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SUMMARY

Background

Some research has suggested a potential link between prenatal exposure to
proton pump inhibitors (PPIs) or H,-receptor antagonists (H,RAs) and the
development of childhood asthma.

Aim
To quantify the relative risk of asthma in children who experienced pre-
natal exposure to PPIs and/or H,RAs, adjusting for potential confounders.

Methods

In this observational cohort study (NCT01787435), women aged 18—45 years
with completed pregnancies between January 1996 and December 2010 were
identified from The Health Improvement Network in the United Kingdom,
and were linked to infants. Hazard ratios (HRs) were estimated using Cox
proportional hazard models.

Results

Our analysis identified 2371 prenatally exposed and 7745 unexposed
infants. The incidence of asthma (per 1000 person-years) was 19.52 in the
unexposed cohort, 23.88 in the PPI cohort and 32.16 in the H,RA cohort.
After adjusting for maternal healthcare utilisation during the year before
pregnancy, the HR for asthma in infants whose mothers received prescrip-
tions at any time during pregnancy was 1.12 (95% confidence interval:
0.88-1.44) for PPIs and 1.43 (1.20-1.70) for H,RAs, when compared with
unexposed infants. With further adjustment for maternal comorbidities and
other medications, the HR for asthma was 1.03 (0.76-1.40) for PPIs and
1.32 (1.05-1.64) for H,RAs.

Conclusions

Our analysis showed no association between prenatal exposure to PPIs and
asthma in childhood after adjusting for confounders. The association found
for H,RAs may be explained largely by underlying environmental or
genetic factors, as suggested by reductions in hazard ratio estimates follow-
ing adjustment for maternal comorbidities.
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INTRODUCTION

Heartburn or gastroesophageal reflux disease (GERD)
affects 30-80% of pregnant women and can be hard to
manage."” > Histamine H,-receptor antagonists (H,RAs)
are recommended in pregnant women whose symptoms
cannot be adequately controlled with lifestyle modifica-
tion and antacids.” > However, these methods are often
ineffective, which has led to the increasing use of proton
pump inhibitors (PPIs) in pregnancy.*

In epidemiological studies, the use of PPIs during
pregnancy has indicated neither malformative nor feto-
toxic effects.” > However, research has suggested that
there might be a link between exposure to PPIs and
other acid-suppressing medications in utero and the
of childhood asthma.®'' A Swedish

registry-based cohort study was the first to show that

development

maternal use of acid-suppressing medication (including
PPIs) in pregnancy was associated with an increase in
the risk of the infant developing severe childhood
asthma® and, since then, others have replicated this find-
ing.”™ In a Danish registry study, prenatal exposure to
PPIs was associated with an increased risk of asthma in
children.” However, the authors also found an associa-
tion with maternal postnatal use of PPIs, suggesting that
such findings may be explained by common causes of
both the indication for acid-suppressing medications in
the mother and the development of asthma in the
infant.

Many factors have been proposed to be associated
with childhood asthma, including maternal asthma and
maternal use of asthma medications, antibiotics and
paracetamol.'>'> Potential confounding due to genetic
and environmental factors shared by the mother, father
and offspring, during and after gestation, presents a fur-
ther challenge for studies examining true associations
between prenatal exposures and childhood asthma.

The aim of this study (NCT01787435) was to quantify
the relative risk of asthma in children who experienced
any prenatal exposure to acid-suppressing drugs (PPIs
and/or H,RAs), adjusting for potential confounders. Data
were obtained from The Health Improvement Network
(THIN) database, which contains systematically recorded
data on more than three million primary care patients in
the UK. Two cohorts of infants and their mothers were
identified using this database: a cohort that was exposed
to acid-suppressing drugs during pregnancy and a
matched unexposed cohort. The risk of developing child-
hood asthma was compared between the two groups of
infants.

METHODS

Data source

THIN is representative of the UK population in terms of
age, sex and geographical distribution, and has been vali-
dated for use in epidemiological studies.'®'® Data are
systematically recorded by primary care physicians
(PCPs) as part of routine care, and sent anonymously to
THIN for use in research projects. Data include demo-
graphics, lifestyle factors (such as body mass index),
diagnoses, referrals and hospital admissions, laboratory
test results and free-text comments. Prescriptions issued
by PCPs are recorded automatically in the database.
Specific diagnoses are coded using the Read classifica-
tion, and drug prescriptions are coded using a drug dic-
tionary based on data MULTILEX
classification."”

from the

Study registration and approval

This study (NCT01787435) was approved by the Scien-
tific Research Committee (SRC: 13-002). The study was
registered before data analysis began.

