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Abstract

Objectives—~Prior studies have reported increased risks of congenital heart defects (CHD) and
pyloric stenosis (PS) after prenatal exposure to macrolide antibiotics. We sought to assess the
association between maternal use of erythromycin and non-erythromycin macrolides and the risks
of CHD and PS.

Study Desigh—Among participants in the Slone Epidemiology Center Birth Defects Study from
1994 to 2008, we identified 4132 infants with CHD and 735 with PS as cases, and 6952 infants
without any malformation as controls. We estimated odds ratios (ORs) and 95% confidence
intervals (CIs) associated with use of erythromycin or non-erythromycin macrolides in each
trimester using conditional logistic regression and adjusting for risk factors for CHD and PS,
fever, specific types of infections, and their associated treatments.

Results—During the first trimester, 0.4% and 0.7% of control women had used erythromycin
and non-erythromycin macrolides, respectively. Compared to non-use during pregnancy, first-
trimester exposure to erythromycin was not associated with an increased risk of CHD (OR, 1.3;
95% ClI, 0.6-2.6) or PS (OR, 0.9; 95% CI, 0.3-3.0). The corresponding ORs for non-erythromycin
macrolides were 0.7 (95% ClI, 0.4-1.3) for CHD and 1.7 (95% ClI, 0.6-4.6) for PS. We found no
association between third-trimester exposure to erythromycin or non-erythromycin macrolides and
the risk of PS. Hypothesis generation analyses did not identify appreciable associations between
maternal use of macrolides and other common specific birth defects.

Conclusions—We found no meaningful associations between the risks of CHD, PS, and other
common malformations in relation to use of macrolides in pregnancy.
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Introduction

Macrolide antibiotics are frequently used for presumed or documented Gram-positive lower
and upper respiratory infections, soft tissue infections, and Helicobacter pylori-related peptic
ulcer. Moreover, for the treatment of chlamydia and other selected infections in pregnancy,
erythromycin has been specifically recommended because other effective antibiotics for
such infections are contraindicated for pregnant women.! Because these indications are
common and azithromycin and erythromycin are classified as FDA category B, macrolide
antibiotics are the second most frequently used antibacterial class during pregnancy in the
United States.? 3 Macrolide antibiotics are often subdivided into erythromycin, the first-
introduced macrolide, and non-erythromycin drugs, including clarithromycin and
azithromycin, which have fewer effects on gastrointestinal motility than erythromycin.

Exposure to erythromycin in early pregnancy has been associated with an increased risk of
congenital heart defects (CHD) (odds ratios [OR], 1.84; 95% confidence interval [CI], 1.29—
2.62); the association was largely attributed to unspecified CHD (OR, 3.57; 95% ClI, 1.70-
6.12).5 However, Cooper et al. did not find an increase in the risk of CHD after exposure to
either erythromycin or non-erythromycin macrolides.® The National Birth Defects
Prevention Study (NBDPS) also published null findings for macrolides overall in relation to
CHD, but they did not differentiate erythromycin from non-erythromycin macrolides.3

In 1999, infantile hypertrophic pyloric stenosis (PS) was linked to exposure to macrolide
antibiotics in postnatal days 2—17,7 a finding confirmed in 2001.8 Kallen et al. reported an
elevated risk of PS among the offspring of women who took erythromycin in early
pregnancy (risk ratio, 3.03; 95% CI, 1.08-8.50).%> Cooper et al. did not replicate this
association, but found an elevated risk of PS associated with exposure to non-erythromycin
macrolides prescribed any time during pregnancy (OR, 2.77; 95% Cl, 1.22-6.30).° Using
data from the Slone Birth Defects Study (1976-1998), Louik et al. found no association
between PS and exposure to either type of macrolide antibiotics after the 32" gestational
week (OR, 0.7; 95% ClI, 0.3-1.8 for erythromycin and OR, 1.1; 95% CI, 0.3-3.6 for non-
erythromycin macrolides), but there were very few subjects exposed to non-erythromycin
macrolides in this study.1%: 11 These findings have raised concerns regarding maternal use of
macrolide antibiotics in either early or late pregnancy.

Despite being commonly prescribed during pregnancy, the safety profile of macrolide
antibiotics is yet to be determined, not only with regard to the hypothesized risks of CHD
and PS, but also with regard to the range of other specific major birth defects. We therefore
sought to test the hypotheses that the risks of CHD and PS are elevated among infants or
fetuses exposed to erythromycin and/or non-erythromycin macrolides during pregnancy and,
in exploratory analyses, to identify possible associations with other specific defects. The
analyses utilized data from the Slone Epidemiology Center Birth Defects Study (BDS), an
ongoing program of case-control surveillance of medications in relation to birth defects.

