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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT

AIMS
Erythromycin is a macrolide antibiotic indicated for respiratory tract
infections, genital chlamydia and skin infections. It has recently been
suggested that erythromycin use in the first trimester of pregnancy can
increase the risk of congenital cardiovascular malformations. This study
aimed to determine whether erythromycin exposure in the first
trimester is associated with cardiovascular or other malformations.

METHODS

We studied 180 120 women in Norway who were pregnant during
2004-2007. Data on all live births stillbirths and induced abortions after
WHAT THIS STUDY ADDS 12 gestational'weeks frf)m The Medical Birth Registry' of Norwa.y ’
(MBRN) were linked to information from the Norwegian prescription
database (NorPD). We compared the pregnancy outcomes of women
who had taken erythromycin (n = 1786, 1.0%), penicillin V (n = 4921,
2.7%) or amoxicillin (n = 1599, 0.9%) in their first trimester with
outcomes of women who had not taken any systemic antibiotics

(n =163 653, 90.9%) during this period.

RESULTS

The risk of cardiovascular malformations was not significantly different
with or without exposure to erythromycin in the first trimester
(adjusted OR = 1.2 [95% Cl 0.8, 1.8]) or in the most vulnerable period
of heart formation (adjusted OR = 1.6 [95% Cl 0.9-3.0]). Sub-analyses
showed that the risk for any specific malformations was not increased
with erythromycin, macrolides, penicillin VV or amoxicillin compared
with no antibiotic use in first trimester.

CONCLUSIONS

This large, population-based register study did not find that exposure
to erythromycin or macrolides in the first trimester of pregnancy was
associated with fetal cardiovascular or other malformations. These
results suggest that the risk of erythromycin use during early
pregnancy, if any, is low.
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Introduction

Systemic antibacterials are among the drug groups most
frequently used during pregnancy [1-5]. In a Norwegian
register study among 106 000 pregnant women in 2004 to
2006, 10.0% received systemic anti-infectives in their first
trimester, 12.2% in their second trimester and 13.0% in their
third trimester [3]. Penicillins accounted for approximately
80% of these prescriptions and macrolides comprised the
next most frequent class. The most commonly used mac-
rolides were erythromycin, azithromycin, clarithromycin
and spiramycin. All of these act by inhibiting bacterial
protein biosynthesis. The antibacterial spectrum of mac-
rolides is slightly broader than that of penicillins.Macrolides
are a common substitute for patients with a penicillin
allergy.Theindications for prescribing antibiotic macrolides
are primarily respiratory infections, bacterial skin infections
and genital chlamydia.

Pneumonia and chlamydia have been associated
with increased complications in pregnancy, and adequate
pharmacological treatment is essential. Respiratory tract
infections result in greater morbidity and mortality in the
mother, due to the physiologic adaptations that occur
during pregnancy [6, 7]. Chlamydia has been associated
with adverse pregnancy outcomes, post partum endo-
metritis and infections in the newborn child [8].

For a drug to be used during pregnancy, it must be
documented as safe for both mother and child. The appro-
priateness of erythromycin for use during pregnancy has
been internationally accepted [9, 10].In a study of 229 101
pregnancies in the Michigan Medicaid programme, cited in
the text book by Briggs etal, 6972 infants had been
exposed to erythromycin during the first trimester. A total
of 320 (4.6%) major birth defects were observed (297
expected), 77 of which were a cardiovascular defect (70
expected). Briggs et al. concluded that the data did not
support an association between erythromycin and con-
genital formations, and that erythromycin was compatible
with use during pregnancy [11]. However, a population
based study from the Swedish Medical Birth Registry, with
data from 1995-2002, showed an increased risk of con-
genital cardiovascular malformations among the children
of mothers who had used erythromycin in early pregnancy
[12].Kallén et al.found that among 1844 infants exposed to
erythromycin in early pregnancy, 34 (1.8%) had cardiovas-
cular malformations but, among 9110 infants exposed to
penicillin V, 86 (0.9%) had these malformations (OR = 1.8,
95% Cl 1.3,2.6).The authors suggested that this association
may represent an effect inherent to all macrolides, due to
their ability to block a specific cardiac potassium channel.
They also discussed alternative explanations to their
results and acknowledged that the finding could be due
to multiple testing. When the study was repeated with
496 073 infants from the Swedish Medical Birth Registry
born in 2002-2006, no association was found between
erythromycin and increased risk of congenital cardiovas-
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cular malformations (OR 1.31, 95% Cl 0.78, 2.21) [13]. The
authors have later estimated a common OR of 1.59,95% Cl
1.17,2.17 [14].

