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Background: A response to proton-pump inhibitors (PPIs) is
commonly considered to support the diagnosis of gastroesopha-
geal reflux disease (GERD). However, the accuracy of this diag-
nostic strategy has not been well established.

Objective: To estimate the diagnostic test characteristics of suc-
cessful PPI treatment with objective measures of GERD by per-
forming a meta-analysis based on the published literature.

Data Sources: English-language studies were identified by
searching the Cochrane Clinical Trial Register and MEDLINE from
1 January 1980 through 1 July 2003.

Study Selection: Studies in which the clinical response to a
short course (1 to 4 weeks) of normal- or high-dose PPI therapy
could be compared with objective measures of GERD (24-hour pH
monitoring, endoscopy findings, symptom questionnaires).

Data Extraction: Studies were screened for inclusion by 1 au-
thor. Final decisions on exclusion were made by consensus with 2
of the other authors. Two investigators independently extracted
the data. Information extracted included patient characteristics,
study design, setting, specific type and dose of medication, dura-
tion of treatment, and definitions of outcomes.

Data Synthesis: Sensitivity and specificity were determined by
comparing a clinical response to PPIs with objective measures for
GERD. The summary receiver-operating characteristic curve
method was used to summarize test characteristics across studies.
Sensitivity and specificity were also combined independently by
using a random-effects model. Fifteen studies met the inclusion
criteria and provided sufficient data. With 24-hour pH monitoring
as the reference standard, the positive likelihood ratio ranged from
1.63 to 1.87, and combined estimates of sensitivity and specificity
were 0.78 (95% CI, 0.66 to 0.86) and 0.54 (CI, 0.44 to 0.65),
respectively. These values were lower with the other reference
standards.

Limitations: Data were insufficient to determine the effect of
various doses of PPIs and duration of therapy on test character-
istics.

Conclusion: Successful short-term treatment with a PPI in pa-
tients suspected of having GERD does not confidently establish
the diagnosis when GERD is defined by currently accepted refer-
ence standards.
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Patients with symptoms suggestive of uncomplicated
gastroesophageal reflux disease (GERD) are frequently

treated empirically with lifestyle modifications and acid
suppressive medications (1, 2), a strategy endorsed by sev-
eral major medical societies (3, 4). Proton-pump inhibitors
(PPIs) are often selected as first-line therapy because they
are more effective than other available treatments for
GERD (5). Furthermore, a rapid symptomatic response to
normal-dose PPIs in patients with a presumptive diagnosis
of GERD is commonly considered to validate the diagnosis
(the “PPI test”) (6). However, the accuracy of a symptom-
atic response to PPIs compared with objective measures of
GERD (such as ambulatory pH monitoring) is unclear.
Studies addressing this issue have produced variable esti-
mates of test accuracy (7–11). The differences may be due
in part to several factors, such as the dose of the PPI used,
population-specific features, specific end points, and the
reference standard measures used to define GERD.

A more thorough understanding of the characteristics
of the PPI test is needed, especially from a primary care
perspective, because the diagnosis of GERD can have sig-
nificant clinical and economic implications. False-positive
results on the PPI test, for example, may result in long-
term administration of PPIs in patients who do not have
GERD. In contrast, false-negative results may lead to under-
treatment or incorrect diagnosis in patients with GERD.

Our study sought to better define sensitivity, specific-
ity, and predictive values of the PPI test for GERD while
delineating factors that have a bearing on test accuracy. We
performed a systematic review and meta-analysis of diag-
nostic test characteristics by using responses to PPI treat-
ment as a test to compare with several objective measures
of GERD.

METHODS

Search Strategy
Many symptoms have been attributed to gastroesoph-

ageal reflux. As a general rule, the term GERD is applied
to patients with symptoms suggestive of reflux or compli-
cations of reflux but not necessarily with esophageal in-
flammation (12). We sought studies that enrolled patients
on the basis of symptoms that were suggestive of GERD.
Studies were identified by searching the MEDLINE
database (1 January 1980 through 1 July 2003) and the
Cochrane Controlled Trial Register. Search terms were
omeprazole, lansoprazole, pantoprazole, rabeprazole, and
esomeprazole, expanded to randomized controlled trials, ran-
dom allocation, double blind, single blind, comparative stud-
ies, esophageal motility disorders, or esophagitis. Additional
search terms were GERD or GORD, expanded to diagnosis,
reproducibility of results, false negative reactions, false positive
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reactions, logistic models, regression analysis, predictive value,
sensitivity and specificity, accuracy, screening, and likelihood
ratio (13).

