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Abstract
Background & Aims—Ambulatory reflux testing is used to evaluate symptoms of
gastroesophageal reflux disease (GERD) refractory to protein pump inhibitors (PPIs). We
investigated the prevalence of PPI use in patients with negative results from Bravo™ pH or
multichannel intraluminal impedance-pH (MII-pH) tests and factors that might predict the use of
PPIs.

Methods—We analyzed data from patients who had undergone Bravo™ pH monitoring or MII-
pH testing, without evidence of reflux disease, at Northwestern University. Demographics,
endoscopy findings, pathology results, and provider recommendations were obtained via chart
review. Eligible patients (n=90) were contacted by telephone, and a cross-sectional survey was
administered with questions about symptom severity, demographics, medication use, and health
behaviors. Patients were compared by current PPI use and statistical analyses were performed
using SAS version 9.2.
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Results—Thirty-eight patients (42.2%) reported current PPI use despite a negative result from a
pH study. Only 17 patients (18.9%) recalled being instructed to stop taking PPIs; chart review
showed documented instructions to stop PPI therapy for 15 patients (16.7%). There were no
significant differences in demographic or clinical characteristics among patients compared by
current PPI use. Patients taking a PPI were more likely than those not taking a PPI to report
troublesome symptoms that affected their daily life, as measured by a questionnaire for the
diagnosis of GERD (the GerdQ).

Conclusions—More than 42% of patients with negative results from pH monitoring studies
continue PPI therapy despite physiologic data that they do not have GERD.
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esophagus; treatment; acid-suppressive medication; drug

INTRODUCTION
Gastroesophageal reflux disease (GERD) is a common, chronic disease that affects up to
20% of adults in the United States.1 GERD causes considerable morbidity and contributes
substantial cost to the US health care system2 -- in excess of $10 billion in annual direct
health care costs, with the majority of cost attributed to the use of acid-suppressive
medications known as proton pump inhibitors (PPIs).3,4 GERD is the most frequent
digestive system diagnosis in ambulatory care and the most common digestive disease
diagnosed when patients are discharged from the hospital.4 Patients often report that GERD
symptoms reduce their health-related quality of life by interfering with their ability to
perform daily activities and to sleep.5 The symptoms of GERD are a major burden for many
patients, disrupting their physical and emotional well-being.6

Despite the effectiveness of PPI therapy for most GERD patients, up to 25% still experience
unresolved symptoms.7 If empiric PPI therapy fails to adequately relieve symptoms, current
professional guidelines recommend pursuing endoscopy and ambulatory reflux testing,
although evidence for this recommendation is weak.8 Negative results from endoscopy and
reflux testing suggest an alternative diagnosis, and patients with such results may not require
acid suppression. Presumably, further management of these patients should include a trial
period of withdrawing PPI therapy and pursuing alternative diagnoses and treatments, but
whether or not this strategy is applied in practice is unknown. The aims of this study were
twofold: to determine the prevalence of continued (current) PPI use in patients whose
endoscopic and Bravo™ pH9 or multichannel intraluminal impedance-pH (MII-pH)
testing10,11 yielded negative results; and to determine any predictors of continued PPI use.

METHODS
Inclusion/Exclusion criteria

We investigated patients referred for ambulatory pH testing at a single tertiary referral
academic center (Division of Gastroenterology, Northwestern University and Northwestern
Memorial Hospital, Chicago, IL) whose follow-up endoscopic and pH-testing gave negative
results. Patients who had undergone 48-hour Bravo™ pH monitoring from Jan 2006 through
Jan 2010 while withholding PPI therapy were included in the study if they had: 1) total acid
exposure (pH<4) less than 5%, and 2) a negative Symptom Index (SI) (<50%) on both
days.12 Patients who had undergone MII-pH testing from 2006 to 2010 were included if they
met three criteria: total acid exposure time <5%, total number of reflux events <73, and
negative SI.12 Patients receiving PPI therapy during MII-pH testing, or those who had a
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history of anti-reflux surgery, Barrett’s esophagus, or eosinophilic esophagitis were
excluded from the final analysis.

