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abstractOBJECTIVES: Proton pump inhibitors (PPIs) are often used in pediatrics to treat common
gastrointestinal disorders, and there are growing concerns for infectious adverse events.
Because CYP2C19 inactivates PPIs, genetic variants that increase CYP2C19 function may
decrease PPI exposure and infections. We tested the hypothesis that CYP2C19 metabolizer
phenotypes are associated with infection event rates in children exposed to PPIs.

METHODS: This retrospective biorepository cohort study included individuals aged 0 to
36 months at the time of PPI exposure. Respiratory tract and gastrointestinal tract infection
events were identified by using International Classification of Diseases codes in the year after
the first PPI mention. Variants defining CYP2C19 *2, *3, *4, *8, *9, and *17 were genotyped, and
all individuals were classified as CYP2C19 poor or intermediate, normal metabolizers (NMs),
or rapid or ultrarapid metabolizers (RM/UMs). Infection rates were compared by using
univariate and multivariate analyses.

RESULTS: In all, 670 individuals were included (median age 7 months; 44% girls). CYP2C19 NMs
(n = 267; 40%) had a higher infection rate than RM/UMs (n = 220; 33%; median 2 vs 1
infections per person per year; P = .03). There was no difference between poor or
intermediate (n = 183; 27%) and NMs. In multivariable analysis of NMs and RM/UMs
adjusting for age, sex, PPI dose, and comorbidities, CYP2C19 metabolizer status remained
a significant risk factor for infection events (odds ratio 0.70 [95% confidence interval
0.50–0.97] for RM/UMs versus NMs).

CONCLUSIONS: PPI therapy is associated with higher infection rates in children with normal
CYP2C19 function than in those with increased CYP2C19 function, highlighting this adverse
effect of PPI therapy and the relevance of CYP2C19 genotypes to PPI therapeutic decision-
making.

WHAT’S KNOWN ON THIS SUBJECT: Proton pump
inhibitors are commonly used in children and may
increase infection events. Differences in the CYP2C19
enzyme affect medication exposure, but the clinical
impact has not been assessed in unselected pediatric
cohorts.

WHAT THIS STUDY ADDS: In a retrospective cohort of 670
children treated with proton pump inhibitors, children
with normal CYP2C19 function had more infection events
than did children with increased CYP2C19 function. Risk in
infection during proton pump therapy is modified by
CYP2C19 functional status.
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Proton pump inhibitors (PPIs) are
among the most prescribed
medications in the United States.1

Within the pediatric population, and
in particular among infants, PPI use
continues to rise.2–4

Gastroesophageal reflux disease is
perhaps the most common indication
for PPIs in children; however, PPIs are
used in a variety of inflammatory
conditions of the upper intestinal
tract.5 In their activated form, PPIs
bind to and inactivate proton pumps
in the stomach, suppressing acid
release and increasing gastric pH.6

Reduced gastric acidity permits
mucosal healing and is the primary
therapeutic benefit of this drug class.
However, PPI efficacy is dependent on
the drug’s plasma concentrations and
is therefore directly related to its
pharmacokinetics.7 PPIs are primarily
inactivated in the liver by microsomal
enzyme CYP2C19, and genetic
variation in the CYP2C19 gene
determines enzyme activity.6

Common genetic variants give rise to
several metabolizer phenotypes,
ranging from slow to normal to rapid
drug inactivation.8,9 Individuals with
no or decreased-function variants are
termed poor metabolizers (PMs) or
intermediate metabolizers, resulting
in higher drug exposure compared
with normal metabolizers (NMs)
given an equivalent dose.10–12

Conversely, individuals with
increased-function alleles are rapid or
ultrarapid metabolizers (RM/UMs)
and have reduced exposure to the
active drug for a given dose of
PPI.13–17

Despite the wide therapeutic index of
PPIs, differences in CYP2C19 activity
may have clinical significance. Several
studies have demonstrated an
association between CYP2C19
metabolizer status and PPI treatment
outcomes for a variety of conditions,
including gastroesophageal reflux
disease, Helicobacter pylori gastritis,
and esophageal eosinophilia.18–23