The searches were limited to English-language studies
performed in adults (age �18 years). We reviewed the
bibliographies of relevant studies to search for additional
eligible studies. Only data accessible in peer-reviewed jour-
nals were included to minimize potential sources of bias
and inaccuracy (14).

Inclusion Criteria
We included studies that assessed a symptomatic re-

sponse in adults with a presumptive diagnosis of GERD
(on the basis of presenting symptoms and history) who
were treated with a PPI and who also underwent objective
testing for GERD with 24-hour pH monitoring or endos-
copy or both. We also evaluated studies that used a struc-
tured symptom scoring system as the reference standard, a
method that has been proposed to be useful for discrimi-
nating patients with GERD from those with other causes
of symptoms (15–17). These studies focused mostly on
patients with dyspepsia, in whom the symptom scores were
used to distinguish patients with “reflux-like” symptoms
from those with other symptom characteristics. Such stud-
ies were included if the outcomes after PPI treatment in
patients with GERD-like symptoms could be compared
with the outcomes of patients with other symptom charac-
teristics and if patients had been included irrespective of
their symptom characteristics.

Exclusion Criteria
Studies were excluded if they focused only on children

(age �18 years), if they included only patients with com-
plications caused by GERD (such as esophageal strictures,
severe esophagitis, Barrett esophagus), patients with alarm
symptoms (such as anemia or dysphagia), patients with
extraesophageal symptoms of GERD (such as asthma or
laryngitis), patients suspected of having cardiovascular dis-
ease, or patients in whom a symptomatic response to the
PPI could not be correlated with any of the objective tests
for GERD (24-hour pH monitoring, upper endoscopy, or
a symptom score).

Data Extraction
Studies were screened for inclusion by one author. Fi-

nal decisions on exclusion were made by consensus with 2
of the other authors. Two investigators independently ex-
tracted the data. Information extracted included patient
characteristics, study design, setting, specific type and dose
of medication, duration of treatment, and definitions of
outcomes. Numbers were extracted directly from the tables
or derived from percentages if only the total number of
patients was available. Data were recorded separately for
the appropriate treatment group in studies with a random-
ized or crossover design. Discrepancies were resolved by
discussion until consensus was achieved for all data.

Quality Assessment of Studies
Studies included in the meta-analysis were assessed for

quality, as suggested by a previously reported standard
(18). We particularly focused on whether the authors
clearly defined normal and abnormal results according to
the reference standard, whether the study sample included
those with and without GERD according to the reference
standard, whether the authors adequately described how
the reference tests were performed, whether test results
were interpreted appropriately, whether the report pre-
sented the results with sufficient detail so that the study
could be replicated, and whether the outcome measures
and objective measure of GERD were consistent with ac-
cepted standards for the evaluation of GERD (12). Our
study selection criteria required fulfillment of most of the
quality standards.

Definition of PPI Treatment Success as a Diagnostic Test
The definition of a symptomatic response to a PPI was

based on criteria defined in the individual reports. When-
ever possible, we chose definitions that would reasonably
be interpreted as representing success in clinical practice
(Table 1). As a general rule, we considered “complete relief
of heartburn” as representing success because it represents a
reasonable end point in clinical practice.

Reference Standards for GERD
The following reference standards for GERD were

used in this study, all of which were based on commonly
accepted measures (12).

Ambulatory Monitoring

Ambulatory esophageal pH monitoring is generally
considered to provide the most objective measurement of
pathologic reflux. Results were considered to be abnormal
if an esophageal pH less than 4.0 was recorded during
more than 4% of the time during a 24-hour period. This
definition of esophageal pH is consistent with widely ac-
cepted standards (32).

Context

Does symptomatic response to a proton-pump inhibitor
(PPI) diagnose gastroesophageal reflux disease (GERD)?

Contribution

This meta-analysis included 15 studies that compared clini-
cal response to a short course of a PPI with an objective
measure of GERD, such as 24-hour pH monitoring. The
positive likelihood of a symptomatic response detecting
GERD ranged from 1.63 to 1.87. Sensitivity was 0.78
(95% CI, 0.66 to 0.86) and specificity was 0.54 (CI, 0.44
to 0.65).