In response to Kallen et al.s’ first study, the Swedish and
Norwegian Regulatory Medicines Agencies have issued
warnings against the use of macrolides during the first
trimester [15, 16]. Other authorities have been less restric-
tive. Based on the categorization systems for prescribing
drugs in pregnancy, erythromycin is currently assigned to
category B in the US and category A in Australia [17, 18].
The WHO recommends erythromycin for chlamydia
in pregnant women [19]. The UK Teratology Information
Service summarizes as follows: ‘A recent study has sug-
gested a possible increased risk of cardiovascular malfor-
mations and pyloric stenosis; however, causality has not
been established, and the individual risk, if any, is thought
to be low. If a macrolide antibiotic is required in pregnancy,
then erythromycin would be considered the agent of
choice’ [20].

Cardiovascular malformations represent the most
common category of congenital malformations. They
affect up to 1% of live-born infants [21, 22]. Congenital
cardiovascular malformations are a diverse group of con-
ditions in terms of types and severity, and a proportion of
cases is associated with chromosomal anomalies. The inci-
dence has remained relatively constant over time and
has varied little among different populations.This suggests
that a greater aetiological contribution may arise from
genetic factors than from environmental factors [23, 24].
Environmental risk factors include socio-economic status,
maternal infections, drugs taken during pregnancy, nutri-
tional factors and environmental pollution [25]. The timing
of potential teratogenic exposure is critical. The primitive
heart tube is formed 21 days after conception and the
heart is developed at 7-8 weeks [26].

To increase the current knowledge on the safety
of erythromycin during pregnancy, we have taken a
population-based approach to investigate the association
between exposure to erythromycin during early preg-
nancy and congenital cardiovascular malformations. We
also focused on exposure to macrolides as a group and
effects on other congenital malformations. Secondary out-
comes studied were neonatal survival, low birth weight,
premature delivery, low Apgar scores and transfer to an
intensive care unit (ICU).

Methods

This study was based on data retrieved after a linkage
between two Norwegian population-based health regis-
ters, the Medical Birth Registry of Norway (MBRN) and the
Norwegian prescription database (NorPD).

Study population
Data from the MBRN and NorPD were linked by using
the unique Norwegian 11-digit personal identification



number.The original data file included 187 632 pregnancy
outcomes of all women who became pregnant after
31 December 2003 and who had a pregnancy outcome
registered in the MBRN before 1 January 2008. Individual
women may have had more than one entry due to several
pregnancies within the study period.Infants born in a mul-
tiple birth (n = 6945) and infants with chromosomal
anomalies (n = 573) were excluded. The final analyses
included data on 180 120 women, corresponding to 96%
of the original data file.

The medical birth registry of Norway

Since 1967, it has been compulsory in Norway to report all
pregnancy outcomes (live births, stillbirths and induced
abortions after week 12) to the MBRN. The standard form
used by the hospitals and birth institution is usually filled
in by the midwife. It is based on the antepartum obstetric
record (completed at visits to a general practitioner,
midwife or obstetrician during pregnancy) and the
medical record for inpatient care (data recorded from
before the time of birth until discharge). The MBRN con-
tains demographic information about the mother and her
health before and during the pregnancy, the mother’s
drug use, folic acid use, smoking and alcohol use before
and during pregnancy, pregnancy and birth related com-
plications and pregnancy outcome. The MBRN also
contains data from neonatal and paediatric wards on con-
genital malformations, neonatal diagnoses and proce-
dures performed on infants transferred to those units.

The Norwegian prescription database

In Norway, systemic antibiotics require a prescription.Since
January 1 2004, the NorPD has maintained information
about all prescription drugs that are dispensed from phar-
macies to individual patients outside of medical institu-
tions. Drugs were classified according to the Anatomical
Therapeutic Chemical (ATC) codes [27]. Information about
drugs includes the name, dosage, package size and the
date the drug was dispensed.

Drug exposure

Each woman’s unique personal identification number,
which is allocated to every citizen in Norway, was used
to link the NorPD to the MBRN data. With this linkage,
we could identify women who had received medication
during pregnancy. Date of conception was estimated by
using the date of delivery and length of pregnancy. The
gestational week that a woman started using a medication
was estimated by the number of weeks from conception to
the date the drug was dispensed.The timing and duration
of exposure was estimated from the date the drug was
dispensed, the daily defined dose (DDD) and the package
size dispensed.The DDD is defined as the assumed average
maintenance dose per day for a drug used for its primary
indication in adults [27]. Any antibiotic that was dispensed
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was assumed to be consumed by the patient and this was
counted as exposure to the antibiotic.
We defined three groups of antibiotics:

1 Erythromycin/macrolides
2 Penicillin V
3 Amoxicillin

The control group was defined as women who had not
received any antibiotics.The comparison with women who
had used penicillin V or amoxicillin was done to address
the issue of confounding by indication, which in this study
was the underlying maternal infection.

To investigate the risk of malformations, we defined the
groups according to use of antibiotics in the first trimester
of pregnancy (from conception to week 13). The control
group included women who did not receive systemic anti-
biotics during that period. To investigate the risk of other
adverse pregnancy outcomes, we defined different groups
according to use of antibiotics during the entire pregnancy.
That control group comprised women who did not receive
any systemic antibiotics throughout pregnancy.

