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Is Proton Pump Inhibitor Testing an Effective
Approach to Diagnose Gastroesophageal Reflux
Disease in Patients With Noncardiac Chest Pain?

A Meta-analysis

Wei Hong Wang, MD; Jia Qing Huang, PhD; Ge Fan Zheng, MD; Wai Man Wong, MD; Shiu Kum Lam, MD;
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Background: Gastroesophageal reflux disease (GERD)
is common in patients with noncardiac chest pain
(NCCP). Results of studies evaluating the accuracy of a
proton pump inhibitor (PPI) treatment as a diagnostic
test for GERD-related NCCP have varied. We evaluated
the overall accuracy of this modality.

Methods: We searched the PubMed, MEDLINE,
EMBASE, CINAHL, and Cochrane databases to May 2004
and included randomized, placebo-controlled studies
evaluating the accuracy of findings from PPI testing in
the diagnosis of GERD in patients with NCCP. The GERD
diagnosis was confirmed by results of endoscopy and/or
24-hour esophageal pH monitoring. A summary diag-
nostic odds ratio and summary receiver operating char-
acteristic curve analysis were used to estimate the over-
all accuracy and to explore any contributing factors.

Results: Six studies met the inclusion criteria. The over-

all sensitivity and specificity of a PPI test were 80% (95%
confidence interval [CI], 71%-87%) and 74% (95% CI,
64%-83%), respectively, compared with 19% (95% CI,
12%-29%) and 77% (95% CI, 62%-87%), respectively, in
the placebo group. The PPI test showed a significant higher
discriminative power, with a summary diagnostic odds
ratio of 19.35 (95% CI, 8.54-43.84) compared with 0.61
(95% CI, 0.20-1.86) in the placebo group. The impact
of the prevalence of GERD and treatment duration on
the accuracy of the test could not be determined be-
cause of the lack of an adequate number of studies.

Conclusion: The use of PPI treatment as a diagnostic
test for detecting GERD in patients with NCCP has an
acceptable sensitivity and specificity and could be used
as an initial approach by primary care physicians to de-
tect GERD in selected patients with NCCP.
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R ECURRENT EPISODES OF

retrosternal pain lacking
documented cardiac ab-
normalities are defined as
noncardiac chest pain

(NCCP).1 The annual prevalence of NCCP
in the general population of the western
world ranges from approximately 25% to
35%.2,3 Patients with NCCP have a poor
quality of life4 and consume a large propor-
tion of health care resources.5 Although
NCCP may have a number of causes, gas-
troesophageal reflux disease (GERD) is con-
sidered to be the most common.1,6-12

Several esophageal tests are used to
evaluate NCCP, including endoscopy,
24-hour esophageal pH monitoring,
esophageal manometry, or provocative
tests.1,8,13 However, the sensitivity of
endoscopy is limited because most
patients with NCCP have nonerosive
GERD.14 Although 24-hour esophageal
pH monitoring has been considered the
best modality for diagnosing GERD in
patients with NCCP,1 it is invasive,

costly, and often unavailable in the pri-
mary care setting.

The knowledge that GERD is the most
common cause of NCCP has led investi-
gators to treat patients empirically with
proton pump inhibitors (PPIs).15-18 The
successful management of NCCP with PPIs
has proven the causal relationship be-
tween GERD and NCCP.15-18 Treatment
with PPIs is now used by investigators as
a diagnostic test for identifying GERD in
patients with NCCP.19 Studies assessing the
accuracy of the PPI test result demon-
strated sensitivity ranging from 78% to
92% and specificity from 67% to 86% for
diagnosis of GERD in patients with
NCCP.20-22 However, these studies gener-
ally have a small number of patients,20-22

and the potential impact of demograph-
ics of patients has not been evaluated.
Thus, the clinical value of the PPI test in
evaluating NCCP remains to be thor-
oughly assessed.23

We undertook this systematic review
and meta-analysis to evaluate the overall
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sensitivity and specificity of the PPI
test for detecting GERD in patients
with NCCP. We also examined the
impact of the characteristics of the
study population or the study de-
sign on study findings.

