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Abstract
Macrolides are bacteriostatic antibiotics with a broad spectrum of activity against Gram-positive bacteria. The aim of
this study was to systematically review and meta-analyze the association between infantile hypertrophic pyloric
stenosis (IHPS) and macrolides. Nine databases were searched systematically for studies with information on the
association between macrolides and IHPS. We combined findings using random effects models. Our study revealed
18 articles investigating the association between macrolides and IHPS. There was a significant association between
the development of IHPS and erythromycin (2.38, 1.06–5.39). The association was strong when erythromycin was
used during the first 2 weeks of life (8.14, 4.29–15.45). During breastfeeding, use of macrolides showed no
significant association with IHPS in infants (0.96, 0.61–1.53). IHPS was not associated with erythromycin (1.11,
0.9–1.36) or macrolides use during pregnancy (1.15, 0.98–1.36).

Conclusions: There is an association between erythromycin use during infancy and developing IHPS in infants. However, no
significant association was found between macrolides use during pregnancy or breastfeeding. Additional large studies are needed
to further evaluate potential association with macrolide use.
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Introduction

Macrolides are a unique group of antibiotics with a similar
mechanism of action and chemical structure, but have variable
pharmacokinetic parameters, and activity spectrum. The
macrolide antibiotic family consists of a large (usually 14-,
15-, or 16-membered) lactone rings, attached to one or more
deoxy sugars, usually cladinose and desosamine.
Erythromycin, the prototype of all macrolides, was first ex-
tracted from Streptomyces erythreus by McGuire et al. about
50 years ago [22, 33, 43].

Infantile hypertrophic pyloric stenosis (IHPS) is the most
common cause of intestinal obstruction in infancy. It is a con-
dition characterized by a forceful vomiting in young infants
due to hypertrophy of the pyloric muscle, which may lead to
near-total gastric outlet obstruction. It affects 2 to 3.5 per 1000
live births [11, 17, 18, 26, 49, 52]. Although firstborn males
have the highest risk, other environmental and genetic factors
play a role in developing this disease [1, 23, 26]. The admin-
istration of oral erythromycin, particularly in the first 2 weeks
of life, has been reported to be associated with an increased
risk of IHPS. [5, 7, 20, 32, 47, 51]

In 1999, this association was described in a cohort of nearly
200 infants who were given oral erythromycin as a prophylaxis
after an exposure to a pertussis-infected health care worker. [5]
As a part of the efforts done to avoid exposure to erythromycin
in young infants, many health care providers turned to another
macrolide, azithromycin, as a substitution. However, in a case

series of two infants, IHPSwas also associated with exposure to
azithromycin [36]. Another study showed that exposure to oral
azithromycin in infancy is associated with an increased risk of
developing pyloric stenosis [11].

Prenatal exposure to macrolides is common. Being classi-
fied as Food and Drug Administration Category B,
azithromycin and erythromycin are the secondmost common-
ly used antibacterial drugs during pregnancy in the USA [9,
34]. In the third trimester, about 1% of pregnant women report
its use for the treatment of Chlamydia and other selected in-
fections because other effective alternatives for such infec-
tions are contraindicated during pregnancy [6, 28]. Previous
studies have raised concerns regarding use of macrolide anti-
biotics in pregnant or breastfeeding mothers; however, the
results are inconclusive [17; 21, 23–26]. Therefore, we aimed
to conduct a systematic review and meta-analysis to test the
hypotheses that the risks of IHPS are elevated among infants
or fetuses exposed tomacrolides during infancy, pregnancy, or
breastfeeding.