Pregnancy outcomes
We investigated all malformations, major malformations
and 17 specific major malformations that are coded sepa-
rately in the MBRN (defined/listed in: http://www:.fhi.
no/dokumenter/8105c63e8e.pdf). ‘All malformations’ is
defined by the MBRN as all Q-diagnoses (Congenital mal-
formations, deformations and chromosomal abnormali-
ties) in ICD-10 plus P 83.5: Congenital hydrocele. Major
birth defects include malformations considered to have
adverse medical or social significance. The cardiovascular
malformations studied included malformations of the
heart and great vessels (ICD-10 code Q20 to Q26); other
congenital malformations of the circulatory system were
not included. A patent ductus arteriosus (ICD-10 code
Q25.0) was not considered a cardiovascular malformation
in premature infants; this included 254 infants (0.14%).
We also investigated these adverse pregnancy out-
comes: stillbirths and neonatal deaths, low birth weight,
premature delivery, Apgar score at 5 min and transfer to
ICU. Stillbirth was defined as death of a foetus that was
=22 weeks gestation or over 425 g. Neonatal death refers
to a live-born baby that died within 28 days of birth. Low
birth weight was defined as a live-born baby that weighed
less than 2500 g. Premature birth refers to a birth that
occurred before 37 weeks gestational age. Length of preg-
nancy in the MBRN is primarily based on ultrasound, and if
missing, on the woman's reported first day in the last men-
strual period (LMP). Pregnancy lengths over 44 weeks, and
birth weights outside 3.5 standard deviations from the
gender specific mean at each pregnancy week were con-
sidered miscoded and recoded as missing (0.1% and 0.4%,
respectively).
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Possible confounding variables

The following potential confounders, all from the MBRN,
were included in the statistical analysis (categorized
as shown in Table 2): Maternal age, parity, marital status,
smoking during pregnancy, folic acid use, chronic diseases
during pregnancy (asthma, cardiac disease, hypertensive
iliness, recurrent urinary tract infection and others),
and previous late spontaneous abortion or stillbirth (preg-
nancy week 12-23).

Statistical analysis

Crude and adjusted odds ratios (cORs and aORs, respec-
tively) with 95% confidence intervals (Cl) were estimated
with Pearson’s chi-square tests and logistic regression
analyses. Associations between the use of erythromycin,
macrolides, penicillin V oramoxicillin during the first trimes-
ter and congenital malformations were investigated for all
malformations together, for major malformations, for car-
diovascular malformations, for atrial and ventricular septal
defects (ASDs and VSDs) jointly and for the 17 malforma-
tions predefined by the MBRN. Sub-analyses were per-
formed to determine associations between exposure to
antibiotics during the most vulnerable period of heart for-
mation (defined as day 28-56) [26] and congenital heart
malformations.

In the multivariate analyses, different potential
confounding factors were chosen for each pregnancy
outcome, depending on their clinical plausibility and
the results from exploratory data analysis. The analytical
strategy was that only significant confounding factors
were retained in the final models. Adjusted analyses were
performed if there were at least three exposed cases. The
Hosmer-Lemeshow test was used to assess the robustness
of the models. One-tail, two sample tests with percentage
values were used in the power calculations. We estimated
that, to demonstrate a 50% increase in cardiovascular mal-
formations after exposure to erythromycin in the first tri-
mester with 80% power and P < 0.05, it was necessary to
obtain a total sample size of 192500, given a baseline
prevalence of 1% for cardiovascular malformations, given
1.5% exposure to erythromycin and given 10% exposure
to any antibiotics in first trimester.This implied 2888 eryth-
romycin exposures. In the final data set, erythromycin
use in the population was lower and the final sample size
was slightly lower than expected. Post hoc power analyses
revealed that with 80% power and P < 0.05, our data could
have demonstrated a 65% or higher increase in cardiovas-
cular malformations among women exposed to erythro-
mycin in first trimester. Statistical analysis was performed
with the Predictive Analytics Software (PASW) Statistics
version 18.0 (SPSS Inc., Chicago, IL, USA).

Ethical aspects

This study was approved by the Regional Committees
for Medical and Health Research Ethics (REK). No written
informed consent was required.
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Results

The final data file included 180 120 pregnancies, of which
178 142 (98.8%) resulted in a live birth, 1176 (0.7%) in a
stillbirth, 359 (0.2%) in a neonatal death and 433 (0.2%)
in an induced abortion after week 12. The overall rate of
non-chromosomal congenital malformations was 4.9%
and the rate of cardiovascular malformations was 1.0%.The
mean birth weight was 3545 g (SD 565 g) and the mean
gestational age was 39.9 weeks (SD 1.9 weeks) among the
live-born infants.