Identification of female participants and pregnancies
Women aged 18-45 years between 1 January 1996 and
31 December 2010, who had been registered with their
PCP for at least 1 year, were identified from THIN as
the source population. From these individuals, those
who had completed pregnancies or pregnancy losses
during this period were identified based on Read codes
indicative of conception [last menstrual period (LMP)],
end of pregnancy (e.g. deliveries, miscarriages) and preg-
nancy-related events (e.g. prenatal visits and tests).
Details on cohort identification have been described pre-
viously.*’

The timing of the pregnancy (i.e. from LMP date to
end of pregnancy) was determined from the data, and
completed pregnancies were linked to live-born infants
by means of the family identification number and date
of birth (89% successful linkage).

Exposure to acid-suppressing drugs

Exposure during pregnancy was defined as the presence
of at least one prescription of acid-suppressing drugs
(PPIs and/or H,RAs) any time between the LMP and
delivery date. A woman was considered a non-user (i.e.
unexposed) when there was no prescription of any acid-
suppressing drug during pregnancy. PPIs and H,RAs
were considered separately, and exposure was further
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categorised according to the first, second and third tri-
mesters of pregnancy (defined as LMP date to gestational
day 90, gestational day 91 to gestational day 180 and
gestational day 181 to end of pregnancy, respectively).
Women exposed to acid-suppressing drugs during the
pre-pregnancy period (defined as the 90 days before the
LMP date), but who did not receive a prescription dur-
ing pregnancy, were also identified.

Identification of exposed and unexposed cohorts

Our analysis identified a cohort of 3045 women with at
least one prescription for acid-suppressing medications
during pregnancy (exposed cohort). These individuals
were matched by both calendar time (within the same
calendar quarter of LMP) and maternal age at LMP with
a sample of 10 000 women who were unexposed to acid-
suppressing drugs during pregnancy (unexposed cohort)
(Figure 1). The 13 045 pregnancies in these two study
cohorts were linked to a total of 3154 infants in the
exposed cohort and 10 233 infants in the unexposed
cohort.

In addition, 1135 infants were identified as being born
from women who used an acid-suppressing agent during
the pre-pregnancy period but not during the pregnancy
itself. This control group was chosen to evaluate whether
exposure before pregnancy was associated with the out-
come; if so, residual confounding could account for any
association with exposure in utero.

Selection and follow-up of infants

Infants were eligible for analysis if they had continuous
enrolment in THIN until they were at least 1 year of age.
A total of 2371 infants in the exposed cohort and 7745
in the unexposed cohort met inclusion criteria. Among
infants in the exposed cohort, 816 (34.4%) were exposed
to PPIs, 1414 (59.6%) were exposed to H,RAs and 141
(5.9%) were exposed to both medications. Of the 1135
infants with mothers in the pre-pregnancy exposure
(control) cohort, 894 were eligible for analysis; of these,
600 (67.1%), 269 (30.1%) and 25 (2.8%) were exposed to
PPIs, H,RAs and both medications, respectively. All
infants in the final study cohorts (exposed, unexposed
and control) were followed up from 1 year of age until
the first recorded entry of one of the following endpoints:
asthma diagnosis, their sixth birthday, death or end of
the study follow-up period (31 December 2011).

Asthma definition and asthma case ascertainment
Potential asthma cases in the study cohorts were identi-
fied from THIN records using an automated computer
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search for specific Read codes, and were confirmed by
manual review of electronic medical records to ascertain
asthma status. Patient profiles, including demographics
and clinical information (but no details on maternal expo-
sure during pregnancy), and free-text comments were
reviewed manually to confirm asthma cases. Free-text
comments assigned to Read codes suggestive of asthma
symptoms or allergies and to specific Additional Health
Data and screening tests related to asthma within the year
before and up to 1 year after the potential case date were
reviewed. Free-text comments assigned to unspecific Read
codes related to referrals or other PCP visits within the
month before and 2 months after the potential case date
were also assessed. Doubtful cases were reviewed by two
epidemiologists with medical backgrounds and blinded to
the exposure of interest, and agreement was reached with
the help of a respiratory consultant.

In the exposed cohort, 252 infants were identified with
asthma based on the automated search of Read codes:
173 were exposed to H,RAs, 65 were exposed to PPIs
and 14 were exposed to both drug classes in utero. Like-
wise, 571 infants were identified in the unexposed
cohort. Of these 823 potential asthma cases, 763 (92.7%)
were confirmed on review and used in the analysis. The
proportion of confirmed asthma cases was 94.0% in the
exposed group (ranging from 92% to 95% across specific
treatments), 92.1% in the unexposed cohort and 94.9%
in the pre-pregnancy exposed (control) cohort. Non-
confirmed cases were excluded because of either insuffi-
cient information in the PCP records to confirm asthma
diagnosis or confirmation of other respiratory tract
disorders (such as respiratory tract infection or cystic
fibrosis).

