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ABSTRACT
Objectives To determine the incidence and prevalence
of gastro-oesophageal reflux disease (GERD) diagnosis and
treatment in children with neurological impairment (NI)
along with relationship to key variables.
Design This is a population-based retrospective cohort
study.
Setting This study takes place in Alberta, Canada.
Patients Children with NI were identified by hospital-
based International Classification of Diseases (ICD) codes
from 2006 to 2018.
Main outcome measures Incidence and prevalence
of a GERD diagnosis identified by: (1) hospital-based
ICD-10 codes; (2) specialist claims; (3) dispensation of
acid-suppressing medication (ASM). Age, gender, complex
chronic conditions (CCC) and technology assistance were
covariates.
Results Among 10 309 children with NI, 2772 (26.9%)
met the GERD definition. The unadjusted incidence rate
was 52.1 per 1000 person-years (50.2–54.1). Increasing
numbers of CCCs were associated with a higher risk of
GERD. The HR for GERD associated with a gastrostomy
tube was 4.56 (95% CI 4.15 to 5.00). Overall, 2486
(24.1%) of the children were treated with ASMs of which
1535 (61.7%) met no other GERD criteria. The incidence
rate was 16.9 dispensations per year (95% CI 16.73 to
17.07). The prevalence of gastrojejunostomy tubes was
1.1% (n=121), surgical jejunostomy tubes was 0.7%
(n=79) and fundoplication was 3.4% (n=351).
Conclusions The incidence of GERD in children with NI
greatly exceeds that of the general paediatric population.
Similarly, incidence rate of medication dispensations was
closer to the rates seen in adults particularly in children
with multiple CCCs and gastrostomy tubes. Further
research is needed to determine the appropriate use of
ASMs balancing the potential for adverse effects in this
population.

INTRODUCTION
Gastro-
oesophageal reflux disease (GERD)
can result in distressing symptoms and serious
complications.1 GERD diagnosis is increasingly common in children, accompanied by
increased prescribing of acid suppressing
medications (ASMs) including proton pump
inhibitors (PPIs) and histamine-
2 receptor
antagonists (H2RA).2 There has been a 2–8
fold increase in PPI prescriptions to children

WHAT IS ALREADY KNOWN ON THIS TOPIC
⇒ Gastro-
oesophageal reflux disease (GERD) is in-

creasingly being diagnosed and treated in children.
Neurological impairment (NI) is a known risk factor
for GERD but existing evidence applies only to specific subpopulations such as those with severe NI.

WHAT THIS STUDY ADDS
⇒ The prevalence and incidence of GERD diagnosis in

children with NI is significantly higher than in the
general paediatric population.
⇒ Children with NI are more likely to be treated with
acid-suppressing medications and treatment tends
to be prolonged.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY
⇒ This study highlights the need for further investiga-

tion into GERD diagnostic criteria and prescribing
patterns for children with NI to facilitate clearer
guidance on the appropriate use of acid-suppressing
medications.

in the past decade.3 4 This trend continues
in spite of mounting evidence of adverse
effects with ASMs.5–7 Clinical practice guidelines exist to guide management but do not
address all clinically important scenarios.8 9
Children with neurological impairment
(NI) have increased risk of GERD.10–14 To date,
studies are limited by selection bias towards
participants with gastrointestinal symptoms
or living under institutional care.11–14 In these
studies, diagnosis was based on invasive tests
such as pH probes, oesophageal manometry
and endoscopy, which can be challenging to
interpret in paediatrics.12 15 All prior studies
are more than two decades old and may not
represent current practice.
The frequency of GERD in the broad population of children with NI will help define the
scope of this condition and identify targets
for further study and guideline development.
The aim of this study was to determine the
incidence and prevalence of a diagnosis
of GERD in children with NI. In addition,
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Table 1 Cohort characteristics
NI cohort

NI, no GERD

NI+GERD

P value

n (%)
Age at NI (mean (SD))

10 309
4.15 (5.82)

7537
4.65 (6.07)

2772
2.79 (4.84)

<0.001

Gender (F)

4738 (46.0)

3483 (46.2)

1255 (45.3)

0.578

 Cardiovascular

1589 (15.4)

951 (12.6)

638 (23.0)

<0.001

 Metabolic

743 (7.2)

429 (5.7)

314 (11.3)

<0.001

 Renal/urologic

665 (6.5)

398 (5.3)

267 (9.6)

<0.001

 Genetic/congenital

2656 (25.8)

1787 (23.7)

869 (31.3)

<0.001

 Neonatal

1678 (16.3)

1200 (15.9)

478 (17.2)

0.114

 Gastrointestinal

663 (6.4)

381 (5.1)

282 (10.2)

<0.001

 Haemat/immunol

444 (4.3)