A total of 49 231 (27.3%) women received one or more
antibacterials for systemic use during pregnancy.The most
common antibacterial was penicillin V (Table 1).In the first
trimester, 16467 (9.1%) women had received systemic
antibiotics; 15 173 (8.4%) received one course of antibiot-
ics, 1236 (0.7%) received two courses and 59 received three
or four courses. Erythromycin had been dispensed to 1786
(1.0%) women in the first trimester. Of these women, 20.1%
had also received other antibiotics during that period.
In all, 163 653 (90.9%) women did not receive antibiotics
during the first trimester (control group in Tables 2 and 3)
and 130 889 (72.7%) women did not receive any antibiotics
during pregnancy (control group in Table 5).

Maternal characteristics

Table 2 shows the women who received erythromycin,
penicillin V or amoxicillin in the first trimester compared
with those who did not receive any antibiotics in this first
period of pregnancy. Women who had used erythromycin
were younger, were more often unmarried, were smokers,
did not take folic acid and they had a higher prevalence of
asthma and other maternal illnesses compared with the

Table 1

Systemic antibiotics used during pregnancy (n = 180 120 women)*

Second and First-third
First trimester third trimester trimester
Oral antibiotic n (%) n (%)
Macrolides 2549 (1.4) 4437 (2.5) 6744 (3.7)
Erythromycin 1786 (1.0) 4122 (2.3) 5729 (3.2)
Azitromycin 643 (0.4) 280 (0.2) 913 (0.5)
Clarithromycin 229 (0.1) 77 (0.04) 304 (0.2)
Spiramycin 33(0.02) 86 (0.05) 116 (0.1)
Penicillins 12 049 (6.7) 31360 (17.4) 39 658 (22.0)
Penicillin V 4921 (2.7) 12 477 (6.9) 16 695 (9.3)
Amoxicillin 1599 (0.9) 5445 (3.0) 6824 (3.8)
Nitrofurantoin 1334 (0.7) 4714 (2.6) 5794 (3.2)
Sulfonamide/trimetoprim 924 (0.5) 2512 (1.4) 3398 (1.9)
Tetracyclines 651 (0.4) 65 (0.04) 712 (0.4)
Cefalosporines 201 (0.1) 521 (0.3) 710 (0.4)
Fluoroquinolones 114 (0.1) 33 (0.02) 147 (0.1)

*The use of one or more courses of the same antibiotics was counted once; the
use of different antibiotics was counted as one per course.



Table 2

Maternal characteristics according to the systemic antibiotics used during the first trimester
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Erythromycin Penicillin V Controls
n = 1786 n =4921 n =163 653

Maternal age at delivery (years)

<20 107 (6.0)* 116 (2.4)*** 69 (4.3)* 3393 (2.1)

20-29 840 (47.0) 2232 (45.4) 752 (47.0) 73 952 (45.2)

30-39 808 (45.2) 2472 (50.2) 743 (46.5) 81 862 (50.0)

>39 31 (1.7) 101 (2.1) 35(2.2) 4446 (2.7)
Primiparity (%) 755 (42.3) 1467 (29.8)* 629 (39.3) 67 900 (41.5)
Married/cohabiting (%) 1544 (86.5)* 4549 (92.4) 1427 (89.2)* 152 307 (93.1)
Previous stillbirth or late miscarriage after gestation week 23 (%) 46 (2.6) 180 (3.7) 81 (5.1)* 5510 (3.4)
Cigarette smoking during pregnancy (%)

Daily 187 (10.5)* 418 (8.5)* 146 (9.1)* 10 493 (6.4)

Sometimes 26 (1.5) 51 (1.0) 11 (0.7) 1190 (0.7)

No 1189 (66.6) 3395 (69.0) 1091 (68.2) 116 406 (71.1)

Missing 384 (21.5) 1057 (21.5) 351 (22.0) 35564 (21.7)
Folic acid intake (%)

Prior to and during pregnancy 303 (17.0)* 964 (19.6)*** 268 (16.8)* 33858 (20.7)

Prior to or during pregnancy 638 (35.7) 1746 (35.5) 581 (36.3) 53797 (32.9)

No intake 845 (47.3) 2211 (44.9) 750 (46.9) 75998 (46.4)
Maternal illness (%)

Recurrent urinary tract infection 62 (3.5) 197 (4.0)* 152 (9.5)* 4624 (2.8)

Asthma 142 (8.0)* 290 (5.9)* 101 (6.3)* 6690 (4.1)

Heart disease 21 (1.2)x** 43 (0.9)*** 17 (1.0)%** 1008 (0.6)

Other chronic illnesst 77 (4.3) 215 (4.4)** 85 (5.3)* 6068 (3.6)

Hypertensive illness during pregnancy 121 (6.8)*** 291 (5.9) 83 (5.2) 9176 (5.6)

*P < 0.001, **P < 0.005, ***P < 0.05 Pearson’s chi square test was used to compare each of the antibiotic groups with controls as the reference group. tOther chronic maternal
illnesses included thyroid disorders, rheumatic disease, chronic kidney disease, diabetes and epilepsy.