Methods

Search strategy and study selection

We performed our study according to the recommendations of
the PRISMA statement (Table S1 [27]. Our protocol has been
registered in PROSPERO with ID (CRD42016043497). The
search was performed in March 2016, PubMed, Scopus, Web
of Science (ISI), Virtual Health Library (VHL), World Health
Organization (WHO), Global Health Library (GHL),
POPLINE, New York Academy of Medicine (NYAM), and
System for Information on Grey Literature in Europe (SIGLE)
using the search terms (“pyloric stenosis” or “pyloric hyper-
trophy” or pylorostenosis or “gastric outlet obstruction” or
“pyloric stricture” or “hypertrophied pylorus”) and (macrolide
or macrolides or erythromycin or clarithromycin or
azithromycin or fidaxomicin or telithromycin). We searched
Google Scholar using the search terms (with the exact phrase:
pyloric stenosis or pyloric hypertrophy or pylorostenosis or
gastric outlet obstruction or pyloric stricture or hypertrophied
pylorus and with at least one of the words: macrolide,

What is known?

• Erythromycin intake in the first 2 weeks of life is associated with an increased risk of pyloric stenosis.

What is New?

• There is currently no evidence of significant association between macrolides use during pregnancy or breastfeeding and pyloric stenosis.

302 Eur J Pediatr (2019) 178:301–314



macrolides, erythromycin, clarithromycin, azithromycin,
fidaxomicin, telithromycin).

Two teams (of three authors each) independently conduct-
ed the search and screened the titles and abstracts, when avail-
able, to keep potential full-text articles for further scrutiny
according to the inclusion and exclusion criteria. Any pub-
lished literature with documented involvement of infants (less
than 6 months) or their mothers during pregnancy or
breastfeeding administeredmacrolides via any route of admin-
istration for any disease condition was included. There was no
restriction on the type of study included, publication date,
gender, country, or language. Any article with involvement
of the specified age group taking at least a single dose of
macrolide was assessed. Only articles with information on
the association between macrolides and hypertrophic pyloric
stenosis were included. Exclusion criteria included animal and
in vitro studies, overlapped datasets, data that could not be
reliably extracted, conference papers, reviews, books chap-
ters, editorials, and letters. If the abstract was included by at
least one reviewer, the full-text article was retrieved and care-
fully reviewed for any potential relevant data by three re-
viewers. Inclusion or exclusion of each study was made by
discussion between the three reviewers. When any disagree-
ment occurred, the final decision was made by the senior
authors. To ensure the best quality, further supplemental man-
ual search for articles in the reference and citation lists was
done, which led to the inclusion of 2 more articles.

Data extraction

Data were independently extracted by three reviewers with
any disagreement resolved via discussion and consensus. A
data extraction sheet was made by the authors using Excel
through the extraction and calibration of finally included stud-
ies. The data extracted included authors, year of recruitment,
year of publication, study design, method of data collection,
method of patients’ enrollment, demographic characteristics
of patients, clinical manifestations, diagnostic procedures,
and follow-up period. Outcome measures were number of
cases with IHPS, number of healthy controls, exposure period,
and the type of macrolide. When duplication was found, the
paper with the most complete dataset was used for our meta-
analysis.

Quality assessment

Three teams (of two authors each) assessed the quality of the
studies independently without blinding to authorship or jour-
nal. Discrepancies were resolved by discussion in conjunction
with the senior authors (KH and NTH). We used two different
tools according to the study design of each paper. We used
National Institute of Health (NIH)-Quality Assessment of
Controlled Intervention tool [38] for Interventional studies

and NIH-Quality Assessment Tool for Observational Cohort
and Cross-Sectional tool [39] for observational ones. Themet-
rics used to assess the quality of the observational studies
included: research question, study population, groups recruit-
ed from the same population, uniform eligibility criteria, sam-
ple size justification, exposure assessed prior to outcome mea-
surement, sufficient timeframe to see an effect, different levels
of the exposure of interest, exposure measures and assess-
ment, repeated exposure assessment, outcome measures,
blinding of outcome assessors, follow-up rate, and statistical
analyses. The metrics used to assess the quality of the inter-
ventional studies included: randomization, treatment alloca-
tion, blinding, similarity of groups at baseline, dropouts, ad-
herences, avoidance of other interventions, outcome measures
assessment, power calculation, pre-specified outcomes, and
intention-to-treat analysis.

Each study was given a score out of 14 according to the
answer of each questions (Yes = 1, No = 0). A score of 10–14
indicates a good quality article, 5–9 indicates fair quality, and
1–4 indicates poor quality.