Materials and Methods

Study population

The BDS was established in 1976,12 and since that time has interviewed mothers of
malformed infants ascertained through review of admissions and discharges at major referral
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hospitals and clinics in the greater metropolitan areas of Boston, Philadelphia, Toronto and
San Diego, and through statewide birth defects registries in New York State (since 2004)
and in Massachusetts (since 1998). For hospital-based surveillance, the subjects’ physicians
are asked to confirm the diagnosis and mothers are asked to provide medical record releases
in order to permit confirmation of the infant’s condition. Infants with isolated minor defects
are excluded. Beginning in 1992, the BDS also enrolled a sample of mothers of non-
malformed infants as controls: initially these infants were identified exclusively at study
hospitals but, since 1998, the BDS also includes a population-based random sample of
newborns in Massachusetts. The study has been approved by the Boston University
Institutional Review Board (IRB) and the IRBs of all relevant participating institutions. It is
fully compliant with the requirements of the Health Insurance Portability and Accountability
Act. The current analysis was restricted to women interviewed between 1994 and 2008
because full ascertainment of our control group, non-malformed infants, was not underway
until 1994. Among eligible subjects in the last decade, the mothers of 73 percent of
malformed infants and 68 percent of non-malformed controls contacted agreed to an
interview and provided informed consent.

Hypothesis Testing—Cases consisted of 4,132 infants and fetuses with a diagnosis of
CHD and 735 infants with PS. We excluded from analysis infants with chromosomal
defects, known Mendelian inherited disorders, syndromes, DiGeorge sequence (associated
with 22q deletion), and metabolic and functional disorders. CHD or PS complicated with
other defects (but not as part of an identified chromosomal or Mendelian inherited
syndrome) were included in the general analysis and studied separately in a secondary
analysis.

Exploratory analyses—Other major defects examined included the following categories:
1348 oral clefts, 1138 central nervous system (CNS) defects, 308 respiratory system defects,
1825 gastrointestinal system defects, 1099 genital system defects, 1511 urinary system
defects, 1948 musculoskeletal system defects, and 385 others. Where there were sufficient
numbers of subjects with specific defects, those were considered as well. The same
exclusion criteria described above also applied to these case groups.

Our control group consisted of 6,952 infants without any malformation.

Within 6 months of the subject’s delivery, trained study nurses unaware of study hypotheses
interview mothers of study subjects. The 45-60 minute interview is detailed and structured
and includes questions on maternal demographic characteristics, mothers’ medical histories,
obstetric histories, maternal health behaviors and occupation, and a detailed history of the
use of medication (including prescription, over-the-counter, and vitamin and herbal
products) from two months before the date of the last menstrual period (LMP) through the
entire pregnancy. Recall of medication exposures is enhanced by questions regarding
indications for use (e.g., infections), and a list of specifically-named medications,13 which
includes, among other antibiotics, erythromycin and non-erythromycin macrolides.

Mothers who report taking a particular medication are further asked to identify, as
accurately as possible, the dates when use began and ended. Recall of the timing of
medication use is enhanced by the use of a calendar that highlights the mother’s reported
LMP date and her delivery date. Further, subjects are asked how certain they are about each
of these dates. Interviewers record the certainty of each reported date as follows: (i) exact, if
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the exact date is reported, (ii) estimated, if a date is stated as an estimate, or (iii) sometime in
a given month, if the day within a month is unknown. Mothers who cannot recall the month
are considered to have unknown dates of exposure. Mothers are also asked details about
their pattern of use of the particular medication, including duration (days of treatment),
frequency of use (e.g., days per week or month), and specific doses. We defined exposure as
systemic use of erythromycin or non-erythromycin macrolides.

Algorithm to classify timing of exposure

We developed an exposure classification algorithm taking into account recall uncertainty in
reported timing of medication exposure.14 For uncertain start/stop dates reported as being
sometime in a month, we considered the possible exposure period to be the widest interval
consistent with that report (e.g., if a mother reported medication use sometime in May, we
assigned May 1 as her start date and May 31 as her stop date). Based on reported duration of
use, we classified a mother as being “likely exposed” in the window of interest if her
medication use, independent of date certainty, had to at least partially include the window of
interest; she was considered “possibly exposed” if her use could fall either within the
window of interest or completely outside of it. To minimize misclassification of exposure,
only women classified as “likely exposed” to each medication comprised our exposure
group of primary interest.