METHODS

LITERATURE SEARCH

A computerized literature search was
performed in the PubMed, MEDLINE,
EMBASE, CINAHL, and Cochrane Con-
trolled Trials Register databases for rel-
evant articles published in any lan-
guage between 1966 and May 2004 with
the following medical subject heading
terms and/or text words: chest pain, non-
cardiac, or noncardiac in combination
with omeprazole, lansoprazole, panto-
prazole, rabeprazole, or esomeprazole.
Meeting abstracts were searched from
CD-ROMs of major international gas-
troenterological meetings held from
1995 through 2003 (American Diges-
tive Disease Week, American College of
Gastroenterology, World Congress of
Gastroenterology, and United Euro-
pean Gastroenterology Week) using the
same terms. Finally, we manually
searched the reference list of all rel-
evant review articles and original stud-
ies that we retrieved.

The title and abstract of all poten-
tially relevant studies were screened for
relevance before the retrieval of the full
articles. Full articles were also scruti-
nized for relevance if the title and ab-
stract were ambiguous. The literature
search was conducted independently by
3 reviewers (W.H.W., J.Q.H., and
G.F.Z.).

INCLUSION AND
EXCLUSION CRITERIA

The following criteria were used to in-
clude studies: (1) adult patients with re-
current episodes of chest pain without
documented cardiac abnormalities; (2)
GERD diagnosed by results of endos-
copy and/or 24-hour esophageal pH
monitoring; (3) only randomized, pla-
cebo-controlled trials because a symp-
tomatic response to PPI treatment in pa-
tients was evaluated as a diagnostic test;
and (4) the number of true-positive,
false-positive, true-negative, and false-
negative findings were described explic-
itly, or such numbers could be derived
from studies.

We excluded (1) therapeutic trials
evaluating the efficacy of PPI treatment
in patients with GERD-related NCCP,
(2) studies without raw data for re-

trieval, and (3) duplicate publications.
When duplications were found, we only
included the publication that reported
the most extensive information.

DATA EXTRACTION

Data were extracted independently
from each study by 3 researchers
(W.H.W., J.Q.H., and G.F.Z.) using a
predefined review spreadsheet. Any
disagreements between the reviewers
were resolved by discussion to reach
consensus.

ASSESSMENT OF
STUDY QUALITY

Criteria modified by Irwig et al24 on
behalf of the Cochrane Methods Work-
ing Group on Systematic Review of
Screening and Diagnostic Tests were ap-
plied to assess the quality of each study.
These criteria include an explicit state-
ment of the spectrum of disease, a clear
definition of NCCP, a reference test used,
a blinded measurement of the PPI and
reference tests, execution of the test, ex-
plicit definition of the improvement of
symptoms and reporting of the cutoff
point of the test, and a description of the
demographic information and sam-
pling strategy.

STATISTICAL ANALYSIS
AND ASSESSMENT
OF HOMOGENEITY

For each study, we calculated sensitiv-
ity, specificity, positive predictive value
(PPV), negative predictive value (NPV),
and their 95% confidence intervals (CIs).
We also reported the diagnostic odds ra-
tio (DOR) as a measure for the discrimi-
native power of a diagnostic test for in-
dividual studies.

