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Gastroesophageal reflux disease 
(GERD) is the most common medical 
complaint in pregnancy, manifesting 
as heartburn and regurgitation. GERD 
occurs in 25% to 80% of women, with 
the prevalence varying according to 
definition and nationality.‍1‍–‍3 Initial 
management involves lifestyle changes 
and/or antacids, followed by a 
standard treatment of acid-suppressive 
medications such as histamine-2 
receptor antagonists and proton pump 
inhibitors (PPIs).‍1

Maternal use of PPIs in pregnancy 
has been shown to be safe in relation 
to birth defects, spontaneous 
abortions, and preterm delivery.‍4,​‍5 
However, there is a growing number 
of epidemiologic studies to suggest 
that maternal use of acid-suppressive 
medications in pregnancy is associated 
with an increased risk of asthma in 
the offspring. In the current edition 
of Pediatrics, Lai et al‍6 have published 
a meta-analysis of 8 such studies, 
concluding that there is a risk of 
children developing asthma with 
prenatal exposure to PPIs (odds ratio: 
1.34; 95% confidence interval [CI]: 
1.18–1.52) and histamine-2 receptor 
antagonists (odds ratio: 1.57; 95% CI: 
1.46–1.69).
To explore this further, it is interesting 
to first ask the following question: 
why study prenatal acid-suppressive 
medication exposure and asthma in 
offspring?
There are several reasons. First, 
animal studies have revealed that 
progeny of mice that are given acid 
suppressants may develop an allergic 

profile.‍7,​‍8 Secondly, asthma and GERD 
are often concomitant in humans. It 
has been reported in some studies 
that up to 80% of patients with 
asthma have GERD.‍9 The mechanisms 
are unclear, but it is suggested 
that GERD may induce asthma 
symptoms by directly affecting airway 
hyperresponsiveness or via aspiration-
induced inflammation.‍9 Alternatively, 
bronchoconstriction in asthma may 
induce GERD, and asthma medications 
such as β2-agonists may decrease tone 
in the lower esophageal sphincter, 
thereby increasing the risk of acid 
reflux.9 However, the close relationship 
between GERD and asthma brings to 
light 2 possible explanations for the 
findings in the Lai et al‍6 meta-analysis. 
The first explanation is potential 
confounding by maternal asthma,​‍10  
and the second is that GERD itself, 
rather than the medication for GERD, 
is influencing fetal programming for 
asthma, also known as confounding by 
indication.‍11

Because asthma is highly heritable‍12 
and women with asthma are likely 
to also have GERD and, therefore, be 
taking medication, it is perhaps not 
surprising that we may find maternal 
prenatal acid suppressant use to be 
associated with asthma in offspring. 
On the whole, possible confounding by 
maternal asthma has been considered 
thoughtfully in the articles included in 
the Lai et al‍6 meta-analysis, including 
adjusting the analyses for maternal 
asthma,​‍13‍–‍16 excluding women with 
asthma from the analyses,​‍10 and 
family designs‍17,​‍18 such as sibling 
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comparison19,​‍20 and paternal 
prenatal use of acid suppressants as a 
negative control.‍14

However, few of the studies 
included by Lai et al‍6 were written 
by researchers who considered 
the possibility of confounding by 
indication, which admittedly can be 
hard to adjust for in an observational 
study.‍21 The ideal method would 
be a randomized controlled trial in 
which pregnant women diagnosed 
with GERD were assigned to acid-
suppressive drugs or to a placebo and 
their children followed. However, we 
know of no such clinical trials. The 
next best thing would be to emulate 
the target trial using observational 
data.‍22 This would mean following a 
pregnant group with GERD who did 
not take medication and comparing 
them with a group who did. In only 
1 of the studies included in the Lai 
et al‍6 meta-analysis was a GERD 
diagnosis investigated in addition 
to acid suppressants.15 This study, 
based on The Health Improvement 
Network cohort, revealed a 
nonsignificant but increased risk 
for pregnancy-diagnosed GERD 
and asthma in offspring (hazard 

ratio: 1.17; 95% CI: 0.92–1.48). 
Furthermore, after adjusting for 
GERD and other comorbidities, there 
was no association found between 
prenatal maternal PPI use and 
asthma in offspring.‍15

Another interesting finding from 
The Health Improvement Network 
study was that the risk of asthma 
in offspring when taking acid 
suppressants during prepregnancy 
was actually higher than when 
taking acid suppressants during 
pregnancy.‍15 Similarly, in other 
studies, a positive association with 
asthma in offspring has been found 
for medication taken only after 
pregnancy.‍13,​‍16 Taken together, these 
findings could indicate that women 
taking acid suppressants outside of 
pregnancy, but not during pregnancy, 
actually do have GERD during 
pregnancy, which may be affecting 
fetal development. However, we can 
only surmise. Another possibility 
is confounding by behavior; that is, 
women more inclined to seek medical 
help for GERD (in any period) may 
also be more inclined to seek medical 
help for their children regarding 
asthma.

Whatever the reason, there is doubt 
raised about the fetal programming 
hypothesis by acid-suppressive  
drugs on asthma development 
presented in the well-conducted 
meta-analysis by Lai et al.‍6 To  
better address the issues of 
confounding, more studies are 
needed, including GERD diagnoses 
and attempts to employ more 
sophisticated methods such as  
family designs,​‍17 propensity  
scoring, instrumental variables,  
and restriction,​‍21 As authors of 
another recent meta-analysis 
concluded,​‍23 we advise clinicians  
not to jump too quickly to  
decide that pregnant women  
should not be taking acid 
suppressants to prevent asthma 
in their children6 but rather call 
for more careful research into the 
mechanisms that may be causing the 
observed associations.
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