Conversely, adverse outcomes,
including vitamin and mineral

deficiencies, bone fractures,
development of allergic diseases in
childhood, and respiratory tract
infections (RTIs) and gastrointestinal
tract infections (GTIs), may also be
impacted by differential CYP2C19
activity.24–29 Infectious outcomes
related to PPI use are hypothesized to
be secondary to reduced gastric
acidity and resultant dysbiosis of the
gastric microflora, permitting
colonization of pathogenic
microbes.30,31 The potentially
infectious gastric contents may reflux
into the esophagus and oropharynx,
and microaspiration within the
respiratory tract or within the distal
gastrointestinal tract may occur,
leading to RTIs and GTIs,
respectively.27,28,32–34 On the basis of
data from children with asthma,
CYP2C19 PMs may experience higher
rates of infections compared with
NMs at equivalent doses.35,36

CYP2C19 genotype-based PPI dosing
guidelines are in development, but
CYP2C19 gene-based therapeutic
decision-making is not routinely
performed.37,38 Given the relative
paucity of pediatric data to support
CYP2C19-based PPI dosing and
management guidelines, we sought to
further investigate the role of
CYP2C19 metabolizer phenotypes on
rates of RTIs and GTIs in children on
PPI therapy.

METHODS

Study Population

The retrospective study was
performed by using BioVU, the
Vanderbilt University Medical Center
DNA biorepository linked to
deidentified electronic health record
(EHR) data.39,40 This study was
reviewed by the Vanderbilt
Institutional Review Board and
determined to be nonhuman subjects
research. Inclusion criteria for the
study were as follows: (1) PPI
exposure, defined as any mention of
the generic or trade name of any of
the PPIs available in the United States

with at least 3 mentions on 3 separate
dates within 1 year; (2) age 0 to
36 months at the time of first PPI
exposure; and (3) available DNA in
BioVU. There were no exclusion
criteria. There was no requirement
that individuals receive primary care
or all medical care within Vanderbilt
University Medical Center.

Outcomes and Covariates

The primary outcome for analysis
was total infection events in the year
after PPI start. To define infection
events, all International Classification
of Diseases (ICD) codes for RTIs and
GTIs listed in Supplemental Table 3
were identified for each individual for
the time period beginning 1 week
after PPI start and ending 12 months
after PPI start. Infection events within
this window were counted, requiring
a minimum of 14 days between
events to avoid duplicate entries for
a single infection (Supplemental
Fig 2). Separately, the total RTIs and
GTIs were each measured as
secondary outcomes. Demographic
covariates (sex, race, ethnicity, and
age at PPI start) were extracted from
the deidentified EHR. Congenital
heart disease, chronic lung disease,
prematurity, gastrointestinal motility
disorders, structural gastrointestinal
disorders, chronic diarrheal
disorders, and prematurity were
identified as comorbid conditions on
the basis of ICD codes (Supplemental
Table 4). Outcome and covariate
assessments were performed blinded
to CYP2C19 genotype or phenotype.

PPI Dose

PPI dose was determined by
extracting lines of text surrounding
every mention of PPI from inpatient
and outpatient clinical notes,
electronic prescriptions, inpatient
orders, and problem lists. Text strings
were discarded if they did not contain
the PPI drug name or if they had no
numeric data indicating dosing
information. When multiple entries
were available for the same date,
a single entry per date was identified

2 BERNAL et al

https://pediatrics.aappublications.org/lookup/suppl/doi:10.1542/peds.2019-0857/-/DCSupplemental/
https://pediatrics.aappublications.org/lookup/suppl/doi:10.1542/peds.2019-0857/-/DCSupplemental/
https://pediatrics.aappublications.org/lookup/suppl/doi:10.1542/peds.2019-0857/-/DCSupplemental/
https://pediatrics.aappublications.org/lookup/suppl/doi:10.1542/peds.2019-0857/-/DCSupplemental/
https://pediatrics.aappublications.org/lookup/suppl/doi:10.1542/peds.2019-0857/-/DCSupplemental/


by prioritizing electronic
prescriptions, inpatient orders, and
clinical notes (both inpatient and
outpatient). The total daily dose was
then determined via manual review
by using a crowdsourcing strategy
implemented in VBOSSA, an
institutionally derived version of
PYBOSSA, an open-source data
collection technology.41,42 In brief,
text strings were displayed together
with a dosing calculator on a Web-
based platform. Five workers
separately reviewed each text entry,
20% of which were reviewed by
multiple workers to ensure efficacy.
Of the overlapped tasks, workers
were in congruence 75% of the time.
Additionally, a select set of known
dosages were provided, for which the
workers responded accurately 81%
of the time. Discordant entries were
manually reviewed to determine
accurate information. For each dose,
the nearest recorded weight (kg) was
then used to calculate the daily dose
by weight (mg/kg per day). Each
individual’s annual weighted average
was calculated on the basis of the
duration of time on each dose.