Implications

Symptomatic response to short-term treatment with a PPI
does not confidently diagnose GERD.

–The Editors
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Some investigators have used a “symptom index” in
which symptoms are correlated to episodes of esophageal
acidification (pH � 4.0) while patients are in the erect or
supine position. A symptom index greater than 50% is
considered to be abnormal (10, 23). A related measure
(“symptom associated probability”) has also been described
(33, 34).

Some patients may have increased sensitivity to esoph-
ageal acid exposure, thereby developing typical symptoms
of GERD without abnormal esophageal acid exposure, as
assessed by ambulatory pH monitoring. The clinical re-
sponse to acid suppression in such patients is similar to
that in patients without esophageal hypersensitivity (5). As
a result, reference values and interpretation of ambulatory
esophageal pH monitoring continue to undergo evaluation.

Upper Endoscopy

Gastroesophageal reflux disease is also suggested by
findings on upper endoscopy (esophagogastroduodeno-

scopy [EGD]). Esophageal erosions, ulcers, Barrett esoph-
agus, or strictures suggest the presence of GERD. How-
ever, results are frequently normal in patients with symp-
toms of GERD and abnormal esophageal acid exposure
(32).

Gastroesophageal reflux disease was considered to be
present in studies reporting esophagitis according to one of
the commonly used classification systems, such as the Sa-
vary, Los Angeles, Berstad, or Hetzel–Dent grading sys-
tems (30, 31, 35, 36). Endoscopy was considered to be
diagnostic of GERD in patients with supporting clinical
features who had at least grade I esophagitis in one of the
scoring systems. Because our study focused on the diagno-
sis of GERD that might safely be treated empirically, stud-
ies that focused exclusively on patients with severe or com-
plicated esophagitis (such as Savary III or IV or Los
Angeles C or D) after selection with endoscopy were ex-
cluded. Once recognized, this group of patients not only
needs further investigation but might also be most likely to

Table 1. Studies of Patients with Symptoms Suggestive of Gastroesophageal Reflux Disease in Whom the Study Outcome Is
Symptom Relief with Short-Term Normal- or High-Dose Proton-Pump Inhibitor Treatment*

Study, Country (Reference) Study Setting Inclusion Criteria† Design PPI Test

Bate et al., United Kingdom (11) Secondary/specialist care Open-label trial Omeprazole, 40 mg

Brun and Sorngard, Sweden (19) Primary care Open-label trial Omeprazole, 40 mg

Carlsson et al., Sweden (20) Primary care Carlsson–Dent score �3 (15) RCT Omeprazole, 20 mg
Dupas et al., France (21) Secondary/specialist care Esophagitis Savary II RCT Pantoprazole, 40 mg

Lansoprazole, 30 mg
Farup et al., Norway (22) Primary care Functional dyspepsia RCT Omeprazole, 20 mg

Fass et al., United States (10) Secondary/specialist care RCCT§ Omeprazole, 60 mg

Fass et al., United States (23) Secondary/specialist care Esophagitis Hetzel–Dent
score �1

RCCT§ Omeprazole, 60 mg

Galmiche et al., France (24) Secondary/specialist care RCT Omeprazole, 20 mg

Hatlebakk et al., Norway (25) Primary care RCT Omeprazole, 20 mg

Johnsson et al., Sweden (26) Secondary/specialist care RCT Omeprazole, 40 mg

Juul-Hansen et al., Norway (9) Secondary/specialist care Normal endoscopy findings RCCT§ Lansoprazole, 60 mg

Lewin van den Broek et al., the
Netherlands (27)

Primary care Uninvestigated dyspepsia RCT Omeprazole, 20 mg

Schenk et al., the Netherlands (8) Secondary/specialist care RCT Omeprazole, 40 mg

Talley et al., Australia (28) Primary care Functional dyspepsia RCT Omeprazole, 20 mg

Venables et al., United Kingdom (29) Primary care RCT Omeprazole, 20 mg

* EGD � esophagogastroduodenoscopy; GERD � gastroesophageal reflux disease; NA � not available; PPI � proton-pump inhibitor; RCCT � randomized, controlled
crossover trial; RCT � randomized, controlled trial.
† Typical symptoms of gastroesophageal disease are defined as predominantly, but not exclusively, reflux-like symptoms (heartburn or acid regurgitation).
‡ Composite symptom score (DeMeester) of more than 4 is accepted as typical GERD (17).
§ RCCTs have data from the first treatment period available.
� Utrecht dyspepsia scoring lists (16, 27).
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respond clinically to PPI treatment because the cause of
symptoms is probably related to acid.

