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IMPORTANCE Existing observational data have indicated positive associations of
acid-suppressive medication (ASM) use in prenatal and early life with allergic diseases in
children; however, no study to date has accounted for confounding by indication or
within-familial factors.

OBJECTIVE To evaluate the association of prenatal or infant exposure to ASMs with risk of
allergic diseases in children.

DESIGN, SETTING, AND PARTICIPANTS This nationwide, cohort study included data from South
Korea's National Health Insurance Service mother-child-linked database from January 1,
2007, to December 31, 2020. Participants included mother-child pairs of neonates born from
April 1, 2008, to December 31, 2019.

EXPOSURES Prenatal and infant exposure to ASMs (histamine 2 receptor antagonists [H2RAs]
and proton pump inhibitors [PPIs]).

MAIN OUTCOMES AND MEASURES Composite and individual outcomes of allergic diseases
(asthma, allergic rhinitis, atopic dermatitis, and food allergy) in children (followed up to 13
years of age) were assessed. The ASM-exposed individuals were compared with unexposed
individuals in propensity score (PS)-matched and sibling-matched analyses to control for
various potential confounders and within-familial factors. Hazard ratios (HRs) with 95% Cls
were estimated using Cox proportional hazards regression models.

RESULTS The study included 4 149 257 mother-child pairs. Prenatal exposure analyses
included 808 067 PS-matched pairs (763 755 received H2RAs, 36 529 received PPls) among
women with a mean (SD) age of 31.8 (4.2) years. The PS-matched HR was 1.01(95% Cl,
1.01-1.02) for allergic diseases overall (asthma: HR, 1.02 [95% Cl, 1.01-1.03]; allergic rhinitis:
HR, 1.02 [95% Cl, 1.01-1.02]; atopic dermatitis: HR, 1.02 [95% Cl, 1.01-1.02]; food allergy: HR,
1.03 [95% Cl, 0.98-1.07]); in sibling-matched analyses, the HRs were similar to those of
PS-matched analyses but were not significant (allergic diseases: HR, 1.01; 95% Cl, 0.997-1.01).
Infant exposure analyses included 84 263 PS-matched pairs (74 188 received H2RAs, 7496
received PPIs). The PS-matched HR was 1.06 (95% Cl, 1.05-1.07) for allergic diseases overall
(asthma: HR, 1.16 [95% Cl, 1.14-1.18]; allergic rhinitis: HR, 1.02 [95% Cl, 1.01-1.03]; atopic
dermatitis: HR, 1.05 [95% Cl, 1.02-1.08]; food allergy: HR, 1.28 [95% Cl, 1.10-1.49]); asthma
risk (HR, 1.13; 95% Cl, 1.09-1.17) remained significantly higher among children exposed to
ASMs during infancy in sibling-matched analyses. The findings were similar for H2RAs and
PPIs analyzed separately and were robust across all sensitivity analyses.

CONCLUSIONS AND RELEVANCE The findings of this cohort study suggest that there is no
association between prenatal exposure to ASMs and allergic diseases in offspring. However,
infant exposure to ASMs was associated with a higher risk of developing asthma, although the
magnitude was more modest than previously reported. Clinicians should carefully weigh the
benefits of prescribing ASMs to children, accompanied by subsequent close monitoring for
any clinically relevant safety signals.
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he prevalence of allergic diseases has risen worldwide,

especially among children and adolescents.? Great ef-

forts have been dedicated to identifying factors asso-
ciated with allergic disease,® and data have suggested
associations between allergic diseases and acid-suppressive
medication (ASM) use in fetal and early life.*® Meanwhile,
ASMs, including proton pump inhibitors (PPIs) and hista-
mine 2 receptor antagonists (H2RAs), are frequently used dur-
ing pregnancy to treat gastroesophageal reflux disease (GERD),®
and in recent decades, the use of ASMs has substantially in-
creased in both pregnant and pediatric populations.'!

There is a plausible biological mechanism for the associa-
tion of ASMs with allergic diseases. Acid-suppressive medi-
cations may interfere with the digestion of food antigens, re-
sulting in the sensitization of the immune system to predispose
children to allergic diseases.'?!* Moreover, ASMs may alter the
composition and function of the gut microbiome, a known pre-
dictor of allergic diseases.!*'” In support, a growing number
of epidemiological studies have reported positive associa-
tions of allergic diseases in offspring with ASM use during preg-
nancy and infancy (eTable 1in the Supplement).* 582> How-
ever, these studies did not fully address confounding by
indication and within-family shared factors.2¢-28 Given that
asthma and GERD are often concomitant (up to 80% of pa-
tients with asthma have GERD) and asthma may induce GERD
or vice versa,?° prior findings could have been confounded by
GERD rather than showing a true association between aller-
gic diseases and ASM use.?”3° Likewise, allergic diseases are
highly heritable and affected by familial factors (eg, geneticand
environmental factors)®!; thus, lack of adjustment for famil-
ial factors is another potential source of bias.>2 However, there
are limited studies that considered confounding by indica-
tion and familial factors.

Thus, we aimed to examine whether prenatal or infant ex-
posure to ASMs was associated with allergic diseases in chil-
dren using the nationwide mother-offspring-linked health care
database of South Korea. We used the propensity score (PS) ap-
proach to adjust for potential confounding, including indica-
tions (eg, GERD), and sibling-matched analyses to explore the
influence of factors shared within families.

Methods

Data Source

We conducted a nationwide population-based cohort study
using the National Health Insurance Service (NHIS) database
of South Korea (from January 1, 2007, to December 31, 2020),
which represents the entire Korean population (>50 million
people).?* The NHIS database includes comprehensive infor-
mation on sociodemographic data, inpatient and outpatient
health care utilization (diagnoses, procedures, and prescrip-
tions), health examinations, and vital statistics (eAppendix 1
in the Supplement). The mother-child-linked cohort was built
and provided by the NHIS, which was constructed using a
unique insurance identification number shared within a
family.3#-3° The start of pregnancy was estimated based on the
delivery date or diagnoses of preterm birth using a previously

JAMA Pediatrics Published online January 9,2023

Prenatal and Infant Exposure to Acid-Suppressive Drugs and Allergic Diseases in Children

Key Points

Question Is prenatal or infant exposure to acid-suppressive
medication (ASM) associated with increased risk of allergic
diseases in children?

Findings In this nationwide cohort study of 4 149 257
mother-child pairs that controlled for underlying conditions and
within-familial factors, there was no higher risk of allergic diseases
associated with prenatal exposure to ASMs, whereas infant
exposure to ASMs was significantly associated with a higher risk of
developing asthma.

Meaning These findings suggest that there is no association
between prenatal exposure to ASMs and allergic diseases in
children but that infant exposure to ASMs is associated with
subsequent development of asthma.

validated algorithm to estimate the gestational age in admin-
istrative databases.3¢ The overall positive predictive value for
diagnostic records in claims data was 82% according to a pre-
vious validation study.?” This study was approved by the in-
stitutional review board of Sungkyunkwan University. The re-
quirement for informed consent was waived as this study used
deidentified administrative data. This study followed the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) reporting guideline.>®

Study Cohorts

We first identified all pregnancy episodes in women that
resulted in live births between April 1, 2008, and December
31, 2019. We then constructed 2 study cohorts, each with
different exclusion criteria. First, for prenatal exposure
analyses, we excluded women younger than 19 years or
older than 44 years and women who had no ASM prescrip-
tion during pregnancy but received 1 or more ASMs within
30 days before pregnancy to minimize misclassification
caused by their receiving ASMs before pregnancy but taking
them during pregnancy. Second, for infant exposure analy-
ses, we excluded children followed up for less than 1 year
after birth; children with a diagnosis of respiratory condi-
tions (eg, congenital lung malformation, bronchiectasis),
primary immunodeficiency disease, heart failure, or severe
liver failure in the first 6 months of life (definitions are
given in eTable 2 in the Supplement)®; and children with
any study outcome in the first 6 months of life.

In addition, we constructed sibling-matched cohorts based
on the mother’s unique identification number to control for
unmeasured, within-family genetic, lifestyle, and social
confounders.?®3° Within these cohorts, we identified only sib-
lings with discordant exposure (ASM) status. An inconsistent
finding between the overall and sibling cohorts implied that
findings from the overall cohort were likely to be subject to fa-
milial confounding.

Exposure to ASMs

Exposure to ASMs was defined as 1 or more prescriptions for
a PPI or H2RA (Anatomical Therapeutic Chemical classifica-
tion system code AO2BC or AO2BA). For prenatal exposure
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analyses, exposure was defined as 1 or more ASM prescrip-
tions at any time during pregnancy. The comparative group was
defined as women who had no ASM prescription from 30 days
before pregnancy to the delivery date. For infant exposure
analyses, exposure was defined as 1 or more ASM prescrip-
tions during the first 6 months of life among offspring. The
comparative group was defined as infants having no ASM pre-
scription during this period.