Genotyping

Genotyping was performed by the
Vanderbilt Technologies for
Advanced Genomics core laboratory
using the Sequenom MassArray
platform (Agena Bioscience, San
Diego, CA). Six CYP2C19 single-
nucleotide variants were genotyped to
identify CYP2C19 haplotypes: *2
(rs4244285), *3 (rs4986893), *4
(rs28399504), *8 (rs41291556), *9
(rs17884712), and *17 (rs12248560).
Metabolizer status was assigned on
the basis of current CYP2C19
diplotype-to-phenotype tables from
the Clinical Pharmacogenetics
Implementation Consortium by using
the currently suggested consensus
nomenclature.43,44 Individuals were
classified as NMs if they carried 2
functional *1 alleles. RMs are those
with 1 functional allele and
1 increased-function allele
(CYP2C19*17), and ultrarapid

metabolizers are those with
2 increased-function alleles. These
were analyzed together as RM/UMs.
Individuals were classified as poor or
intermediate metabolizers (PM/IMs) if
they carried 1 or more alleles with no
function or decreased function (*2, *3,
*4, *8, and *9) even if the other allele
was increased function (eg, *2/*17;
Supplemental Table 5).

Data Analysis

The association of CYP2C19
metabolizer phenotype and each of
the covariates to the outcome of total
infection events was tested via
univariate analysis by using 2-sided
x2 tests for categorical variables and
the Kruskal-Wallis test for continuous
variables. Multivariate analysis was
performed by using ordinal logistic
regression to test for association
between CYP2C19 metabolizer status
and infection events, adjusting for age
at the time of PPI start, sex, PPI dose
(average mg/kg per day), and
comorbidities (including
a dichotomous variable for the
presence or absence of comorbidities
as well as dichotomous variables for
the presence or absence of each of the
following: congenital heart disease,
chronic lung disease, gastrointestinal
motility disorder, gastrointestinal
structural disorder, chronic diarrhea
disorder, and prematurity). Data were
analyzed by using Stata version 15.1
(Stata Corp, College Station, TX). P
,.05 was considered statistically
significant.

RESULTS

We identified 670 individuals who met
inclusion criteria. The median age of
the cohort was 7 months (interquartile
range [IQR] 3–13), and the majority
were boys (Table 1). Most (n = 561;
84%) of the individuals had at least 1
of the assessed comorbidities. In the
year after starting PPI therapy,
individuals had a median of 1 infection
event (IQR 0–3).

In all, 183 (27%) patients in the
cohort were CYP2C19 PM/IMs, 267

(40%) were NMs, and 220 (33%)
were RM/UMs. CYP2C19 allele
frequencies were consistent with
previously published data
(Supplemental Table 6).45 CYP2C19
metabolizer phenotype groups were
similar in age, sex, race, ethnicity, and
the assessed comorbidities (Table 1).

A total of 1419 infection events were
identified (1087 RTIs and 332 GTIs).
When infection event rates were
compared across CYP2C19
metabolizer groups, NMs had more
total infection events than did RM/
UMs (Table 2). When RTIs and GTIs
were evaluated separately, NMs
experienced more of each infection
type than did RM/UMs, but the
difference was not statistically
significant. There were also no
significant differences between PM/
IMs and NMs for total infection
events, RTIs, or GTIs. In
a multivariable analysis of NMs and
RM/UMs adjusting for age, sex, PPI
dose, and comorbidities, CYP2C19
metabolizer status remained
a significant risk factor for total
infection events (odds ratio [OR] 0.70
[95% confidence interval (CI)
0.50–0.97] for RM/UM versus NM;
Fig 1). The comorbidities of chronic
lung disease, gastrointestinal motility
disorder, gastrointestinal structural
pathology, and chronic diarrhea were
also associated with increased total
infection events (Fig 1). A similar
multivariable analysis for RTIs and
GTIs demonstrated no significant
difference between CYP2C19 RM/
UMs and NMs (Supplemental Fig 3)
but did reveal that chronic lung
disease and gastrointestinal
structural pathology were associated
with increased RTIs, and comorbid
gastrointestinal disease (motility
disorder, structural pathology, and
chronic diarrhea) was associated with
increased GTIs.