The sensitivity of endoscopy can be increased when
esophageal biopsy specimens are obtained. Histologic char-
acteristics suggesting GERD include the presence of eosin-
ophils, thickening of the basal cell layer, and elongation of
the papillae of the epithelium (37). However, histologic
assessment was not performed in any of the included stud-
ies and is uncommonly performed in clinical practice in
patients who have a normal-appearing esophagus.

Symptom Scores

The cardinal clinical features of GERD (heartburn and
regurgitation) are not always present in all patients who
ultimately receive a diagnosis of GERD. In clinical prac-
tice, GERD must be frequently distinguished from other
causes of upper abdominal or chest discomfort. However,
the ability to discriminate GERD from other disorders is
not always straightforward because symptoms may overlap,
leading to many false-positive and false-negative diagnoses
(38).

Several authors have proposed structured scoring sys-
tems based on clinical features that can be used to discrim-
inate patients with GERD from those with other causes of
symptoms. One is based on expert opinion and weighs the
value of symptoms scored on a patient-administered ques-
tionnaire (15), another is based on translation of logistic
regression analysis of endoscopy results into a physician-
administered scoring list (16), and another is based on a
mathematically reduced interpretation of symptoms asked
during history taking (17). The performance characteristics
of these systems have not been validated extensively, and
they have not been widely adopted. In addition, the rela-
tionship between any scoring system and the PPI test has
not been well studied.

To better understand the relationship between symp-
tom score and treatment response, we considered GERD
to be present when the study authors identified patients
with GERD on the basis of predetermined clinical criteria
(19, 28) or when symptoms had reached an adequate

Table 1—Continued

Duration Evaluable
Patients

Men Average
Age

Duration of
Symptoms

Reference Standard
for GERD

Population of
Patients with
Symptoms Sug-
gestive of GERD
at Inclusion

Prevalence
of Esoph-
agitis

Outcome Measure
Extracted

wk n % y mo %

2 58 55.1 47.4 Average pH �4.0 during at least 4% of
monitoring time

100 51 Complete relief or �50%
reduction

1 362 NA NA NA Score is predominant heartburn 100 NA Main symptoms �45%
improved

4 225 50.1 50 �3 Mucosal breaks on EGD 100 61 Complete symptom relief
2 362 74 54 NA (12% first

episode)
Composite symptom score �4

(15)‡
100 100 Complete symptom relief

4 14 50 50 �1 Score is heartburn or acid
regurgitation

57 0 Sufficient relief: yes/no

1 42 76.2 55.4 �3 pH �4.0 during �4.2% of
monitoring time

100 50 Symptom score improved �50%

1 35 94.3 55.4 �3 pH �4.0 during �4.2% of
monitoring time

100 100 Symptom score improved �50%

4 141 44.7 50 �3 (26% �1 y) Erosions in EGD; not circum-
ferential

100 26 Symptoms decreased to 1 d/wk;
less than mild

4 161 57 49 �3 Esophagitis grade 1 (Berstad
[30])

100 48 Symptoms decreased to 1 d/wk;
less than mild

1 80 NA NA �6 Savary II and III or pH �4.0
during �4% of time

100 58 Symptom score improved

5/7 56 31.3 54 �2 pH �4.0 during �4.2% of
monitoring time

100 0 Antacid use decreased �75%

2 84 44.2 43.5 �2 wk (32%
first episode)

Score �1 on prediction rule for
GERD�

49 NA No strategy failure

2 41 39 49 NA pH �4.0 during �4% of time
and Savary I (31)

100 37 �50% reduction

4 413 39.9 42 �1 (37% �1 y) Score is predominant heartburn
or acid regurgitation

12 NA Complete symptom relief

4 330 52 51 �3 (26% �1 y) Erosive esophagitis (Savary II
and III) (31)

100 31 Symptoms decrease to 1 d/wk;
less than mild
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threshold to diagnose GERD on the basis of symptom
score results (20, 21, 27) (Table 2).