We used 2 methods to summarize the
data. First, statistical pooling of the sen-
sitivities and specificities was per-
formed and summary DORs were cal-
culated under a random-effects model.25

As a complementary method, sum-
mary receiver operating characteristic
(sROC) curves were plotted with sen-
sitivity (true-positive rate) on the y-
axis and 1−specificity (false-positive
rate) on the x-axis according to the
method proposed by Moses and Sha-
piro26 and refined by Littenberg and Mo-
ses.27 We used this approach because
sensitivity and specificity are measures
of diagnostic accuracy that rely on a
single threshold for classifying a test re-
sult as positive or negative. For the PPI
test, the threshold effect may find its ori-
gin in the variation of setting, study de-
sign, definition of NCCP, medications

and the dosages and duration used,
washout period, and the definition of
symptom improvement. Studies were
combined by using the sROC method if
the definition of symptom improve-
ment and reference test used were com-
parable, and the natural logarithms (Ln)
of DOR of the included studies were ho-
mogeneous. The use of the sROC curve
that combines results from different
studies allows simultaneous evaluation
of sensitivity and specificity and facili-
tates the comparison of the accuracy of
the results from PPI and placebo tests.
The regression curves were extended
only over the range of the data for the
few studies included in the analysis.
Areas under the sROC curves were also
calculated directly under the curve where
data existed. We performed analyses that
were unweighted and weighted by the
inverse of the variance. The signifi-
cance of the difference between the PPI
and placebo was statistically analyzed by
applying a Wilcoxon paired-sample test
to the parameter D (D=LnOR, where the
OR equals [Sensitivity/(1−Sensitivity)]
/[(1−Specificity)/Specificity]). The in-
fluence of covariates on the accuracy of
the test was determined by the ROC re-
gression analysis.26

We first used a �2 test to assess the
statistical homogeneity between stud-
ies.28 Then we plotted the sensitivity,
specificity, and DOR of individual stud-
ies and their 95% CIs to evaluate study
variations.28 If a visual heterogeneity was
identified, we searched for the sources
of any possible clinically important het-
erogeneity.

Data were reported according to the
guidelines for meta-analysis evaluating
diagnostic tests.28,29 Analyses were per-
formed using MetaTest software (ver-
sion 0.6) written by Joseph Lau, MD, and
specially designed for meta-analysis of
diagnostic tests.

RESULTS

LITERATURE SEARCH
AND STUDY SELECTION

We identified a total of 33 reports,
of which only 6 studies met the in-
clusion criteria20-22,30-32 (Table 1).
Fifteen irrelevant articles were de-
leted after screening the titles and ab-
stracts. Full articles of the remain-
ing potentially relevant articles were
further scrutinized. Of these, 12 were
excluded for the following reasons:
2 were nonrandomized, placebo-
controlled clinical trials17,33; 2 were
cost-effective analyses of the PPI
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test34,35; 2 were comments on a single
study36,37; 4 presented duplicated
data18,38-40; 1 included only patients
with NCCP and GERD15; and 1 did
not compare the outcomes with a
reference test41 (Figure 1).

STUDY QUALITY

Of the 6 studies, 5 were double-
blind21,22,30-32 and 1 was single-
blind.20 Four were full-text ar-
ticles,20-22,31 and 2 were abstracts.30,32

A total of 220 study subjects with
NCCP were included in these stud-
ies. The episodes and the duration
of chest pain of patients at baseline
were clearly described in 4 stud-
ies.21,22,30,31 Diagnosis of NCCP was
based on a normal finding on a car-
diac angiogram or in other compre-
hensive cardiac evaluations in 4
studies20,21,31,32 and on a negative re-
sult on technetium Tc 99m me-
thoxy isobutyl isonitrile testing in 1
study.22 The diagnosis of NCCP was

not clearly described in 1 study.32

Four studies claimed to exclude pa-
tients with peptic ulcer, history of
gastric surgery, or recent treatment
with antireflux medications.20-22,31

The NCCP patients with endo-
scopic esophagitis were excluded in
1 study.20 Five studies provided a
clear description of the demo-
graphic information,20-22,30,31 with the
mean±SD age being 54.4±6.1 years
and the percentage of men, 60.4%.
Five studies were performed in a
crossover fashion with a washout pe-
riod of 5 to 21 days.21,22,30-32