Meta-analyses

We performed meta-analysis for the selected outcomes using
Comprehensive Meta-analysis software version 3 (Biostat,
NJ, USA) where the data were sufficiently comparable. The
minimum number of studies “sufficient” to perform meta-
analysis is two studies [53]. Dichotomous variables were an-
alyzed to compute pooled odds ratio (OR) and its 95% confi-
dence interval (95% CI). The statistical significance was con-
sidered if the p value was 0.05 (two-tailed test) or its 95% CI
did not include the null value of 1.0. When there was a study
with zero events, we added one to each cell to avoid the results
skewing [15].We increased the studies enrolled in the analysis
through using the person years. That method means, the anal-
ysis was performed with adjusted models using person years
to obtain standard errors, pooled log-rate ratios, rate ratios, and
the corresponding 95% confidence interval (95% CI). Rates,
rather than a number of events, were considered the most
appropriate effect size for person years analyses because they
incorporate the trials follow-up durations [25, 41].
Heterogeneity was assessed using Q-statistics of heterogene-
ity and associate I2 values. Data considered heterogeneous if p
value was less than 0.1 or the I2 is more than 50%. Regarding
the fact that included studies are heterogeneous in design,
random effects model was used for all outcome measures.
To statistically evaluate the presence of publication bias, we
ran Egger’s regression test and Begg’s modified funnel plot.
Publication bias is considered significant when the p value
was less than 0.1. If publication bias was found, the trim and
fill method of Duvall and Tweedie were performed to add
studies to enhance the symmetry [3, 10, 12]. Funnel plots
are graphical presentation of publication bias where the
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symmetry of the plot is the measure used. Many small studies
lying on one side of the plot making is asymmetrical and is
considered a source of bias which can be corrected using trim
and fill method, yielding new unbiased effect size. This fill has
no impact on the point estimate but serves to correct the var-
iance. We also conducted a sensitivity analysis to evaluate the
effect of each study on the association. Meta-regression was
performed, if there was enough number of the included studies
in each analysis, to study the effect of covariates on the out-
come. Covariates included study design, country, and publi-
cation year, whenmacrolides administration was in pregnancy
or early childhood.

Results

Search results

Figure 1 shows the PRISMA flow diagram of studies identi-
fication and selection. A total of 415 articles were included for
title and abstract screening after automatic removal of dupli-
cates with Endnote software, and 27 articles were considered
for full-text reading. Of these, 16 articles met our eligibility
criteria. Two additional articles, from manual search, were
identified. Finally, we included 18 articles in this study.

Study and participants’ characteristics

There were two case-control, three interventional, and 13 co-
hort studies (Table 1). Among the 18 included studies, there
were five studies with no IHPS cases [14, 16, 40, 46]. There
were more males than females among all study participants.
The mean and standard deviation (± SD) of gestational age
were described in two studies conducted on full-term babies as

38 ± 2 and 39.3 ± 1.9 weeks in macrolides-exposed group and
39.2 ± 2.6 weeks in macrolides-unexposed group and in one
study which was conducted on a preterm population as 31.54
± 1.65 and 30.94 ± 1.64 in the exposed and non-exposed
groups respectively. The mean birth weight ranged from
1.25 to 3.77 kg. The macrolides used were erythromycin in
17 studies, azithromycin in seven, roxithromycin in four,
clarithromycin in four, non-erythromycin (not specified) in
two, and spiramycin in two. All of the reported administration
routes were oral except in one study where it was both oral and
parenteral (Tables 2 and 3) [32].

Quality assessment

In terms of the quality of included studies, there was one
interventional study with a fair quality [46] and other two
studies were good [35, 40]. While all of the observational
studies were of a good quality except one with a fair quality
[30]. The range of total points of included studies quality was
from 6 to 12 (Table S2).