Diagnostic Test Characteristics
Sensitivity, specificity, predictive values, and positive

likelihood ratios for each study were calculated from the
original data by comparing the results of objective testing
with proportions of successful short-term treatment with
PPIs in subgroups. The likelihood ratio represents a mea-
sure of the odds of having a disease relative to the prior
probability of the disease. An advantage of likelihood ratios
(compared with predictive values) is that they are relatively
independent of disease prevalence. The positive likelihood
ratio in our analysis represents the probability that a pa-
tient with GERD (defined by the reference standard) will
have a positive response to a PPI challenge divided by the
probability that a patient without GERD will have a pos-
itive response to a PPI challenge. Thus, the higher the
positive likelihood ratio, the better discriminant ability of
the PPI test (a perfect test would have a positive likelihood
ratio equal to infinity).

Summarized Test Characteristics and Summary
Receiver-Operating Characteristic Curve Analysis

We used 2 methods to summarize the data. The sum-
mary receiver-operating characteristic (SROC) curve
method was used to depict the trade-off between sensitivity
and specificity among different studies with different char-
acteristics and thresholds (Figures 1 and 2) (39, 40). An
SROC curve plots the true-positive rate (sensitivity) on the
y-axis against the false-positive rate (1 � sensitivity) on the
x-axis for each study. For the PPI test, there is no simple

meaning for threshold. We hypothesized that a threshold
effect might find its origin in variation of setting, outcome
definition, PPI dosage, sharpness of the definition of
GERD, or a combination of these factors. Studies were
combined by using the SROC method provided that the
definitions used for the symptomatic response as well as
definitions of the reference test were comparable and all
numbers needed for analysis were readily available or easily
derived. We made no assumption that the SROC curve is
symmetrical about the axis where sensitivity is equal to
specificity. As a complementary method to summarize the
data, we independently combined the sensitivity and spec-
ificity of PPI treatment success for GERD across the stud-
ies by using a random-effects model (Table 3). These esti-
mates are empirically useful as an approximation of the
overall test sensitivity and specificity, although they do
not provide information about the threshold effect. To
ensure that the pooled CI is bounded between 0% and
100%, the logits of the proportions (that is, sensitivity
or specificity) were combined by using a random-effects
model. The results were then transformed back as stan-
dard proportions along with their CIs. This approach
also tends to underestimate the test performance as com-
pared with the SROC method (41, 42). All calculations
were made by using MetaTest software as described previ-
ously (43, 44).

Role of the Funding Sources
The funding sources did not control or influence the

content of the research or this paper and had no role in the
decision to submit the manuscript for publication.

Figure 1. Summary receiver-operating characteristic curve
analysis of the proton-pump inhibitor test with abnormal
24-hour pH monitoring as the reference standard (n � 232).

Figure 2. Summary receiver-operating characteristic curve
analysis of the proton-pump inhibitor test with relevant
esophagitis found on esophagogastroduodenoscopy as the
reference standard (n � 978).
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RESULTS

Study Search Flow
Our search strategy identified 5771 studies, of which

1144 were treatment studies with one or more PPI (that is,
omeprazole, esomeprazole, lansoprazole, pantoprazole, or
rabeprazole) (Figure 3). Most of these focused on treat-
ment of peptic ulcers or Helicobacter pylori and were there-
fore excluded. Of 136 potentially eligible studies, 119 were
excluded because they reported insufficient data with
which to calculate sensitivity and specificity. In particular,
51 studies reported outcomes in subgroups of patients with
different symptoms but gave no numbers or percentages,
whereas 25 gave numbers without correlation to specific
symptoms and 12 reported data only on treatment success
in patients with GERD without providing data on treat-
ment success in patients without GERD. One study pro-
vided results for sensitivity only (7). Data from the most
recent study on this subject could not be used because
relevant information on patients who withdrew were not
provided (34). Fifteen studies reported sufficient data to be
included in a meta-analysis (Table 1).