226 (3.0)

218 (7.9)

<0.001

 Respiratory

485 (4.7)

182 (2.4)

303 (10.9)

<0.001

 Malignancy

603 (5.8)

391 (5.2)

212 (7.6)

<0.001

CCC

No of CCC

<0.001

 0

4323 (41.9)

3488 (46.3)

835 (30.1)

 1

3651 (35.4)

2697 (35.8)

954 (34.4)

 2

1509 (14.6)

957 (12.7)

552 (19.9)

 3

547 (5.3)

279 (3.7)

268 (9.7)

 4+

279 (2.7)

116 (1.5)

163 (5.9)

 Tracheostomy

75 (0.7)

28 (0.4)

47 (1.7)

<0.001

 Evacuation tube

467 (4.5)

325 (4.3)

142 (5.1)

0.089

 Gastrostomy

1359 (13.2)

406 (5.4)

953 (34.3)

<0.001

 Renal support

203 (2.0)

140 (1.9)

63 (2.3)

0.206

 0

8160 (79.2)

6528 (86.6)

1632 (58.9)

 1
 2+

1965 (19.1)
184 (1.8)

952 (12.6)
57 (0.8)

1013 (36.5)
127 (4.6)

Technology

No of technology

<0.001

CCC, complex, chronic conditions; GERD, gastro-oesophageal reflux disease; NI, neurological impairment.

relationships between GERD diagnosis/treatment and
demographic characteristics, complex, chronic conditions (CCCs) and need for medical technology assistance
(TA) were examined.
METHODS
Study design and data source
This population-based retrospective cohort study used
administrative data from the province of Alberta (population 4.4 million) including demographic information,
hospitalisation data (Hospital Discharge Abstract Database), physician outpatient billings (Alberta Health
Care Insurance Plan), emergency department visits
(National Ambulatory Care Reporting System) and
pharmaceutical data (Pharmaceutical Information
Network) (online supplemental information 1). The
Strengthening the Reporting of Observational Studies
2

in Epidemiology guideline for reporting observational
studies was followed.16
Study population
We first identified all children (less than age 18) who had
a hospital discharge between 1 April 2006 and 31 March
2018 with a diagnostic code indicating NI based on an
established list of International Classification of Diseases,
10th Revision (ICD) codes (online supplemental information 2).17–19
The case definition for GERD was designed to achieve
reasonable accuracy and specificity, given that GERD is
likely overdiagnosed in paediatrics.20 21 Each case had to
meet at least one of the following criteria:
1. An ICD-10 code indicating GERD from a hospitalisation or emergency visit.
2. At least two paediatric specialist claims within 2 years
with an ICD-9 code indicating GERD. This aligns with
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Table 2 Source of GERD diagnosis
n (%)
n
PIN

2772
1935 (69.8)

DAD

598 (21.6)

NACRS

66 (2.4)

Physician claims
Multiple criteria met on same day

134 (4.8)
39 (1.4)

DAD, discharge abstract database; GERD, gastro-oesophageal
reflux disease; NACRS, National Ambulatory Care Reporting
System; PIN, Pharmaceutical Information Network.

current recommendations that GERD should be diagnosed by a specialist.9
3. At least one dispensation of an ASM.
Children entered the cohort on the date of their first
NI diagnosis (on or after 1 April 2006). GERD diagnoses
that occurred simultaneously or shortly after the NI diagnosis were included.
Comorbidities and technology
Age and gender were collected. All ICD-10 codes were
collected from hospitalisation data (up to 25) to describe
CCC and TA. NI, CCC and TA have all been used to categorise children with medical complexity.17 CCCs refer
to any chronic medical condition that involves either
several organ systems or severe disease in one system.22
TA can include any device that is required to maintain
the child’s health status.17 We used previously developed
categorisations of ICD-10 codes for this purpose (online
supplemental information 2).17 19 22
Acid-suppressing medications
Data were abstracted from the Pharmaceutical Information Network using two Anatomical Therapeutic
Chemical codes, A02BA for H2RA and A02BC for PPI.
The number of dispensations was obtained for each individual for their entire period in the study cohort.
Table 3 Association between demographics, CCC/TA and
diagnosis of GERD
Variable

HR (95% CI)

P value

Gender (M)
Age at NI

1.07 (0.98 to 1.16)
0.97 (0.96 to 0.97)

0.118
<0.001

1 CCC

1.20 (1.09 to 1.33)

<0.001

2 CCC

1.74 (1.55 to 1.96)

<0.001

3 CCC

2.05 (1.75 to 2.39)

<0.001

4+CCC

2.37 (1.95 to 2.87)

<0.001

1 TA
2+TA

3.23 (2.96 to 3.52)
3.56 (2.92 to 4.34)

<0.001
<0.001

CCC, complex, chronic conditions; NI, neurological impairment;
TA, technology assistance.