Outcomes

Development of allergic diseases among children was
defined using International Statistical Classification of Dis-
eases and Related Health Problems, Tenth Revision (ICD-10)
codes, recorded by a physician, as the primary diagnosis
from either an inpatient or outpatient setting, including pri-
mary and specialist care. The primary outcome, allergic dis-
eases, was a composite end point of asthma, allergic rhini-
tis, atopic dermatitis, and food allergy (detailed definitions
are given in eTable 2 in the Supplement). Asthma was
defined as having 2 or more asthma diagnosis records
within 1 year and receiving 2 or more independent prescrip-
tions for asthma medications with gaps of more than 2
weeks within 1 year.#%4! Allergic rhinitis, atopic dermatitis,
and food allergy were defined using the appropriate ICD-10
codes with 2 or more claims within 1 year.*>**® The second-
ary outcomes were the individual components of the pri-
mary outcome.

For prenatal exposure analyses, the outcomes were mea-
sured after birth until outcome onset, death, or the end of the
study period (December 31, 2020), whichever came first (up
to 13 years of age). For infant exposure analyses, the out-
comes were measured from 6 months after birth until out-
come onset, death, or the end of the study period, whichever
came first (up to 13 years of age).

Covariates

For prenatal exposure analyses, we included the following
covariates as potential confounders or their surrogates:
maternal age at delivery, income level, urban living, mater-
nal conditions (eg, asthma, allergic rhinitis, and atopic der-
matitis), co-medication use in fetal life (eg, antibiotics, anti-
depressants), measures of health care utilization (eg,
obstetric comorbidity index,*”-*® number of outpatient vis-
its), parity, plurality, birth year, and birth season. We mea-
sured maternal conditions diagnosed at least once in inpa-
tient settings or twice in outpatient settings from 6 months
before pregnancy to the day before delivery. Co-medication
use was defined as a drug prescribed 3 or more days after
the start of pregnancy to the day before delivery. Health
care utilization was measured during the 6 months before
pregnancy. In addition, history of maternal smoking and
body mass index (BMI) were measured using the most
recent health examination records before or during preg-
nancy; these were considered only for sensitivity analyses
due to a high prevalence of missing data (restricted study
cohort to subset with smoking and BMI data). Body mass
index was classified according to the World Health
Organization Asia-Pacific standard BMI.#° For infant expo-
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sure analyses, we included the following covariates: ASM
exposure in fetal life, child sex, birth weight, feeding type
(eg, breastfeeding, formula feeding), respiratory diagnosis
at birth, infant indications for ASMs, obstetric conditions
(eg, preterm birth, cesarean birth), and all aforementioned
maternal characteristics from the prenatal exposure analy-
ses (eTable 2 in the Supplement gives detailed variable
definitions).

Statistical Analysis

We performed 1:1 (for ASMs and H2RAs) or 1:4 (for PPIs) PS
matching with the digit-based greedy matching algorithm
(eighth digit to first digit [8 to 1]) without replacement.>%>! The
PS, the probability of receiving exposure, was derived using a
multivariable logistic regression model by including all covar-
iates as independent variables. Covariate balance between
groups was assessed using the standardized mean difference
(SMD), in which an absolute value of less than 0.1 implied no
important imbalances (PS distributions are shown in eFig-
ures 1and 2 in the Supplement).

In the PS-matched cohort, we used Cox proportional haz-
ards regression models to estimate hazard ratios (HRs) with
95% ClIs for each study outcome. In the sibling-matched co-
hort, we used stratified Cox proportional hazards regression
models with a separate stratum for each mother to account for
correlation among sibling pairs. In each outcome model, we
further adjusted variables that remained imbalanced (ie, ab-
solute SMD =>0.1) after matching to address potential residual
confounding and deaths were treated as censoring events. The
Cox proportional hazards regression assumption was tested
with Schoenfeld residuals and was not violated for the pri-
mary outcome.

We performed various secondary and sensitivity analy-
ses to test the validity of the primary analyses (more details
are given in eAppendices 2-4 and eTables 3and 4 in the Supple-
ment). Robust SE was used to account for correlations in
women with multiple pregnancies and found no consider-
able change in 95% CIs in the primary analysis. Thus, we did
not include correlation structures in our analyses. A 95% CI
not overlapping 1.0 was considered statistically significant. All
analyses were performed using SAS, version 6.1 (SAS Insti-
tute Inc).

|
Results

Prenatal Exposure Analyses

Of 4149 257 mother-child pairs, we included 3 904 536 pairs
for prenatal exposure analyses, of whom 881639 (22.6%)
were prenatally exposed to ASMs (Figure 1). After 1:1 PS
matching, there were 808 067 pairs of women (mean [SD]
age, 31.8 [4.2] years) prenatally exposed and unexposed to
ASMs (763 755 received H2RAs, and 36 529 received PPIs);
balance was achieved for all covariates with absolute SMDs
less than 0.1 (Table and eTable 5 in the Supplement). With a
mean (SD) follow-up of 2.6 (2.7) years in both groups, the
incidence rate difference of allergic diseases was 5.4 per
1000 person-years (incidence rates: 306.1 per 1000 person-
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Figure 1. Flowchart of Study Cohort Identification

4149257 Mother-child pairs identified from the NHIS database between April 1, 2008, and December 31, 2019

244721 Excluded
10603 Mothers aged <19y at delivery
> 4609 Mothers aged >44 y at delivery
229509 Mothers without ASM prescription during pregnancy
but with 21 ASMs 30 d before pregnancy

881639 Exposed to ASM

3904536 Mother-child pairs identified for prenatal exposure analysis
3022897 Not exposed to ASM

3273591 Excluded
(no exposure-

‘ 2288402 Excluded ‘
discordant siblings)

(not matched)

643226 Excluded
6478 Children followed up for <1y
48985 Children with congenital lung malformation, lung
cancer, bronchiectasis, bronchopulmonary dysplasia,
[ cystic fibrosis, emphysema, chronic obstructive
pulmonary disease, interstitial lung disease, primary
immunodeficiency disease, heart failure, or severe liver
failure in the first 6 mo of life
587763 Children with any study outcomes in the first 6 mo of life

84380 Exposed to ASM

3506031 Mother-child pairs identified for infant exposure analysis
3421651 Not exposed to ASM

3425969 Excluded
(no exposure-

H‘ 3337505 Excluded
discordant siblings)

(not matched)

1616134 PS-matched cohort
808067 Exposed to ASM
808067 Not exposed
to ASM

630945 Sibling-matched cohort
306406 Exposed to ASM
324539 Not exposed to ASM

168526 PS-matched cohort
84263 Exposed to ASM
84263 Not exposed to ASM

80062 Sibling-matched cohort
37227 Exposed to ASM
42835 Not exposed to ASM

ASM indicates acid-suppressive medication; NHIS, National Health Insurance Service; PS, propensity score.

years vs 300.7 per 1000 person-years in prenatally ASM-
exposed vs unexposed children) (Figure 2). The PS-matched
HRs were 1.01 (95% CI, 1.01-1.02) for allergic diseases over-
all, 1.02 (95% CI, 1.01-1.03) for asthma, 1.02 (95% CI, 1.01-
1.02) for allergic rhinitis, 1.02 (95% CI, 1.01-1.02) for atopic
dermatitis, and 1.03 (95% CI, 0.98-1.07) for food allergy in
prenatally ASM-exposed children vs unexposed children.
The PS-matched HRs for all allergic outcomes for exposure
to PPIs (n = 42575) and H2RAs (n = 804 212) analyzed
separately were comparable with those from the primary
analysis.

Infant Exposure Analyses

We identified 3506 031 mother-child pairs for infant expo-
sure analyses, of whom 84380 (2.4%) were exposed to
ASMs during early infancy (Figure 1). In the PS-matched
cohort of 84 263 pairs of infants exposed and unexposed to
ASMs (mean [SD] follow-up: 3.5 [2.8] years and 3.6 [2.8]
years, respectively), all covariates had absolute SMDs less
than 0.1 (Table and eTable 5 in the Supplement). The inci-
dence rate difference of allergic diseases was 12.8 per 1000
person-years (incidence rates: 218.1 per 1000 person-years
vs 205.2 per 1000 person-years in children exposed to ASMs
during infancy -vs those unexposed) (Figure 3). Unlike pre-
natal exposure analyses, PS-matched HRs for risk of asthma
(1.16; 95% CI, 1.14-1.18) and food allergy (1.28; 95% CI, 1.10-
1.49) were moderately increased but not substantially for
allergic diseases overall (HR, 1.06; 95% CI, 1.04-1.07), aller-
gic rhinitis (HR, 1.02; 95% CI, 1.01-1.03), or atopic dermatitis
(HR, 1.05; 95% CI, 1.02-1.08) in children exposed to ASMs
during infancy vs those unexposed. When comparing chil-
dren exposed to PPIs (n = 7496) or H2RAs (n = 74188) dur-
ing infancy with those unexposed, the estimates for allergic
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diseases overall and its components were similar to those of
the primary analysis.

Sibling-Matched Analysis

Sibling-matched cohorts included 630 945 mother-child
pairs and 80 062 infants for the prenatal and infant expo-
sure analyses, respectively (Figure 1; characteristics are
shown in eTables 6 and 7 in the Supplement). For sibling-
matched prenatal exposure analyses, the HRs were similar
to those of PS-matched analyses but were not statistically
significant for allergic diseases overall (HR, 1.01; 95% CI,
0.997-1.01) and the individual components (Figure 4). For
sibling-matched infant exposure analyses, risk of asthma
(HR, 1.13; 95% CI, 1.09-1.17) remained significantly
increased.