Study Characteristics and Quality
The primary goal of 6 of the studies was the investi-

gation of the PPI test for diagnosing GERD (8–11, 23,
26). The others were randomized, controlled trials of the
treatment of GERD that reported adequate data on treat-
ment success in relevant subgroups. Seven studies enrolled
patients seen in primary care settings, and 8 enrolled pa-
tients who had been referred to a gastroenterologist. Three
studies included patients with dyspepsia in which the re-
sults of patients with GERD-like symptoms could be com-
pared with those of patients with other symptom charac-
teristics (22, 27, 28). Two studies included patients with
erosive GERD as assessed on endoscopy (21, 23). One
study used a GERD score as an additional inclusion crite-
rion (20). Endoscopy was performed in 11 studies, and
24-hour pH monitoring was performed in 7. Outcomes
were assessed after 5 days to 4 weeks in all studies. The
doses of the different PPIs used varied. However, all doses
would have been expected to achieve a substantial reduc-
tion in gastric acid secretion and were at least as high as
would typically be used for an empirical PPI trial in clinical
practice (Table 1).

The definitions of clinical success varied across studies,

although most would have been reasonably interpreted as
representing substantial improvement in clinical practice.
Treatment success was defined as a reduction in symptoms
to zero in 3 studies (20, 21, 28); as a reduction in symp-
toms to “sufficient” in 1 study (22); as a reduction in
symptoms to less than 50% of baseline in 5 studies (8, 10,
11, 19, 23); as a reduction in symptoms with 1 step on the
Likert scale in 1 study (26); as a reduction in symptoms to
no more than mild symptoms during no more than 1 day
per week after treatment in 3 studies (24, 25, 29); as a
reduction in the use of antacids of more than 75% in 1
study (9); and as control of symptoms without need for
additional medications, investigations, or consultations in
1 study (27) (Table 1).

Patient Characteristics
Data extracted from the studies represent 2793 pa-

tients. The average age was similar in all studies. Most
included more male than female patients. Symptoms were
present for more than 3 months in most patients, and a
relatively large proportion of patients had symptoms for
longer than 5 years (21, 26, 27). The studies represent the
full spectrum of GERD severity, from patients with dys-
pepsia who have “reflux-like” symptoms to patients who are

Figure 3. Meta-analysis flow diagram.

Table 2. Diagnostic Test Characteristics of Successful Proton-Pump Inhibitor Treatment with the Reference Test Gastroesophageal
Reflux Disease Diagnosed on the Basis of 5 Different Structured Questionnaires (n � 1235)

Structured
Questionnaire
(Reference)

Sensitivity Specificity Positive
Predictive Value

Negative
Predictive Value

Positive
Likelihood Ratio

Brun and Sorngard (19) 0.73 0.29 0.81 0.20 1.03
Farup et al. (22) 0.38 0.17 0.38 0.17 0.45
Lewin et al. (27) 0.90 0.09 0.49 0.50 0.99
Talley et al. (28) 0.54 0.64 0.17 0.91 1.50
Dupas et al. (21) 0.69 0.21 0.22 0.67 0.87
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symptomatic but whose symptoms cannot be confirmed by
endoscopy to patients with erosive esophagitis (Table 1).

Quantitative Data Synthesis
Adequate descriptions of the reference standard and

extractable data were provided in 5 studies presenting pH
monitoring (8–11, 23) and 6 studies using results of EGD
as the primary outcome (8, 20, 24–26, 29). Five studies
(19, 21, 22, 27, 28) used a symptom score for selecting
patients with GERD (Table 2); however, these studies
were not formally combined in the pooled estimates. The
symptom scores that were used differed substantially, and
no data correlated the various symptom scores to one an-
other, making it unclear whether they can be reasonably
combined. The wide range of test characteristics estimated
from these studies underscores this concern.

Positive likelihood ratios across studies ranged from
0.45 to 1.87 depending on the reference standard used
(Tables 2 and 3). Highest values were observed in studies
using abnormal 24-hour pH monitoring as the reference
standard or combining this with EGD results. Values were
lower when other reference standards were considered; in
some studies, the positive likelihood ratio was close to 1.0,
suggesting that patients with a symptomatic response to a
PPI were just as or even less likely to have GERD com-
pared with those who did not respond. This was especially
true in the studies using a symptom score as the reference
index. These findings suggest that, at best, the PPI test had
only modest discriminant capability, even when consider-
ing the most widely accepted reference standard, 24-hour
pH monitoring.

