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Background: Scientific advances have improved longevity in cystic fibrosis (CF) patients and many of these
patients can expect to experience age-related gastrointestinal co-morbidities. We aimed to assess the extent
to which age might impact gastroesophageal reflux (GER) in patients with CF.

Methods: Our esophageal pH-multichannel intraluminal impedance monitoring database was searched
for tracings belonging to CF patients >2 years old without prior fundoplication and not taking anti-reflux
medications immediately prior (within 7 days) and during the study. Tracings were retrospectively analyzed;
Impedance and pH variables were evaluated with respect to age and pulmonary function.

Results: Twenty-eight patients were enrolled; 16 children (3.1-17.7 years) and 12 adults (18.2-48.9 years).
Among pH probe parameters, correlation analysis showed DeMeester score (P=0.011) and number of acid
reflux events lasting >5 minutes (P=0.047) to be significantly correlated with age. Age was not significantly
correlated with any of the impedance parameters. Age was negatively correlated with baseline impedance (BI)
in the distal esophagus (r=-0.424, P=0.023) and BI was negatively correlated with several pH parameters,
including reflux index (r=-0.553, P=0.002), number of total acid reflux events (r=-0.576, P=0.001), number
of acid reflux events lasting >5 minutes (r=-0.534, P=0.003), and DeMeester score (r=-0.510, P=0.006).
Pulmonary function (percent predicted forced expiratory volume in one minute; ppFEV,) was negatively
correlated with age (r=-0.494, P=0.0007). The interaction of age and ppFEV, and any of the reflux
parameters, however, was not significant (P>0.05); the strongest evidence for an interaction was found for
the number of acid reflux events reaching the proximal esophagus, but this interaction still did not reach
statistical significance (P=0.070).

Conclusions: In a small cohort, we found evidence that age may be associated with increased acid exposure
and that both age and increased acid exposure are associated with reduced BI in the distal esophagus. The
negative relationship between pulmonary function and age in our cohort is not related to GER. This pilot
study supports the need for esophageal assessment and treatment of GER as standard components of clinical
care for an aging CF population.
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Introduction

Cystic fibrosis (CF) is a common autosomal recessive
lethal genetic disease, affecting 30,000 patients in the
United States and 70,000 worldwide (1). The disease
is caused by a mutation in the CF transmembrane
conductance regulator (CFTR) gene that leads to
abnormal chloride transport in multiple organ systems.
Organ systems affected by the disease include respiratory,
gastrointestinal, and urogenital. Patients with CF produce
abnormal secretions, which is difficult to remove from
the respiratory and gastrointestinal tracts. Pulmonary
deterioration bronchiectasis and chronic infection is the
leading cause of morbidity and mortality (2).

Advances in technology and pharmaceutical therapies
that assist mucociliary clearance of the lower airways of
the lung have resulted in significant improvement in the
life expectancy of patients with CF. Consequently, patients
with CF are at risk for co-morbidities due to aging. Among
these co-morbidities is gastroesophageal reflux (GER).
In healthy populations, previous research shows age-
related alterations that include reduced salivary flow and
bicarbonate secretion, increased likelihood of hiatal hernia
development predisposing patients to reduced pressure
in the lower esophageal sphincter (LES), decreased
abdominal LES length, and reduced esophageal motility,
all of which can result in increased esophageal exposure to
gastric contents (3). Other variables known to contribute
to age-related GER disease include a deteriorating anti-
reflux barrier, atypical esophageal clearance, reduced
mucosal resistance, and delays in gastric emptying (4).
Since pediatric and adult patients with CF are at higher
risk for increased GER (5,6), and GER is known to worsen
with age (7-9), we performed a study to assess the potential
effect of age on GER in CF. Using combined esophageal
pH monitoring and multichannel intraluminal impedance
(EPM-MII) monitoring and correlation analysis, we
assessed the extent to which age is associated with GER in
patients with CF.

© Translational Gastroenterology and Hepatology. All rights reserved.