Secondary validation of cases by questionnaire

From the potential asthma cases, we selected a random
sample of 100 patients (93 classified as confirmed and
seven as nonconfirmed in the manual review) and asked
their PCPs to complete questionnaires designed to pro-
vide additional information about asthma symptoms,
diagnostic tests and treatments. In all, 91 questionnaires
containing complete information were returned. PCPs
confirmed an asthma diagnosis in 75 out of the 85
(88.2%) asthma cases confirmed by manual review, and
in three out of the six (50.0%) nonconfirmed cases.

Covariates

Data regarding a number of potential risk factors for
asthma, including demographic factors and maternal
comorbidities (such as asthma, autoimmune disease,
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Female study population
Women aged 18—45 years between 1 January 1996 and 31 December 2010, registered with current PCP for
21 year, and who had a completed pregnancy

126 659 women/129 790 infants

STAGE 1: ascertain exposure to PPls and/or H,RAs

Exposed: 21 prescription at any time between LMP date and delivery date

Unexposed: no prescription between LMP date and delivery date

Pre-pregnancy exposed: 21 prescription in 90 days prior to LMP date and no prescription between LMP date
and delivery date

| !

Unexposed population
10 000 women/10 233 infants

Matched
Exposed population with@
3045 women/3154 infants

Pre-pregnancy exposed
(control) population
1114 women/1135 infants

STAGE 2: identify infants for inclusion

Criteria: status of permanent or died in last THIN update; 21 year old at date of last data collection for their
practice; 21 year old before 1 January 2011; alive at 1 year of age; and no information gaps in their
compulter files

!

Exposed population
2371 infants/2315 women

PPI: 816 infants
H,RA: 1414 infants
PPI + H,RA: 141 infants

}

!

Unexposed population
7745 infants/7596 women

Pre-pregnancy exposed
(control) population
894 infants/884 women

PPI: 600 infants
H,RA: 269 infants
PPI + H,RA: 25 infants

STAGE 3: identify potential asthma cases
Automated computer search for specific Read codes

!

Potential asthma cases
252 infants

}

!

Potential asthma cases
571 infants

Potential asthma cases
98 infants

STAGE 4: validate asthma cases

Manual review of medical records and free-text comments

Questionnaire sent to PCPs

!

Confirmed asthma cases
237 infants

PPI: 60 infants
H,RA: 164 infants
PPl + H,RA: 13 infants

!

!

Confirmed asthma cases
526 infants

Confirmed asthma cases
93 infants

Figure 1| Identification of exposure to acid-suppressing drugs and asthma cases. *Exposed women were matched by
both calendar time (within the same calendar quarter of LMP) and maternal age at LMP with a sample of 10 000
women who were unexposed to acid-suppressing drugs during pregnancy. H,RA, histamine H,-receptor antagonist;
LMP, last menstrual period; PCP, primary care physician; PPI, proton pump inhibitor; THIN, The Health Improvement
Network.
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allergic rhinitis and GERD) were collected any time
before the LMP date and during pregnancy. Data on
maternal drug use (e.g. antibiotics, asthma medications
and antacids) were collected in both the year before
pregnancy and during pregnancy.

Statistical analysis
Among the matched infant cohorts, Cox proportional
hazard models were used to estimate the hazard ratio
(HR) and 95% confidence intervals (Cls) of developing
asthma associated with maternal prenatal exposure to
acid-suppressing drugs. For PPIs and H,RAs, exposure
was assessed at any time during pregnancy and in each
trimester of pregnancy. Different Cox regression models
were used to adjust for various confounding factors:
number of maternal PCP visits and referrals in the year
before the LMP date and year of delivery (Model A);
maternal asthma (Model B); maternal comorbidities any
time before delivery (allergies, GERD, peptic ulcer;
Model C); maternal use of nonsteroidal anti-inflamma-
tory drugs during pregnancy (Model D); and maternal
use of antacids, antibiotics or anti-histamine medications
during pregnancy, and sex of infant (Model E). Each
successive model included the factors from the previous
model(s). Data are presented for Models A and E. Fur-
thermore, a sensitivity analysis also assessed pre-preg-
nancy exposure.