Data analysis

For both hypothesis testing and the exploratory analyses, we used conditional logistic
regression to estimate ORs and Cls for exposure to macrolide antibiotics in each trimester
and the risk of specific birth defects. For the timing of pregnancy periods, we defined the
LMP date based on early ultrasound examination; in the absence of that information, we
relied on maternal report. We defined the estimated date of conception (EDC) as 14 days
after the LMP date and the first trimester of pregnancy as 90 days following the EDC
(encompassing the etiologically important period of vulnerability to the development of
most structural birth defects). Since that period is not established for PS, we considered
exposure in each trimester for that defect. The second and third trimesters were defined as
915t to 180t day and 1815t day to the end of the pregnancy, respectively, following the EDC.
It was postulated that erythromycin exposure might cause PS by interacting with motilin
receptors, which are present in the fetus beginning at 32 weeks’ gestation.1® Therefore, in a
sensitivity analysis for PS, we also examined exposure to erythromycin after the 321
gestational week. We used multivariate conditional logistic regression to adjust for the
following factors: (1) geographic area of participants’ residences and calendar year when
they were ascertained (to account for secular trends and regional variations in use of
antimicrobials as well as recruitment of cases with specific malformations); (2) risk factors
for congenital malformations, including maternal age, race, education level, pre-pregnancy
body mass index (BMI), family history of CHD or PS, diabetes mellitus, first trimester
cigarette smoking, peri-conceptional folic acid supplement, and multiple pregnancy; (3)
infection-related factors, including urinary tract, respiratory, or vaginal/yeast infection,
sexually transmitted disease, other kinds of infection, and/or febrile events with/without
treatment that occurred in the first trimester. Further adjustment for use of anticonvulsants,
alcohol consumption in the first trimester, and history of infertility with/without treatment
did not change our results appreciably. The reference category was no exposure to the
medication of interest at any time and in any form (systemic or topical use) from 56 days
before the LMP date through the end of pregnancy. To avoid unstable estimates, ORs with
less than 5 exposed cases or 100 total cases were not calculated. Statistical analyses utilized
SAS 9.2 (SAS Institute Inc., Cary, NC).
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Sensitivity analyses

Results

Because preterm deliveries, stillbirths and terminations may occur differentially among
cases versus non-malformed controls and because they would have a shorter opportunity for
exposure late in pregnancy, we conducted a sensitivity analysis that excluded these babies in
the analysis for late exposure to macrolides (in the third trimester or after the 32nd
gestational week).

If a mother reported having used an antibiotic but the type was not otherwise specified
(antibiotic NOS), she would be considered a user of an antibacterial but not a user of a
specific antibiotic. Therefore, the reference group for macrolide antibiotics use could include
a few users of other antibiotics, including antibiotic NOS, some of whom might have
actually used a macrolide antibiotic. In a sensitivity analysis, we excluded users of antibiotic
NOS from the reference group.

Among the control group, 9.5% of women reported having used at least one antibacterial in
the first trimester, the most common type being penicillins (3.4%), followed by macrolide
antibiotics (1.1% overall; 0.4% for erythromycin and 0.7% for non-erythromycin
macrolides); 4.1% reported having taken an antibiotic NOS. From 1994 to 2008, there was a
decreasing trend in erythromycin use and an increasing trend in use of non-erythromycin
macrolides during pregnancy (Figure 1).

Hypothesis testing: CHD and PS

The distributions of selected characteristics are shown for cases and controls in Table 1.
Geographic area of participants’ residences and calendar time were highly associated with
the relative frequency of CHD and PS cases because of secular trends and regional
variations in recruitment of study subjects with different malformations (data not shown).
Therefore all the estimates presented below were adjusted for both factors.

As shown in Table 2, we found no association between first trimester maternal use of
macrolides as a class and the risk of CHD (OR, 0.9; 95% ClI, 0.6-1.3) or PS (OR, 1.3; 95%
Cl, 0.6-2.8). For erythromycin, the risk of CHD was 1.3 (95% Cl, 0.6-2.6) and for PS it was
0.9 (95% Cl, 0.3-3.0). The corresponding ORs for non-erythromycin macrolides were 0.7
(95% Cl, 0.4-1.3) for CHD and 1.7 (95% ClI, 0.6—4.6) for PS. We also found no meaningful
association between the risk of PS and exposure to macrolides overall or to erythromycin or
non-erythromycin macrolides in the second and third trimesters (Table 2). Restriction to data
after 1998 (excluding the data overlapping with our prior study of PS9) did not materially
affect our results (data not shown). Examining specific cardiac defects within the overall
CHD category, we also observed no meaningful associations. For example, the OR of septal
defects was 1.3 (95% Cl, 0.6-3.0) for erythromycin and 0.8 (95% CI, 0.4-1.4) for non-
erythromycin macrolides (Table 3). In the sensitivity analysis for etiologically relevant
timing of exposure for PS, no associations were found between either erythromycin or non-
erythromycin macrolides after the 32" gestational week. Excluding preterm deliveries,
stillbirths and therapeutic abortions did not appreciably affect our risk estimates for late-
pregnancy exposure to macrolide antibiotics or to the macrolide subgroups (data not shown).
Exclusion of users of antibiotic NOS from the analysis or restriction to isolated CHD and PS
(without other major malformations) also did not materially affect the results (data not
shown).
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Role of confounding by risk factors and by indication

ORs adjusted for geographic region of participants’ residences and year of ascertainment
were only marginally influenced by further adjustment for risk factors and infection
variables, including exposures to other specified antibiotics (as a group that included
penicillins, cephalosporins, sulfonamides, and quinolones); analyses were conducted for first
trimester exposures for CHD and for all three trimesters for PS. We found no associations
between the risk of CHD or PS and the use of other specific antibacterials (data not shown).