Association between erythromycin intake
during infancy and IHPS

Nine studies reported the association between erythromycin in
infancy and development of IHPS of which two were clinical
trials and seven were cohort studies. There were more than
million individuals included whether exposed or non-ex-
posed, with or without IHPS. The total pooled results showed
that erythromycin is significantly associatedwith IHPS (OR =
2.38 (95% CI = 1.06–5.39), p value = 0.037) (Fig. 2a). There
was a significant heterogeneity (I2 = 74.46%, p value < 0.001)
with no publication bias detected. Removing the studies one
by one through the sensitivity did not affect the association

Fig. 1 PRISMA chart showing
the flow of publications via the
review process
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except after removing the study byMahon et al. which had the
most significant results among other studies (p > 0.001)
(Fig. S1) [11, 13, 14, 20, 30, 32].

Association between any macrolide intake
during infancy and IHPS

There were nine studies that report the association between
using any macrolides in infancy and developing IHPS with a
total of more than two million individuals including controls.
Our meta-analysis revealed that macrolides use significantly
increased the risk of IHPS (OR = 2.01 (95% CI = 1.13–3.58),
p value = 0.018) with a significant heterogeneity (I2 = 70.22%,
p value = 0.001) but with no publication bias detected
(Egger’s p value = 0.7) (Fig. 2b). Through sensitivity analysis,
the association became insignificant after removing any of the
four studies [11, 13, 31, 32].

In order to investigate non-erythromycin macrolides, by
subtracting the erythromycin from macrolides (all
macrolides—erythromycin = non-erythromycin macrolides),
we found the association became insignificant (OR = 6.94
(95% CI = 0.15–324.21), p value = 0.323) with a significant

heterogeneity (I2 = 85.7%, p value = 0.001) (Fig. 3a). These
reported non-erythromycin macrolides are azithromycin in
Eberly et al. (4875/6777, 71.9%) and Friedman et al. studies
(40/58, 96%) [11, 14] and not specified in Ludvigsson et al.
study (2/240, 0.83%) [30].

While investigating the effect of any macrolides use during
the first 2 weeks of life revealed a high association between
macrolides use and IHPS development (rate ratio (RR) =
14.37 (95% CI = 5.88–35.11), p value < 0.001) (Fig. 4a). For
erythromycin, the association was the same (RR = 10.69 (95%
CI = 5.22–21.89), p value < 0.001) (Fig. 4b).

Association between any macrolide intake
during breastfeeding and IHPS

Pooling four studies reporting the association between using
macrolides by breastfeeding mothers and the development of
IHPS among breastfed offspring showed that macrolides have
no significant effect in developing IHPS (OR = 0.96 (95%
CI = 0.61–1.53), p value = 0.876) with no heterogeneity
(Fig. S4).

Table 2 Characteristics of the macrolides intake

Author, year, country Macrolides used Dose Route

Lin, 2013, USA [28] Erythromycin and non-erythromycin – –

Louik, 2002, USA [29] Erythromycin – –

Ng, Hong Kong, 2001 [40] Erythromycin 12.5 mg/kg Oral

Salman, 2015, Australia [46] Azithromycin 2 g Oral

Ericson, 2015, USA [13] Erythromycin – –

Goldstein, 2009, Israel [16] Roxythromycin, azithromycin,
clarithromycin, and erythromycin.

300 mg/day roxithromycin, 250 mg/day
azithromycin,
250 mg/day clarithromycin,
and 1000 mg/day erythromycin.

–

Sørensen, Denmark, 2003 [50] Erythromycin, spiramycin,
roxithromycin,
clarithromycin, and azithromycin

– –

Friedman, Georgia, 2004 [14] Azithromycin and erythromycin Azithromycin at 10 to 12 mg/kg for 5 days –

Eberly, 2015, USA [11] Erythromycin, azithromycin – –

Dinur, 2013, Israel [2] Erythromycin, roxithromycin,
clarithromycin, and azithromycin

– –

Honein, 1999, USA [20] Erythromycin – –

Kallen, 2005, Sweden [24] Erythromycin – –

Cooper, 2002, USA¥, [8] Erythromycin and non-erythromycin – Oral

Cooper, 2002, USA [7] Erythromycin – Oral

Mahon, 2001, USA [32] Erythromycin – Oral and
parenteral

Mohammadizadeh, 2010, Iran
[35]