Study Design
We conducted a cross sectional observational study with manual chart review and scripted
telephone survey for data collection. Demographic data (age, sex), endoscopy findings,
pathology results, and provider recommendations were obtained via manual chart review.
Eligible patients were contacted by telephone; if a patient was not available, a message was
left if voicemail was available and 2 to 3 more attempts were made to obtain contact. If
contacted, patients were told the purpose of the telephone call and study. We obtained
consent from interested patients and administered a cross sectional survey to collect data
about demographics (marital status, race, income, education attained), medication use,
health behaviors, symptom severity (GerdQ)13, and health outcomes (EQ-5D, validated
telephone version).14

The GerdQ is a validated questionnaire that quantifies a patient’s experience with GERD
symptoms during the previous week and notes their impact on daily life.13 It was shown to
have similar accuracy in diagnosing GERD as that of a gastroenterologist, is responsive to
change, and can assess the relative impact of disease. The questionnaire contains 6 items
asking individuals to rate the frequency of their symptoms and the impact of their disease on
a 4-point scale corresponding to days of symptoms (0, 1, 2–3, and 4–7 days) and can be used
to assess disease impact and treatment response. A sum score of ≥8 for all the questions was
deemed in the initial validation study to have the greatest sensitivity and specificity for
GERD.13 The sum score of the two questions about sleep disturbances and use of over-the-
counter medications are accurate indicators of how GERD affects daily life (impact score).
In the initial validation, patients with an impact score of ≥3 were most likely to be affected
by their disease.

The EQ-5D is a validated, widely used measure of health outcomes.14 It has been applied to
a wide range of health conditions and provides a simple descriptive profile across 5 domains
and a single index value (0–100) for health status, known as the visual analogue scale score
(VAS). We entered all data into a central database using Assessment Center™ (Chicago,
IL).15,16 The study was approved by the Northwestern University Institutional Review
Board.

Statistical Analyses
Patients were compared by current PPI use (off vs. on) and statistical analyses were
performed using SAS version 9.2 (Cary, NC). The primary outcome and descriptive
statistics were reported as proportions. Comparisons between groups were made using t-tests
and Wilcoxon signed-rank tests (where appropriate) for continuous variables or Chi-square
and Fisher exact tests (for counts ≤5) for categorical variables.

RESULTS
Patient Sample

We identified a total of 200 patients who met physiologic inclusion criteria for the study
(Figure 1). Of these patients, 113 had Bravo™ pH testing and 87 had MII-pH testing. A total
of 137 (68.5%) patients were successfully contacted by telephone (77 Bravo, 60 MII-pH).
Of the patients who had MII-pH testing, 29 had been tested while on PPI therapy and were
excluded from the final analyses. The manual chart review done in parallel with the phone
survey revealed that an additional 18 patients had evidence of another indication for PPI use
not previously identified, including prior surgery, Barrett’s esophagus, or eosinophilic
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esophagitis, and these were also excluded from the final analysis. The final patient sample
consisted of 90 patients (66 Bravo, 24 MII-pH). Comparing patients in our sample with
those who were excluded or not contacted revealed no significant differences in age (48.4
years vs. 49.4 years, P=0.6) orsex (75.6% female vs. 70.9%, P=0.5). The average time from
pH testing to study start date for the entire patient sample was 25.0 months (SD=15.4).
There were no significant differences in terms of sex, race, marital status, income, or
education level attained between patients undergoing Bravo™ testing and those undergoing
MII-pH testing in the final patient sample.

Primary Outcome Measures
A total of 38 out of 90 (42.2%) patients reported current PPI use despite negative results
from a pH study (Figure 2). For the entire study sample, 17 patients (18.9%) recalled being
instructed to stop taking their PPI; chart review data showed documented instructions for 15
patients (16.7%) to stop PPI therapy. Of those patients taking a PPI, 13 out of 38 (34%)
reported taking their PPI twice daily. Esomeprazole (n=13) and omeprazole (n=11) were the
most common PPIs taken. Of note, out of the 90 total patients, 12 patients reported taking
aspirin, and 8 patients reported taking NSAIDs (dosages not specified). When compared by
current PPI use there was no difference in aspirin use (6 patients in each group, P=0.6) or
NSAID use (4 patients in each group, P=0.7).