Statistical analyses were performed using the sTaTa
package version 12.0 (StataCorp LP, College Station, TX,
USA).

RESULTS

Baseline maternal characteristics

Baseline maternal characteristics according to acid-sup-
pressing drug exposure are shown in Table 1. Mean age
was approximately 30 years across the groups, and
women in the unexposed group showed less healthcare
utilisation on average in the year before pregnancy than
those in the exposed groups. Women exposed to acid-
suppressing medications were more likely to have gas-
trointestinal as well as other comorbidities (such as
depression, asthma and allergies), compared with the
unexposed group, at any time before the LMP date
(Table 1) and during pregnancy (data not shown). Dur-
ing the year before the LMP date, women in the exposed
group received more prescriptions of other medications
(i.e. not including acid-suppressing drugs) compared
with the unexposed group (Table 2). Exposure to acid-
suppressing agents is shown in Table 3. Exposure to
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PPIs was greatest in the first trimester, whereas H,RA
exposure was highest in the third trimester.

Incidence of asthma

The incidence of asthma (per 1000 person-years) in the
offspring of women in the study was 19.52 (95% CI:
17.92-21.26) in the unexposed cohort, compared with
23.88 (18.54-30.75) in the PPI cohort, 32.16 (27.60—
37.48) in the H,RA cohort and 28.65 (16.63—49.34) in
the PPI + H,RA cohort. Among infants whose mothers
were exposed to an acid-suppressing drug during the
pre-pregnancy period only, the incidence of asthma was
29.73 (95% CI: 24.26-36.43).

Compared with the unexposed group, the crude inci-
dence rate ratio (IRR) of asthma associated with drug
exposure during pregnancy was 1.22 (95% CI: 0.94-1.60)
for PPIs, 1.65 (1.38-1.96) for H,RAs and 1.47 (0.85—
2.54) in the PPI + H,RA cohort. The crude HR of
asthma associated with drug exposure during pregnancy
was 1.21 (95% CI: 0.93-1.58) for PPIs, 1.66 (1.39-1.97)
for H,RAs and 1.46 (0.84-2.52) for both drugs, com-
pared with the unexposed group. For exposure to acid-
suppressing drugs during the pre-pregnancy period only,
the HR (age-adjusted) was 1.50 (95% CI: 1.20-1.87) rela-
tive to non-exposure; the corresponding HR estimates
according to type of acid-suppressing agent were 1.41
(1.07-1.87) for PPIs, 1.60 (1.13-2.26) for H,RAs and
2.35 (0.88-6.28) for both drugs.

Adjusted Cox regression analysis in the exposed vs.
unexposed cohorts

Compared with unexposed infants, the HR for asthma in
exposed infants whose mothers received prescriptions at
any time during pregnancy was 1.12 (95% CI: 0.88—1.44)
for PPIs and 1.43 (1.20-1.70) for H,RAs after adjusting
for maternal PCP visits and referrals during the year
before the LMP date and year of delivery (Model A;
Figure 2a). When further adjustments for maternal
comorbidities and use of other medications during preg-
nancy were applied, the HR for asthma was 1.03 (95%
CIL: 0.76-1.40) for PPI exposure and 1.32 (1.05-1.64) for
H,RA exposure, compared with unexposed infants
(Model E; Figure 2b). There was no trend of increased
risk of asthma with greater number of prescriptions dur-
ing pregnancy (data not shown).

When the risk of asthma was analysed by the trime-
ster of exposure, HRs with PPIs were similar in the first
and second trimesters, and lowest in the third trimester
(Figure 2); with H,RAs, the risk of asthma was greatest
for exposure in the second trimester. For infants whose
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Table 1| Baseline characteristics for maternal study population, according to acid-suppressing drug exposure group

Exposed to PPl and/or
Unexposed Exposed to PPl Exposed to H,RA  Exposed to PPl + H,RA  H>RA pre-pregnancy

(n = 7596) only (n =808) only (n =1368) (n =139) (n = 884)

Age (years)

18-19 284 (3.7) 36 (4.5) 52 (3.8) 4 (29) 42 (4.8)
20-29 3015 (39.7) 340 (421) 532 (38.9) 50 (36.0) 379 (42.9)
30-39 3944 (51.9) 397 (49.) 721 (52.7) 74 (53.2) 434 (49.)
>40 353 (4.6) 35 (4.3) 63 (4.6) 1 (7.9) 29 (3.3)
BMI* (kg/m?)