Erythromycin 6 mg/kg/day, in four doses over 10 days –

Ludvigsson, 2016, Sweden [30] Erythromycin and non-erythromycin – –

Lund, 2014, Denmark [31] Erythromycin, roxithromycin,
azithromycin, clarithromycin,
spiramycin

– –
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Study name Statistics for each study Pyloric stenosis / Total Odds ratio and 95% CI

Odds Lower Upper Relative 

ratio limit limit p-Value Erythromycin Non-erythromycin weight

Mohammadizadeh/2010/Iran 1.000 0.019 51.823 1.000 1 / 36 1 / 36 1.96

Friedman/Georgia/2004 1.897 0.037 96.819 0.750 1 / 59 1 / 111 1.97

Honein/1999/USA 12.508 0.707 221.161 0.085 7 / 157 0 / 125 3.43

Mahon/2001/USA 5.033 2.114 11.984 0.000 6 / 469 37 / 14407 14.88

Ericson/2015/USA 2.295 1.184 4.450 0.014 10 / 1095 76 / 19001 17.30

Cooper/2002/USA 0.486 0.252 0.938 0.032 9 / 7138 795 / 306891 17.35

Ludvigsson/2016/Sweden 2.685 0.167 43.116 0.486 0 / 240 450 / 582256 3.63

Lund/2014/Denmark 2.898 1.766 4.755 0.000 16 / 6591 833 / 992787 19.22

Eberly/2015/USA 1.615 1.089 2.397 0.017 25 / 6777 2441 / 1067459 20.26

2.005 1.125 3.575 0.018 74 / 22561 4633 / 2983072

0.01 0.1 1 10 100

Heterogeneity: Tau2= 0.39; Chi2= 26.87, df= 8, (p = 0.001); I2= 70.22% 

Test for overall effect: Z= 2.36 (p = 0.018)
MacrolideNon-macrolide

Overall

Study name Statistics for each study Pyloric stenosis / Total Odds ratio and 95% CI

Odds Lower Upper Relative 

ratio limit limit p-Value Erythomycin Non-erythromycin weight

Ng/2001/Hong Kong 1.074 0.021 56.052 0.972 1 / 28 1 / 30 3.57

Mohammadizadeh/2010/Iran 1.000 0.019 51.823 1.000 1 / 36 1 / 36 3.58

Honein/1999/USA 12.508 0.707 221.161 0.085 7 / 157 0 / 125 5.91

Friedman/2004/Georgia 6.111 0.117 317.852 0.369 1 / 19 1 / 111 3.57

Mahon/2001/USA 5.033 2.114 11.984 0.000 6 / 469 37 / 14407 17.75

Ericson/2015/USA 2.295 1.184 4.450 0.014 10 / 1095 76 / 19001 19.38

Cooper/2002/USA 0.486 0.252 0.938 0.032 9 / 7138 795 / 306891 19.41

Ludvigsson/2016/Sweden 2.707 0.169 43.479 0.482 0 / 238 450 / 582256 6.21

Eberly/2015/USA 3.935 2.437 6.354 0.000 17 / 1902 2441 / 1067459 20.63

2.384 1.055 5.386 0.037 51 / 11081 3801 / 1990315

0.01 0.1 1 10 100

ErythromycinNon-erythromycin
Heterogeneity: Tau2 = 0.78; Chi2 = 31.32, df = 8, (p < 0.001); I2 = 74.46% 

Test for overall effect: Z = 2.09 (p = 0.037)

Overall

Macrolide Non-macrolide

a

b

Fig. 2 Meta-analysis of the association between the risk of pyloric stenosis in infants erythromycin (a) and macrolides (b), showing the pooled OR with
its 95% CI using a random effects model. The black square represents one study while the black rhombus represents the pooled effect size

Study name Statistics for each study Pyloric stenosis / Total Odds ratio and 95% CI