Secondary and Sensitivity Analyses

Results of secondary analyses are shown in eTables 8 and 9in
the Supplement. Results from all sensitivity analyses were
largely consistent with the main findings (eTables 10 and 11 in
the Supplement).

|
Discussion

Principal Findings

In this large, population-based cohort study, we found no
meaningful associations between prenatal exposure to
ASMs and risk of allergic diseases in offspring in both
PS-matched and sibling-matched analyses. Unlike prenatal
exposure, infant exposure to ASMs was associated with
higher risk of allergic diseases, especially asthma (HR, 1.16;
95% CI 1.14-1.18) and food allergy (HR, 1.28; 95% CI, 1.10-
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Table. Characteristics of Mothers and Children Stratified by Exposure to Acid-Suppressive Medications
During Pregnancy and Infancy After Propensity Score Matching?®

Prenatal exposure analysis Infant exposure analysis
Exposed Unexposed Exposed Unexposed
Characteristic (n = 808067) (n =808067) SMD (n=84263) (n =84263) SMD
Follow-up time, mean (SD), y 2.6 (2.7) 2.6(2.7) NA 3.5(2.8) 3.6(2.8) NA
Mother
Age at delivery, mean (SD), y 31.8(4.2) 31.7 (4.2) 0.01 31.9 (4.3) 31.9 (4.4) 0.00
Income level, quartile
First 148956 (18.4) 147025 (18.2) 15921 (18.9) 15992 (19.0)
Second 202568 (25.1) 201104 (24.9) 20967 (24.9) 20821 (24.7)
Third 284918 (35.3) 287824 (35.6) 003 29832 (35.4) 29683 (35.2) 0.00
Fourth 171625 (21.2) 172114 (21.3) 17 543 (20.8) 17767 (21.1)
Urban living 561048 (69.4) 561039 (69.4) 0.00 55812 (66.2) 55840 (66.3) 0.00
Condition
Asthma 38826 (4.8) 37031 (4.6) 0.01 1413 (1.7) 1440 (1.7) 0.00
Allergic rhinitis 326986 (40.5) 328354 (40.6) 0.00 14818 (17.6) 15039 (17.8) -0.01
Atopic dermatitis 21011 (2.6) 19928 (2.5) 0.01 530(0.6) 518 (0.6) 0.00
Autoimmune disease 4951 (0.6) 4689 (0.6) 0.00 301 (0.4) 275(0.3) 0.01
Gastroesophageal reflux disease 116988 (14.5) 112216 (13.9) 0.02 8433 (10.0) 8481 (10.1) 0.00
Peptic ulcer 60838 (7.5) 58701 (7.3) 0.01 4439 (5.3) 4493 (5.3) 0.00
Helicobacter pylori infection 220(0.03) 222(0.03) 0.00 21(0.02) 19 (0.02) 0.00
Gastritis and duodenitis 396465 (49.1) 409197 (50.6) -0.03 29989 (35.6) 30394 (36.1) -0.01
Diabetes 110915 (13.7) 105843 (13.1) 0.02 5515 (6.5) 5767 (6.8) -0.01
Hypertension 43452 (5.4) 40900 (5.1) 0.01 3034 (3.6) 2996 (3.6) 0.00
Anemia 234370 (29.0) 234511 (29.0) 0.00 10449 (12.4) 10421 (12.4) 0.00
Affective disorder 11673 (1.4) 11042 (1.4) 0.01 699 (0.8) 697 (0.8) 0.00
Nonaffective psychosis 974 (0.1) 950 (0.1) 0.00 112 (0.1) 127 (0.2) -0.01
Co-medications in fetal life
Antibiotics 452086 (55.9) 461054 (57.1) -0.02 39853 (47.3) 40 144 (47.6) -0.01
Antidepressants 5669 (0.7) 5102 (0.6) 0.01 557 (0.7) 540 (0.6) 0.00
Antidiabetic drugs 9582 (1.2) 9191 (1.1) 0.01 1311 (1.6) 1337 (1.6) 0.00
Immunosuppressants 2173 (0.3) 2064 (0.3) 0.00 223(0.3) 205 (0.2) 0.00
NSAIDs 172564 (21.4) 167710 (20.8) 0.02 12853 (15.3) 12820 (15.2) 0.00
Opioid analgesics 220760 (27.3) 221037 (27.4) 0.00 18677 (22.2) 18746 (22.2) 0.00
Systemic corticosteroids 96404 (11.9) 92272 (11.4) 0.02 8326 (9.9) 8438 (10.0) 0.00
Health care utilization
Obstetric comorbidity index, 0.7 (1.0) 0.7 (1.0) 0.03 0.8(1.1) 0.8(1.1) 0.00
mean (SD)
Outpatient visits, mean (SD), No. 6.3(6.2) 6.2 (5.9) 0.01 6.0 (6.2) 6.1(6.4) -0.01
Emergency department visits 60411 (7.5) 58866 (7.3) 0.01 6049 (7.2) 6224 (7.4) -0.01
Hospital admissions 58755 (7.3) 56261 (7.0) 0.01 6746 (8.0) 6691 (7.9) 0.00
Obstetric condition
Nulliparity 396713 (49.1) 396775 (49.1) 0.00 39836 (47.3) 39552 (46.9) 0.01
Multifetal 34342 (4.2) 29858 (3.7) 0.03 6142 (7.3) 6333 (7.5) -0.01
Preterm birth NA NA NA 19668 (23.3) 19868 (23.6) -0.01
Cesarean birth NA NA NA 42 040 (49.9) 41940 (49.8) 0.00
Birth year 0.00
2008-2011 268195 (33.2) 272338 (33.7) 30045 (35.7) 30326 (36.0)
2012-2015 298243 (36.9) 297779 (36.9) 0.03 31028 (36.8) 30893 (36.7) 0.00
2016-2019 241629 (29.9) 237950 (29.4) 23190 (27.5) 23044 (27.3)
(continued)
jamapediatrics.com JAMA Pediatrics Published online January 9,2023 E5

© 2023 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Folkehelseinstituttet User on 02/06/2023


http://www.jamapediatrics.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2022.5193

E6

Research Original Investigation

Prenatal and Infant Exposure to Acid-Suppressive Drugs and Allergic Diseases in Children

Table. Characteristics of Mothers and Children Stratified by Exposure to Acid-Suppressive Medications
During Pregnancy and Infancy After Propensity Score Matching? (continued)

Prenatal exposure analysis

Infant exposure analysis

Exposed Unexposed Exposed Unexposed
Characteristic (n = 808067) (n =808067) SMD (n =84263) (n =84263) SMD
Birth season®
Spring 206 765 (25.6) 208906 (25.9) 20148 (23.9) 20103 (23.9)
Summer 202970 (25.1) 201084 (24.9) 21921 (26.0) 22017 (26.1)
Autumn 202789 (25.1) 201968 (25.0) 0.00 22169 (26.3) 22306 (26.5) 0.00
Winter 195543 (24.2) 196109 (24.3) 20025 (23.8) 19837 (23.5)
Smoking
Current 18928 (2.3) 18130 (2.2) 1806 (2.1) 1830 (2.2)
None or past 372495 (46.1) 383286 (47.4) 0.02 37918 (45.0) 37241 (44.2) 0.02
Missing data 416 644 (51.6) 406651 (50.3) 44539 (52.9) 45192 (53.6)
Body mass index, mean (SD)©
Underweight 54474 (6.7) 54144 (6.7) 5195 (6.2) 5044 (6.0)
Normal 233371 (28.9) 242227 (30.0) 23403 (27.8) 23188 (27.5)
Overweight 49775 (6.2) 51255 (6.3) 0.02 5154 (6.1) 5115 (6.1) 0.00
Obesity 52953 (6.6) 52855 (6.5) 5867 (7.0) 5641 (6.7)
Missing data 417 494 (51.7) 407 586 (50.4) 44644 (53.0) 45275 (53.7)
Infant
ASM use in fetal life NA NA NA 17 140 (20.3) 17 236 (20.5) 0.00
Sex
Female NA NA NA 35984 (42.7) 35902 (42.6) 0.00
Male NA NA NA 48279 (57.3) 48361 (57.4) 0.00
Birth weight, g
<1500 NA NA NA 3611 (4.3) 2832 (3.4)
1500-2499 NA NA NA 9353 (11.1) 10189 (12.1)
22500 NA NA NA 67114 (79.6) 67 046 (79.6) 0.06
Missing data NA NA NA 4185 (5.0) 4196 (5.0)
Feeding
Breast NA NA NA 31514 (37.4) 31446 (37.3)
Formula NA NA NA 14312 (17.0) 14245 (16.9)
Mixed NA NA NA 30016 (35.6) 30152 (35.8) 0.00
Missing data NA NA NA 8421 (10.0) 8420 (10.0)
Respiratory diagnosis at birth NA NA NA 12843 (15.2) 13128 (15.6) -0.01
Indications
Gastroesophageal reflux disease NA NA NA 10707 (12.7) 11336 (13.5) -0.02
Peptic ulcer NA NA NA 788 (0.9) 464 (0.6) 0.05
Gastritis and duodenitis NA NA NA 9884 (11.7) 10233 (12.1) -0.01
Helicobacter pylori infection NA NA NA 0 0 0.00

Abbreviations: ASM, acid-suppressive medication; NA, not applicable; NSAIDs,
nonsteroidal anti-inflammatory drugs; SMD, standardized mean difference.