<20 627 (8.3) 49 (6.1) 94 (6.9) 5 (3.6) 59 (6.7)
20-24 2493 (32.8) 212 (26.2) 411 (30.0) 38 (27.3) 298 (33.7)
25-29 1378 (18.1) 173 (21.4) 260 (19.0) 38 (27.3) 178 (20.1)
>30 827 (10.9) 171 (21.2) 220 (16.1) 27 (19.4) 127 (14.4)
Unknown 2271 (29.9) 203 (25.1) 383 (28.0) 31(22.3) 222 (251
Townsend score

Least deprived 2025 (26.7) 139 (17.2) 277 (20.2) 27 (19.4) 170 (19.2)
Intermediate | 1568 (20.6) 136 (16.8) 243 (17.8) 23 (16.5) 166 (18.8)
Intermediate I 1521 (20.0) 164 (20.3) 317 (23.2) 27 (19.4) 185 (20.9)
Intermediate IlI 1263 (16.6) 180 (22.3) 265 (19.4) 24 (17.3) 159 (18.0)
Most deprived 893 (11.8) 149 (18.4) 204 (14.9) 31 (22.3) 148 (16.7)
Unknown 326 (4.3) 40 (5.0) 62 (4.5) 7 (5.0) 56 (6.3)
PCP visitst, n

0-4 3432 (45.2) 164 (20.3) 405 (29.6) 19 (13.7) 126 (14.3)
5-9 2460 (32.4) 230 (28.5) 460 (33.6) 43 (30.9) 263 (29.8)
10-19 1405 (18.5) 278 (34.4) 365 (26.7) 48 (34.5) 355 (40.2)
>20 299 (3.9) 136 (16.8) 138 (10.1) 29 (20.9) 140 (15.8)
Referralst, n

0-1 5427 (71.4) 410 (50.7) 856 (62.6) 58 (41.7) 474 (53.6)
2-4 1515 (19.9) 220 (27.2) 322 (23.5) 44 (31.7) 254 (28.7)
5-9 533 (7.0) 123 (15.2) 155 (11.3) 23 (16.5) 19 (13.5)
>10 121 (1.6) 55 (6.8) 35 (2.6) 14 (10.1) 37 (4.2)
Prescriptionst, n

None 1442 (19.0) 45 (5.6) 118 (8.6) 5 (3.6) 0 (0.0)
1 1588 (20.9) 63 (7.8) 188 (13.7) 10 (7.2) 37 (4.2)
2-4 2988 (39.3) 245 (30.3) 456 (33.3) 28 (20.1) 302 (34.2)
5-9 1312 (17.3) 265 (32.8) 426 (31.1) 59 (42.4) 357 (40.4)
10-14 230 (3.0) 120 (14.9) 128 (9.4) 16 (11.5) 129 (14.6)
15-19 29 (0.4) 48 (5.9) 33 (2.4) 13 (9.4) 39 (4.4)
>20 7 (0D 22 (2.7) 19 (1.4) 8 (5.8) 20 (2.3)
Comorbidityf

Allergy suggestion 2234 (29.4) 321 (39.7) 456 (33.3) 61 (43.9) 313 (35.4)
Depression 1511 (19.9) 297 (36.8) 435 (31.8) 59 (42.4) 295 (33.4)
Asthma 1088 (14.3) 179 (22.2) 264 (19.3) 34 (24.5) 171 (19.3)
Allergic rhinitis 1004 (13.2) 131 (16.2) 196 (14.3) 22 (15.8) 138 (15.6)
Infertility suggestion 722 (9.5) 70 (8.7) 124 (9.1) 17 (12.2) 75 (8.5)
Hay fever 718 (9.5) 84 (10.4) 142 (10.4) 19 (13.7) 95 (10.7)
Dyspepsia 538 (7.1) 292 (36.1) 254 (18.6) 64 (46.0) 427 (48.3)
GERD 323 (4.3) 200 (24.8) 194 (14.2) 50 (36.0) 203 (23.0)
Autoimmune disease 97 (1.3) 15 (1.9) 14 (1.0) 4 (2.9) 16 (1.8)
Diabetes 44 (0.6) 13 (1.6) 17 (1.2) 2 (1.4) 4 (0.5)
Rheumatoid arthritis 40 (0.5) 1 (.4) 8 (0.6) 1(0.7) 5 (0.6)
Peptic ulcer 38 (0.5) 21 (2.6) 31(2.3) 8 (5.8) 28 (3.2)
Multiple sclerosis 11 (0D 4 (0.5) 2 (0D 2 (1.4) 3(0.3)

Data are presented as number (%) of women. BMI, body mass index; GERD, gastroesophageal reflux disease; H,RA, histamine
H,-receptor antagonist; LMP, last menstrual period; PCP, primary care physician; PPI, proton pump inhibitor.