Three studies evaluated omepra-
zole (60-80 mg/d)21,22,32; 2, lanso-
prazole (30-90 mg/d)20,31; and 1, ra-
beprazole (40 mg/d)30 as a diagnostic
test for detecting GERD in patients
with NCCP. Of the 6 studies, 5 as-
sessed the value of a short course
(1-2 weeks) of high-dosage PPI treat-
ment,21,22,30-32 whereas 1 used a stan-
dard dosage (30 mg/d) of lansopra-
zole for 4 weeks.20 A positive test
result was defined as an improve-

Table 1. Characteristics of Studies Included in Meta-analysis*

Source Study Design Definition of NCCP Diagnosis of GERD Exclusion Criteria Comments

Xia et al,20 2003 Randomized,
single-blind,
placebo-controlled

�12 wk in preceding 12
mo by means of
angiography

24-h pH monitoring
(any of the 6
variables)

PUD, esophagitis,
GERD/dyspepsia
symptom

Evaluate negative
endoscopy findings
in NCCP

Bautista et al,31

2004
Randomized,

double-blind,
placebo-controlled
crossover

�3 Episodes/wk for �3
mo, by means of
angiography or
treadmill test,
thallium chloride,
technetium Tc 99m,
or MIBI testing

EGD esophagitis or
24-h pH monitoring
(1 variable)

Patients with other
diseases, previous
antireflux therapy,
PUD, gastric surgery

Washout time, 14 d

Fass et al,21 1998 Crossover randomized,
double-blind,
placebo-controlled

�3 Episodes/wk for �3
mo, by means of
angiography or
treadmill, thallium,
technetium Tc 99m,
or MIBI testing

EGD esophagitis or
24-h pH monitoring
(1 variable)

PUD, gastric surgery
after treatment

Washout time, 14 d

Pandak et al,22 2002 Crossover randomized,
double-blind,
placebo-controlled

�3 Episodes/wk for
� 6 mo, by means of
technetium Tc 99m
MIBI testing

EGD esophagitis or
24-h pH monitoring
(1 variable)

PUD, surgery after
treatment, or
abnormal findings on
radiographs or from
the physical
examination

Washout time, 21 d

Fass et al,30 2002 Randomized,
double-blind,
placebo-controlled
crossover

�3 Episodes/wk by
means of
comprehensive
evaluation

EGD esophagitis or
24-h pH monitoring
(1 variable)

Unknown Washout time, 7 d

Squillace et al,32

1993
Crossover randomized,

double-blind,
placebo-controlled

Episode unknown by
means of
angiographic
findings, thallium
stress test

EGD esophagitis or
24-h pH monitoring
with symptom index

Unknown Washout time, 5 d

Abbreviations: EGD, endoscopy; GERD, gastroesophageal reflux disease; MIBI, methoxy isobutyl isonitrile; NCCP, noncardiac chest pain; PUD, peptic ulcer
disease.

*Improvement was defined as greater than 50% improvement in all 6 studies.

26 Studies Found by Computerized Search
5 Meeting Abstracts Selected From CD-ROM
2 Studies Found by Manual Search

18 Potentially Relevant Studies

6 Studies Included

15 Irrelevant Articles

2 Nonrandomized Clinical Trials
4 Other Studies
4 Duplicate Studies
2 No Sufficient Data

Figure 1. Flow diagram of meta-analysis.
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ment of chest pain by more than 50%
after the treatment with a PPI. Three
studies stated that the assessment of
symptom improvement was inde-
pendent of the results of the refer-
ence test.20-22 The main characteris-
tics of these studies are listed in
Table 1.

RESULTS OF INDIVIDUAL
STUDIES

The main results of the 6 studies are
summarized in Table 2 and
Table 3. The sensitivities of PPI test
results in all 6 studies were signifi-
cantly higher than that of placebo.