@ Data are presented as number (percentage) of mothers or infants unless
otherwise indicated.

®Spring was from March to May; summer, June to August; autumn, September

to November; and winter, December to February.

¢ Calculated as weight in kilograms divided by height in meters squared.
Underweight was less than 18.5; normal, 18.5 to 22.9; overweight, 23.0 to
24.9; and obesity, 25.0 or more.

1.49); the risk of asthma remained significantly higher (HR,
1.13; 95% CI, 1.09-1.17), whereas there was no significant dif-
ference in risk of food allergy in sibling-matched analyses.
Based on the upper limit of the 95% CI from the adjusted
estimate from sibling-matched analyses, we ruled out the
possibility of a more than 17% increase in the risk for

JAMA Pediatrics Published online January 9,2023

asthma associated with ASM use. Secondary analyses did
not show any notable heterogeneity in effect estimates
between PPIs and H2RAs, exposure timing, cumulative
dose, and formulation type. The findings were robust across
all sensitivity analyses, strengthening the reliability of our
main results.
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Figure 2. Risk of Allergic Diseases in Children Following Exposure to Acid-Suppressive Medications (ASMs)

During Pregnancy in Propensity-Score (PS)-Matched Analyses

Exposed Unexposed Incidence rate

ASM, Events, Incidencerate, Events, Incidencerate, difference/ HR (95% CI)

allergic disease No. per 1000 PY No. per 1000 PY 1000 PY Crude PS matched

Any ASM?
Any 631771 306.1 629776 300.7 5.4 1.11(1.10-1.11) 1.01(1.01-1.02)
Asthma 247956 59.6 245098 58.2 1.5 1.06 (1.06-1.06) 1.02(1.01-1.03)
Allergic rhinitis 552936 193.5 550678 190.3 3.2 1.13(1.13-1.14) 1.02(1.01-1.02)
Atopic dermatitis 159915 33.5 158094 32.8 0.7 1.04 (1.04-1.05) 1.02(1.01-1.02)
Food allergy 3827 0.7 3748 0.6 0.0 1.12(1.08-1.16) 1.03(0.98-1.07)

PPl onlyP
Any 27300 326.8 110012 327.7 -0.9 1.12(1.11-1.13) 1.00(0.98-1.01)
Asthma 9290 56.3 38798 57.9 -1.6 0.90 (0.89-0.92) 0.96 (0.94-0.99)
Allergic rhinitis 23949 217.6 96964 217.6 0.1 1.22(1.21-1.23) 1.00(0.98-1.01)
Atopic dermatitis 6461 355 26674  35.8 -0.3 0.97 (0.95-1.00) 0.98 (0.95-1.00)
Food allergy 187 0.9 766 0.9 0.0 1.35(1.19-1.55) 0.99(0.84-1.16)

H2RA only¢
Any 599553 305.5 596773 299.5 6.0 1.10(1.10-1.11) 1.02(1.01-1.02)
Asthma 237405 59.9 233840 58.2 1.7 1.07 (1.07-1.07) 1.02(1.02-1.03)
Allergic rhinitis 524733 1925 521421 1885 4.0 1.12(1.12-1.13) 1.02(1.02-1.02)
Atopic dermatitis 152398 33.5 150768 32.8 0.6 1.05(1.04-1.05) 1.01(1.01-1.02)
Food allergy 3591 0.7 3568 0.6 0.0 1.10(1.06-1.14) 1.01(0.96-1.06)

Favors
ASM

Favors
no ASM

1 3

P

0.8

1.0 1.2

PS-matched HR (95% Cl)

Squares indicate hazard ratios (HRs), with horizontal lines indicating 95% Cls.
H2RA indicates histamine 2 receptor antagonist; PPI, proton pump inhibitor; PY,

person-years.

2 Exposed: 808 067; unexposed: 808 067 (1:1 matching).

b Exposed: 36 529; unexposed: 146 116 (1:4 matching).
€ Exposed: 763 755; unexposed: 763 755 (1:1 matching).

Figure 3. Risk of Allergic Diseases in Children Following Exposure to Acid-Suppressive Medications (ASMs)
During Infancy in Propensity-Score (PS)-Matched Analyses

Exposed Unexposed Incidence rate

ASM, Events, Incidencerate, Events, Incidencerate, difference/ HR (95% CI)

allergic disease No. per 1000 PY No. per 1000 PY 1000 PY Crude PS matched

Any ASM?
Any 63696 218.1 62174  205.2 12.8 1.10(1.09-1.10) 1.06(1.05-1.07)
Asthma 27364 56.7 24416 485 8.2 1.23(1.22-1.25) 1.16(1.14-1.18)
Allergic rhinitis 55103 147.7 54407 1445 3.2 1.04(1.03-1.05) 1.02(1.01-1.03)
Atopic dermatitis 11901  20.1 11383 19.0 1.0 1.05(1.04-1.07) 1.05(1.02-1.08)
Food allergy 374 0.6 292 0.4 0.1 1.35(1.22-1.50) 1.28(1.10-1.49)

PPI onlyP
Any 5703 249.0 22237 2198 29.1 1.23(1.20-1.26) 1.13(1.10-1.17)
Asthma 2249 56.4 8550 50.4 6.0 1.18(1.13-1.23) 1.10(1.05-1.15)
Allergic rhinitis 5060 178.2 19636  157.8 20.4 1.24(1.21-1.28) 1.13(1.10-1.17)
Atopic dermatitis 1088 22.8 4232 21.2 1.7 1.16 (1.09-1.23) 1.06 (0.99-1.13)
Food allergy 44 0.8 119 0.5 0.3 1.86(1.38-2.50) 1.52(1.07-2.15)

H2RA only®
Any 56228 215.6 54856  204.0 11.6 1.09(1.08-1.09) 1.06 (1.04-1.07)
Asthma 24359  56.7 21649 487 8.0 1.24(1.23-1.26) 1.16(1.14-1.18)
Allergic rhinitis 48556  145.4 47870 1431 2.3 1.03(1.02-1.03) 1.01(1.00-1.03)
Atopic dermatitis 10510  19.8 9931 18.7 1.1 1.05(1.03-1.07) 1.06(1.03-1.09)
Food allergy 309 0.5 261 0.4 0.1 1.25(1.12-1.40) 1.18(1.00-1.39)

Favors
ASM

Favors
no ASM

0.5 1.0

15 2.0

PS-matched HR (95% Cl)

Squares indicate hazard ratios (HRs), with horizontal lines indicating 95% Cls.
H2RA indicates histamine 2 receptor antagonist; PPI, proton pump inhibitor; PY,

person-years.

2 Exposed: 84 263; unexposed: 84 263 (1:1 matching).

®Exposed: 7496; unexposed: 29 984 (1:4 matching).
€ Exposed: 74 188; unexposed: 74 188 (1:1 matching).
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Figure 4. Risk of Allergic Diseases in Children Following Prenatal and Infant Exposure to Acid-Suppressive Medications (ASMs)

in Sibling-Matched Analyses

@ Prenatal exposure analyses

Exposed (n=306406)

Unexposed (n=324539)

Incidence rate

HR (95% ClI)

Events, Incidencerate, Events, Incidencerate, difference/ Favors : Favors
Allergic disease No. per 1000 PY No. per 1000 PY 1000 PY Crude Adjusted ASM : no ASM
Any 242193 324.2 263844 319.9 4.3 1.00(1.00-1.01) 1.01(1.00-1.01) -
Asthma 93821 60.9 107234 61.5 -0.6 0.95(0.95-0.96) 1.01(1.00-1.02) -
Allergic rhinitis 214240 210.9 234051 2033 7.6 1.02(1.02-1.03) 1.01(1.00-1.02) ol
Atopic dermatitis 56500 32.1 66860 33.6 -1.6 0.91(0.90-0.92) 1.00(0.98-1.01) -
Food allergy 1315 0.6 1429 0.6 0.0 1.01(0.94-1.09) 0.96 (0.88-1.06) ‘ —— ‘
0.8 1.0 1.2

Infant exposure analyses
Exposed (n=37227)

Unexposed (n=42835)

Incidence rate

HR (95% CI)

PS-matched HR (95% Cl)

Events, Incidencerate, Events, Incidencerate, difference/ Favors | Favors
Allergic disease No. per 1000 PY No. per 1000 PY 1000 PY Crude Adjusted ASM : no ASM
Any 28315 2233 32832 2159 7.4 1.04(1.03-1.06) 1.03(1.00-1.05) —a—
Asthma 11831 56.0 13041 50.6 5.5 1.09(1.07-1.12) 1.13(1.09-1.17) —a
Allergic rhinitis 24587  153.7 28852  152.6 1.1 1.01(0.99-1.03) 0.98(0.96-1.01) ——
Atopic dermatitis 4911 19.1 6068 19.8 -0.7 0.95(0.92-0.99) 0.99 (0.94-1.04) —
Food allergy 150 0.5 158 0.5 0.1 1.12(0.89-1.40) 1.01(0.75-1.36)

018 1.0 112

PS-matched HR (95% ClI)

Squares indicate hazard ratios (HRs), with horizontal lines indicating 95% Cls. PS

indicates propensity score; PY, person-years.