Table 3

Congenital malformations after exposure in the first trimester to macrolides, erythromycin, penicillin V or amoxicillin

Macrolides first
trimester n = 2549
n (%) aOR (95% CI)

Total

n =180 120

n (%) n (%)

Erythromycin first
trimester n = 1786
aOR (95% CI)

Controls
n =163 653
n (%)

Amoxicillin first
trimester n = 1599
n (%) aOR (95% CI)

Penicillin V first
trimester n = 4921
n (%) aOR (95% CI)

All malformations* 8865 (4.9) 127 (5.0) 1.02 (0.86,1.23) 5.0)
Major malformationst 5065 (2.8) 69 (2.7) 0.96 (0.76,1.22) ( 9)
Cardiovascular defectst 1809 (1.0) 25(1.0) 0.96 (0.65,1.43) 21 (1.2)
ASD / VSD 1228 (0.7) 19(0.7) 1.08(0.67,1.71) 15(0.8)

1.04 (0.84,1.29)
1.02 (0.77,1.35)

1.16

1.22 (0.73,2.04)

(
(
(
(

8073 (4.9)
4616 (2.8)
1653 (1.0)
1124 (0.7)

0.93 (0.81,1.06)
1.03 (0.87,1.22)
0.92 (0.69,1.24)
0.87 (0.60,1.25)

68 (4.3)
36 (2.3)
12 (0.8)
10 (0.6)

0.87 (0871,1.11)
0.78 (0.57,1.11)
0.75,1.78) 0.74 (0.42, 1.31)
(

0.93(0.50, 1.73)

All cardiac defects included those classified as International Statistical Classification of Diseases and Related Health Problems, 10™" revision (ICD-10) code Q20 to Q26. ASD, atrial
septum defect; VSD, ventricular septum defect; aOR, adjusted odds ratio; Cl, confidence interval. Adjusted odds ratios were calculated for each antibiotic group with controls-
(women who did not receive any antibiotics during the first trimester) as the reference. *Adjusted for: age, parity, marital status, previous stillbirth or late abortion, cardiac disease,
other maternal chronic illness, smoking during pregnancy and folic acid use. tAdjusted for: age, parity, cardiac disease, other maternal chronic illness, smoking during pregnancy
and folic acid use. Adjusted for: age, parity, previous stillbirth or late abortion, recurrent urinary tract infections, cardiac disease, other maternal chronic illness, smoking during

pregnancy and folic acid use.

controls. A similar pattern was observed for women who
had used penicillin V or amoxicillin.

Congenital malformations

Logistic regression analyses showed that the risk of infant
cardiovascular malformations was not significantly higher
among women who used erythromycin, macrolides, peni-
cillin V or amoxicillin in the first trimester or in the most
vulnerable period of foetal heart formation compared with

the control group. Of the 1785 pregnant women exposed
to erythromycin in the first trimester, 90 had an infant with
one or more non-chromosomal congenital malformations
(5.0%) (@OR = 1.04,95% Cl 0.84, 1.29) and 21 had an infant
with a cardiovascular malformation (1.2%; aOR = 1.16,95%
Cl1 0.75,1.78) (Table 3 and Table 4).

In all, 611 (34%) women had received erythromycin
during the most sensitive period of cardiac organoge-

nesis. Ten (1.6%) of their infants had cardiovascular
| 74:6 |/
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Table 4

Description of the 21 pregnancies that resulted in heart malformations after exposure to erythromycin in the first trimester

Gestational Birth
age weight
(weeks) (9)

Apgar Maternal
score age
5 min (years)

Other birth defects/
complications

Maternal
conditions

Folic
acid

Cardiac
birth defect

Pregnancy
outcome

Gender

Boy
Girl

Boy

Girl
Girl
Girl

Boy

Boy

Girl
Girl
Girl
Boy
Boy

NA

Girl

Boy

Boy

Boy

Boy

Boy

Girl

PDA
ASD

ASD

ASD
ASD
ASD

ASD
PDA

VSD

VSD
VSD
VSD
VSD
VSD
PDA

AVSD

VSD
ASD

Stenosis of pulmonary artery

Stenosis of aortic valve
Coarctation of aorta
Stenosis of aorta

VSD

Hypoplastic left heart
syndrome

AVSD

Double outlet right ventricle
Isomerism of atrial
appendages

Coarctation of aorta

ASD

VSD

AVSD

Malformation of pulmonary
valve

Discordant ventriculoarterial
connection

Total anomalous pulmonary
venous connection

Tetralogy of Fallot

Pulmonary valve stenosis
Primary pulmonary hypertension
Neonatal hypocalcaemia
Transitory tachypnoea