Antireflux surgeries and procedures
Antireflux procedures were abstracted using Canadian
Classification of Health Interventions codes from the
Discharge Abstract Database. These procedures were
gastrojejunostomy tubes, surgical jejunostomy tubes and
fundoplication (online supplemental information 2).
The first occurrence of each procedure was used to calculate incidence rates.
Statistical analysis
Measured variables were reported with the mean and
SD. Categorical variables were reported as counts and
proportions. Comparisons were made using t-tests and
χ2 tests, respectively. Univariable incidence rates with
95% CIs were calculated. Multivariable Cox proportional
hazards models were used to calculate hazard ratios for
the occurrence of GERD. Multivariable negative binomial models were used to calculate incidence rate ratios
for the prescription of additional ASMs. Models were
adjusted for age, gender and number of technologies
censor date for patients without the
used. The right-
outcome of interest was calculated as the earlier of either
the patient’s 18th birthday, the date of death or the end
date of data collection, which was 31 March 2018.

RESULTS
Incidence and prevalence of GERD
Of the cohort of 10 309 unique children with NI, 2772
met the case definition of GERD. This corresponds to
an overall period prevalence of 26.9%. The unadjusted
incidence rate of GERD was 52.1 per 1000 person-years
(95% CI 50.2 to 54.1). When the ASM criteria were
removed from the case definition, the incidence rate was
46.7 per 1000 person-years (95% CI 44.9 to 48.4). The
mean age at GERD diagnosis was 5.04 years (95% CI 4.84
to 5.24) and the mean age at NI diagnosis was 4.15 years
(95% CI 4.04 to 4.26).
A full description of the cohort of individuals with NI
and the breakdown of characteristics in the subgroups
with and without GERD can be found in table 1. A breakdown of the source of GERD diagnosis (based on first
criterion met) can be found in table 2 (online only).
Comorbidities and technology
There were numerous relevant associations between
clinical characteristics and a diagnosis of GERD. In
particular, subgroups with increasing numbers of CCCs
and forms of TA independently predicted a diagnosis
of GERD (table 3). Children with four or more CCC’s
had twice the chance of being diagnosed with GERD
(HR 2.37, 95% CI 1.95 to 2.87, p<0.001) compared with
those without CCC, adjusted for gender, age and number
of technology devices. Similarly, children with multiple
forms of TA were at significantly greater risk of developing GERD (HR 3.56, 95% CI 2.92 to 4.34, p<0.001)
than subgroups without technology.
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Table 4 Association between individual CCCs, TAs and
GERD
HR (95% CI)

P value

Technology
 Tracheostomy

0.97 (0.69 to 1.35)

0.851

 Evacuation tube

0.94 (0.76 to 1.17)

0.589

 Gastrostomy

4.56 (4.15 to 5.00)

<0.001

 Renal support

1.00 (0.75 to 1.32)

0.980

 Cardiovascular

1.25 (1.12 to 1.39)

<0.001

 Metabolic

1.25 (1.09 to 1.42)

0.001

 Neonatal

1.14 (1.03 to 1.29)

0.017

 Gastrointestinal

1.23 (1.04 to 1.44)

0.013

 Haemat/immunol

1.37 (1.17 to 1.62)

<0.001

 Respiratory

1.45 (1.25 to 1.68)

<0.001

 Malignancy

1.35 (1.14 to 1.59)

<0.002

 Renal/urologic
 Genetic/congenital

1.12 (0.96 to 1.30)
1.07 (0.98 to 1.18)

0.147
0.149

CCC

CCC, complex, chronic conditions; GERD, gastro-oesophageal
reflux disease; TA, technology assistance.

Multivariable Cox proportional-
hazards analysis
showed that cardiovascular, metabolic, neonatal, gastrointestinal, haematologic, respiratory and malignancy
CCCs imparted a higher risk of GERD diagnosis. Presence of a gastrostomy tube, but not other forms of TA,
was also significantly associated with GERD (HR 4.56,
95% CI 4.15 to 5.00) (table 4).