Exploratory analyses

Comment

Examination of macrolide use in the first trimester in relation to major birth defects revealed
largely null findings except for a borderline association between exposure to macrolides
overall and unspecified genital system defects (Table 3).

We did not find an association between the risk of either CHD or PS and prenatal exposure
to erythromycin or non-erythromycin macrolides. In addition, our analyses did not identify
any appreciably increased risks of other specific congenital malformations following
antenatal exposure to macrolide antibiotics.

For the hypotheses we tested related to CHD and PS, our results are consistent with two
recently published large studies. For CHD, an American cohort study found no association
between the risk of CHD overall and maternal use of erythromycin or non-erythromycin
macrolides during pregnancy,® nor did a Norwegian study find elevated risks of CHD
overall or atrial/ventricular septal defects in infants exposed to erythromycin in the first
trimester.16 NBDPS also reported null findings for macrolide antibiotic use overall in
relation to subgroups of CHD.3 For PS, our group had previously reported a lack of
association with erythromycin use in either early (gestational weeks 1-25) or late pregnancy
(after the 32nd gestational week).10 Findings from the current study, which added data
collected from 1998 to 2008, indicate that exposure to erythromycin or non-erythromycin
macrolides in either early or late pregnancy is not associated with an increased risk of PS;
the results remained consistent when we excluded the data that had been reported in the
prior study.

This apparent lack of teratogenic effect should be interpreted with caution. First, we had
small samples of exposed subjects with many specific defects, limiting our conclusions to
defects that tend to occur most commonly. Further, there are several alternative explanations
for our null findings. First, given that power was limited for some comparisons, our Cls
around many estimates were relatively wide and we cannot rule out modest associations (for
example, the upper bound of the 95%CI for the association between third trimester
erythromicin use and PS was 5.1). As noted above, however, our results are consistent with
at least three other large studies. Secondly, non-differential exposure misclassification
(either in the subject’s ability to identify the specific drug or the gestational timing of the
exposure) can bias the results towards the null. This possibility is minimized by the use of a
highly structured questionnaire.13 Further, we applied strict criteria for certainty of
exposure, excluding from the exposed group those subjects who were unsure about the exact
date of exposure.1* Also, in subanalyses that excluded mothers who reported using an
unknown antibiotic during pregnancy, our results remained close to the null. Third, this is an
interview-based study where women were asked about actual use of a medication. While
this design minimizes exposure misclassification due to non-adherence (a problem in
designs that rely on records of prescriptions written and/or filled), recall bias may occur if
case mothers recall their use of macrolides during pregnancy differently than mothers of the
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non-malformed controls. However, this bias was unlikely to play an important role as we did
not identify meaningful associations.

The two prior studies reporting increased risks of CHD and PS among macrolide antibiotic
users found the associations in the context of multiple comparisons, a fact noted by the
respective authors.> 2 The numbers of users of these drugs were relatively small and the Cls
wide. For example, Cooper et al. reported an elevated risk of PS among mothers taking non-
erythromycin macrolides based on only 6 exposed cases.?

In addition to CHD and PS, we also examined exposure to macrolides in relation to other
common malformation groups and, where numbers allowed, relatively common specific
congenital malformations; the results were largely null. The possibility that any macrolide
exposure in the first trimester may increase the risk of unspecified genital system defects
may well be a chance finding given its identification in the setting of multiple comparisons
(both exposure and outcome involved broad and heterogenous categories of “any macrolide”
and “genital defects overall”, respectively).

In conclusion, we could not replicate the previously-described associations between
macrolides as a class, and more specifically erythromycin or non-erythromycin macrolides,
and the risk of CHD and/or PS, nor did we identify meaningful increases in risks for many
of specific major congenital malformations. While active surveillance on the safety of
macrolide use during pregnancy should be continued, we find no evidence supporting major
teratogenic effects of macrolide antibiotics in human fetuses.
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Figure 1. Prevalence of antibiotic usein thefirst trimester by calendar years of mothers' last

menstrual period date

Note:

1. The figure presents trends for those study centers that contribute data throughout

study period, i.e., Boston and Philadelphia area.

2. Note: 4.1% of women reported having used an antibiotic but the type could not be

specified.
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