Methods
Patients

Upon approval by the local Institutional Review Board
(IRB08-00247), we searched our EPM-MII database for
CF patients who: (I) were >2 years of age; (II) not taking
anti-GER medications; (IIT) had not had a lung transplant;
and (IV) did not receive a fundoplication prior to testing.
Inclusion required a diagnosis of CF (via sweat chloride or
genetic testing) and the absence of anti-reflux medication
(proton pump inhibitors, histamine-2 receptor antagonists,
and prokinetics) use for 7, 5, and 2 days, respectively, prior
to the study (10).

Esophageal pH monitoring (EPM)

EPM-MII software provided by Sandhill Scientific
(Highlands Ranch, Colorado) was used to generate a
report for each patient. With EPM, we measured: (I) reflux
index; (II) number of acid events; (III) mean duration of
acid events; (IV) number of events lasting >5 minutes; and
(V) DeMeester score. The reflux index is the percentage
of total study time below pH 4. The DeMeester score is a
composite of several acid exposure parameters (11).

EPM-MII tracing analysis
GER episodes

Impedance tracings were comprised of six impedance
waveform channels, where channel 1 denotes intraluminal
activity in the most proximal esophagus (Z1) and channel
6 denotes intraluminal activity in the most distal esophagus
(26) (Figure I). The start time of an individual EPM-MII-
detected GER episode was signaled when the impedance
waveform in channel 6 dropped to 50% of baseline. The
stop time of an individual GER episode was then signaled
when the impedance waveform in channel 6 ascended to
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Figure 1 Combined esophageal pH monitoring and multichannel intraluminal impedance (EPM-MII) tracing illustrating an acid

gastroesophageal reflux (AGER) event. The volume clearance (VC) component (17:20:41—17:21:02) is followed within 30 seconds by a
post-reflux swallow-induced peristaltic wave (PSPW) (17:21:24) that occurred during the beginning of chemical clearance (CC). The AGER
episode is eventually cleared at 17:22:19 by a clearing swallow (17:22:16). VC lasted 21 seconds and acid neutralization during CC (AN-CC)

lasted 1 minute 17 seconds.

>50% of baseline. The only GER events recorded were
those that lasted =5 seconds and ascended proximally to
channel 5 or above. GER events were tagged as being acidic
(AGER) when the pH electrode, located at the distal end of
the impedance catheter, dropped to below pH 4 at any time
during the impedance-detected event. Non-acidic GER
(NAGER) events are impedance-detected episodes of GER
during which the pH in the distal esophagus remains at or
above pH 4 (12). Events occurring during feeding were not
recorded.

With combined EPM-MII monitoring, we measured: (I)
number of AGER, NAGER, and total GER; (II) number
of AGER, NAGER, and total GER that reached channel
2 (considered proximal events); (III) median bolus contact
time (BCT); and (IV) percent BCT (percent of total study
time during which the esophageal mucosa was exposed to
gastric content).

Assessing chemical clearance (CC) efficiency

Two-phase AGER episodes were used to assess the
efficiency of acid neutralization during chemical clearance

© Translational Gastroenterology and Hepatology. All rights reserved.

(AN-CQ) as previously described (10,13). A two-phase
AGER episode is an acidic GER episode during which
both the volume clearance (VC) and CC components are
detected by EPM-MII monitoring (Figure I). Briefly, for
each two-phase AGER episode, CC was defined as the
duration of time during which the esophageal mucosa
remained acidified (pH <4) after VC was completed. A
median duration (seconds) of acid neutralization during CC
was calculated for each patient (10,13).

Additionally, a post-reflux swallow-induced peristaltic
wave (PSPW) index was calculated by: (I) counting the
number of impedance-detectable GER episodes that were
followed within 30 seconds by a swallow-induced peristaltic
wave denoting a swallow; and (I) dividing this number by
the total number of impedance-detected GER episodes.
Figure 1 illustrates an acid GER event followed within 30
seconds by a swallow. A mean PSPW Index was calculated
for each patient (14).

Assessing the proximal extent of GER
The number of GER episodes that reached the proximal
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Table 1 Patient demographics

Demographic N

Patients 28

Age, median yrs (range) 16.9 (3.1-48.9)

Sex, M/F 12/16
Race, CA/AA 28/0
Genotype' 15:10:2:1

T, F508del homozygous:F508del heterozygous:other:not
determined. CA, Caucasian; AA, African American.

esophagus was recorded for AGER and NAGER episodes.
GER episodes were considered “proximal” when they
extended into or above channel 2.