Odds Lower Upper Non-erthryomycin Relative 

ratio limit limit p-Value macrolides Non-macrolide weight

Cooper/2002/USA 1.878 0.602 5.853 0.277 3 / 621 637 / 247032 12.71

Lin/USA/2013 1.321 0.856 2.039 0.208 24 / 197 717 / 7545 87.29

1.381 0.921 2.072 0.118 27 / 818 1354 / 254577

0.1 0.2 0.5 1 2 5 10
Heterogeneity: Tau

2 
= 0; Chi

2 
= 0.32, df = 1, (p = 0.571); I

2 
= 0% 

Test for overall effect: Z = 1.56 (p = 0.118)

Overall

Non-macrolide Non-erythromycin macrolide

Study name Statistics for each study Pyloric stenosis / Total Odds ratio and 95% CI

Odds Lower Upper Non-erythromycin Relative 

ratio limit limit p-Value macrolides Non-macrolides weight

Eberly/2015/USA 0.717 0.358 1.436 0.348 8 / 4875 2441 / 1067459 39.64

Friedman/Georgia/2004 2.750 0.054 140.921 0.615 1 / 41 1 / 111 28.26

Ludvigsson/2016/Sweden 258.294 12.383 5387.654 0.000 0 / 2 450 / 582256 32.11

6.940 0.149 324.213 0.323 9 / 4918 2892 / 1649826

0.01 0.1 1 10 100

Non-macrolide Non-erythromycin macrolide

Heterogeneity: Tau
2 
= 9.58; Chi

2 
= 13.97, df = 2, (p = 0.001); I

2 
= 85.7% 

Test for overall effect: Z = 0.99 (p = 0.323)

Overall

a

b

Fig. 3 Meta-analysis of the association between non-erythromycin macrolides and the risk of pyloric stenosis in infants (a) and in pregnancy (b),
showing the pooled OR with its 95% CI using random effects models. The black square represents one study while the black rhombus represents the
pooled effect size
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Association between any macrolide intake
during pregnancy and IHPS

There were seven studies reporting the association be-
tween using macrolides during pregnancy and risk of
developing IHPS among offspring with a total of more
than two million individuals including controls. Our
meta-analysis as shown in Fig. S6a revealed an associ-
ation between macrolides using with the increased risk
of IHPS but this effect was insignificant (OR = 1.15
(95% CI = 0.98–1.36), p value = 0.097). There was no
statistical heterogeneity nor detected publication bias.
Studying the effect of study design, through subgroup
analysis, supported the insignificant association
(Fig. S5b). Sensitivity analysis by removing the studies
one by one revealed no difference in the association
except after removing the study by Louik et al. which in-
creased the association between macrolides and IHPS to be
significant (OR = 1.24 (95% CI = 1.03–1.48), p value =
0.023) (Fig. S5).

Association between erythromycin intake
during pregnancy and IHPS

Five studies reported the association between erythromy-
cin intake by pregnant women and the development of
IHPS in their offspring. Figure S7a revealed no significant
association between erythromycin intake during pregnan-
cy with the development of IHPS (OR = 1.11 (95% CI =
0.9–1.36)), p value = 0.351), without statistical heteroge-
neity nor detected publication bias. Also, studying the
effect of study design supported the insignificant associa-
tion (Fig. S7b).

There were three studies that had reported the association
between using macrolides in different trimesters during preg-
nancy and risk of developing IHPS among offspring [2, 28].
One study had 3 datasets about the three trimesters of preg-
nancy, while the other two contained data about the third tri-
mester only. In general, more children with mother taking
erythromycin during the first (OR = 1.63 (95% CI = 0.88–
3.03), p value = 0.12) and third trimesters (OR = 0.94 (95%

Study name Statistics for each study Pyloric stenosis / Total Rate ratio and 95% CI