Treatment with ASM
In this cohort, 2486 individuals (24.1%) were treated with
ASMs during the study period. Of these, 1535 (61.7%)
had no evidence of a GERD diagnosis based on other
criteria. A total of 457 (18.4%) individuals had dispensed
both types of medications (H2RAs and PPIs) in the study
period.
For those individuals who had at least one ASM
dispensed, the incidence rate for number of dispensations was 16.9 per year (95% CI 16.73 to 17.07). The incidence rate of H2RA dispensing, for those who received
at least one, was 3.72 per year (95% CI 3.66 to 3.78).
The incidence rate of PPI dispensing was 11.66 per year
(95% CI 11.59 to 11.73).
There were certain comorbidities that were associated
with a higher rate of dispensations for ASMs (table 5).
Having a gastrostomy tube was associated with twice the
rate of treatment with ASMs (IRR 2.28, 95% CI 1.80 to
2.91). Tracheostomy was associated with a significantly
decreased rate of ASM dispensing (IRR 0.29, 95% CI
0.11 to 0.75). In the categories of CCCs, neonatal and
genetic/congenital were associated with higher rates of
ASM dispensing whereas those with metabolic and malignancy conditions had decreased rates. Notably, there was
no significant association with gastrointestinal or respiratory CCCs.
Treatment with antireflux surgical procedures
The period prevalence of gastrojejunostomy tubes was
121 individuals out of the 10 309 (1.1%) and the incidence rate was 1.78 per 1000 person-years (95% CI 1.49
to 2.13). A further 79 children had surgical jejunostomy
tube placement corresponding to a period prevalence

Table 5 Association between CCC and TA and incidence rate of treatment with ASMs
Category

Variable

Beta

SE

IRR (95% CI)*

P value

Tracheostomy

−1.25

0.49

0.29 (0.11 to 0.75)

0.011

TA
Evacuation tube

0.87

0.34

2.39 (1.22 to 4.67)

0.011

Gastrostomy

0.83

0.12

2.28 (1.80 to 2.91)

<0.001

Renal support

0.18

0.34

1.20 (0.62 to 2.33)

0.596

Cardiovascular

−0.11

0.15

0.90 (0.66 to 1.21)

0.467

CCC
Metabolic

−0.62

0.18

0.54 (0.38 to 0.76)

<0.001

Neonatal

0.67

0.16

1.95 (1.42 to 2.68)

<0.001

Gastrointestinal

−0.25

0.22

0.78 (0.50 to 1.20)

0.255

Haemat/immunol

0.15

0.21

1.16 (0.77 to 1.74)

0.472

Respiratory

0.27

0.20

1.31 (0.89 to 1.92)

0.172

Malignancy

−1.06

0.22

0.35 (0.23 to 0.53)

<0.001

Renal/uologic
Genetic/congenital

0.01
0.58

0.22
0.14

1.01 (0.66 to 1.54)
1.78 (1.37 to 2.33)

0.981
<0.001

*Adjusted for age and gender.
ASM, acid-suppressing medication; CCC, complex, chronic conditions; IRR, incidence rate ratio; TA, technology assistance.

4

Dewan T, et al. BMJ Paediatrics Open 2022;6:e001577. doi:10.1136/bmjpo-2022-001577

bmjpo: first published as 10.1136/bmjpo-2022-001577 on 20 September 2022. Downloaded from http://bmjpaedsopen.bmj.com/ on September 27, 2022 by guest. Protected by copyright.

Open access

of 0.7% and an incidence rate of 1.16 per 1000 person-
years (95% CI 0.93 to 1.44). Finally, fundoplication was
performed in 351 individuals with a period prevalence of
3.4% and an incidence rate of 5.29 per 1000 person-years
(95% CI 4.76 to 5.87). The mean age at first fundoplication was 2.43 years (95% CI 2.05 to 2.81).
DISCUSSION
In this population-based cohort of over 10 000 children,
just over one-quarter of them had been diagnosed or
treated for GERD. Multiple CCCs and presence of a
gastrostomy tube were associated with a higher incidence
of GERD.
This incidence and prevalence of GERD in children
with NI is significantly higher than in the general paediatric population. Population-
based paediatric studies
from the primary care setting in the UK found an incidence of 0.84 per 1000 person-years and a period prevalence of 1.25% in a 5-year study period.23 An American
study reported an annual prevalence of GERD in 12.3%
of infants and 1.26% of adolescents.2 Our case definition has important differences that must be noted. Prior
studies included diagnoses by family physicians whereas
our study was limited to paediatric specialists. Our study
also included ASM prescriptions as a criterion for GERD.
Even with these methodological differences, it is evident
that our incidence rate of 52 per 1000 person-years may
be up to 60-
fold higher than the general paediatric
population.
Previous studies included only individuals with severe
NI and/or symptoms of GERD. The largest case series
enrolled 435 institutionalised individuals with intellectual
disability (only 48 children). In this group, 186 (42.8%)
had an abnormal pH probe and, of those, 129 (69.4%)
had oesophagitis on endoscopy.12 Other studies enrolled
small numbers of children with NI presenting with
symptoms finding a prevalence as high as 70%.11 13 The
prevalence of 26.9% in this study is lower than previous
reports, but reflects a wider range of children with NI.
The association between a GERD diagnosis and
multiple CCCs may relate to the severity of NI, which
is correlated with both an increased risk of GERD and
a higher number of comorbidities.12 14 24–26 Similarly, a
gastrostomy tube may simply indicate more severe NI.
Alternatively, this relationship could reflect imprecise
diagnoses due to the overlapping symptom profiles of
GERD and dysphagia.27 The possibility of increased
risk of GERD following G tube insertion has also been
suggested by some studies but refuted by others.28–31
Of even greater clinical significance is the use of ASMs
in children with NI. The period prevalence of treatment
with ASMs that we found is dramatically higher than the
general paediatric population (23.7% vs 0.3%–1.3%)
and more comparable to that of adult populations
(15%–33%).3 32–36 We also found evidence of prolonged
or recurrent treatment courses. An incidence rate of
more than one ASM dispensed per month suggests that