Comparison With Previous Studies

Prenatal Exposure to ASMs and Allergic Diseases

Two meta-analyses,** both including 8 observational stud-
ies, showed that prenatal exposure to ASMs was associated with
a higher risk of asthma in offspring compared with no prena-
tal exposure (pooled risk ratios, 1.45 [95% CI, 1.35-1.56]* and
1.36 [95% CI, 1.16-1.61]°). However, existing studies did not ac-
count for potential confounding by indication and within-
family shared factors, which are important factors associated
with allergic diseases. In the current study, which controlled
for numerous potential confounders, including indications (eg,
GERD), we found no meaningful associations between prena-
tal ASM use and allergic diseases in offspring. Thus, our find-
ings suggest that the previous findings may have been con-
founded by unmeasured factors.

Infant Exposure to ASMs and Allergic Diseases

We found significantly higher risk of allergic diseases asso-
ciated with infant ASM use, but the risk was substantially
lower than in existing literature. One cohort study of US
data® found that the use of H2RAs and PPIs in the first 6
months of life was associated with elevated risk of asthma
(HR, 1.41; 95% ClI, 1.31-1.52), allergic rhinitis (HR, 1.44; 95%
CI, 1.35-1.52), atopic dermatitis (HR, 1.12; 95% CI, 1.09-1.14),
and food allergy (HR, 2.18; 95% CI, 2.04-2.33), and a similar
risk of food allergy was also found in another cohort study
of US children.>? Two cohort studies using data from Italy”
and Sweden® found parallel risk of asthma associated with
ASM use in the first 6 months of life (Italy: HR, 1.66 [95% CI,
1.50-1.84]; Sweden: HR, 1.83 [95% CI, 1.65-2.03]). Neverthe-
less, our estimates were generally smaller in magnitude

JAMA Pediatrics Published online January 9,2023

(HRs ranged from 1.02 [allergic rhinitis] to 1.28 [food
allergy]) than those of prior studies (HRs ranged from 1.12
[allergic rhinitis] to 2.59 [food allergy]).® This may be due to
regional factors (eg, ethnicity, insurance system, and medi-
cation use behavior); for instance, the present study had
different prescription patterns with fewer days prescribed
for PPIs (median, 7-day [IQR, 4-15 days]) and H2RAs (me-
dian, 4 days [IQR, 3-7 days]) compared with a US cohort
study (PPIs: median, 60 days [IQR, 30-91 days]; H2RAs:
median, 60 days [IQR, 39-92 days]).® Moreover, the differ-
ences in the rates of exposure or outcome incidence and
duration of follow-up could have led to inconsistent find-
ings among studies. For instance, compared with previous
studies, the current study generally had lower exposure
rates of PPIs, comparable incidence rates of asthma and
allergic rhinitis, substantially lower rates of atopic dermati-
tis and food allergy (eTable 12 in the Supplement), and a
shorter follow-up duration for allergic diseases overall but a
longer duration for asthma (eTable 13 in the Supplement).
Nevertheless, we additionally controlled for indications of
ASMs and familial factors, had diagnosis and prescription
data from all settings (including inpatient and outpatient
and primary and specialist care), and had minimal exposure
misclassification (PPIs were unavailable as over-the-counter
medications); these factors were not or were only partially
accounted for in previous studies.®® Our findings therefore
provide a comprehensive investigation of the association
between ASM use during infancy and the risk of allergic dis-
eases in childhood, complemented with advanced epide-
miological and analytical methods that address previously
unaccounted factors or limitations.
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Biological Plausibility

With exact pathophysiological mechanisms unclear to date,
there are several hypotheses with regard to the association of
ASMs with allergic diseases. One hypothesis includes de-
creased gastric acid, subsequently impairing peptic digestion
to mask food antigens as allergens and facilitate immunoglob-
ulin E production to predispose children to allergic disease.>>->*
Another hypothesis involves the dysbiosis of the gut and lung,
which influences asthma pathogenesis by promoting bron-
chial hyperresponsiveness and bronchoconstriction.>> More-
over, there is accumulating evidence that crosstalk between
the gut and the lung, the so-called gut-lung axis, is important
for maintaining immune homeostasis.>®->” Thus, dysbiosis of
the gut and the lung and their bidirectional exchange caused
by ASMs in infancy might increase the risk of asthma onset.
Furthermore, given that the lung microbiome is primarily
shaped during very early life, infant exposure to ASMs can read-
ily alter its composition to affect asthma development.!6-58:59
Whereas infant exposure to ASMs affects the newborn di-
rectly, prenatal ASM use, which primarily alters the mother’s
physiological system, indirectly affects the offspring. Thus,
these different mechanisms can possibly explain the hetero-
geneous findings between the 2 exposures in this study.

Strengths and Limitations

Astrength of this comprehensive study is use of a nationwide da-
tabase of 4 149 257 mother-child pairs to investigate the associa-
tion between prenatal and infant ASM exposure separately and
therisk of allergic diseases in children. The large samples with ad-
equate power allowed for analyses by drug class (PPI, H2RA) and
its dose-response relationship and sibling-matched analyses with
precision. We also identified exposure to ASMs that was free from
recall bias by using routinely collected electronic prescribing rec-
ords. Moreover, we conducted sibling-matched analyses and vari-
ous sensitivity analyses (eg, restricting the study cohort to patients
with ASM-related indications) to address the possibility of con-
founding by underlying conditions, familial factors, or exposure
and outcome misclassification. In addition, a deterministic link-
age of records between mothers and offspring based on algorithms
developed by the NHIS further enhanced the accuracy and reli-
ability of our findings.

Several limitations should be kept in mind when inter-
preting the results. First, exposure misclassification was
possible given the uncertainty of whether patients actually
took the ASM prescribed. However, in the sensitivity analy-
sis that used 2 or more ASM prescriptions, we found similar
results to our primary analyses, providing support. Expo-
sure misclassification, although minimal, was also possible
as low-dose H2RAs are restrictively available over-the-
counter purchases in Korea; PPIs are only available with
prescriptions. Second, the possibility of outcome misclassi-
fication cannot be ruled out as our outcomes were based on
relevant ICD-10 diagnosis codes. However, the outcome
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definitions adopted in this study have been widely used in
several previous clinical studies*?-*® and also well validated
across various claims data.®©-°2 Moreover, a Korean valida-
tion study found a high positive predictive value for overall
diagnoses in the database (approximately 82%),” suggest-
ing that the diagnostic records are fairly valid, under reason-
able assumption. Third, the NHIS database is not primarily
used for research purposes, and thus, factors that may have
affected the risk of study outcomes (eg, smoking) were
available for only a subset of participants; the result of the
sensitivity analysis restricted to women with smoking and
BMI data indicated that these factors were unlikely to affect
the interpretation of our findings. Fourth, because we used
population data from South Korea, it is unclear whether the
results are generalizable to or replicable in other popula-
tions. Fifth, protopathic bias may have been possible in
infant exposure analyses, as some patients may present
with early asthmatic symptoms that mimic GERD clinical
manifestation. However, this is unlikely to explain our
observed association, as we observed a consistently signifi-
cant association in the sensitivity analysis that redefined
asthma as an incident case after age 2 years. Sixth, this
study had a shorter follow-up for allergic diseases overall
than a prior study.® Yet, the study had longer follow-up for
the individual outcome of asthma than existing studies,®”
supporting the validity of our findings by having sufficient
follow-up for patients to an age when the disease of interest
typically presents. Seventh, our study cohort was restricted
to women with pregnancies resulting in live births; how-
ever, as existing data showed no association of ASM use
with live birth,%? this study had little potential for collider
bias (ie, spurious negative associations of prenatal exposure
with allergic diseases in children).®* Eighth, despite apply-
ing several advanced epidemiological methods, including a
sibling-matched analysis, in common with other pharmaco-
epidemiological studies using a claims database, residual
confounding from disease severity, socioeconomic status
(eg, educational level), and microbiome or environmental
data (eg, air pollution) may still have been present.

. |
Conclusions

This study’s findings suggest that there is no association be-
tween prenatal exposure to ASMs and risk of allergic diseases
in offspring. However, our data suggest that infant exposure
to ASMs is associated with a higher risk of developing asthma
compared with no ASM exposure, although the magnitude of
the association was more modest than previously reported. Cli-
nicians should therefore carefully weigh the benefits of pre-
scribing ASMs to children against its small but potential risk
of asthma, accompanied by subsequent close monitoring for
any clinically relevant safety signals.