Rate Lower Upper Relative 

ratio limit limit p-Value Macrolides Non-macrolides weight

Mohammadizadeh/2010/Iran 1.029 0.064 16.444 0.984 1 / 35 1 / 36 8.16

Cooper/2002/USA 12.750 1.156 140.610 0.038 2 / 16 1 / 102 10.15

Eberly/2015/USA 12.383 1.610 95.230 0.016 12 / 439 1 / 453 12.74

Mahon/2001/USA 10.512 4.437 24.906 0.000 6 / 226 37 / 14650 27.99

Ludvigsson/2016/Sweden 20.202 1.262 323.476 0.034 0 / 32 450 / 582462 8.15

Lund/2014/Denmark 36.459 20.622 64.459 0.000 12 / 123 837 / 312795 32.82

14.365 5.878 35.107 0.000 33 / 871 1327 / 910498

0.01 0.1 1 10 100
Heterogeneity: Tau2 = 0.55; Chi2 = 11.03, df = 5, (p = 0.051); I2 = 54.66% 

Test for overall effect: Z = 5.85 (p < 0.001)

Overall

Non-macrolides Macrolides

Study name Statistics for each study Pyloric stenosis / Total Rate ratio and 95% CI

Rate Lower Upper Relative 

ratio limit limit p-Value Erythromycin Non-erythromycin weight

Mohammadizadeh/2010/Iran 1.000 0.020 50.397 1.000 1 / 36 1 / 36 3.34

Cooper/2002/USA 12.750 1.156 140.610 0.038 2 / 16 1 / 102 8.91

Eberly/2015/USA 14.010 1.775 110.584 0.012 9 / 291 1 / 453 12.03

Mahon/2001/USA 10.512 4.437 24.906 0.000 6 / 226 37 / 14650 69.03

Ludvigsson/2016/Sweden 20.202 1.262 323.476 0.034 0 / 32 450 / 582462 6.68

10.690 5.220 21.888 0.000 18 / 601 490 / 597703

0.01 0.1 1 10 100

ErythromycinNon-erythromycin

Heterogeneity: Tau2 = 0; Chi2 = 1.69, df = 4, (p = 0.792); I2 = 0% 

Test for overall effect: Z = 6.48 (p < 0.001)

Overall

a

b

Fig. 4 Meta-analysis of the association between and the risk of pyloric
stenosis. Macrolides use (a) and erythromycin (b) use in less than 2 weeks
of life, showing the pooled rate ratio with its 95%CI using random effects

models. The black square represents one study while the black rhombus
represents the pooled effect size
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CI = 0.43–2.02), p value = 0.86) developed IHPS compared to
the control children. However, those associations were not
statistically significant in only one study which reported the
first trimester exposure and in the three studies which reported
the third trimester exposure (Fig. S8).

Moreover, the association was still insignificant while inves-
tigating the effect of non-erythromycin macrolides use in preg-
nancy, (OR = 1.38 (95% CI = (0.92–2.07), p value = 0.118)
with no heterogeneity (Fig. 3b). These non-erythromycin
macrolides are not specified in Lin et al. (197/339, 58.1%) or
in Cooper et al. (621/13767, 4.5%) studies [7, 28].

Meta-regression

When studying the effect of covariates including study design,
country and publication year on the outcome whenmacrolides
administrationwas in pregnancy, or early childhood, we found
no significant association between the aforementioned covar-
iates and the outcome (p value > 0.05) (Figs. S9–S17).

Discussion

Using such a large population over two million infants for
macrolides and one million infants for erythromycin, our anal-
ysis suggested an association between erythromycin use in
infancy and IHPS development, especially in the first 2 weeks
of life. This is consistent with a previous systematic review of
nine articles investigating only postnatal exposure to erythro-
mycin [37]. In our review, we included several more studies
and we investigated not only the direct neonatal exposure but
also the prenatal exposure and exposure through
breastfeeding. Our reviewwas more comprehensive including
studies on macrolides in general; then, we separately analyzed
erythromycin and other non-erythromycin macrolides.

While investigating the effect of non-erythromycin
macrolides, we found no significant association, indicating
that the erythromycin is the main macrolide associated with
IHPS in infancy.

