reverse causality
and protopathic bias are inherently
avoided in this exposure. However,
these studies may still be susceptible
to sources of confounding such as pre-

maturity, chorioamnionitis, and ma-
ternal smoking, all of which may be as-
sociated with antibiotic use during
pregnancy and asthma or wheezing in
children.®'%2 Although Benn et al*® and
Martel et al* adjusted for low gesta-
tional age and small-for-gestational
age, respectively, the McKeever et al*®
study had no similar adjustment. In ad-
dition to chorioamnionitis, other types
of maternal infections have also been
associated with increased asthma risk
in the child,*5% which makes it difficult
to disentangle the independent effects
of antibiotics and infections, although
the study by McKeever et al* found
that prenatal antibiotics significantly
increased the risk for asthma even
after adjusting for the number of ma-
ternal infections. Other sources of
bias, including detection bias, may
alsoremain. Intrapartum antibiotics,
such as used for group B streptococ-
cus prophylaxis, have been sug-
gested to be another exposure
source that could influence the risk
of asthma,® but investigation of this
relationship remains underdevel-
oped in the literature and was not
included in our review.

A primary strength of our systematic
review is our focus on minimizing the
most likely sources of bias that con-
found the relation between antibiotics
and asthma, including subgrouping
analyses according to study design,
age of asthma diagnosis, and adjust-
ment for respiratory infections. Limita-
tions include the possibility that ana-
lyzing longer “wash-out” periods (ie, by
using later ages of asthma diagnosis)
between antibiotic exposure and
asthma may overcompensate for pro-
topathic bias, because it is possible
that a true etiologic relation between
antibiotic exposure and asthma may
be more likely to occur on a shorter
time scale than can be assessed by
waiting until the age of 2 years or older
to determine outcome. Moreover, fully
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adjusted effect estimates from most
studies may have “overadjusted” the
pooled estimate compared with what
the true estimate should be.

A previous systematic review on child-
hood antibiotic exposure and asthma
(by Marra et al'") included 8 studies in
its meta-analysis. Our review included
all of the studies from the previous re-
view, except 1 that did not meet the
criteria of exposure,2together with an
additional 13 studies for early-life ex-
posure. The main conclusions of our
review are in agreement with those of
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Cross-sectional study of 14 893 children that examined the association between atopic
eczema with asthma and antibiotic use ever
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REVIEW ARTICLES

SUPPLEMENTAL TABLE 7 Sensitivity Analyses for Early-Life Exposure to Antibiotics and Risk of Childhood Asthma