DISCUSSION

Because PPIs are metabolized by the
polymorphic CYP2C19 enzyme, we
hypothesized that individuals capable
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of rapid metabolism of these drugs
would be protected from the
increased infection events seen with
PPI exposure. Consistent with this
hypothesis, in this cohort of 670
children, we found that CYP2C19 RM/
UMs had fewer total infection events
than NMs (1.85 6 2.24 vs 2.38 6 2.6
events per child in the first year of
PPI use). This finding is consistent in
both univariate analysis of infection
events and multivariate analysis,
adjusting for factors that may
contribute to the susceptibility to
RTIs and GTIs. These findings
demonstrate that the differences in
metabolism of PPIs due to CYP2C19
variation have clinical consequences.
The difference of ∼0.5 infection
events per child per year may be

negligible for individual, otherwise
healthy children; however, across the
entire population of PPI-exposed
children (1.6% of all newborns and
infants seen in the outpatient
setting)4 and for children with
tenuous health due to chronic
diseases, this increased risk is
clinically meaningful and highlights
the importance of judicious PPI use.
The multivariate analyses also
indicated several associations of
comorbid conditions to RTIs and GTIs
while on PPI therapy, identifying
children at increased risk for
infectious adverse outcomes with
acid suppression.

Our data add to the growing evidence
for the impact of CYP2C19 function

on PPI exposure and on outcomes of
PPI therapy. An early
pharmacokinetic study of 24 children
observed that NMs had lower
exposure to pantoprazole than PM/
IMs.11 Additional data have
demonstrated lower exposure for
RM/UMs versus NMs for
pantoprazole in 40 children13 and for
RM/UMs versus NMs versus PMs for
lansoprazole in a study of 244
children.46 A recent study of 41
children with obesity also observed
lower exposure in NMs versus PM/
IMs.47 The effect of these differences
in drug exposure on adverse and
therapeutic clinical outcomes has also
been observed. In children with
asthma, there was a higher frequency
of RTIs in the 136 children treated

TABLE 1 Demographics of the Study Cohort and Subsets by CYP2C19 Metabolizer Phenotype

All (N = 670) PM/IMs (N = 183) NMs (N = 267) RM/UMs (N = 220) Pa

Age, mo, median (IQR) 7 (3–13) 7 (4–15) 7 (4–13) 8 (4–14) .18
Female sex, n (%) 292 (44) 71 (39) 119 (45) 102 (46) .29
Race, n (%) .50
White 553 (83) 147 (80) 219 (82) 187 (85)
African American 76 (11) 24 (13) 27 (10) 25 (11)
Asian American and/or Pacific Islander 11 (2) 5 (3) 5 (2) 1 (0.5)
Otherb or unknown 30 (5) 7 (4) 16 (6) 7 (3)

Ethnicity, n (%) .10
Hispanic 34 (5) 9 (5) 19 (7) 6 (3)
Non-Hispanic 617 (92) 168 (92) 238 (89) 211 (96)
Unknown 19 (3) 6 (3) 10 (4) 3 (1)

Comorbidities, n (%)
Any 561 (84) 157 (86) 223 (84) 181 (82) .63
Congenital heart disease 307 (46) 84 (46) 134 (50) 89 (40) .10
Chronic lung disease 330 (49) 95 (52) 131 (49) 104 (47) .65
Gastrointestinal motility disorder 75 (11) 20 (11) 31 (12) 24 (11) .96
Gastrointestinal structural disorder 303 (45) 91 (50) 127 (48) 85 (39) .05
Chronic diarrhea disorder 101 (15) 24 (13) 39 (15) 38 (17) .50
Prematurity 150 (22) 42 (23) 60 (23) 48 (22) .96

a P from Kruskal-Wallis test for continuous variable (age) and x2 test for categorical variables.
b Includes American Indian and Alaskan native.