The mean age of patients currently taking a PPI was 50.3 years (SD=13.9) compared with
46.8 years (SD=15.4) for those not taking a PPI (P=0.3). Body mass index obtained from
chart review data was also similar between patients on or off PPI therapy. Table 1 illustrates
selected characteristics of patients by current PPI use (off vs. on). There was no difference in
current PPI when stratified by type of diagnostic test (Bravo™ vs. MII-pH, P=0.6). There
were also no significant differences between patients in terms of sex, race, marital status,
income, or education level attained (Table 1, all P values >0.05) by current PPI use. A
greater proportion of patients not taking a PPI reported alcohol use (90.0% vs. 62.9%,
P<0.01). We noted a similar trend for tobacco use, but it did not reach statistical significance
(34.0% vs. 17.1%, P=0.09).

Secondary Outcome Measures
The proportion of patients with a positive GerdQ score (sum ≥ 8) was greater in patients
with continued PPI use versus patients who were not taking a PPI (55.6% vs. 21.1%,
P<0.01). The proportion of patients with troublesome daily symptoms (as measured by a
GerdQ impact score ≥ 3) was also greater among those currently taking a PPI (27.8% vs.
9.6%, P=0.04). General health outcomes were measured using the EQ-5D, a general
measure of health states. As shown in Table 2, there were no differences between the two
groups in all domains, which included anxiety/depression, mobility, self-care, pain/
discomfort, and ability to participate in daily activities (all P values >0.05). The mean
EQ-5D VAS was also similar between patients currently off and on a PPI (Table 1, P=0.5)

Other outcomes of interest by current PPI use are presented in Table 3. There were no
differences in outpatient visits to primary care or gastroenterology physicians, history of
depressive or anxiety disorders, or medication use for depression or anxiety. In the entire
study sample, regardless of PPI use, very few patients (n=5) reported use of alternative
therapies (either cognitive behavioral therapy, biofeedback, hypnotherapy, or massage
therapy). Use of health behaviors shown to impact GERD-related symptoms (head of bed
elevation, etc.) were reported by a slightly greater proportion of patients currently taking a
PPI (82.9% vs. 66.0%, P=0.09).

Gawron et al. Page 4

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2013 June 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



DISCUSSION
To our knowledge, our study is the first of its kind to show continued PPI use despite
physiologic evidence contraindicating the presence of acid reflux. Our findings suggest that
a large proportion of patients with negative results from pH monitoring studies continue PPI
therapy despite evidence contradicting the presence of GERD. In addition, most patients did
not recall being counseled to stop their PPI, and such counsel was not documented in the
majority of patients’ medical records. While PPIs are often prescribed for gastroprotection
with concurrent ASA and NSAID use, this did not appear to be a major contributing factor
for PPI use in our patient sample.

Our results may not be surprising, considering that PPI overuse has been documented in
numerous studies, both for inpatient and outpatient settings.17–21 Possible factors
contributing to this overuse have been postulated, including practice setting, physician type,
formulary status, and direct-to-consumer advertising.18,22–24 It is likely that similar factors
contributed to our results. Interestingly, there were no potential demographic or clinical
predictors of continued PPI use, other than the use of alcohol. This suggests that those
patients still taking a PPI may be avoiding substances or health behaviors that could
exacerbate symptoms. This possibility is also suggested by our finding that the vast majority
of patients (regardless of PPI use) have used specific health behaviors to address their
symptoms.

Despite negative results from pH testing, a significant proportion of patients had GerdQ
scores that would be considered diagnostic of GERD based on the questionnaire scoring
parameters.13 These patients were also more likely to be taking a PPI. The GerdQ was
primarily developed as a diagnostic questionnaire and initially revealed comparable
sensitivity and specificity at diagnosing GERD as that of a clinician.13 More recently, Lacy
et al. compared the GerdQ with 48-hr ambulatory pH monitoring and found more limited
sensitivity and specificity than originally published for diagnostic purposes.25 Our study was
not designed to compare or determine characteristics of the GerdQ, but, similar to Lacy’s
findings, it does reveal that a significant proportion of patients have high scores (considered
diagnostic of GERD) in the absence of physiologic data.

