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Abstract

Introduction: Practitioners have anecdotally hinted at a possible
association between gastroesophageal reflux disease (GERD) and
vesicoureteral reflux (VUR). We sought to identify an association
in diagnosis between GERD and VUR using a population-based
dataset in a well-defined geographic area covered by a single-payer
healthcare system.

Methods: A retrospective review of individuals aged 0-16 years
registered in the Nova Scotia Medical Service Insurance database
from January 1997 to December 2012 was completed. Presence of
GERD and VUR were ascertained based on billing codes. The base-
line prevalence of GERD and VUR was calculated for this popula-
tion for the same time period. Proportions of VUR patients with
and without GERD were compared. The risk of being diagnosed
with VUR in patients with GERD controlling for sex was calculated.
Results: Of 404 300 patients identified, 6.6% had a diagnosis of
GERD (n=27 092), 0.33% had a diagnosis of VUR (n=1348), and
0.08% were diagnosed with both (n=327). Among patients with
VUR, the prevalence of GERD was 24.3% compared to 6.6% in
patients without VUR (p<0.0001). Among patients with GERD, the
prevalence of VUR was 1.2% compared to 0.27% in patients with-
out (p<0.0001). The risk of being diagnosed with VUR was higher
in the presence of GERD (odds ratio [OR] 4.49; 95% confidence
interval [Cl] 3.96-5.09; p<0.0001), irrespective of sex.
Conclusions: The odds of being diagnosed with VUR is more than
4.5 times higher in an individual with GERD. The clinical signifi-
cance of this association remains to be explored.

Introduction

Vesicoureteral reflux (VUR) and gastroesophageal reflux dis-
ease (GERD) are common conditions in the pediatric popu-

lation, occurring with a prevalence of 0.4-1.8% and 1-5%,
respectively.”? Both disease processes have similar timelines
for presentation, occurring more commonly in early infancy
and childhood, are associated with a variable spectrum of
severity, and often resolve spontaneously with age.>* Several
pathophysiological mechanisms have been described for
GERD, including increased duration/frequency of transient
relaxation of the lower esophageal sphincter, gastroesopha-
geal junction incompetence, hypotensive lower esophageal
sphincter, a low angle between the stomach and the esopha-
gus, stomach factors (such as small volume or poor empty-
ing), and high abdominal pressures.” Primary VUR consists
of an abnormality of the ureterovesical junction, which may
include defective muscular layer of the trigone, incompetent
muscle fiber architecture, lateral displacement of the ureteral
orifice, and inadequate length of the intravesical ureter.®®
High-pressure voiding seen in infants has also been impli-
cated.® Thus, both disease processes seemingly result from
a deficiency in an anti-reflux mechanism associated with
functional rather than pure anatomical factors.

Defects in peristalsis and development have also been
implicated in GERD and VUR and may share common
pathophysiological mechanisms. Interstitial cells of Cajal
are a group of specialized cells found between nerves and
smooth muscle fibers that act as a pacemaker for coordinat-
ing peristalsis in both the gut and ureter.” Defects in inter-
stitial cells of Cajal have been implicated in both GERD
and VUR.*'° Bone morphogenetic protein 4 (BMP-4) and
Wingless/integrase (Wnt) signaling is known to be important
for development of both gut and ureter. Abnormalities in
BMP-4 and Whnt signaling have been identified in both GERD
and VUR.""'> Consequently, there is evidence for shared
pathophysiological mechanisms in GERD and VUR.

Clinical anecdotal observation suggests that GERD and
VUR are concomitantly diagnosed at a higher rate than
would be expected. Pooli et al explored this relationship in
a selected population of 174 children and demonstrated that
GERD was more frequent in patients with primary VUR."®
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Since VUR is not as clinically apparent as GERD, an associa-
tion between the two conditions could inform investigation
algorithms for infants with a first episode of febrile urin-
ary tract infection (UTI). We hypothesize that patients with
GERD have a higher rate of VUR than those without GERD
using a large administrative database.

Methods

A retrospective review of individuals registered in the Nova
Scotia (NS) Medical Service Insurance (MSI) database from
January 1997 to December 2012 was completed. Individuals
in the province of NS, Canada must be registered in the MSI
database to receive medical care paid for by the government.
All claims to MSI submitted by physicians must include a
diagnostic code based on the International Classification
of Diseases developed by the World Health Organization
(ICD9). All individuals aged 0-16 years of age registered
in the NS MSI database during the time period of January
1997 to December 2012 were identified. The year 1997 was
chosen as a start date as it is the first fully complete year of
ICD9 billing codes in the MSI data warehouse. All individu-
als aged 0-16 who registered during this time period were
identified. ICD9 billing codes submitted to MSI for these
children for the diagnosis of VUR and/or GERD were used to
identify patients of interest. Diagnostic codes for GERD have
been previously described.!” ICD9 codes used for VUR were:
593.7 vesicoureteral reflux; 593.70 unspecified or without
reflux nephropathy; 593.71 with reflux nephropathy, unilat-
eral; 593.72 with reflux nephropathy, bilateral; 593.73 with
reflux nephropathy NOS. ICD9 codes used for GERD were:
530.10 esophagitis, unspecified; 530.11 reflux esophagitis;
530.81 esophageal reflux. The diagnostic code for heart-
burn 7871 was used for patients >7 years of age in keeping
with the global definition of GERD consensus statement.'®
Patients were excluded if they did not have diagnostic codes
as described above.