children may be on long-term treatment and/or are on
combined treatments. Data were not available on the
amount of medication prescribed so some prescriptions
could have been shorter courses (<30 days). Those with
neonatal CCCs were an important subgroup associated
with higher rates of ASM dispensing which fits with the
greater prevalence of GERD in the first year of life.37
These results raise concerns about potential over-
prescribing of ASMs in children with NI. Existing guidelines, including those for children with NI, recommend
short therapeutic trials of ASM for GERD.8 9 Regular
assessment of the ongoing need for acid suppression
is recommended including an attempted wean at 8
weeks.8 9 Adult guidelines suggest intermittent therapy,
but there is no current data to guide this practice in
paediatrics.38 Many patients in this cohort received ASM
without a GERD diagnosis by a specialist in contravention
to current guidelines. It is possible that some children
were treated for other conditions, such as eosinophilic
oesophagitis, although these are rare. Some children
could have received a diagnosis of GERD prior to the
study period.
There is increasing evidence of potential adverse
effects with ASMs that are concerning in the context of
high treatment rates.7 39 There are significant associations between ASMs and respiratory infections, asthma,
allergic diseases, inflammatory bowel disease and fractures in paediatric populations.5 6 40–42 ASMs impact
the gut microbiome which could have undetermined
downstream effects.43 44 Adult studies have also found
associations between PPIs and cardiovascular and renal
morbidity.45 46 Although many of these pathological
mechanisms have yet to be elucidated, there is a building
burden of evidence for possible harms.
Although children with NI do have higher risk of
GERD, they may also be at higher risk of significant
complications from ASMs. A retrospective cohort study
in paediatrics showed a nearly twofold increase in hospitalisations for children with dysphagia who were treated
with a PPI compared with untreated children.47 A large
population-based cohort study demonstrated a twofold
increased risk of community-
acquired pneumonia in
children treated with PPIs compared with controls with
an even greater risk in children with disability.5 Further,
children with NI have increased baseline risk of low bone
mineral density and fractures as well as alterations in gut
flora if they are enterally fed.48–50
A major strength of our study is the use of a population-
based sample of children with NI to describe GERD and
ASM use. However, the reliance on retrospective administrative data introduces a number of limitations. Only
children with NI who had a hospital-based encounter
were included in the cohort. This may result in an
over-
representation of children with more severe NI.
The diagnosis of GERD is complicated by the lack of a
gold standard diagnostic tool and cannot be verified or
confirmed using administrative data.9 The primary aim
for this study was to determine how frequently GERD was
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diagnosed and treated, as opposed to assessing the accuracy of the diagnosis. The case definition for this study
was created to be moderately restrictive, to align with
published guidelines and to provide a reasonable estimate of GERD prevalence and incidence. Finally, as this
was a provincial population study, these results may not
be generalisable to other jurisdictions.
This study demonstrates that GERD is an important
clinical issue among children with NI. For accurate GERD
cases, further guidance is needed on the most judicious
use of ASMs balancing the risk of adverse effects in this
population. We also suspect that some cases are inaccurately diagnosed and may be inappropriately treated with
ASMs. Communication impairments limiting self-report,
non-specific symptoms and frequent comorbidities make
the diagnosis of GERD particularly challenging. Future
research is required to better delineate prescribing
patterns for ASM in children with NI as well as better
characterise their risk of adverse events. This could lead
to more specific recommendations to guide diagnosis,
follow-up and pharmacological management of GERD.
Twitter Tammie Dewan @drtammiedewan
Acknowledgements The study team wishes to thank Jenna Dobry who provided
study coordination and research support.
Contributors TD is the guarantor for this study and, as such, accepts full
responsibility for the finished work, conduct of the study, data access and
publication decisions. TD also conceptualised the study, led the design of the study,
contributed to data analysis and interpretation and wrote the initial draft of the
manuscript. DWJ guided the design of the study as senior author, contributed to
data analysis and interpretation and edited the final manuscript. JT contributed
to the design of the study, data analysis and interpretation and edited the final
manuscript. BCL contributed to the design of the study, led the data analysis and
edited the final manuscript. Jenna Dobry provided study coordination and research
support.
Funding This work was supported by the University of Calgary and the Alberta
Children’s Hospital Research Institute.
Competing interests TD received funding for this study from the University
of Calgary and the Alberta Children's Hospital Research Institute. BCL received
compensation for his involvement in this study as a statistician with the Cummings
School of Medicine, University of Calgary.
Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.
Patient consent for publication Not applicable.
Ethics approval This study involves human participants and was approved by
University of Calgary Conjoint Health Research Ethics Board (REB20-0062) and
the University of Alberta Health Research Ethics Board (Pro00111982). This study
used administrative data and was approved, with a waiver of consent, from the
Research Ethics Board and the data custodian (Alberta Health Services).
Provenance and peer review Not commissioned; externally peer reviewed.
Data availability statement Data are available on reasonable request. Requests
for data can be directed to TD.
Supplemental material This content has been supplied by the author(s). It
has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have
been peer-reviewed. Any opinions or recommendations discussed are solely
those of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability
and responsibility arising from any reliance placed on the content. Where the
content includes any translated material, BMJ does not warrant the accuracy and
reliability of the translations (including but not limited to local regulations, clinical
guidelines, terminology, drug names and drug dosages), and is not responsible
for any error and/or omissions arising from translation and adaptation or
otherwise.