Bilateral inguinal hernia and
umbilical hernia
without obstruction or gangrene
Apnoea
Bacterial sepsis
Affected by PROM
Respiratory failure
Atresia of oesophagus with
tracheo-oesophageal fistula
Unilateral undescended testicle

Bacterial sepsis

Fetal malnutrition

Unilateral undescended testicle
Talipes calcaneovalgus
Lymphangioma

Neonatal hypoglycaemia

Hydrops fetalis
Specified pleural condition

Birth asphyxia

Respiratory failure
Hydrocephalus

Malformation of corpus callosum
Malformation of spleen

Birth asphyxia

Congenital infectious disease

Malformation of spleen
Respiratory problem

Live birth
Live birth

Live birth
Live birth

Live birth
Live birth

Live birth

Live birth

Live birth
Live birth

Live birth
Live birth

Live birth

Elective
abortion
Live birth

Live birth

Live birth

Live birth,
died after delivery

Live birth

Live birth,
died after delivery

Live birth

41
33

35

29
39
37

27

36

39
39

39
41

37

37

35

39

36

40

39

37

3590
2845

2935

1590
3730
2850

920

2810

3914
4250

4564
3350

2710

3000

3650

3058

2222

3270

3255

3320

o O VW VW o

10

33
34

33

30
31
32

25

32

30
28

27
32

31

32

32

32

33

33

26

31

30

Yes
Yes

No

Yes

Yes
No

No

Yes

No
Yes

No
No

No

No

Yes

Yes

No

No

Yes

Yes

No

Eating disorder

Anxiety disorder
Allergy

Bipolar affective disorder
Asthma and allergy

Daily smoking in pregnancy
UTl in pregnancy

Pneumonia in pregnancy

Migraine
Allergy

Allergy

Congenital deformity of hip
Asthma and allergy

Anxiety disorder

Epilepsy

Polyhydramnios

UTI during pregnancy
Severe preeclampsia

Allergy

UTl in pregnancy

Acute sinusitis
Influenza
Liver disorder in pregnancy

ASD, atrial septal defect; AVSD, atrioventricular septal defect; PDA, patent ductus arteriosus; VSD, ventricular septal defect; UTI, urinary tract infection.
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Table 5
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Pregnancy outcome after exposure to erythromycin, penicillin V and amoxicillin during pregnancy

Total Erythromycin

n =180 120 n =5729
Pregnancy outcome n (%) n (%)

aOR (95% CI)

Penicillin V Amoxicillin Controls
n =16 695 n = 6824 n =130 889
n (%) aOR (95% CI) n (%) aOR (95% ClI) n (%)

1519/179 677 (0.9) 41 (0.7
7074/179 401 (3.9) 204 (3.6

Stillbirth and neonatal mortality*
Low birth weightt

Preterm deliveryt

Transfer to ICU%

Apgar score < 7 at 5 min§

14 883/174 710 (8.5) 507 (9.
3060/179 026 (1.7) 96 (1.7

) 0.77 (0.56,1.06) 118 (0.7)  0.80 (0.66,0.97) ) )
) 0.85(0.68,1.05) 587 (3.5) 1.00(0.88,1.14) ) )
11168/179 979 (6.2) 346 (6.0) 0.96 (0.86,1.07) 905 (5.4) 0.90 (0.84,0.97) 450 (5.2) 1.04(0.94,1.15) 8143 (6.2)
2)  1.12(1.02,1.23) 1326 (8.2) 1.04(0.98,1.10) 4) 4)
) 1.01(0.82,1.25) 264 (1.6) 1.02 (0.89,1.16) ) )

62 (0.9,
258 (3.8

0.98 (0.76,1.27) 1135 (0.9
0.88 (0.73,1.06) 5177 (4.0

621 (9.
122 (1.8

1.12(1.03,1.22) 10616 (8.
1.07 (0.89,1.28) 2175 (1.7

aOR: adjusted odds ratio; Cl: confidence interval. The control group was women who did not receive any antibiotics during pregnancy.

For each outcome, a proportion of the total was excluded or missing, as follows: Stillbirth and neonatal mortality: 433 elective abortions excluded (0.2%); Low birth weight: n =
719 (0.4%) missing; Preterm delivery: n =141 (0.1%) missing; Transfer to ICU: n = 5410 (3.0%) missing; Apgar score at 5 min: n = 1094 (0.6%) missing. *Adjusted for: age, marital
status, previous stillbirth or late abortion, smoking during pregnancy, folic acid use and asthma. tAdjusted for: age, parity, marital status, previous stillbirth or late abortion, smoking
during pregnancy, folic acid use, recurrent urinary tract infections, cardiac disease and other maternal chronic illness. +Adjusted for: age, parity, marital status, previous stillbirth or
late abortion, smoking during pregnancy, folic acid use, cardiac disease, asthma and other maternal chronic iliness. §Adjusted for: age, parity, marital status, previous stillbirth or

late abortion, smoking during pregnancy, folic acid use and other maternal chronic illness.

malformations and six (1.0%) had ASDs or VSDs. We found
no significant associations between erythromycin use
during days 28-56 of gestation and cardiovascular malfor-
mations (aOR = 1.62 95% Cl 0.86, 3.02) or ASD/VSD (aOR =
1.41,95% Cl 0.63, 3.17).