Baseline impedance (BI) measurements

BI measurements were made in both channel 1 and channel
6. For each patient, a mean of means was calculated for each
of the two channels using a modified version of the method
described by Martinucci and colleagues (15). For each patient,
one minute measurements were recorded at three time points
(around 1AM, 2AM, and 3AM) to avoid swallows, GER
events, and drops in pH. An average was then calculated for
each patient. To determine the number of children and adults
who had abnormal BI in the distal esophagus (channel 6),
reference cut-off values were set at 1,818 Q for children (16)
and 2,292 Q for adults (17), respectively. The BI reference
value for children was established in our laboratory, derived
from tracings for a group of symptomatic children who were
symptom association probability (SAP)-negative and had acid
reflux indices in the physiological range (<3%) (13).

Pulmonary function tests as a function of age

Testing results for percent predicted forced expiratory
volume in one second (ppFEV,) were recorded during
periods 6 months before and 6 months after the date of
each EPM-MII study. The ppFEV] is the volume of exhaled
breath that can be forced out in the first second following
a deep inspiratory breath (18). For each patient, an average
was generated from data collected on multiple testing dates.
We assessed the potential impact of the interaction of age
and GER (EPM-MII and pH only) on ppFEV

Statistical analysis

The non-parametric Spearman’s rank-order correlation

© Translational Gastroenterology and Hepatology. All rights reserved.

Translational Gastroenterology and Hepatology, 2019

coefficient was used to measure the strength and direction
of association between the variables. Linear regression was
used to evaluate the interaction between GER and age on
ppFEV,. Odds ratio analysis was used to determine whether
adult CF patients were more likely than children with CF
to have abnormal BI. Statistical significance was established
at P<0.05.

Results
Enrollment

Sixty-two patients with CF were identified; 30 children
(48%) and 32 adults (52%). Among children, 14 were
excluded; 4 for fundoplication, 4 for anti-reflux medications,
4 for anti-reflux medications plus fundoplication, and
2 under age 2 years. Among adults, 20 were excluded;
5 for fundoplication, 10 for anti-GER medications, and
5 for anti-GER medications plus fundoplication. Final
enrollment included 16 children (ages 3.1 to 17.7 years)
and 12 adults (ages 18.2 to 48.9 years). General patient
demographics are briefly highlighted in 7able 1. Enrolled
subjects presented with symptoms that included cough,
regurgitation, heartburn, choking, abdominal pain, decline
in pulmonary function tests, wheezing, chest pain, and

gagging.

Association between age and GER

When considering age and EPM metrics, all of the pH
indicators increased with age, but only DeMeester score
(r=0.47, P=0.011) and number of pH events lasting
>5 minutes (r=0.38, P=0.047) increased significantly
(1able 2). When age and EPM-MII metrics were examined,
all parameters (with the exception of NAGER metrics)
increased with age, but none achieved statistical significance.
Non-acid reflux (NAGER) parameters declined with age,
but not significantly. Age was not associated with either of
the chemical clearance parameters (AN-CC and PSPW) or
with nadir pH.

Effects of age and GER on lung function

ppFEV, measures were not available for four of the
children and one of the adults. Correlation coefficients
showed ppFEV; significantly worsened with age (r=-0.494,
P=0.0007). Assessments of the interaction between age and
GER on ppFEV, showed that age does not significantly

Transl Gastroenterol Hepatol 2019;4:69 | http://dx.doi.org/10.21037/tgh.2019.08.11