6

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the
use is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.
ORCID iD
Tammie Dewan http://orcid.org/0000-0002-2089-7738

REFERENCES

1 Sherman PM, Hassall E, Fagundes-Neto U, et al. A global,
evidence-based consensus on the definition of gastroesophageal
reflux disease in the pediatric population. Am J Gastroenterol
2009;104:1278–95.
2 Nelson SP, Kothari S, Wu EQ, et al. Pediatric gastroesophageal reflux
disease and acid-related conditions: trends in incidence of diagnosis
and acid suppression therapy. J Med Econ 2009;12:348–55.
3 Aznar‐Lou I, Reilev M, Lødrup AB, et al. Use of proton pump
inhibitors among Danish children: a 16‐year register‐based
nationwide study. Basic Clin Pharmacol Toxicol 2019;124:704–10.
4 Blank M-L, Parkin L. National study of off-label proton pump
inhibitor use among New Zealand infants in the first year of life
(2005-2012). J Pediatr Gastroenterol Nutr 2017;65:179–84.
5 van der Sande LJTM, Jöbsis Q, Bannier MAGE, et al. The risk of
community-acquired pneumonia in children using gastric acid
suppressants. Eur Respir J 2021;58:2003229.
6 Wang Y-H, Wintzell V, Ludvigsson JF, et al. Association between
proton pump inhibitor use and risk of asthma in children. JAMA
Pediatr 2021;175:394–403.
7 Pasman EA, Ong B, Witmer CP, et al. Proton pump inhibitors in
children: the good, the bad, and the ugly. Curr Allergy Asthma Rep
2020;20:39.
8 Romano C, van Wynckel M, Hulst J, et al. European Society for
paediatric gastroenterology, hepatology and nutrition guidelines
for the evaluation and treatment of gastrointestinal and nutritional
complications in children with neurological impairment. J Pediatr
Gastroenterol Nutr 2017;65:242–64.
9 Rosen R, Vandenplas Y, Singendonk M, et al. Pediatric
gastroesophageal reflux clinical practice guidelines: joint
recommendations of the North American Society for pediatric
gastroenterology, hepatology, and nutrition and the European
Society for pediatric gastroenterology, hepatology, and nutrition. J
Pediatr Gastroenterol Nutr 2018;66:516–54.
10 Sullivan PB. Gastrointestinal disorders in children with
neurodevelopmental disabilities. Dev Disabil Res Rev
2008;14:128–36.
11 Del Giudice E, Staiano A, Capano G, et al. Gastrointestinal
manifestations in children with cerebral palsy. Brain Dev
1999;21:307–11.
12 Böhmer CJM, Niezen-de Boer MC, Klinkenberg-Knol EC, et al. The
prevalence of gastroesophageal reflux disease in institutionalized
intellectually disabled individuals. Am J Gastroenterol [Internet]
1999;94:804–10.
13 Reyes AL, Cash AJ, Green SH, et al. Gastrooesophageal reflux in
children with cerebral palsy. Child Care Health Dev 1993;19:109–18.
14 Sondheimer JM, Morris BA. Gastroesophageal reflux among
severely retarded children. J Pediatr 1979;94:710–4.
15 Helin N, Kolho Kaija‐Leena, Rintala R, et al. Upper endoscopy for
non‐acute non‐specific symptoms is seldom beneficial for children
under the age of seven. Acta Paediatr 2020;109:827–35.
16 von Elm E, Altman DG, Egger M, et al. The strengthening the
reporting of observational studies in epidemiology (STROBE)
statement: guidelines for reporting observational studies. Bull World
Health Organ 2007;85:867–72.
17 Cohen E, Berry JG, Camacho X, et al. Patterns and costs of
health care use of children with medical complexity. Pediatrics
2012;130:e1463–70.
18 Srivastava R, Downey EC, Feola P, et al. Quality of life of children
with neurological impairment who receive a fundoplication for
gastroesophageal reflux disease. J Hosp Med 2007;2:165–73.
19 Nelson KE, Rosella LC, Mahant S, et al. Survival and health care use
after feeding tube placement in children with neurologic impairment.
Pediatrics 2019;143:e20182863.
20 Coon ER, Quinonez RA, Moyer VA, et al. Overdiagnosis: how our
compulsion for diagnosis may be harming children. Pediatrics
2014;134:1013–23.
21 Quitadamo P, Papadopoulou A, Wenzl T, et al. European
pediatricians' approach to children with GER symptoms: survey of