However, the specificities were com-
parable or higher in 2 studies.20,31 In
the remaining 4 studies, the specifici-
ties in the PPI group were lower than
that in the placebo group.21,22,30,32 The
PPV and NPV were higher in the PPI-
treated group than in the placebo
group in 4 studies,20-22,31 except for 2
studies that included a small num-
ber of patients.30,32 According to the
DORs of the individual studies, 5
studies demonstrated that the PPI
treatment had a significantly high dis-
criminative power for diagnosing
GERD in patients with NCCP.20-22,30,31

However, this was not observed in the
placebo group (Tables 2 and 3).

STATISTICAL POOLING

The overall sensitivity for a PPI diag-
nostic test was 80% (95% CI, 71%-
87%) compared with 19% (95% CI,
12%-29%) in the placebo group. The
summary specificity for the PPI test
was 74% (95% CI, 64%-83%) com-
pared with 77% (95% CI, 62%-87%)
in the placebo group (Table4). The
PPI testhadasignificantlyhigherdis-
criminative power for diagnosing
GERD in patients with NCCP, with
an estimated DOR of 19.35 (95% CI,
8.54-43.84)comparedwith0.61(95%
CI, 0.20-1.86) for the placebo group
(P=.03).

Figure2 shows the sROC curves
plotted by using the results of accu-
racy from the individual studies. The
shape of the sROC curve for the PPI
group is different from that for the
placebo group, with the PPI having
a sharper increase in the sensitivity
for a given increase in the false-
positive rate (1−specificity).

Incorporation of the additional
covariates into the ROC regression

Table 3. Main Results of Placebo as a Diagnostic Test in Individual Studies

Source
No. of

Patients Duration
Sensitivity

(95% CI), %
Specificity

(95% CI), %
Prior

Probability PPV (95% CI) NPV (95% CI) DOR (95% CI)

Xia et al,20 2003 32 4 wk 33 (11-64) 65 (41-84) 38 36 (15-65) 62 (41-79) 0.94 (0.21-4.14)
Fass et al,21 1998 37 1 wk 22 (8-44) 93 (64-100) 62 83 (44-97) 42 (26-59) 3.05 (0.38-24.30)
Pandak et al,22 2002 38 2 wk 5 (0-27) 83 (58-96) 53 25 (0-70) 44 (29-61) 0.31 (0.04-2.67)
Fass et al,30 2002 20 7 d 8 (0-40) 100 (63-100) 60 100 (21-100) 42 (23-64) 3.67 (0.05-295.09)
Bautista et al,31 2004 40 7 d 22 (7-48) 64 (41-81) 45 33 (11-64) 50 (31-69) 0.50 (0.12-2.05)
Squillace et al,32 1993 17 Unknown 8 (0-38) 100 (40-100) 76 100 (21-100) 25 (10-50) 1.74 (0.02-146.25)

Abbreviations: CI, confidence interval; DOR, diagnostic odds ratio; NPV, negative predictive value; PPV, positive predictive value.

Table 4. Results of Meta-analysis Under a Random-Effects Model

Diagnostic
Test

Sensitivity
(95% CI), %

Specificity
(95% CI), % sDOR (95% CI)

AUC

Unweighted Weighted

PPI 80 (71-87) 74 (64-83) 19.35 (8.54-43.84) 0.197 0.200
Placebo 19 (12-29) 77 (62-87) 0.61 (0.20-1.86) 0.062 0.059

Abbreviations: AUC, area under the summary receiver operating characteristic curve; CI, confidence
interval; PPI, proton pump inhibitor; sDOR, summary diagnostic odds ratio.

Table 2. Main Results of PPI Test in the Individual Studies

Source
No. of

Patients
Drug Therapy

(Dosage/Duration)
Sensitivity

(95% CI), %
Specificity

(95% CI), %
Prior

Probability, %
PPV

(95% CI)
NPV

(95% CI)
DOR

(95% CI)

Xia et al,20 2003 36 Lansoprazole (30 mg OD/
4 wk)

92 (60-100) 67 (45-83) 33 58 (36-77) 94 (73-99) 17.73 (2.33-134.89)

Fass et al,21 1998 37 Omeprazole (40 mg OD and
20 QN/1 wk)