Among 2549 women who had received any macrolide
during the first trimester, we found no associations with
any congenital malformation (aOR = 1.02, 95% CI 0.86,
1.23), with major malformations (aOR = 0.96, 95% Cl 0.76,
1.22) or with a cardiovascular malformation (aOR = 0.96,
95% Cl 0.65, 1.43). Similarly,among 798 women exposed to
macrolides during days 28-56 of gestation, exposure was
not associated with any cardiovascular malformation (aOR
1.36, 95% Cl 0.75, 2.47) or with an ASD/VSD (aOR = 1.26,
95% Cl 0.60, 2.65).

In adjusted sub-analyses, we found no association
between exposure to erythromycin, macrolide, penicillin V
or amoxicillin use in the first trimester and the risk for any
of the 17 pre-defined specific malformations.

Other pregnancy outcomes

In logistic regression analysis, other pregnancy outcomes
were compared in women who used erythromycin, peni-
cillin V or amoxicillin at any time in pregnancy and women
who had not used any antibiotics in pregnancy (Table 5).
The rate of stillbirth, neonatal deaths and preterm deliver-
ies was slightly lower among those who had used penicil-
lin V compared with the control group. Slightly more
infants were transferred to an ICU for women who had
used erythromycin or amoxicillin during pregnancy.

Discussion
In this large, population-based, register study, we found

no significant associations between erythromycin use in
pregnancy and congenital malformations, cardiovascular

malformations or any other specific malformations in
infants. There were no associations between exposure
to macrolides as a group and congenital malformations.
These findings were in accordance with the majority of
existing studies [11, 28-33].

Risk of cardiovascular malformations

In contrast to the data from the Swedish Medical Birth
Registry, we did not find an association between erythro-
mycin use in the first trimester and congenital cardiovas-
cular malformations. This finding is reassuring, but should
be interpreted with caution. In a review of noninherited
risk factors for cardiovascular malformations, Jenkins et al.
highlight the possibility of an effect dilution in epidemio-
logical studies resulting from grouping phenotypes with
different inherent susceptibilities [25], and ideally, each of
the congenital cardiovascular defects should be assessed
separately. Kéllén et al. have suggested that erythromycin
may actually be weakly teratogenic due to the ability
of erythromycin to inhibit a specific cardiac potassium
channel [12,34-37].In animal embryo and in vitro studies,
drugs that inhibit this channel have induced dose-
dependent bradycardia and, at high concentrations,
arrhythmia [38]. Experimentally, arrhythmia in the embry-
onic heart can lead to pressure changes and misdirection
of blood flow; in turn, that can lead to hypoxia and reoxy-
genation damage and to cardiac and vessel defects. In pre-
clinical animal studies, antiepileptic drugs and class Il anti-
arrhythmics, which also block this channel, have been
shown to cause palate-cleft malformations, digit malfor-
mations and cardiovascular malformations [38].

If a weak adverse effect of erythromycin or macrolides
exists, it will be underestimated in analyses of exposure in
the first trimester because erythromycin use in the first
weeks after conception is unlikely to affect the foetus.
When restricting erythromycin exposure to the most
vulnerable period of heart formation, we found an
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insignificantly higher odds for congenital cardiovascular
malformations. The lack of significance may have been
due to the lack of statistical power, and we cannot rule out
a true association either with the drug or the underlying
infection.On the other hand, other potential causes for this
observation are pure coincidence, bias, confounding
factors, like an underlying disease that predisposed for
infections or a teratogenic effect of the infection that led to
the erythromycin prescription. Although the studies are
not directly comparable, the Swedish study of women
exposed to erythromycin in the first trimester had a similar
OR for cardiovascular malformations as we found in the
subgroup of women exposed in week 5-8 of pregnancy,
and in their study the association was significant. In Kéllen
etal’s as well as our study, smoking was more common
and folic acid use less common among the antibiotic users.
Use of multivitamins containing folic acid may reduce the
risk of cardiovascular defects similar to the risk reduction
for neural tube defects [25]. Kéllén et al. also report a
higher concomitant use of a number of drugs, including
drugs given at upper respiratory infections and asthma,
oral contraceptives, minor analgetics, NSAIDs, opioids,
systemic corticosteroids, sedatives and hypnotics [14].
Co-medication indicates a higher degree of maternal
co-morbidity. If the women have used drugs during the
infection with teratogenic properties, as might be the case
with NSAIDs, this could affect the risk estimates [25]. As
teratogenic drugs often causes malformations in more
than one organ, the presence of combinations of appar-
ently unrelated malformations increases the likelihood of
teratogenicity [39]. We found no such tendencies in the
presented details of the clinical cases in this study. Mater-
nal co-morbidity was present in several of the exposed
cases.The lack of consistent results across epidemiological
studies also reduces the likelihood of erythromycin being
an important teratogenic agent [39].