Dewan T, et al. BMJ Paediatrics Open 2022;6:e001577. doi:10.1136/bmjpo-2022-001577

bmjpo: first published as 10.1136/bmjpo-2022-001577 on 20 September 2022. Downloaded from http://bmjpaedsopen.bmj.com/ on September 27, 2022 by guest. Protected by copyright.

Open access

22

23
24
25
26
27

28
29

30
31
32
33
34
35

the implementation of 2009 NASPGHAN-ESPGHAN guidelines. J
Pediatr Gastroenterol Nutr 2014;58:505–9.
Feudtner C, Feinstein JA, Zhong W, et al. Pediatric complex chronic
conditions classification system version 2: updated for ICD-10 and
complex medical technology dependence and transplantation. BMC
Pediatr 2014;14:199.
Ruigómez A, Wallander M-A, Lundborg P, et al. Gastroesophageal
reflux disease in children and adolescents in primary care. Scand J
Gastroenterol 2010;45:139–46.
Shevell MI, Dagenais L, Hall N, et al. Comorbidities in cerebral palsy
and their relationship to neurologic subtype and GMFCS level.
Neurology 2009;72:2090–6.
Hollung SJ, Bakken IJ, Vik T, et al. Comorbidities in cerebral palsy: a
patient registry study. Dev Med Child Neurol 2020;62:97–103.
Pruitt DW, Tsai T. Common medical comorbidities associated with
cerebral palsy. Phys Med Rehabil Clin N Am 2009;20:453–67.
Srivastava R, Jackson WD, Barnhart DC. Dysphagia and
gastroesophageal reflux disease: dilemmas in diagnosis and
management in children with neurological impairment. Pediatr Ann
2010;39:225–31.
Franken J, Mauritz FA, Stellato RK, et al. The effect of gastrostomy
placement on gastric function in children: a prospective cohort
study. J Gastrointest Surg 2017;21:1105–11.
Heine RG, Reddihough DS, Catto-Smith AG. Gastro-Oesophageal
reflux and feeding problems after gastrostomy in children with
severe neurological impairment. Dev Med Child Neurol [Internet]
1995;37:320–9.
Franken J, Stellato RK, Tytgat SHAJ, et al. Gastro-Esophageal reflux
after laparoscopic gastrostomy placement in children. J Pediatr
Gastroenterol Nutr 2020;70:e41–7.
Thomson Met al. Percutaneous endoscopic gastrostomy and gastro-
oesophageal reflux in neurologically impaired children. World J
Gastroenterol 2011;17:191.
Othman F, Card TR, Crooks CJ. Proton pump inhibitor
prescribing patterns in the UK: a primary care database study.
Pharmacoepidemiol Drug Saf 2016;25:1079–87.
Hálfdánarson Óskar Ö, Pottegård A, Björnsson ES, et al. Proton-
Pump inhibitors among adults: a nationwide drug-utilization study.
Therap Adv Gastroenterol 2018;11:1756284818777943.
Lassalle M, Le Tri T, Bardou M, et al. Use of proton pump inhibitors
in adults in France: a nationwide drug utilization study. Eur J Clin
Pharmacol 2020;76:449–57.
Meyer KC. Gastroesophageal reflux and lung disease. Expert Rev
Respir Med 2015;9:383–5.