*Recorded in the previous 5 years.
FIn the year before LMP date.
1At any time before LMP date.
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Table 2 | Maternal medication use in the year before the start of pregnancy and during pregnancy, according to acid-
suppressing drug exposure group

Exposed to PPl and/or
Unexposed  Exposed to PPl  Exposed to H,RA  Exposed to PPI+H,RA  H,RA pre-pregnancy

(n=7596) only (n=808) only (n=1368) (n =139) (n = 884)
Year before LMP date
Antibiotics 3119 (41.1) 465 (57.5) 736 (53.8) 85 (61.2) 540 (61.1)
Respiratory medications* 1064 (14.0) 230 (28.5) 338 (24.7) 39 (281 227 (25.7)
Anti-histamines 839 (11.0) 220 (27.2) 281 (20.5) 47 (33.8) 252 (28.5)
Beta-2 agonists 585 (7.7) 135 (16.7) 184 (13.5) 20 (14.4) 122 (13.8)
NSAIDs 1009 (13.3) 202 (25.0) 299 (21.9) 36 (25.9) 252 (28.5)
Paracetamol 733 (9.6) 221 (27.4) 331 (24.2) 41 (29.5) 229 (25.9)
Anti-emetics 267 (3.5) 124 (15.3) 119 (8.7) 28 (20.1) 151 (07.1)
Antacids 123 (1.6) 101 (12.5) 92 (6.7) 16 (11.5) 141 (16.0)
Prokinetics 15 (1.5) 72 (8.9) 53 (3.9) 18 (12.9) 94 (10.6)
Fertility treatmentt 105 (1.4) 16 (2.0) 33 (2.4) 2 (1.4) 9 (1.0)
During pregnancy
Antibiotics 3141 (41.4) 473 (58.5) 810 (59.2) 92 (66.2) 480 (54.3)
Antacids 1983 (26.1) 454 (56.2) 883 (64.5) 97 (69.8) 420 (47.5)
Respiratory medications* 1125 (14.8) 226 (28.0) 409 (29.9) 56 (40.3) 217 (24.5)
Anti-histamines 776 (10.2) 219 (27.1) 425 (31.1) 61 (43.9) 157 (17.8)
Beta-2 agonists 597 (7.9) 13 (14.0) 196 (14.3) 25 (18.0) 10 (12.4)
Paracetamol 828 (10.9) 237 (29.3) 374 (27.3) 47 (33.8) 257 (29.1)
Anti-emetics 464 (6.1) 166 (20.5) 336 (24.6) 50 (36.0) 103 (1.7)
NSAIDs 175 (2.3) 66 (8.2) 67 (4.9) 12 (8.6) 40 (4.5)
Prokinetics 109 (1.4) 72 (8.9) 140 (10.2) 19 (13.7) 33 3.7

Data are presented as number (%) of women receiving at least one prescription in the year before pregnancy (i.e. before the
LMP date) or during pregnancy (i.e. between the LMP date and delivery date). H,RA, histamine H,-receptor antagonist; LMP, last
menstrual period; NSAID, nonsteroidal anti-inflammatory drug; PPI, proton pump inhibitor.

*Includes beta-2 agonists, theophylline, cromoglycate and anti-histamines.

tIncludes clomifene and gonadotrophins, as well as treatments used in assisted reproductive techniques (cetrorelix, ganirelix and
gonadorelin analogues).

Table 3 | Maternal use of acid-suppressing agents during pregnancy, according to time of exposure and acid-
suppressing drug exposure group

Unexposed Exposed to PPl  Exposed to H,RA  Exposed to PPI+H,RA  Exposed to PPl and/or H,RA

(n=7596) only (n=3808) only (n=1368) (n =139) pre-pregnancy (n = 884)

PPI

At any time NA 808 (100.0) NA 139 (100.0) NA
First trimester NA 564 (69.8) NA 90 (64.7) NA
Second trimester NA 211 (26.1) NA 32 (23.0) NA
Third trimester NA 303 (37.5) NA 53 (38.1) NA
All three trimesters* NA 94 (11.6) NA 7 (5.0) NA
H,RA

At any time NA NA 1368 (100.0) 139 (100.0) NA
First trimester NA NA 296 (21.6) 48 (34.5) NA
Second trimester NA NA 344 (25.1) 65 (46.8) NA
Third trimester NA NA 990 (72.4) 90 (64.7) NA
All three trimesters* NA NA 50 (3.7) 18 (12.9) NA

Data are presented as number (%) of women. H,RA, histamine H,-receptor antagonist; NA, not applicable; PPI, proton pump
inhibitor.