De-identified data was obtained from MSI. The data was
analyzed to identify individuals with a diagnosis of VUR
only, GERD only, or both VUR and GERD. The baseline
prevalence of VUR and GERD was calculated. Chi-squared
testing was performed to determine if the concomitant diag-
nosis of GERD and VUR was greater than that expected
by chance alone at a significance level of 0.05. The risk
of being diagnosed with VUR based on GERD status was
further explored using logistic regression controlling for sex
categories, with results expressed as odds ratio (OR) and
95% confidence intervals (Cl).

Results

In total, 404 300 individuals age 0-16 registered with MSI
during the specified time period and were included in this
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study. Of eligible individuals, 206 943 were male (51.2%)
and 197 357 were female (48.8%) (Table 1). VUR was diag-
nosed in 1348 and GERD in 27 092 children, for an overall
prevalence of 0.33% and 6.7%, respectively; 327 patients
were diagnosed with both conditions (0.08%).

Overall, among patients with VUR, the prevalence of
GERD was 24.3%, compared to 6.6% patients without VUR
(p<0.0001). Among patients with GERD, the overall preva-
lence of VUR was 1.2%, compared to 0.27% in patients
without GERD (p<0.0001). The odds of being diagnosed with
VUR were higher in the presence of GERD after controlling
for sex (OR 4.49, 95% Cl 3.96-5.09, p<0.0001).

Discussion

Among patients with VUR, the presence of GERD was sig-
nificantly increased compared to those without VUR (24.3
vs. 6.6%). Among patients with GERD, the prevalence of
VUR was significantly increased compared to those without
VUR (1.2 vs. 0.27%). The differences remained regardless
of sex. A link between GERD and VUR has been noted by
others. In a case-control study of 87 children with VUR and
87 without VUR, Pooli et al found the relative risk of having
GERD was 3.2 times higher in those with VUR. Furthermore,
higher grades of VUR were associated with greater incidence
of GERD.™ Our study confirms this association in a large,
population-based study.

Our rates of GERD and VUR were similar to other pop-
ulation-based studies, which report prevalence of GERD in
the pediatric population of 1-5% and VUR of 0.4-1.8%."? In
our study, approximately half of those diagnosed with GERD
were age <1 years. This is consistent with other literature and

Table 1. Patients <16 years old in Nova Scotia 1997-2012
(n=404 300)

Characteristic n (%)
Sex
Female 197 357 (48.8)
Male 206 943 (51.2)
GERD 27 092 (6.7)
<1 14 518 (53.6)
1-5 2928 (10.8)
>5 9646 (35.6)
VUR 1348 (0.33)
<1 400 (29.7)
1-5 635 (47.1)
>5 313 (23.2)
GERD and VUR* 327 (0.08)
<1 89 (27.2)
1-6 165 (50.5)
>5 73 (22.3)

*Age determined at time of diagnosis with both conditions. GERD: gastroesophageal reflux
disease; VUR: vesicoureteral reflux.
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may reflect the difficulty of distinguishing gastroesophageal
reflux (a normal physiological process that happens in all
newborns) from GERD, which is defined as reflux that leads
to troublesome symptoms and/or complications.>'®
Although the association of VUR and GERD is interesting,
the clinical significance of this association remains to be
explored. The diagnosis of GERD in young children is often
made on clinical grounds, although invasive testing, such
as pH monitoring or endoscopy, may be necessary.' VUR is
diagnosed based on a voiding cystourethrogram (VCUG).?°
Based on our findings, we hypothesize that the presence of
GERD increases the pre-test probability of having VUR in a
child with a febrile UTI and may aid in the decision to per-
form invasive investigations, such as VCUG. Future studies
looking at the presence of GERD in children presenting with
a febrile UTI who go on to have VCUG may be warranted
to test the utility of GERD for predicting VUR on VCUG.
Our study has the inherent limitations of any large admin-
istrative database research. First, inaccurate coding is a pos-
sibility; it is impossible to ensure that patients were catego-
rized as having VUR only after confirmation with a VCUG.
Furthermore, the diagnosis of GERD is frequently overused
in the pediatric population. Secondly, it is impossible to
ascertain whether patients with either diagnosis in this popu-
lation were missed or not properly categorized. Finally, the
association identified could be spurious or related to other
confounding factors that were not accounted for.

Conclusions

with a diagnosis of GERD is higher than those without. A
diagnosis of VUR is more than four times more likely in
patients with GERD. While the association is interesting,
the clinical significance of this association remains to be
explored.
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