The GerdQ data also revealed that patients currently taking a PPI continue to have
symptoms that affect their daily life. There are likely multiple reasons for this. In a recent
systematic review by El-Serag et al. of patients with GERD who were taking a PPI,
persistent GERD symptoms ranged from 17–32% (depending on symptom) across 19
studies included in the review.26 They found that persistent GERD symptoms on PPI
therapy were associated with studies performed in the US and those studies with a higher
proportion (>60%) of female participants. They also found that persistent symptoms were
associated with decreased psychological and physical “well-being.” Indeed, multiple studies
have shown associations between stress and anxiety and persistent GERD symptoms despite
PPI therapy.27–30 Our patient sample was predominantly female (Table 1) and many patients
in our study, regardless of PPI use, reported a history of anxiety and/or depression and
medication use for these disorders. Thus, our results may be partially attributable to
somatization, which has been shown to be associated with esophageal hypersensitivity and
increased perceived symptoms.27, 30, 31 Many patients in our study could be classified as
having “functional heartburn” simply based on the negative pH testing results with
continued symptoms.

In a recent US community-based survey of 1,347 GERD patients, Chey et al. found that the
majority of patients were satisfied with their treatment; however, 42% of them were using
supplemental medication and ~27% were dissatisfied with their PPI therapy.32 They also
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found that 40% of patients were not taking their medication correctly (i.e., before meals),
highlighting opportunities for cost-effective intervention strategies and patient counseling
measures.32 Our study revealed potential opportunities for clinicians to improve patient
counseling and perhaps take a more systematic approach to their patients whose reflux
testing yields negative results.

Our findings suggest that clinicians should routinely recommend a trial of stopping PPI
therapy for those patients who lack evidence of disease. Patients also reported very little use
of alternative or complementary therapies for their symptoms, for which there is some
evidence of benefit in treating functional GI disorders.33–35 This may indicate another
potential area for clinicians to explore with their patients who seek relief from GERD
symptoms.

Although this is the first study to determine PPI use after reflux testing with negative results,
there are multiple limitations. The generalizability of our results may be limited because the
study was conducted at a single academic tertiary medical center staffed by clinicians with
expertise in treating esophageal disorders. In addition, the patient sample was predominantly
white and of a higher socioeconomic status compared with the general population. This was
a retrospective study, and the findings from the phone survey may have been subject to
recall bias. However, the primary outcome of current PPI use should not have been affected
by this. Our chart review data were limited as the referral system at our institution is open
access for pH testing and is utilized by an assortment of physicians. We have access to
testing results but do not manage therapy for all the patients. Physician recommendations to
stop PPI therapy may have been discussed but not documented. Also, of the patients
identified in our records as eligible for the study, 63 (31.5%) were not successfully
contacted after multiple attempts.

Another potential limitation is the possible role of non-acid reflux disease in contributing to
GERD symptoms that has been highlighted in recent years.36–38 In this study, it is possible
that some of the patients who had Bravo™ pH testing could have non-acid reflux
contributing to their symptoms. However, even if the prevalence of non-acid reflux was
similar as has been identified in previous studies (~18%)37, there would still be a substantial
proportion of patients on PPI therapy without reflux disease (acid or non-acid).

Overall, these results highlight the need for improved strategies to identify alternative
diagnoses and treatment strategies for patients whose symptoms are inadequately relieved by
PPIs. Professional society guidelines advocate diagnostic testing (endoscopy and reflux
testing) for patients whose symptoms are not fully responsive to a limited trial of PPI
therapy.1,12,39 A recent cost effectiveness analysis showed that early and increased use of
pH monitoring could lead to less PPI use without a significant increase in cost to managed
health care plans.40 However, testing alone is not sufficient if practitioners fail to
communicate results to patients adequately or act upon them.

In summary, a large proportion of patients with negative results from pH monitoring studies
continue PPI therapy despite physiologic evidence contradicting the presence of GERD.
Although this study was not designed to compare testing modalities, prospective studies are
needed to determine how different testing modalities affect subsequent medication use,
prescription patterns, and patient outcomes. Future research should include efforts to better
stratify patients who respond poorly to PPIs based on physiologic parameters, evaluate
strategies that expedite diagnostic testing and improve follow up, and collect prospective
outcome data to guide therapy.
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Figure 1.
Patient sample and enrollment
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Figure 2.
PPI use after negative results from physiologic reflux testing
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Table 1

Selected characteristics of patients with negative reflux testing stratified by current PPI use1

Current PPI use

Off PPI (N=52) On PPI (N=38) P value

Type of test

 Bravo™ 37 (71.2%) 29 (76.3%)