*At least one prescription of the corresponding acid-suppressing drug per trimester.
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Figure 2 | Hazard ratio estimates for asthma associated with PPl or H,RA use during pregnancy. (a) Model A — Cox
proportional hazard model adjusted for number of maternal PCP visits and referrals during the year prior to the LMP
date and year of delivery; (b) Model E — Cox proportional hazard model adjusted for number of maternal PCP visits
and referrals during the year prior to the LMP date and year of delivery, maternal comorbidities (asthma, allergies,
GERD, peptic ulcer), maternal use of NSAIDs, antacids, antibiotics and antihistamine medications during pregnancy,
and sex of infant. *At least one prescription of the corresponding acid-suppressing drug per trimester. Cl, confidence
interval; GERD, gastroesophageal reflux disease; HR, hazard ratio; H,RA, histamine H,-receptor antagonist; LMP, last
menstrual period; NSAID, nonsteroidal anti-inflammatory drug; PCP, primary care physician; PPI, proton pump

inhibitor.

mothers had prescriptions in all three trimesters of preg-
nancy, the HR for asthma was 0.73 (95% CI: 0.23-2.31)
for PPI exposure and 1.26 (0.51-3.08) for H,RA expo-
sure (Model E; Figure 2b).

When including only women who received more than
one prescription during pregnancy, exposure to PPI in
the first, second or third trimester or at any time during
pregnancy was not associated with an increased risk of
asthma (Models A and E); for H,RAs, the risk of asthma
was increased with prescriptions any time during preg-
nancy and in the first and second trimester (Models A

8

and E), and in the third trimester (Model A only) (data
not shown).

Several other factors were associated with an increased
risk of asthma in infants, including pre-existing maternal
asthma, other pre-existing maternal autoimmune dis-
eases, prescription of respiratory drugs during pregnancy
and prescription of acetaminophen (Table 4). For pre-
natal exposure to antacids, the HR for asthma was 1.37
(1.18-1.58) when adjusting for Model A (Table 4) and
1.44 (0.95-2.17) when adjusting for the full model
(Model E).

Aliment Pharmacol Ther
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Table 4 | Hazard ratio estimates for asthma
associated with maternal comorbidities or maternal
drug use during pregnancy

Adjusted HR (95% C*

Maternal comorbidity

Allergy
Pre-existing 110 (0.93-1.29)
Diagnosed during pregnancy 1.93 (1.24-2.99)
Asthma
Pre-existing 1.55 (1.21-2.00)

Diagnosed during pregnancy 0.99 (0.76-1.28)

Autoimmune disease

Pre-existing 1.78 (1.03-3.10)

Diagnosed during pregnancy 0.64 (0.09-4.57)
GERD

Pre-existing 1.07 (0.79-1.44)
Diagnosed during pregnancy 117 (0.92-1.48)
Hay fevert

Pre-existing 1.21 (0.96-1.52)
Multiple sclerosisf

Pre-existing 2.66 (0.99-711)

Drug use during pregnancy
Beta-2 agonists

Asthma medications
Acetaminophen

2.26 (1.87-2.71)
1.58 (1.34-1.86)
1.41 (118-1.69)

Antacids 1.37 (1.18-1.58)
NSAIDs 1.20 (0.71-1.3D)
Anti-histamines 1.08 (0.89-1.32)
Antibiotics 1.04 (0.90-1.21)
Prokinetics 0.54 (0.33-0.89)

Cl, confidence interval;, GERD, gastroesophageal reflux disease;
HR, hazard ratio; LMP, last menstrual period; NSAID, nons-
teroidal anti-inflammatory drug; PCP, primary care physician.

*Cox proportional hazard model adjusted for number of mater-
nal PCP visits and referrals during the year before the LMP
date and year of delivery.

TNo cases of newly diagnosed disease during pregnancy.