78 (56-92) 86 (56-97) 62 90 (70-97) 71 (47-87) 18.93 (3.38-105.87)

Pandak et al,22 2002 38 Omeprazole (40 mg BD/2
wk)

90 (67-98) 67 (41-86) 53 75 (55-88) 86 (60-96) 15.90 (2.94-85.93)

Fass et al,30 2002 20 Rabeprazole (20 mg BD/
7 d)

83 (51-97) 75 (36-95) 60 83 (55-95) 75 (41-93) 12.65 (1.55-103.23)

Bautista et al,31 2004 40 Lansoprazole (60 mg OD
and 30 mg QN/7 d)

78 (52-93) 91 (70-98) 45 88 (61-98) 83 (62-94) 35.00 (5.62-218.11)

Squillace et al,32 1993 17 Omeprazole (80 mg
OD/unknown)

69 (39-90) 75 (22-99) 76 90 (60-98) 43 (16-75) 6.75 (0.53-86.61)

Abbreviations: BD, twice daily; CI, confidence interval; DOR, diagnostic odds ratio; NPV, negative predictive value; OD, once in the morning; QN, once at night;
PPI, proton pump inhibitor; PPV, positive predictive value.
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analysis indicated that variables such
as the type and year of publication,
study design, prevalence of NCCP,
reference test used, and treatment
duration had no significant effect on
the test accuracy estimated.

EVALUATION OF
HOMOGENEITY

No statistical heterogeneities be-
tween studies were found (P=.95 for
PPI and P=.17 for placebo). This was
confirmed using a graphic presen-
tation where 95% CIs of sensitiv-
ity, specificity, and DOR of indi-
vidual studies overlap considerably
(Figure 3).

COMMENT

In the present meta-analysis, we
found that the overall sensitivity was
80% (95% CI, 71%-87%) and the
specificity was 74% (95% CI, 64%-
83%) for the PPI test. We also found
a significantly higher discrimina-
tive power associated with the PPI
test, with an estimated DOR of 19.35
(95% CI, 8.54-43.84). The PPV and
NPV should give the most useful in-
formation of a diagnostic test be-
cause they mimic the situation in
which the test is used. However, the
predictive value suffers a disadvan-
tage because the calculation is closely

related to the prevalence of the dis-
ease in the study population.42 In the
present analysis, the prevalence of
GERD in patients with NCCP ranges
from 33% to 76%.20-22,30-32 The large
variability in the prevalence has
made the estimate of the overall PPV
and NPV unreliable. Therefore, the
data should be explained with cau-
tion.

Our results show that the sensi-
tivity of the PPI test was signifi-
cantly higher than that for placebo,
whereas the specificity was almost
the same between both groups.
Treatment with PPIs and placebo
showed similar and better effects on
improving NCCP symptoms in pa-
tients without GERD, indicating a
possible placebo effect. The consid-
erably high placebo effect is not un-
common in patients with func-
tional bowel disorders and not
surprising in patients with non–
GERD-related NCCP. Neverthe-
less, interpretation of the study re-
sults must be cautioned because of
the observed high placebo effect.

The accuracy of a diagnostic test
should be evaluated by comparing
its results with a gold (reference)
standard that has been validated.
However, this is not available for the
diagnosis of GERD. Endoscopy re-
sults are frequently normal in pa-
tients with symptoms of GERD and

abnormal esophageal acid expo-
sure.43 The sensitivity of symptom
evaluation falls short of a gold stan-
dard.44 Ambulatory 24-hour esoph-
ageal pH monitoring is generally
considered to provide the most ob-
jective measurement of pathologic
reflux. However, the sensitivity is re-
ported to range from 85% to 90%.45

The sensitivity and specificity can be
increased if reflux symptoms are also
evaluated.46 Nevertheless, 24-hour
esophageal pH monitoring alone is
insufficient to be considered a gold
standard. In most of the studies we
have included, a combination of en-
doscopy and pH testing was used,
which is the closest to the accepted
reference test for GERD. Thus, find-
ings in some patients with GERD
may have been classified as nega-
tive for GERD. In addition, physi-
ological acid reflux can also induce
chest pain in individuals in whom
the esophagus is hypersensitive to
gastric acid.47-49 These patients, al-
though considered to have false-
positive findings, may respond to the
PPI test.