(Noh, Jeong, A. Choi, E.-Y. Choi, Shin); Department
of Biohealth Regulatory Science, Sungkyunkwan
University, Suwon, South Korea (Noh, Jeong, Shin);
Clinical Epidemiology Division, Department of

JAMA Pediatrics Published online January 9,2023

© 2023 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Folkehelseinstituttet User on 02/06/2023


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2022.5193?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2022.5193
http://www.jamapediatrics.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2022.5193

E10

Research Original Investigation

Medicine Solna, Karolinska Institutet, Stockholm,
Sweden (Pasternak); Department of Epidemiology
Research, Statens Serum Institut, Copenhagen,
Denmark (Pasternak); Pharmacoepidemiology and
Drug Safety Research Group, Department of
Pharmacy, PharmaTox Research Initiative, Faculty
of Mathematics and Natural Sciences, University of
Oslo, Oslo, Norway (Nordeng); Department of Child
Health and Development, Norwegian Institute of
Public Health, Oslo, Norway (Nordeng); Research
Unit OPEN, Department of Clinical Research,
University of Southern Denmark, Odense, Denmark
(Bliddal); Clinical Pharmacology, Pharmacy and
Environmental Medicine, Department of Public
Health, University of Southern Denmark, Odense,
Denmark (Bliddal); Research Department of
Practice and Policy, UCL School of Pharmacy,
University College London, London, England (Man,
Wong); Department of Pharmacology and
Pharmacy, The University of Hong Kong, Hong Kong
(Man, Wong); Laboratory of Data Discovery for
Health, Hong Kong Science Park, Hong Kong (Man,
Wong); Aston Pharmacy School, Aston University,
Birmingham, England (Wong); Center for Digital
Health, Medical Science Research Institute, Kyung
Hee University College of Medicine, Seoul, South
Korea (Yon); Department of Pediatrics, Kyung Hee
University Medical Center, Kyung Hee University
College of Medicine, Seoul, South Korea (Yon);
Department of Clinical Research Design and
Evaluation, Samsung Advanced Institute for Health
Sciences & Technology, Sungkyunkwan University,
Seoul, South Korea (Shin).

Author Contributions: Drs Noh and Jeong
contributed equally to the study. Dr Shin had full
access to all of the data in the study and takes
responsibility for the integrity of the data and the
accuracy of the data analysis.

Concept and design: Noh, Jeong, A. Choi, E-Y. Choi,
Pasternak, Wong, Yon, Shin.

Acquisition, analysis, or interpretation of data: Noh,
Jeong, E-Y. Choi, Pasternak, Nordeng, Bliddal, Man,
Yon, Shin.

Drafting of the manuscript: Noh, Jeong, Yon.
Critical revision of the manuscript for important
intellectual content: All authors.

Statistical analysis: Noh, Jeong, Man, Yon.
Obtained funding: Shin.

Administrative, technical, or material support: Noh,
Jeong, A. Choi, E-Y. Choi, Pasternak, Wong, Shin.
Supervision: Yon, Shin.

Conflict of Interest Disclosures: Dr Man reported
receiving grants from the C W Maplethorpe
Fellowship, European Union Horizon 2020,
National Institute for Health and Care Research
(NIHR), and the Innovation and Technology
Commission of the Government of the Hong Kong
Special Administration Region, and the Hong Kong
Research Grants Council (RGC) and receiving
personal fees from IQVIA Ltd outside the submitted
work. Dr Wong reported receiving grants from the
Hong Kong RGC, NIHR, Innovative Medicines
Initiative, Shire, Janssen-Cilag, Eli Lilly & Company,
Pfizer, Bayer, Bristol Myers Squibb, Takeda, Amgen,
AstraZeneca, and the European Union Seventh
Framework Programme and receiving personal fees
from IQVIA Ltd and Jacobson Pharma Corp outside
the submitted work. Dr Shin reported receiving
grants from the National Research Foundation of
Korea, the Ministry of Food and Drug Safety, the
Ministry of Health and Welfare, the
government-wide R&D fund for infectious disease
research, Daiichi Sankyo, GSK, and Pfizer outside

JAMA Pediatrics Published online January 9,2023

Prenatal and Infant Exposure to Acid-Suppressive Drugs and Allergic Diseases in Children

the submitted work. No other disclosures were
reported.

Funding/Support: This work was supported by
National Research Foundation of Korea grant
NRF-2020R1C1C1003527 funded by the Korean
government (Ministry of Science and Information
and Communication Technology) and by grant
21153MFDS607 from the Ministry of Food and Drug
Safety of South Korea in 2021-2025 (Dr Shin).

Dr Pasternak was supported by a consolidator
investigator grant from Karolinska Institutet and by
the Swedish Research Council.

Role of the Funder/Sponsor: The funders had no
role in the design and conduct of the study;
collection, management, analysis, and
interpretation of the data; preparation, review, or
approval of the manuscript; and decision to submit
the manuscript for publication.

REFERENCES

1. Pawankar R. Allergic diseases and asthma:

a global public health concern and a call to action.
World Allergy Organ J. 2014;7(1):12. doi:10.1186/
1939-4551-7-12

2. Dierick BJH, van der Molen T, Flokstra-de Blok
BMJ, et al. Burden and socioeconomics of asthma,
allergic rhinitis, atopic dermatitis and food allergy.
Expert Rev Pharmacoecon Outcomes Res. 2020;20
(5):437-453. doi:10.1080/14737167.2020.1819793

3. von Mutius E, Smits HH. Primary prevention of
asthma: from risk and protective factors to targeted
strategies for prevention. Lancet. 2020;396
(10254):854-866. doi:10.1016/S0140-6736(20)
31861-4

4. Lai T, Wu M, Liu J, et al. Acid-suppressive drug
use during pregnancy and the risk of childhood
asthma: a meta-analysis. Pediatrics. 2018;141(2):
€20170889. doi:10.1542/peds.2017-0889

5. Devine RE, McCleary N, Sheikh A, Nwaru BI.
Acid-suppressive medications during pregnancy
and risk of asthma and allergy in children:

a systematic review and meta-analysis. J Allergy Clin
Immunol. 2017139(6):1985-1988.e1912. doi:10.
1016/j.jaci.2016.09.046

6. Wang Y-H, Wintzell V, Ludvigsson JF, Svanstrom
H, Pasternak B. Association between proton pump
inhibitor use and risk of asthma in children. JAMA
Pediatr. 2021;175(4):394-403. doi:10.1001/
jamapediatrics.2020.5710

7. Barbiellini Amidei C, Comoretto R, Zanier L,
Dona D, Cantarutti A, Canova C. Acid-suppressive
medications in the first year of life and risk of
childhood asthma: a population-based birth cohort
study. Eur Respir J. 2020;56(5):2000197. doi:10.
1183/13993003.00197-2020

8. Mitre E, Susi A, Kropp LE, Schwartz DJ, Gorman
GH, Nylund CM. Association between use of
acid-suppressive medications and antibiotics during
infancy and allergic diseases in early childhood.
JAMA Pediatr. 2018;172(6):e180315. doi:10.1001/
jamapediatrics.2018.0315

9. Malfertheiner SF, Malfertheiner MV, Kropf S,
Costa SD, Malfertheiner P. A prospective
longitudinal cohort study: evolution of GERD
symptoms during the course of pregnancy. BMC
Gastroenterol. 2012;12:131. doi:10.1186/1471-230X-
12131

10. Meyer A, Fermaut M, Drouin J, Carbonnel F,
Weill A. Drug use for gastrointestinal symptoms

during pregnancy: a French nationwide study
2010-2018. PLoS One. 2021;16(1):e0245854. doi:10.
1371/journal.pone.0245854

11. Hales CM, Kit BK, Gu Q, Ogden CL. Trends in
prescription medication use among children and
adolescents—United States, 1999-2014. JAMA.
2018;319(19):2009-2020. doi:10.1001/jama.2018.
5690

12. Schéll |, Ackermann U, Ozdemir C, et al.
Anti-ulcer treatment during pregnancy induces
food allergy in mouse mothers and a Th2-bias in
their offspring. FASEB J. 2007;21(4):1264-1270. doi:
10.1096/fj.06-7223com

13. Riemer AB, Gruber S, Pali-Schéll I, Kinaciyan T,
Untersmayr E, Jensen-Jarolim E. Suppression of
gastric acid increases the risk of developing
immunoglobulin E-mediated drug hypersensitivity:
human diclofenac sensitization and a murine
sensitization model. Clin Exp Allergy. 2010;40(3):
486-493. doi:10.1111/j.1365-2222.2009.03363.x

14. Vich Vila A, Collij V, Sanna S, et al. Impact of
commonly used drugs on the composition and
metabolic function of the gut microbiota. Nat
Commun. 2020:11(1):362. doi:10.1038/s41467-019-
14177-z

15. Imhann F, Bonder MJ, Vich Vila A, et al. Proton
pump inhibitors affect the gut microbiome. Gut.
2016;65(5):740-748. doi:10.1136/gutjnl-2015-310376

16. Arrieta MC, Stiemsma LT, Dimitriu PA, et al;
CHILD Study Investigators. Early infancy microbial
and metabolic alterations affect risk of childhood
asthma. Sci Trans/ Med. 2015;7(307):307ral152. doi:
10.1126/scitransimed.aab2271