Translational Gastroenterology and Hepatology, 2019 Page 5 of 9
Table 2 Association between age and various parameters Table 3 Interaction of age and ppFEV, and GER
Parameter rho P value Parameter P value
EPM EPM
Reflux index 0.29 0.14 Reflux index 0.9248
Events 0.16 0.41 Events 0.9363
Mean duration (sec) 0.27 0.16 Mean duration (sec) 0.1653
Longest AGER (min) 0.18 0.35 Longest AGER (min) 0.7346
Events >5 min 0.38 0.047* Events >5 min 0.8371
DeMeester score 0.47 0.011~ DeMeester score 0.7657
EPM-MII EPM-MII
GER 0.20 0.30 AGER 0.2464
AGER 0.29 0.13 NAGER 0.1384
NAGER -0.11 0.57 GER 0.5524
%BCT 0.21 0.29 %BCT 0.1704
Median BCT (sec) 0.29 0.13 Median BCT 0.4589
Proximal GER 0.49 0.34 Proximal GER 0.1340
Proximal AGER 0.28 0.15 Proximal AGER 0.0699"
Proximal NAGER -0.04 0.85 Proximal NAGER 0.8360
CC, pH nadir, ppFEV, ! approaching statistical significance. GER, gastroesophageal
reflux; ppFEV,, percent predicted forced expiratory volume in
AN-CC —0.02 083 one minute; EPM, esophageal pH monitoring; AGER, acid GER;
PSPW -0.037 0.85 MIl, multichannel intraluminal impedance; NAGER, non-acid
oH nadir 0.09 0.65 GER; BCT, bolus contact time.
ppFEV, -0.494 0.0007**

*P<0.05, **P<0.001. EPM, esophageal pH monitoring; MiIl,
multichannel intraluminal impedance; GER, gastroesophageal
reflux; AGER, acid GER; NAGER, non-acid GER; BCT, bolus
contact time; rho, Spearman coefficient; CC, chemical
clearance; AN-CC, acid neutralization during chemical
clearance; PSPW, post-reflux swallow-induced peristaltic wave;
ppFEV,, percent predicted forced expiratory volume in one
minute; pH nadir, lowest median pH. CC was assessed using
both the AN-CC and PSPW.

modify the association between GER and ppFEV, (Tible 3).

Association between age and BI

Correlation analysis demonstrated that, while the
association between age and proximal BI was not statistically
significant (r=-0.283, P=0.114), there was a significant
negative association between age and BI in the distal
esophagus (r=-0.424, P=0.023) (Table 4). Distal BI was also

© Translational Gastroenterology and Hepatology. All rights reserved.

Table 4 Association of distal baseline impedance with age

Parameter rho P value

Proximal baseline impedance -0.283 0.114

Distal baseline impedance -0.424 0.023*

*P<0.05. rho, Spearman coefficient.

negatively associated with several EPM parameters (1able 5).
Eight of 16 children (50%) and 11 of 12 adults (91.7%) had
abnormal baseline values in the distal esophagus. Odds ratio
analysis showed that adult CF patients are 11.0-times (95%
CI: 1.14-106.43, P=0.0384) more likely than children to
have an abnormally low Bl in the distal esophagus.

Discussion

Correlation analyses showed that age does not have a
significant impact on the majority of EPM, nor on any
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Table 5 Association of distal baseline impedance with pH

parameters

Parameter rho P value
Reflux index -0.553 0.002**
Events -0.576 0.001**
Mean duration (sec) -0.106 0.590
Longest AGER (min) -0.238 0.222
Events >5 min -0.534 0.003**
DeMeester score -0.510 0.006"

*P<0.05, **P<0.005. GER, gastroesophageal reflux; AGER, acid
GER.

of the EPM-MII parameters. The DeMeester score and
the number of acid events lasting >5 minutes were the
exceptions. Because the DeMeester score is a composite
score that considers several important pH parameters (reflux
index, total number of acid GER events, number of events
lasting >5 minutes, and the longest acid GER event) (11),
it provides a comprehensive assessment of esophageal
acid exposure. The failure of other correlations to achieve
statistical significance is likely due to variability among
both children and adults with CF and to the small sample
size (19), combined with the fact that GER is so prevalent
among children with CF (6). For these reasons, increases
in GER severity due to aging are likely to be statistically
undetectable in small cohorts. It is important to note that
the significant association that age has with events lasting
>5 minutes and with DeMeester score are important
observations nonetheless, providing evidence that age is
associated with increased acid exposure in patients with CE.