TABLE 2 Infection Outcomes by CYP2C19 Metabolizer Status

PM/IM (N = 183) NM (N = 267) RM/UM (N = 220) PM/IM Versus NM, P NM Versus RM/UM, P

Total infection events
Mean (6SD) 2.05 (2.49) 2.38 (2.60) 1.85 (2.24) — —

Median (IQR) 1 (0–3) 2 (0–3) 1 (0–3) 0.10 0.03
Respiratory infection events
Mean (6SD) 1.56 (2.01) 1.82 (2.16) 1.44 (1.87) — —

Median (IQR) 1 (0–2) 1 (0–3) 1 (0–2) 0.17 0.07
Gastrointestinal infection events
Mean (6SD) 0.49 (0.89) 0.56 (1.01) 0.42 (0.83) — —

Median (IQR) 0 (0–1) 0 (0–1) 0 (0–1) 0.4 0.1

P from Kruskal-Wallis test. —, not applicable.
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with lansoprazole versus the 135
who received a placebo; furthermore,
RTIs were most frequent among the
45 PM/IMs in the lansoprazole arm
and less frequent in the 91 NMs.35 In
another study of children with
asthma, CYP2C19 PMs treated with
lansoprazole had worsened asthma
control compared with NMs.36 A
study of therapeutic response to PPI
in children showed that among 74
children with pH testing while on PPI
therapy, CYP2C19 NMs had more
complete acid suppression than RM/
UMs.23 There is also an
overrepresentation of CYP2C19 RM/
UMs among children who fail PPI
therapy and proceed to antireflux
surgery,22 and CYP2C19 RM
phenotype is an independent risk
factor for loss of response to PPI
therapy in PPI-responsive esophageal
eosinophilia.18 Taken together with

our findings, it is apparent that
differential exposure to PPIs due to
variability in CYP2C19 functional
status has clinical consequences:
individuals whose metabolic
phenotypes allow greater exposure to
the drug have greater therapeutic
benefits but are at greater risk for
adverse clinical events.

The clinical implications of these
findings depend on the clinical
context of PPI use. These data
demonstrate that PPI exposure has
the potential for adverse effects.
When evaluating the need for these
medications, the increased risk of
infection events should be
considered, particularly for those at
risk for life-threatening infection
events (eg, those with chronic lung
disease or congenital heart disease).
In instances in which the potential
benefit of PPIs outweighs the risk,

genotype-guided therapy may be
helpful to achieve therapeutic goals.
CYP2C19 PM/IMs, representing ∼1 in
4 patients, may achieve acid
suppression at the lowest
recommended dose. For these
patients, higher doses are unlikely to
provide additional benefit. In
contrast, the one-third of children
who are CYP2C19 RM/UMs likely
require doses at least at the high end
of the recommended range to achieve
adequate exposure for therapeutic
effect. There are published
recommendations for genotype-
guided PPI dosing. For CYP2C19 RM/
UMs, the Dutch Pharmacogenetics
Working Group recommends
increasing the pantoprazole dose by
400%, lansoprazole by 200%,
omeprazole by 100% to 200%, and
esomeprazole by 50% to 100%; of
note, these guidelines are not
specifically for pediatric patients.38

For children, we have previously
suggested dose increases of 50% for
RMs and 100% for ultrarapid
metabolizers, regardless of which PPI
is prescribed, and reducing the dose
by 60% for PM/IMs.9

In our data, we did not find
a difference between PM/IMs and
NMs. This may have been due to
inadequate sample size to detect
a difference in infection rates
between these subgroups. There may
also be unmeasured differences
between metabolizer groups, such as
compliance with the PPI regimen.
Given the same PPI dose, NMs have
lower exposure than PM/IMs; thus,
NMs may have higher compliance
because symptoms after missed
doses serve as a reminder to take the
medicine. PM/IMs may not have this
reinforcement because they
experience sustained benefit even
after missing doses. We can only
speculate on differences in
compliance across metabolizer
groups because we have no measures
of compliance in this retrospective
cohort, but this concept illustrates the
potential impact of unmeasured

FIGURE 1
Multivariable analysis of total infection events in CYP2C19 NMs versus RM/UMs. Shown are
the ORs (diamonds) and 95% CIs (horizontal lines) for each of the variables included in the
ordinal regression model for association to infection events in the 670 children treated with
PPIs. ORs are for CYP2C19 phenotype (NM versus RM/UM), age (each additional month), sex
(male versus female), and dose (each additional mg/kg per day) and 7 additional dichotomous
variables (presence of comorbidity, congenital heart disease, chronic lung disease, gastroin-
testinal motility disorder, gastrointestinal structural pathology, chronic diarrhea, and pre-
maturity, all yes versus no). Point estimates for the ORs and 95% CIs are listed to the right of
each plot.
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confounders. It is also possible that
the pharmacokinetic difference
between PM/IMs and NMs is within
the therapeutic window of these PPI
drugs, and thus, there is no clinical
difference between the groups.
However, as discussed above,
previous studies in prospective
cohorts have demonstrated
differences between PM/IMs and
NMs.35,36 A large prospective trial
with protocol-driven dosing and
uniform assessment of compliance
and outcome measures may
definitively determine the clinical
impact of CYP2C19 PM, intermediate
metabolizer, and NM status.