17. Tamburini S, Shen N, Wu HC, Clemente JC. The
microbiome in early life: implications for health
outcomes. Nat Med. 2016;22(7):713-722. doi:10.
1038/nm.4142

18. Robinson LB, Camargo CA Jr. Acid suppressant
medications and the risk of allergic diseases. Expert
Rev Clin Immunol. 2018;14(9):771-780. doi:10.1080/
1744666X.2018.1512405

19. Mulder B, Schuiling-Veninga CC, Bos JH,

de Vries TW, Hak E. Acid-suppressive drug use in
pregnancy and the toddler’s asthma risk:

a crossover, case-control study. J Allergy Clin Immunol.
2013;132(6):1438-1440. doi:10.1016/j.jaci.2013.07.
012

20. Cea Soriano L, Hernandez-Diaz S, Johansson S,
Nagy P, Garcia-Rodriguez LA. Exposure to
acid-suppressing drugs during pregnancy and the
risk of asthma in childhood: an observational cohort
study. Aliment Pharmacol Ther. 2016;43(3):427-437.
doi:10.1111/apt.13486

21. Dehlink E, Yen E, Leichtner AM, Hait EJ, Fiebiger
E. First evidence of a possible association between
gastric acid suppression during pregnancy and
childhood asthma: a population-based register
study. Clin Exp Allergy. 2009;39(2):246-253. doi:
10.1111/j.1365-2222.2008.03125.x

22. Robinson LB, Chen Arroyo AJ, Dantas MAS,
Espinola JA, Sullivan AF, Camargo CA Jr. Prenatal
exposure to acid-suppressant medications and the
risk of recurrent wheeze at 3 years of age in children
with a history of severe bronchiolitis. J Allergy Clin
Immunol Pract. 2019;7(7):2422-2424.e4. doi:10.
1016/j.jaip.2019.02.039

23. Mulder B, Schuiling-Veninga CC, Bos HJ, De
Vries TW, Jick SS, Hak E. Prenatal exposure to
acid-suppressive drugs and the risk of allergic

jamapediatrics.com

© 2023 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Folkehelseinstituttet User on 02/06/2023


https://dx.doi.org/10.1186/1939-4551-7-12
https://dx.doi.org/10.1186/1939-4551-7-12
https://dx.doi.org/10.1080/14737167.2020.1819793
https://dx.doi.org/10.1016/S0140-6736(20)31861-4
https://dx.doi.org/10.1016/S0140-6736(20)31861-4
https://dx.doi.org/10.1542/peds.2017-0889
https://dx.doi.org/10.1016/j.jaci.2016.09.046
https://dx.doi.org/10.1016/j.jaci.2016.09.046
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2020.5710?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2022.5193
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2020.5710?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2022.5193
https://dx.doi.org/10.1183/13993003.00197-2020
https://dx.doi.org/10.1183/13993003.00197-2020
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2018.0315?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2022.5193
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2018.0315?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2022.5193
https://dx.doi.org/10.1186/1471-230X-12-131
https://dx.doi.org/10.1186/1471-230X-12-131
https://dx.doi.org/10.1371/journal.pone.0245854
https://dx.doi.org/10.1371/journal.pone.0245854
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2018.5690?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2022.5193
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2018.5690?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2022.5193
https://dx.doi.org/10.1096/fj.06-7223com
https://dx.doi.org/10.1111/j.1365-2222.2009.03363.x
https://dx.doi.org/10.1038/s41467-019-14177-z
https://dx.doi.org/10.1038/s41467-019-14177-z
https://dx.doi.org/10.1136/gutjnl-2015-310376
https://dx.doi.org/10.1126/scitranslmed.aab2271
https://dx.doi.org/10.1038/nm.4142
https://dx.doi.org/10.1038/nm.4142
https://dx.doi.org/10.1080/1744666X.2018.1512405
https://dx.doi.org/10.1080/1744666X.2018.1512405
https://dx.doi.org/10.1016/j.jaci.2013.07.012
https://dx.doi.org/10.1016/j.jaci.2013.07.012
https://dx.doi.org/10.1111/apt.13486
https://dx.doi.org/10.1111/j.1365-2222.2008.03125.x
https://dx.doi.org/10.1016/j.jaip.2019.02.039
https://dx.doi.org/10.1016/j.jaip.2019.02.039
http://www.jamapediatrics.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2022.5193

Prenatal and Infant Exposure to Acid-Suppressive Drugs and Allergic Diseases in Children

diseases in the offspring: a cohort study. Clin Exp
Allergy. 2014;44(2):261-269. doi:10.1111/cea.12227

24. Hak E, Mulder B, Schuiling-Veninga CC, de Vries
TW, Jick SS. Use of acid-suppressive drugs in
pregnancy and the risk of childhood asthma:
bidirectional crossover study using the general
practice research database. Drug Saf. 2013;36(11):
1097-1104. doi:10.1007/s40264-013-0093-z

25. Yitshak-Sade M, Gorodischer R, Aviram M,
Novack L. Prenatal exposure to H2 blockers and to
proton pump inhibitors and asthma development in
offspring. J Clin Pharmacol. 2016;56(1):116-123. doi:
10.1002/jcph.574

26. Brew BK, Almqvist C. Acid suppressant use in
pregnancy and asthma in offspring: should we be
worried? Pediatrics. 2018;141(2):e20173741. doi:10.
1542/peds.2017-3741

27. Kyriacou DN, Lewis RJ. Confounding by
indication in clinical research. JAMA. 2016;316(17):
1818-1819. doi:10.1001/jama.2016.16435

28. D'Onofrio BM, Lahey BB, Turkheimer E,
Lichtenstein P. Critical need for family-based,
quasi-experimental designs in integrating genetic
and social science research. Am J Public Health.
2013;103(Suppl 1):546-S55. doi:10.2105/
AJPH2013.301252

29. Parsons JP, Mastronarde JG. Gastroesophageal
reflux disease and asthma. Curr Opin Pulm Med.
2010;16(1):60-63. doi:10.1097/MCP.
0b013e328332ca2f

30. Kallén B, Finnstrom O, Nygren KG, Otterblad
Olausson P. Maternal drug use during pregnancy
and asthma risk among children. Pediatr Allergy

Immunol. 2013;24(1):28-32. doi:10.1111/pai. 12034

31. Ullemar V, Magnusson PK, Lundholm C, et al.
Heritability and confirmation of genetic association
studies for childhood asthma in twins. Allergy.
2016;71(2):230-238. doi:10.1111/all.12783

32. Ortqvist AK, Lundholm C, Kieler H, et al.
Antibiotics in fetal and early life and subsequent
childhood asthma: nationwide population based
study with sibling analysis. BMJ. 2014;349:g6979.
doi:10.1136/bm;j.g6979

33. Cheol SeongsS, Kim YY, Khang YH, et al. Data
resource profile: the National Health Information
Database of the National Health Insurance Service
in South Korea. Int J Epidemiol. 2017;46(3):799-800.

34. Ahn HS, Kazmi SZ, Kang T, et al. Familial risk for
moyamoya disease among first-degree relatives,
based on a population-based aggregation study in
Korea. Stroke. 2020;51(9):2752-2760. doi:10.
1161/STROKEAHA.120.029251

35. Noh'Y, Lee H, Choi A, et al. First-trimester
exposure to benzodiazepines and risk of congenital
malformations in offspring: a population-based
cohort study in South Korea. PLoS Med. 2022;19(3):
€1003945. doi:10.1371/journal.pmed.1003945

36. Margulis AV, Setoguchi S, Mittleman MA, Glynn
RJ, Dormuth CR, Herndndez-Diaz S. Algorithms to
estimate the beginning of pregnancy in
administrative databases. Pharmacoepidemiol Drug
Saf. 2013;22(1):16-24. doi:10.1002/pds.3284

37. Park B, Sung J, Park K, Seo S, Kim S. Report of
the evaluation for validity of discharged diagnoses in
Korean Health Insurance database. Seoul National
University; 2003:19-52.

jamapediatrics.com

38. von EIm E, Altman DG, Egger M, Pocock SJ,
Getzsche PC, Vandenbroucke JP; STROBE Initiative.
The Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) statement:
guidelines for reporting observational studies. J Clin
Epidemiol. 2008;61(4):344-349. doi:10.1016/j.
jclinepi.2007.11.008

39. Hamad AF, Alessi-Severini S, Mahmud SM,
Brownell M, Kuo IF. Antibiotic exposure in the first
year of life and the risk of attention-deficit/
hyperactivity disorder: a population-based cohort
study. Am J Epidemiol. 2019;188(11):1923-1931. doi:
10.1093/aje/kwz178

40. Global Initiative for Asthma. 2022 GINA main
report. 2022 GINA report, global strategy for
asthma management and prevention. Accessed
September 16, 2021. https://ginasthma.org/gina-
reports/

41. Choi YJ, Park JY, Lee HS, et al. Effect of asthma
and asthma medication on the prognosis of
patients with COVID-19. Eur Respir J. 2021;57(3):
2002226. doi:10.1183/13993003.02226-2020