BI is related to acid exposure. Farre and colleagues
showed that esophageal BI drops and remains low following
acid perfusion (20). Kessing and colleagues showed that
distal BI was significantly lower in subjects with pathological
acid exposure compared to subjects with physiological
acid exposure or to healthy volunteers (21). Pilic and
colleagues (22) found that increased acid exposure and
bolus exposure time were correlated with lower distal
BI. Impaired mucosal integrity is detected when dilated
intercellular spaces collect ion-rich liquids, resulting in
increased conductance and reduced impedance (23-29).
The present study found that age is negatively correlated
with distal BI in CF. It also demonstrated that distal BI is
negatively related to several of the pH parameters. These
findings, combined with our results showing that adult

© Translational Gastroenterology and Hepatology. All rights reserved.
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CF patients are 11-times more likely to have abnormally
low distal BI, suggest that older CF patients are prone to
mucosal injury due to increased acid exposure, and therefore
should continue to be monitored and treated appropriately
for GER.

It has been suggested that GER negatively impacts
pulmonary function in patients with CF (30-35). We
investigated the possible association of GER and age on
pulmonary function in all subjects for whom data were
available. Our study showed that GER did not modify the
association between age and ppFEV|. This is an important
observation because it suggests that, at least in our cohort,
the inverse relationship between lung function and age does
not appear to be related to GER.

This study has several limitations. First, our method for
BI measurement (i.e., 1-minute epochs) could be a possible
limitation. To date, an optimal window of time for obtaining
a BI value that defines the esophageal mucosa has not
been determined, and it has been suggested that possible
bias selection could be introduced in studies that either
exclude or include belches, swallows, or GER episodes (36).
Ummarino and colleagues compared different time intervals
with 24-hour analysis that either included or excluded
burps, swallows, and bolus GER and found no significant
difference (36,37). Our use of 1-minute samples is therefore
not likely to be a significant consideration. Second, our
choice of a cutoff value used to identify children with
abnormal distal BI may not be ideal, because the tracings
used to derive this value were generated from children
who were symptomatic; however, the cutoff value at the 5
percentile (1,818 Q) is likely to be a reasonably accurate
estimate because enrolled patients had reflux indices within
the physiological range (i.e., RI <3%), and were likely
therefore to have normal esophageal mucosa. The study
would have benefited from having endoscopy data to assess
mucosal integrity across the age spectrum and to validate
our use of the 1,818 Q cut-off value (16) for children with
CF and the 2,292 Q cut-off value (17) for adults with CF.
Third, our use of the DeMeester score may have been a
limitation of this study. Unlike the Boix-Ochoa composite
score (38), the DeMeester score has not been validated
in children; however, two groups recently found that the
correlation of the DeMeester score with Boix-Ochoa
score was very high (r=0.94, P<0.01 and r=0.99, P<0.01,
respectively) (39,40). We chose to use the DeMeester score
to allow for comparison between children and adults. The
study would have also benefited from having older subjects
(i.e., > 50 years), in whom we suspect the impact of aging on

Transl Gastroenterol Hepatol 2019;4:69 | http://dx.doi.org/10.21037/tgh.2019.08.11



Translational Gastroenterology and Hepatology, 2019

GER would be even more pronounced. Finally, our study
is limited by its small cohort and lack of a control group.
The availability of retrospective studies can be limited by
the large numbers of patients with CF who are on a PPI at
the time of their study (41); therefore, larger prospective
multicenter collaborative studies are needed to increase the
size of the cohort.

This study provides evidence suggesting that patients
with CF are at increased risk for acid exposure with
advancing age. It supports an aging model where increased
acid exposure is associated with impaired mucosal integrity.
The evaluation and treatment of GER is indicated for the
older CF patient population, particularly those patients
with declining pulmonary function who require lung
transplantation. With gastric dysfunction and impaired
motility being common in CF patients before and after
lung transplant, previous reports have found fundoplication
in the CF lung transplant recipient to be an important
treatment option, demonstrating another CF population
at increased risk for GER (2,42-44). Further research is
necessary to address these important issues related to GER
in order to reduce the co-morbidities related to aging and
to guide clinical management of the older CF population.
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