The sensitivity of the PPI test
seems to be related to the duration
of the treatment. Extending the du-
ration of treatment from 1 to 2 or to
4 weeks increases the sensitivity by
approximately 10% (Table 2). How-
ever, extending treatment duration
beyond 4 weeks was unnecessary be-
cause 80% of patients who were
likely to respond to PPI would re-
spond within 4 weeks (Table 4).
Therefore, we propose that initial
treatment with a PPI can be given up
to 4 weeks at least twice a day, based
on the patient’s frequency of symp-
toms. The degree of relief expected
would be at least 50%.

Although no statistical heteroge-
neity between studies was found, we
cannot rule out the possibility of ab-
sence of any between-study hetero-
geneities. For example, there are dif-
ferences in the definition of NCCP,
type of PPIs and dosages used, wash-
out period, degree of blinding, ex-
ecution of test, and reference stan-
dard for d iagnos ing GERD.
Therefore, certain biases may exist
and could threaten the validity of our
conclusions. For example, al-
though all studies used endoscopic
esophagitis and/or abnormal 24-
hour esophageal pH monitoring as
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Figure 2. Summary receiver operating characteristic curves of proton pump inhibitors (PPIs) (A) and
placebo (B) as a diagnostic test in all studies. The curves suggest the superiority of PPI compared with
placebo in detecting gastroesophageal reflux disease in patients with noncardiac chest pain. Numbers
alongside the plots indicate individual studies (1-6 represent Xia et al,20 Fass et al,21 Pandak et al,22 Fass
et al,30 Bautista et al,31 and Squillance et al,32 respectively). The X ’s mark the pooled estimate of the
true-positive and false-positive rates. The shaded regions mark the zone of 95% confidence intervals of
the pooled sensitivity and specificity.
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the reference test, different vari-
ables among studies were used to di-
agnose GERD. One study excluded
patients with esophagitis and used
abnormal findings of 24-hour esoph-
ageal pH monitoring as the refer-
ence standard.20 Another study used
endoscopic esophagitis or abnor-
mal findings of 24-hour pH moni-
toring with symptoms index as the
reference standard.32 Therefore, a dif-
ferential verification bias among
studies may exist.50

There are several limitations to
our study. First, only 6 random-
ized, placebo-controlled trials were
included in the final analysis, with
a total of 220 patients. Therefore, the
results are susceptible to possible se-
lection bias.28 The small number of
patients may also limit the ease of
generalizability of the study find-
ings to other populations. Second,
subgroup analysis was not feasible

to perform in the present study be-
cause the number of studies was too
small to obtain reliable estimates. We
therefore cannot determine any pos-
sible influence of factors such as the
type and year of publication, preva-
lence of NCCP, study design, refer-
ence test, and dose and duration of
PPI treatment on the results of this
analysis. Third, the quality of the
meeting abstracts was a concern be-
cause the information available from
these studies was limited.30,32 As a
consequence, a possible verifica-
tion bias may exist.24,28

CONCLUSIONS

Our meta-analysis suggests that test-
ing with the high-dosage PPI treat-
ment up to 4 weeks has an accept-
able sensitivity and specificity and
could be considered as an initial use-

ful and possibly cost-saving strat-
egy by primary care physicians in
managing patients with NCCP sus-
pected of esophageal disorders and
with no alarming symptoms. If more
than 50% reduction in symptom
scores can be achieved, the chance
of having GERD-related NCCP is
significantly increased, and the PPI
treatment should be continued. Fu-
ture well-designed, adequately pow-
ered studies are needed to ascer-
tain the findings of this analysis.
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