DISCUSSION

The results of our study showed that prescription of PPIs
during pregnancy was not associated with an increased
risk of childhood asthma in their offspring; a modest
increase in risk was observed following exposure to
H,RAs. Interestingly, we did not find an excess risk of
asthma in infants whose mothers had prescriptions for
either class of acid-suppressing drug in all three trime-
sters of pregnancy. In addition, there was no increased
risk of asthma with first trimester exposure for either
PPIs or H,RAs. Exposure during the second trimester
showed a stronger association with asthma, although this
was not significant for PPIs (as indicated by Cls crossing
1). No association was observed between prenatal expo-
sure to PPIs and asthma in childhood; there was a mod-
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© 2015 John Wiley & Sons Ltd

est association between prenatal exposure to H,RAs and
childhood asthma, however. The modest increase in
asthma risk associated with prescription of H,RAs
should be viewed with some caution given the potential
for confounding to influence the findings. Our study
showed that maternal asthma, other autoimmune dis-
eases and prescription of respiratory drugs and acetami-
nophen were associated with an increased risk of asthma
in the infant, as was prescription of acid-suppressing
drugs pre-pregnancy. Adjustments for maternal comor-
bidities and drug prescription during pregnancy
decreased the HR estimate for asthma for both PPIs and
H,RAs
unknown or unmeasured confounders, such as genetic

in our models. Additional adjustment for

or environmental factors, may have further reduced the
HR.

A major strength of our study is the use of THIN, which
allows analysis of a large sample that is representative of
the UK primary care population, and which has been vali-
dated for epidemiological studies.'®'® The wide range of
available information and the ability to link maternal and
infant records and access long-term follow-up data for
infants make THIN a good resource for studying associa-
tions between drug prescriptions during pregnancy and
specific infant or maternal outcomes. The detailed individ-
ual records allow adjustments for a number of potential
confounders, including maternal comorbidities, drug pre-
scriptions, healthcare utilisation and smoking. Another
strength of our study was the ascertainment of asthma
cases. All potential asthma cases were validated via a man-
ual review of computerised medical records, including
free-text comments, providing accurate identification of
cases. A further strength was the use of a validated algo-
rithm to ascertain pregnancies and timing of pregnancy in
THIN.* Limitations of our study include the possible mis-
classification of maternal exposure to acid-suppressing
drugs. The use of prescription data to ascertain maternal
drug exposure requires assumptions about the extent and
timing of medication intake. In addition, the use of over-
the-counter medications may have led to missed expo-
sures, although this is likely to represent only a small pro-
portion of acid-suppressing medication use during
pregnancy in the UK.'” Pregnant women might prefer to
visit their PCP rather than take medication without medi-
cal advice. Furthermore, most pregnancies are followed at
least partially by the PCP, with approximately 80% of UK
pregnant women choosing their PCP as the first health
professional.*!

Under most scenarios, misclassification of exposure
due to lack of adherence and use of over-the-counter



L. Cea Soriano et al.

drugs would result in a slight bias towards the null. On
the other hand, residual confounding by unmeasured
and unknown risk factors could be biasing the estimates
upwards.

Several previous studies have examined the potential
association between the use of acid-suppressing medica-
tion during pregnancy and the development of asthma in
children, reporting an increased risk of asthma of approxi-
mately 25-50%. 1! However, the observed association
between maternal use of acid-suppressing medication and
childhood asthma tended to lessen when adjusting for fac-
tors such as other concomitant drug use and maternal
asthma.”” In studies that looked at risk by type of acid-
suppressing medication, most found similar levels of risk
with maternal exposure to PPIs and H,RAs, although
higher odds were observed with PPIs than H,RAs in a
study that assessed conditional odds ratios.'® As the
authors of several of these studies acknowledge, the effects
of confounding factors cannot be ruled out.”” ° In one of
the studies, maternal use of PPIs in the year after preg-
nancy, but not during pregnancy, was also associated with
an increased asthma risk compared with non-use both
during and in the year after pregnancy.” The authors sug-
gested that the findings could reflect a confounding effect
of underlying maternal disease. In the current study, an
increased risk of childhood asthma was associated with
prescription of acid-suppressing drugs during the pre-
pregnancy period only.

The findings from this and previous studies suggest that
the evidence for an increased risk of childhood asthma
associated with the prescription of acid-suppressing drugs
during pregnancy is still unclear. Our study showed a
modest increase in asthma risk with H,RA prescription,
but not with prescription of PPIs, while other studies have
shown increases in risk for acid-suppressing drugs in gen-
eral, for H,RAs, and for PPIs. A general implication of our
study is that physicians and clinicians need to be aware of
the issues around confounding when evaluating and inter-
preting study results.

In conclusion, our study showed that prescription of
PPIs during pregnancy was not associated with an
increased risk of childhood asthma. The modest increase
in risk observed with H,RA exposure may be largely
explained by underlying environmental or genetic fac-
tors, as suggested by reductions in HR estimates when
maternal comorbidities and concomitant drug prescrip-
tion were adjusted for, and by the association between
prescription of any acid-suppressing drug prenatally and
asthma in childhood.
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