42. Yang JM, Koh HY, Moon SY, et al. Allergic
disorders and susceptibility to and severity of
COVID-19: a nationwide cohort study. J Allergy Clin
Immunol. 2020;146(4):790-798. doi:10.1016/j.jaci.
2020.08.008

43. Schmitt J, Stadler E, Kiister D, Wiistenberg EG.
Medical care and treatment of allergic rhinitis:

a population-based cohort study based on routine
healthcare utilization data. Allergy. 2016;71(6):850-
858. doi:10.1111/all.12838

44. Jung CR, Chen WT, Tang YH, Hwang BF. Fine
particulate matter exposure during pregnancy and
infancy and incident asthma. J Allergy Clin Immunol.
2019:143(6):2254-2262.e5. doi:10.1016/j.jaci.2019.03.
024

45. Mitselou N, Hallberg J, Stephansson O,
Almgqvist C, Melén E, Ludvigsson JF. Cesarean
delivery, preterm birth, and risk of food allergy:
nationwide Swedish cohort study of more than 1
million children. J Allergy Clin Immunol.
2018;142(5):1510-1514.e2. doi:10.1016/j.jaci.2018.
06.044

46. Kim HJ, Ahn HS, Kang T, Bachert C, Song WJ.
Nasal polyps and future risk of head and neck
cancer: a nationwide population-based cohort
study. J Allergy Clin Immunol. 2019;144(4):1004-
1010.e4. doi:10.1016/j.jaci.2019.06.024

47. Bateman BT, Mhyre JM, Hernandez-Diaz S,

et al. Development of a comorbidity index for use in
obstetric patients. Obstet Gynecol. 2013;122(5):
957-965. doi:10.1097/A0G.0b013e3182a603bb

48. Metcalfe A, Lix LM, Johnson JA, et al.
Validation of an obstetric comorbidity index in an
external population. BJOG. 2015;122(13):1748-1755.
doi:10.1111/1471-0528.13254

49. Expert Consultation WHO; WHO Expert
Consultation. Appropriate body-mass index for
Asian populations and its implications for policy and
intervention strategies. Lancet. 2004;363(9403):
157-163. doi:10.1016/5S0140-6736(03)15268-3

50. Rassen JA, Shelat AA, Myers J, Glynn RJ,
Rothman KJ, Schneeweiss S. One-to-many
propensity score matching in cohort studies.
Pharmacoepidemiol Drug Saf. 2012;21(suppl 2):69-
80. doi:10.1002/pds.3263

Original Investigation Research

51. Parsons LS. Performing a 1:N case-control
match on propensity score. Poster presented at:
SAS Users Group International 29 Conference. May
9-12, 2004; Montreal, Canada.

52. Trikha A, Baillargeon JG, Kuo YF, et al.
Development of food allergies in patients with
gastroesophageal reflux disease treated with
gastric acid suppressive medications. Pediatr
Allergy Immunol. 2013;24(6):582-588. doi:10.1111/
pai.12103

53. Untersmayr E, Jensen-Jarolim E. The role of
protein digestibility and antacids on food allergy
outcomes. J Allergy Clin Immunol. 2008;121(6):
1301-1308. doi:10.1016/j.jaci.2008.04.025

54. Arae K, Oboki K, Ohno T, et al. Cimetidine
enhances antigen-specific IgE and Th2 cytokine
production. Allergol Int. 2011;60(3):339-344. doi:
10.2332/allergolint.10-OA-0255

55. Hufnagl K, Pali-Scholl I, Roth-Walter F,
Jensen-Jarolim E. Dysbiosis of the gut and lung
microbiome has a role in asthma. Semin
Immunopathol. 2020;42(1):75-93. doi:10.1007/
s00281-019-00775-y

56. Dang AT, Marsland BJ. Microbes, metabolites,
and the gut-lung axis. Mucosal Immunol. 2019;12(4):
843-850. doi:10.1038/541385-019-0160-6

57. Tulic MK, Piche T, Verhasselt V. Lung-gut
cross-talk: evidence, mechanisms and implications
for the mucosal inflammatory diseases. Clin Exp
Allergy. 2016;46(4):519-528. doi:10.1111/cea.12723

58. Biesbroek G, Tsivtsivadze E, Sanders EA, et al.
Early respiratory microbiota composition
determines bacterial succession patterns and
respiratory health in children. Am J Respir Crit Care
Med. 2014;190(11):1283-1292. doi:10.1164/rccm.
201407-12400C

59. Abrahamsson TR, Jakobsson HE, Andersson
AF, Bjorkstén B, Engstrand L, Jenmalm MC. Low gut
microbiota diversity in early infancy precedes
asthma at school age. Clin Exp Allergy. 2014;44(6):
842-850. doi:10.1111/cea.12253

60. ZhangT, Lee TK, Lui H, et al. Health insurance
claim- and prescription record-based algorithms as
a population-based method for eczema
ascertainment. J Eur Acad Dermatol Venereol.
2020;34(9):e466-e468. doi:10.1111/jdv.16315

61. Yousif A, Dault R, Courteau M, et al; TORSADE
Cohort Working Group. The validity of diagnostic
algorithms to identify asthma patients in healthcare
administrative databases: a systematic literature
review. J Asthma. 2022;59(1):152-168. doi:10.1080/
02770903.2020.1827425

62. Rudmik L, Xu'Y, Kukec E, Liu M, Dean S, Quan
H. A validated case definition for chronic
rhinosinusitis in administrative data: a Canadian
perspective. Int Forum Allergy Rhinol. 2016;6(11):
1167-1172. doi:10.1002/alr.21801

63. LiCM, Zhernakova A, Engstrand L, Wijmenga C,
Brusselaers N. Systematic review with
meta-analysis: the risks of proton pump inhibitors
during pregnancy. Aliment Pharmacol Ther. 2020;51
(4):410-420. doi:10.1111/apt.15610

64. Holmberg MJ, Andersen LW. Collider bias. JAMA.
2022;327(13):1282-1283. doi:10.1001/jama.2022.1820

JAMA Pediatrics Published online January 9,2023 EN

© 2023 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Folkehelseinstituttet User on 02/06/2023


https://dx.doi.org/10.1111/cea.12227
https://dx.doi.org/10.1007/s40264-013-0093-z
https://dx.doi.org/10.1002/jcph.574
https://dx.doi.org/10.1542/peds.2017-3741
https://dx.doi.org/10.1542/peds.2017-3741
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2016.16435?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2022.5193
https://dx.doi.org/10.1097/MCP.0b013e328332ca2f
https://dx.doi.org/10.1097/MCP.0b013e328332ca2f
https://dx.doi.org/10.1111/pai.12034
https://dx.doi.org/10.1111/all.12783
https://dx.doi.org/10.1136/bmj.g6979
https://www.ncbi.nlm.nih.gov/pubmed/27794523
https://dx.doi.org/10.1161/STROKEAHA.120.029251
https://dx.doi.org/10.1161/STROKEAHA.120.029251
https://dx.doi.org/10.1371/journal.pmed.1003945
https://dx.doi.org/10.1002/pds.3284
https://dx.doi.org/10.1016/j.jclinepi.2007.11.008
https://dx.doi.org/10.1016/j.jclinepi.2007.11.008
https://dx.doi.org/10.1093/aje/kwz178
https://ginasthma.org/gina-reports/
https://ginasthma.org/gina-reports/
https://dx.doi.org/10.1183/13993003.02226-2020
https://dx.doi.org/10.1016/j.jaci.2020.08.008
https://dx.doi.org/10.1016/j.jaci.2020.08.008
https://dx.doi.org/10.1111/all.12838
https://dx.doi.org/10.1016/j.jaci.2019.03.024
https://dx.doi.org/10.1016/j.jaci.2019.03.024
https://dx.doi.org/10.1016/j.jaci.2018.06.044
https://dx.doi.org/10.1016/j.jaci.2018.06.044
https://dx.doi.org/10.1016/j.jaci.2019.06.024
https://dx.doi.org/10.1097/AOG.0b013e3182a603bb
https://dx.doi.org/10.1111/1471-0528.13254
https://dx.doi.org/10.1016/S0140-6736(03)15268-3
https://dx.doi.org/10.1002/pds.3263
https://dx.doi.org/10.1111/pai.12103
https://dx.doi.org/10.1111/pai.12103
https://dx.doi.org/10.1016/j.jaci.2008.04.025
https://dx.doi.org/10.2332/allergolint.10-OA-0255
https://dx.doi.org/10.1007/s00281-019-00775-y
https://dx.doi.org/10.1007/s00281-019-00775-y
https://dx.doi.org/10.1038/s41385-019-0160-6
https://dx.doi.org/10.1111/cea.12723
https://dx.doi.org/10.1164/rccm.201407-1240OC
https://dx.doi.org/10.1164/rccm.201407-1240OC
https://dx.doi.org/10.1111/cea.12253
https://dx.doi.org/10.1111/jdv.16315
https://dx.doi.org/10.1080/02770903.2020.1827425
https://dx.doi.org/10.1080/02770903.2020.1827425
https://dx.doi.org/10.1002/alr.21801
https://dx.doi.org/10.1111/apt.15610
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2022.1820?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2022.5193
http://www.jamapediatrics.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2022.5193