Ten studies provided sufficient data for the SROC
analysis; one of these studies provided both reference stan-
dards (8). An SROC curve of 5 studies using 24-hour pH
monitoring as the reference standard (Figure 1) demon-

strates that these studies operate at a slightly higher sensi-
tivity level than the 6 studies using esophagitis in EGD as
the reference standard (Figure 2).

The pooled sensitivity and specificity of a positive PPI
test result (defined by abnormal 24-hour pH monitoring)
were 0.78 (CI, 0.66 to 0.86) and 0.54 (CI, 0.44 to 0.65),
respectively (Table 3 and Figure 1). These values were
0.68 (CI, 0.56 to 0.79) and 0.46 (CI, 0.34 to 0.59), re-
spectively, when esophagitis found during EGD was used
as the reference standard (Table 3 and Figure 2).

DISCUSSION

Although 38% to 90% of the patients suspected of
having uncomplicated GERD responded to an empirical
trial of treatment with a PPI, our findings suggest that a
favorable response does not confidently establish the diag-
nosis of GERD when GERD is defined according to tra-
ditional objective criteria (45). In addition to signaling the
presence of GERD, the observed clinical benefit may also
indicate the presence of another acid-related condition, a
placebo effect, or enhanced esophageal sensitivity to acid
exposure (46). On the other hand, 20% to 40% of the
patients who have GERD on the basis of objective testing
may not exhibit a response to a short course of treatment
with a PPI, possibly because they need a higher dose or
longer duration of treatment.

Testing for GERD with empirical treatment with a
PPI demonstrates only a weak correlation with objective
measures. The weakness of the association may in part
reflect the limitations of current reference standards (such
as pH criteria) for diagnosing GERD (45). Some patients
may have symptoms without having pathologic esophageal
acid exposure, while others may have abnormal pH results

Table 3. Diagnostic Evaluation of the Proton-Pump Inhibitor Test with 3 Reference Tests for Gastroesophageal Reflux Disease

Study (Reference) Patients Proportion of
Patients with
Positive
Response

Prevalence
of GERD
according to
Reference
Standard

Sensi-
tivity

Speci-
ficity

Positive
Predictive
Value

Negative
Predictive
Value

Positive
Likelihood
RatioTrue-

Positive
Results

False-
Negative
Results

False-
Positive
Results

True-
Negative
Results

Total

4OOOOOOOOOOnOOOOOOOOOO3
Abnormal 24-hour pH

monitoring
Bate et al. (11) 22 10 11 15 58 0.57 0.55 0.69 0.58 0.67 0.60 1.64
Fass et al. (10) 28 7 3 4 42 0.74 0.83 0.80 0.57 0.90 0.36 1.86
Fass et al. (23) 21 0 8 6 35 0.83 0.60 1.00 0.43 0.72 1.00 1.75
Juul-Hansen et al. (9) 29 5 11 11 56 0.71 0.61 0.85 0.50 0.73 0.69 1.70
Schenk et al. (8) 15 7 7 12 41 0.54 0.54 0.68 0.63 0.68 0.63 1.84

Combined 0.78 0.54
Esophagitis

Carlsson et al. (20) 66 72 25 62 225 0.40 0.61 0.48 0.71 0.73 0.46 1.66
Galmiche et al. (24) 27 10 65 39 141 0.66 0.26 0.73 0.38 0.29 0.80 1.18
Hatlebakk et al. (25) 55 22 59 25 161 0.71 0.48 0.71 0.30 0.48 0.53 1.01
Schenk et al. (8) 9 6 13 13 41 0.54 0.37 0.60 0.50 0.41 0.68 1.20
Johnsson et al. (26) 50 17 8 5 80 0.73 0.84 0.74 0.38 0.86 0.23 1.19
Venables et al. (29) 80 21 120 109 330 0.61 0.31 0.79 0.48 0.40 0.84 1.52

Combined 0.71 0.41
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without having symptoms. The addition of symptom-based
or endoscopy-based criteria to the pH results increased sen-
sitivity slightly but did not influence specificity (10, 26).