Design Prospective, All Asthma Database Prospective and Database,
Incidence Ages (0-1y) All Asthma Incidence Asthma Incidence Asthma Incidence All Asthma Incidence Age
Ages (0-2y) Ages 0—1ya Ages 2-3 y@ 0-2y)
All studies, OR (95% Cl) 1.07 (0.89-1.28) 1.35 (1.12-1.62) 144 (121-1.72)  1.16 (1.06-1.25) 1.25 (1.08-1.45)
NOA Of Studies and reference numbers 630,37,35,42,44,45 629,56,59741,45 336,41,45 329,39—40,b 1229,30—36745
X% P 45 <.0001 .10 99 <.0001
P, % 0 96 56 0 92
Prospective vs Database, age 0—1
database (all ages) vs 2y, P-.028
P- 075
Stratified according to asthma ascertainment
method
Doctor diagnosis, OR (95% Cl) 1.08 (0.59-1.96) 1.33 (1.10-1.62) 144 (1.16-1.80)  1.16 (1.06-1.25) 1.29 (1.08-1.55)
NOA Of StUdieS and reference number 330,37,44 529,56,59741 236,41 329,39,40,[) 829,30,56,57,39741,44
X% P 12 <.0001 .03 99 <.0001
P, % 52 97 78 0 94
Doctor diagnosis, yes vs no, P 98 .68 92 NA .32
No doctor diagnosis, OR (95% Cl) 1.07 (0.88—1.31) 1.48 (0.93-2.35) 1.48 (0.93-2.35) NA 1.13 (0.94-1.36)
No. of studies and reference number 3584245 143 143 0 438424345
X2 P 76 NA NA NA 55
P, % 0 NA NA NA 0
Stratified according to adjustment or no
adjustment for respiratory infections
Adjusted for respiratory infections, OR 1.11 (0.83—1.49) 1.17 (1.06-1.29) 1.30 (1.15-1.47)  1.12 (1.08-1.16) 1.16 (1.08—1.25)
(95% Cl)
No. of studies and reference number 238.45 329.36.39 138 229.39 529,36,38,39.45
X% P 51 07 NA 99 22
P, % 0 62 NA 0 30
Adjusted for respiratory infections, yes .80 <.0001 .038 NA .079
vs no, P
Not adjusted for respiratory infections, OR 1.05 (0.77-1.45) 1.59 (1.51-1.68) 1.61 (1.38-1.89) 1.29 (1.12-1.49) 1.38 (1.15-1.65)
(95% Cl)
No. of studies and reference number 43037.42.44 34041.43 24143 140b 730.37.40-44
X% P 24 92 70 NA 01
P, % 29 0 0 NA 64
Stratified according to adjustment or no
adjustment for No. of medical
consultations
Adjusted for consultations, OR (95% ClI) 0.90 (0.35—-2.30) 1.32 (1.07-1.61) 1.44 (1.16-1.80)  1.12 (1.08-1.16) 1.30 (1.07-1.58)
No. of studies and reference number 137 356.59.41 23641 139 436,57.39.41
X2 P NA <.0001 .03 NA <.0001
P, % NA 91 78 NA 87
Adjusted for consultations, yes vs no, P 71 .80 .92 29 .66
Not adjusted for consultations, OR (95% Cl) 1.08 (0.88—1.32) 1.38 (1.04—1.82) 1.48 (0.93-2.35)  1.21 (1.06-1.39) 1.22 (0.99-1.50)
NO. Of StUdieS and r\eference number 530,38,42,44,45 329,40‘43 143 229,40,[) 829,50‘58,40,42—45
X2 P 33 .0007 NA 22 <.0001
P, % 13 86 NA 34 98
Stratified according to estimate type
RR/HR estimate type, OR (35% Cl) 1.04 (0.78-1.37) 1.42 (1.07-1.88) 1.63 (1.38-1.93)  1.18 (1.03-1.35) 1.33 (1.04-1.70)
No. of studies and reference number 142 33941 141 239.40b 439-42
X% P NA <.0001 NA 06 <.0001
P, % NA 98 NA 71 98
RR/HR vs OR, P 81 .38 040 64 49
OR estimate type, OR (95% Cl) 1.09 (0.84-1.42) 1.24 (1.10-1.40) 1.31 (1.16-1.48)  1.12 (0.94-1.33) 1.21 (1.08-1.35)
NO. Of StUdieS and reference number\ 530,37,38,44,45 329,36,43 236,43 129 829,30,36—38,45—45
X% P 32 29 .60 NA 32
P, % 14 19 0 NA 14
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SUPPLEMENTAL TABLE 7 Continued

Design Prospective, All Asthma Database Prospective and Database,
Incidence Ages (0-1y) All Asthma Incidence Asthma Incidence Asthma Incidence All Asthma Incidence Age
Ages (0-2y) Ages 0—1ya Ages 2-3 y2 0-=2y)
Stratified according to adjustment for family
history of asthma
Adjusted for family history of asthma¢ 1.09 (0.87-1.37) 1.45 (1.19-1.76) 1.30 (1.15-1.47) 129 (1.12-1.49) 1.32 (1.09-1.59)
No. of studies and reference number 25842 23640 136 1400 436,58,4042
X2 P .53 .003 NA NA .0005
P, % 0 88 NA NA 83
Adjusted for family history, yes vs no, P .62 .39 038 40 .82
No adjustment for family history of 1.29 (0.69-2.41) 1.28 (1.05-1.57) 1.61(1.38-1.89) 121 (1.08-1.16) 1.28 (1.07-1.53)
asthmac
No. of studies and reference number 24445 429,59.4143 24143 22939 629.59.41.45-45
X2 P 13 .0002 70 99 0006
P, % 57 85 0 0 77
Cohorts with a family history of asthma 0.79 (0.48-1.28) NA NA NA 0.79 (0.48—1.28)
No. of studies and reference number 25057 0 0 0 23057
X2 P 75 NA NA NA 75
P, % 0 NA NA NA 0

NA indicates not applicable.

a Martel et al*® (2009) were included in the 2- to 3-year age group but not the 1- to 2-year age subgroup for database studies, using that study’s age 3+ estimate.
b ndicates the use of the age 3+ estimate by Martel et al*® (see the Martel et al entry, second row, in Supplemental Table 5).

¢ Not including data from Celeddn et al® or Kusel et al3” (studies with cohorts with a family history of asthma).
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