To determine if there was a specific
infection type (GTI or RTI) that was
driving the difference between
CYP2C19 NMs and RMs, we
investigated RTI and GTI events
separately. We did not find
a significant difference for either RTIs
or GTIs, although this analysis was
limited by the low number of events
for either infection type. We did find
expected differences in the risk factor
profile for RTIs and GTIs. Namely,
chronic lung disease and structural
gastrointestinal diseases were
associated with increased RTIs, and
comorbid gastrointestinal diseases
were associated with increased GTIs.
These findings highlight the need for
vigilance in these high-risk patient
populations.

In our multivariable analysis,
CYP2C19 NMs had more infection
events than RM/UMs even after
adjusting for PPI dose. If there were
an easily measured biomarker for PPI
efficacy, we would expect PPI dose
titration-to-effect (higher dosing with
increased CYP2C19 function) and
attenuation of the effect of genotype.
However, there is no such biomarker
for PPI effect. pH probe monitoring is
an invasive, expensive, and
uncomfortable test for a small child
and is not part of routine care after
starting a PPI. In contrast to adults,

infants and small children treated
with PPIs are not able to provide
subjective information about
improvement in their symptoms.
Because of this lack of information, it
is not surprising that the PPI dose is
not informative for the outcome.
Preprescription genotyping can be
particularly helpful in this situation
because it may identify CYP2C19 RM/
UMs who require a higher dose for
PPI efficacy.

Our study has several limitations.
This retrospective study ascertained
exposures, outcomes, and covariates
from EHR data. It is likely that our
observed infection events
underrepresent the total number of
infection events; events would not be
recorded in the EHR if the parent
and/or family did not seek medical
care or sought care outside of our
health care system. We also may have
incomplete ascertainment of some
covariate data and did not include
adjustment for inhaled
corticosteroids, which may increase
infection risk. We expect that these
factors are independent of CYP2C19
genotype. Our adjustment for
comorbid conditions, such as
congenital heart disease and
gastrointestinal disorders, may not
fully capture the impact of these
conditions, which are slightly more
common among CYP2C19 NMs,
although the difference does not
achieve statistical significance.
Additionally, some infection event ICD
codes are nonspecific (eg, codes for
“cough” and “diarrhea”) but often
used by providers when a causative
pathogen is unknown. These codes
may represent symptom exacerbation
for individuals with chronic
conditions rather than an infection
event, which is a limitation in our
study. We performed genotyping of
the most common CYP2C19 variants
leading to decreased or increased
enzyme function, but it is possible
that additional rare genetic variants

are present in some individuals in our
cohort. These would also not be
ascertained by most clinical
pharmacogenetic tests, which focus
on commonly known variants. Our
data come from a single tertiary-care
children’s hospital and may not be
generalizable across all practice
settings and populations.

CONCLUSIONS

In this retrospective cohort of 670
infants and children treated with
PPIs, CYP2C19 NMs had more
frequent infections in the year after
starting therapy than did CYP2C19
RM/UMs. The previously observed
differences in drug disposition and
drug exposure due to CYP2C19
genetic variation translates into
clinically observable differences in
adverse event rates in pediatric
patients. The potential risk for an
increased number of infections
should be considered before the start
of PPI therapy, particularly in the
high-risk groups identified by this
study. In patients who require PPI
treatment, preprescription
pharmacogenetic testing may assist
in achieving an effective dosing
regimen.

ABBREVIATIONS

CI: confidence interval
EHR: electronic health record
GTI: gastrointestinal tract infection
ICD: International Classification of

Diseases
IQR: interquartile range
NM: normal metabolizer
OR: odds ratio
PM: poor metabolizer
PM/IM: poor or intermediate

metabolizer
PPI: proton pump inhibitor
RM/UM: rapid or ultrarapid

metabolizer
RTI: respiratory tract infection
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