We also found that successful treatment with a PPI
was more likely in patients who had visible erosions (esoph-
agitis) demonstrated on endoscopy, suggesting that patients
with GERD complicated by erosive esophagitis represent a
population in which the PPI test is more accurate. This
finding is consistent with a previous study of short-term
treatment of GERD (5). However, this observation has no
clinical significance because such patients cannot be iden-
tified reliably on the basis of symptoms alone (38).

A striking finding was the poor correlation between
treatment success with a PPI and the structured, symptom-
based criteria that have been proposed as useful methods
for discriminating patients with GERD from those with
other causes of symptoms (38, 47). This suggests either
that better instruments are needed or that GERD (as de-
fined by symptoms) has substantial overlap with other
acid-related disorders, especially in heterogeneous dyspep-
tic populations (27, 38).

We found that the test characteristics of the PPI test
based on endoscopy (as well as on questionnaires) varied
more than those of pH-monitoring studies (Table 3). A
likely explanation is that interpretation of results of 24-
hour pH monitoring is relatively less subjective. However,
considerable variability was also observed with studies us-
ing 24-hour pH monitoring. The highest sensitivity was
observed with studies that used a higher dose of a PPI or
with a relatively weak definition of treatment success (9,
23). Lower sensitivities were found in studies with lower
doses of a PPI and strong definitions of treatment success
(8, 11). Among the studies that used EGD as the reference
standard, higher sensitivity was found in studies that de-
fined more severe endoscopic findings as abnormal (24,
29), whereas relatively lower sensitivity was found in stud-
ies that considered all endoscopic abnormalities as GERD
(20). However, studies with higher sensitivity always had a
relatively lower specificity.

A limitation in applying our results to clinical practice
is that in reality many patients are given standard doses of
a PPI and then monitored for a response after several weeks
or even months. In contrast, at least half of the studies
included in this meta-analysis used relatively high doses of
a PPI and assessed outcomes within 2 weeks. Thus, accu-
racy of using empirical PPI treatment as a diagnostic test
for GERD may be different when lower doses of PPIs are
being used and when outcomes are assessed at later time
points. It is unlikely, however, that the accuracy would be
any better under these conditions because clinical improve-
ment with PPIs is usually observed within a few days and
standard doses of PPIs are sufficient to achieve a clinical
response in most patients (5, 6, 12). Furthermore, the
overall results of our analysis did not change appreciably
when we restricted the analysis to studies that used the
highest doses of PPIs or when we examined a subset of

studies that assessed outcomes at time points ranging from
2 to 8 weeks (data not shown).

Another limitation of our study is that we had to ex-
clude many trials of PPIs in GERD because the data were
presented with insufficient detail for analysis. In particular,
few studies clearly described treatment success or the effect
of treatment in subgroups. Most treatment studies pre-
sented data on the average reduction in specific symptoms
but did not provide results on responses in patients with-
out the specific symptoms. Nevertheless, we believe that
the relatively few studies that could be included are repre-
sentative of the types of patients suspected of having
GERD in clinical practice.

Review of some of the larger studies not included in
our analysis raises questions about the interpretation of
study results, even in studies claiming the best test charac-
teristics. For example, a recent study (which reported in-
sufficient detail for inclusion in the quantitative analysis)
was carried out with 40 mg of esomeprazole and reported a
sensitivity of 83% and a specificity of 30% on day 12
compared with 24-hour pH monitoring as the reference
standard (34). The authors concluded that the test perfor-
mance was sufficient for diagnosing GERD. However,
their results translate to a positive likelihood ratio of only
1.19, raising concern about this interpretation.

In conclusion, short-term treatment with a PPI in pa-
tients suspected of having GERD does not confidently es-
tablish or exclude the diagnosis when GERD is defined by
currently accepted reference standards. Given these results,
is it reasonable to offer a trial of a PPI in patients suspected
of having GERD? Although there may be diagnostic un-
certainty, many patients will respond to an empirical trial
of a PPI, suggesting that a PPI trial might be reasonable in
patients without alarm symptoms or other suspected com-
plications of GERD (3, 4).

On the other hand, the decision to begin with a PPI
has long-term economic and clinical implications because
responding patients will probably continue treatment even
though a diagnosis has not been clearly established. Until
better methods are available to establish a confident diag-
nosis, the empirical treatment approach (and selection of
the dose and type of acid-suppressing agents) should be
individualized on the basis of the clinical setting, the re-
sponse to therapy, and judicious diagnostic testing.
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