 MII-pH 15 (28.8%) 9 (23.7%) 0.62

Sex

 Male 11 (21.1%) 11 (28.9%)

 Female 41 (78.9%) 27 (71.1%) 0.42

Race

 White 42 (82.4%) 28 (73.7%)

 Not White 9 (17.7%) 10 (26.3%) 0.32

Marital status

 Married 26 (53.1%) 20 (57.1%)

 Previously Married 14 (28.6%) 6 (17.1%)

 Never Married 9 (18.4%) 9 (25.7%) 0.42

Income

 < or = 100 K / yr 24 (57.1%) 18 (56.3%)

 >100 K / yr 18 (42.9%) 14 (43.8%) 0.92

Education

 Less than college degree 17 (34.0%) 13 (37.1%)

 College degree 13 (26.0%) 11 (31.4%)

 Above college degree 20 (40.0%) 11 (31.4%) 0.72

Tobacco Use

 Never (<100 lifetime) 33 (66.0%) 29 (82.9%)

 Ever (>100 lifetime) 17 (34.0%) 6 (17.1%) 0.092

Alcohol use

 No 5 (10.0%) 13 (37.1%)

 Yes 45 (90.0%) 22 (62.9%) <0.013

1
Total number in each category may not equal total sample size due to refusal by patients to answer certain questions

2
Chi-square test

3
Fisher’s exact test
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Table 2

Health outcomes by PPI use as measured by the EQ-5D

Current PPI use

EQ-5D Domain Off PPI (N=52) On PPI (N=38) P value

Anxiety/Depression

 No problems 38 (74.5%) 23 (65.7%)

 Problems 13 (25.5%) 12 (34.3%) 0.41

Mobility

 No problems 44 (86.3%) 32 (91.4%)

 Problems 7 (13.7%) 3 (8.6%) 0.52

Pain/Discomfort

 No problems 29 (56.9%) 18 (50.0%)

 Problems 22 (43.1%) 18 (50.0%) 0.51

Self Care

 No problems 49 (96.1%) 34 (97.1%)

 Problems 2 (3.9%) 1 (2.9%) 0.92

Usual Activities

 No problems 45 (88.2%) 30 (83.3%)

 Problems 6 (11.8%) 6 (16.7%) 0.51

Visual Analogue Score

 Median (range) 85.0 (5.0–100.0) 85.0 (50.0–95.0) 0.53

1
Chi-square test

2
Fisher’s exact test

3
Wilcoxon rank sum test
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Table 3

Other health outcomes stratified by current PPI use1

Current PPI use

Off PPI (N=52) On PPI (N=38) P value

Seen by PCP in last 3 mo for GI symptoms

 No 48 (96.0%) 31 (88.6%)

 Yes 2 (4.0%) 4 (11.4%) 0.23

Seen by GI in last 3 mo for GI symptoms

 No 45 (90.0%) 27 (79.4%)

 Yes 5 (10.0%) 7 (20.6%) 0.23

History of depressive disorder

 No 43 (86.0%) 29 (82.9%)

 Yes 7 (14.0%) 6 (17.1%) 0.72

History of anxiety disorder

 No 41 (82.0%) 27 (77.1%)

 Yes 9 (18.0%) 8 (22.9%) 0.62

Ever taken medication for depression or anxiety

 No 33 (66.0%) 25 (71.4%)

 Yes 17 (34.0%) 10 (28.6%) 0.62

Currently taking medication for depression or anxiety

 No 44 (88.0%) 26 (74.3%)

 Yes 6 (12.0%) 9 (25.7%) 0.12

Any use of alternative therapy4

 No 47 (94.0%) 33 (94.3%)

 Yes 3 (6.0%) 2 (5.7%) 0.93

Any use of health behaviors for symptoms5

 No 17 (34.0%) 6 (17.1%)

 Yes 33 (66.0%) 29 (82.9%) 0.092

1
Total number in each category may differ due to refusal to answer certain questions

2
Chi-square test

3
Fisher’s exact test

4
Cognitive behavior therapy, biofeedback, hypnotherapy, or massage therapy

5
Elevation of head of bed, avoidance of food that exacerbates symptoms, avoidance of food 3 hrs prior to bed, or sleeping on left side
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