Dewan T, et al. BMJ Paediatrics Open 2022;6:e001577. doi:10.1136/bmjpo-2022-001577

36 Kopsaftis Z, Yap HS, Tin KS, et al. Pharmacological and surgical
interventions for the treatment of gastro-oesophageal reflux in
adults and children with asthma. Cochrane Database Syst Rev
2021;5:CD001496.
37 Singendonk M, Goudswaard E, Langendam M, et al. Prevalence of
gastroesophageal reflux disease symptoms in infants and children: a
systematic review. J Pediatr Gastroenterol Nutr 2019;68:811–7.
38 Katz PO, Gerson LB, Vela MF. Guidelines for the diagnosis
and management of gastroesophageal reflux disease. Am J
Gastroenterol 2013;108:308–28.
39 De Bruyne P, Ito S. Toxicity of long-term use of proton pump
inhibitors in children. Arch Dis Child 2018;103:78–82.
40 Mitre E, Susi A, Kropp LE, et al. Association between use of acid-
suppressive medications and antibiotics during infancy and allergic
diseases in early childhood. JAMA Pediatr 2018;172:e180315.
41 Malchodi L, Wagner K, Susi A, et al. Early acid suppression
therapy exposure and fracture in young children. Pediatrics
2019;144:e20182625.
42 Anjewierden S, Han Z, Foster CB, et al. Risk factors for Clostridium
difficile infection in pediatric inpatients: A meta-analysis and
systematic review. Infect Control Hosp Epidemiol 2019;40:420–6.
43 Cares K, Al-Ansari N, Macha S, et al. Short article: risk of small
intestinal bacterial overgrowth with chronic use of proton pump
inhibitors in children. Eur J Gastroenterol Hepatol 2017;29:396–9.
44 Levy EI, Hoang DM, Vandenplas Y. The effects of proton pump
inhibitors on the microbiome in young children. Acta Paediatr
2020;109:1531–8.
45 Salvo EM, Ferko NC, Cash SB, et al. Umbrella review of 42
systematic reviews with meta‐analyses: the safety of proton pump
inhibitors. Aliment Pharmacol Ther 2021;54:129–43.
46 Rodríguez-Poncelas A, Barceló MA, Saez M, et al. Duration and
dosing of proton pump inhibitors associated with high incidence
of chronic kidney disease in population-based cohort. PLoS One
2018;13:e0204231.
47 Duncan DR, Mitchell PD, Larson K, et al. Association of proton pump
inhibitors with hospitalization risk in children with oropharyngeal
dysphagia. JAMA Otolaryngol Head Neck Surg 2018;144:1116–24.
48 Ozel S, Switzer L, Macintosh A, et al. Informing evidence-based
clinical practice guidelines for children with cerebral palsy at risk of
osteoporosis: an update. Dev Med Child Neurol 2016;58:918–23.
49 Stevenson RD, Conaway M, Barrington JW, et al. Fracture rate in
children with cerebral palsy. Pediatr Rehabil 2006;9:396–403.
50 Smith AR, Macfarlane S, Furrie E, et al. Microbiological
and immunological effects of enteral feeding on the upper
gastrointestinal tract. J Med Microbiol 2011;60:359–65.

7

bmjpo: first published as 10.1136/bmjpo-2022-001577 on 20 September 2022. Downloaded from http://bmjpaedsopen.bmj.com/ on September 27, 2022 by guest. Protected by copyright.

Open access

Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

BMJ Paediatrics Open

Supplemental Information #1
DATA SOURCES
This document outlines the source(s) and description of each data point in the study.
Demographics and Characteristics
Data

Source

Form

Date of birth

Provincial registry

Month/Day/Year

Gender

Provincial registry

Male or Female

Date of Death

Provincial registry

Month/Day/Year

Diagnosis of GERD

Discharge abstract
database

ICD-10 codes

National Ambulatory
Care Reporting System

ICD-10 codes

Physician claims

ICD-9 codes

Diagnoses for Neurological
Impairment

Discharge abstract
database

ICD-10 codes

Diagnoses of Complex,
Chronic Conditions

Discharge abstract
database

ICD-10 codes

Diagnosis of Technology
Assistance

Discharge abstract
database

ICD-10 codes

Anti-reflux Procedures
Data

Source

Form

Fundoplication

Discharge abstract
database, procedure
codes

Canadian Classification of Health
Intervention, Canadian Institute for
Health Information

Gastrojejunostomy
tube (GJT)
placement or
conversion

Discharge abstract
database, National
ambulatory care reporting
system, procedure codes.

Canadian Classification of Health
Intervention, Canadian Institute for
Health Information
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Jejunostomy tube

Discharge abstract
database, procedure
codes.

Canadian Classification of Health
Intervention, Canadian Institute for
Health Information

Pharmaceutical Dispensing
Data

Source

Form

Acid-suppressing
medications

Pharmaceutical
Information Network

Anatomical Therapeutic Chemical
codes; number of prescriptions
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