The association between erythromycin and IHPS might be
explained by the potent stimulatory effect of gastrointestinal
motility by macrolides. Being a motilin receptor agonist,
erythromycin is stimulating phase III of migrating motor com-
plexes in the stomach [1, 42, 48, 54]. The reason why non-
erythromycin macrolides are not similarly associated with
IHPS is still unclear. When investigating one of the non-
erythromycin macrolides, azithromycin, it was found to have
a similar activation of motilin receptors to that of erythromy-
cin [4]. Speculation could be made on the duration of expo-
sure. A typical course of erythromycin is about 14 days in
duration. While other non-erythromycin macrolides are usu-
ally prescribed for a shorter course. Taking, for example,
azithromycin which is usually prescribed for 3 days. In a study

that compared two generic formulations of azithromycin,
large differences were found in their distribution process
[45]. This may raise a question about the effect of formulation
differences across the various countries in which the studies
were performed. Also, a larger sample size is needed by
conducting more studies to further clarify the effect of
exposure.

A separate analysis of non-erythromycin macrolides expo-
sure during the first 2 weeks of life could not be done.
Evidence from individual studies suggests that there may be
a window of risk in the first 2 weeks of life, during which
infants are at a particular risk for both erythromycin and
non-erythromycin macrolides [11, 31]. However, there is still
no concrete evidence about this point and future studies is a
must for a better conclusions.

Our results showed no significant association between
using either erythromycin or anymacrolides during pregnancy
and IHPS except after removing the study by Louik et al.
which made the association significant. The study by Louik
et al. is the only study which showed decreased rates of IHPS
in the macrolides group (OR = 0.810). In addition, it has a
considerable weight which is 16.71%. For these two reasons,
removing it made the association significant. This may be
explained by the fact that motilin receptors are present in the
fetus after the 32nd week of gestation. Thus, macrolides ex-
posure before 32 weeks would cause no IHPS [21, 42]. Our
results showed an association between using macrolides in
third trimester and developing IHPS in the offspring.
However, the small number of studies included makes it a
must to interpret these results with a lot of caution along with
rigorous testing of this association in future larger studies.

In addition, there was no significant association between
IHPS and macrolides use during breastfeeding which is oppo-
site to the suggestion by Sorensen et al. who suggested that a
strong association is present [50]. The study conducted by
Sorensen and his colleagues is a population-based cohort
study, in which the odds ratios for IHPS varied between 2.3
and 3.0 according to different periods of postnatal exposure to
macrolides [50].

Our study has a number of limitations. Firstly, the small
number of the included studies per each analysis, especially
studies on non-erythromycin macrolides. We recommend that
larger cohorts should be followed before any final conclusions
can be drawn for non-erythromycin macrolides. Since there
are a few papers in the literature discussing the association
between macrolides during breastfeeding and IHPS, it may
be the reason for insignificancy present here. For such a rare
event, to make the effect of exposure clearer, much more stud-
ies with higher sample sizes and exposure ratio are needed.
Also, the compliance issue is always present. We have no
proof that the mothers actually took the antibiotics prescribed,
or if all of the infants diagnosed with IHPS had been breastfed
or not.
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Another limitation was that not all studies have included
the indication for the drugs, the dosing of these antibiotics, and
the duration of the treatment. We also should put in mind the
factors that are associated with increased risk of pyloric ste-
nosis include being male, firstborn baby, and having increased
birth weight which may be absent in different degrees in our
population [23].

The clinical relevance of our study is that non-
erythromycin macrolides can be used as a safer substitute for
erythromycin either as an antibiotic or as a prokinetic during
neonatal period. Another clinical relevance is that, as men-
tioned in the introduction, azithromycin and erythromycin
are the secondmost commonly used antibacterial drugs during
pregnancy in the USA. Our study concludes, based on the
clinical evidence we have so far, that there is no significant
risk of developing IHPS in infants born to mother who re-
ceived macrolides during pregnancy. This means that
macrolide prescription can continue for this population espe-
cially if the mother is allergic to penicillin.

Conclusion

Our study revealed a strong association between erythromycin
use during infancy and IHPS. The association magnitude was
stronger during the first two weeks of life. While the associa-
tion is still inconclusive regarding its use in pregnancy includ-
ing the 3rd trimester and during breastfeeding. Further rigor-
ous and larger prospective studies are needed to be able to
conclude the association between macrolides use and IHPS.
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