Other pregnancy outcomes

In adjusted analyses, we found no differences in preterm
delivery, low birth weight or low Apgar scores between
infants exposed to erythromycin, penicillin V or amoxicillin
and those not exposed to any antibiotics during preg-
nancy. The risk of perinatal infant mortality was lower
among women who used penicillin V during pregnancy.
The risk of transferring the infant to the ICU was marginally
higher among women who used erythromycin and amox-
icillin. We found no large differences or obvious patterns.
Overall, these results suggest that these antibiotics are safe
to take in the second and third trimester.

Advantages and limitations

There are several advantages to this cohort study.The most
obvious strength is that it was large and population-based.
It consisted of over 180 000 pregnant women and their
infants, the entire birthing population of Norway over
4 years. This represents one of the largest populations
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studied for the effects of erythromycin during pregnancy.
Antibiotics are not sold over the counter in Norway and,
thus, we had complete information on all antibiotics dis-
pensed to pregnant women in the study period. As data on
medication use and maternal health was collected pro-
spectively, recall bias was avoided. Validation studies of
congenital malformations in the MBRN have shown that
the ascertainment of cases is related to type and severity.
Cardiovascular anomalies have not been studied specifi-
cally, but the registration of serious malformations has
been found satisfactory [40,41].1tis unlikely that the ascer-
tainment of malformations is affected by antibiotic use,
and as long as exposure or outcome data are obtained
without a bias, incomplete data will not affect the odds
ratio estimates [42].

Several limitations should be mentioned. Firstly,
although we included nearly 1800 women with erythro-
mycin exposure during the first trimester, we did not reach
the target statistical power. With an adjusted odds ratio
ranging from 0.75 to 1.78, we cannot exclude a weak
increase in the risk for foetal cardiovascular malformations
in this group of women compared with the control group.
For women exposed to erythromycin in weeks 5-8, the
confidence interval for the adjusted odds ratio is wider
and does not exclude an increased risk of three or less.
Secondly, a major challenge in pharmacoepidemiologocal
studies is the accuracy of the exposure assessment. We
used dispensed antibiotics as a measure of antibiotic expo-
sure:The women have received a prescription for an acute
infection from the physician, brought it to the pharmacy
and paid for the medication. Nevertheless, not all women
will have used the full course of antibiotics, and this will
bias the analysis towards 1.0. Thirdly, the NorPD did not
contain information on the indication for drug use or the
prescribed doses. This made it necessary to estimate the
duration of antibiotic exposure based on the DDD.Further-
more, the NorPD have no information on antibiotics or
other drugs provided in hospitals or other institutions.

Finally, although we adjusted for a variety of confound-
ers available, the adjustment may not have been complete
due to inaccurate registration in the MBRN, and some con-
founding factors are not adjusted for, such as concomittant
drugs. Confounding by indication is a strong and difficult
to control confounder which to a certain extent was
reduced by the fact that exposure to penicillin V and amox-
icillin was not associated with congenital cardiovascular
disease in this study. These two antibiotics are often,
but not fully, prescribed for similar conditions as the mac-
rolides. In a Norwegian study of prescription patterns for
acute respiratory tract infections, penicillin V was more
often prescribed for tonsillitis and macrolides were more
often prescribed for acute bronchitis and cough [43].
Further, only amoxicillin is prescribed for urinary tract
infections and only erythromycin or azithromycin for
genital chlamydia. Confounding by underlying disease
may also affect the results.The validity of asthma, diabetes



and epilepsy registrations in the MBRN have been esti-
mated to be 51%, 72%, and 74%, respectively [44]. We find
that underlying maternal disease is more common among
women who have been using antibiotics than among
women who have not been using antibiotics. If the per-
centage of under-reporting is identical in the two groups,
the relative under-reporting will be higher among women
using antibiotics. Maternal diabetes and epilepsy have
been previously associated with congenital cardiovascular
malformations [25]. Suboptimal control for these underly-
ing maternal diseases in this cohort may have led to an
overestimation of adverse pregnancy outcomes among
pregnant women exposed to antibiotics. The control for
cigarette smoking may also have led to a similar overesti-
mation. It is likely to be under reported, it is more common
among the antibiotic users and it is previously associated
with cardiovascular defects in some studies [25].

Future directions

In this large, pharmacoepidemiological study, we found no
increased risk of congenital cardiovascular malformation
among women who had used erythromycin in the first
trimester of pregnancy compared with controls without
antibiotic exposure.These results were consistent with the
majority of studies to date, which suggest that the risk
of erythromycin use during early pregnancy is low and in
most cases will outweigh the risk of the maternal infection.
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