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Abstract
AIM: To identify objective and subjective predictors 
for the reliable diagnosis of gastroesophageal reflux 
disease (GERD) and the response to proton pump in-
hibitor (PPI) therapy.

METHODS: Retrospectively, 683 consecutive patients 
suspected for GERD who underwent pH-metry/im-
pedance measurement (pH/MII) were analyzed. All 
patients had previously undergone standard PPI treat-
ment (e.g. , pantoprazole 40 mg/d or comparable). 
Four hundred sixty patients were at least 10 d off PPIs 
(group A), whereas 223 patients were analyzed during 
their ongoing PPI therapy (group B). In addition, all 
patients completed a standardized symptom- and life-
style-based questionnaire, including the therapeutic re-
sponse to previous PPI trials on a 10-point scale. Uni- 

and multivariance analyses were performed to identify 
criteria associated with positive therapeutic response 
to PPIs.

RESULTS: In group A, positive predictors (PPs) for 
response in empirical PPI trials were typical GERD 
symptoms (heartburn and regurgitation), a positive 
symptom index (SI) and pathological results in pH/MII, 
along with atypical symptoms, including hoarseness 
and fullness. In group B, regular alcohol consumption 
was associated with the therapeutic response. The PPs 
for pathological results in pH/MII in group A included 
positive SI, male gender, obesity, heartburn and regur-
gitation. In group B, the PPs were positive SI and vom-
iting. Analyzing for positive SI, the PPs were pathologi-
cal pH and/or MII, heartburn regurgitation, fullness, 
nausea and vomiting in group A and pathological pH 
and/or MII in group B.

CONCLUSION: Anamnestic parameters (gender, obe-
sity, alcohol) can predict PPI responses. In non-obese, 
female patients with non-typical reflux symptoms, pH/
MII should be considered instead of empirical PPIs. 

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: The response rates to proton pump inhibitors 
in reflux disease vary. Empirical proton pump inhibitor 
therapy poses a substantial economic burden. Positive 
predictors of the therapeutic response are necessary. 
This study provides the highest number of reflux pa-
tients. Anamnestic, objective and subjective parameters 
predicting the therapeutic response were evaluated.
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INTRODUCTION
Gastroesophageal reflux disease (GERD) is one of  the 
most prevalent gastrointestinal disorders worldwide[1-4]. 
In western countries, approximately 40% of  the adult 
population suffers occasionally from reflux symptoms; 
approximately 20% report symptoms at least once per 
week[5,6]. Symptoms of  GERD are subdivided into typi-
cal/esophageal (heartburn, regurgitation) and atypical/
extraesophageal symptoms (chronic cough, hoarseness, 
recurrent sinusitis, globus sensation in the throat, burn-
ing feeling on the tongue, dental erosion, fullness)[7]. 
Symptom overlap is common[8].

The most effective therapeutic approaches for GERD 
symptoms are proton pump inhibitor (PPI) trials[9,10]. 
Therapy response rates for PPIs vary but are more satis-
factory in patients with erosive reflux disease (ERD) and 
typical reflux symptoms. However, the data are conflict-
ing in patients with non-erosive reflux disease (NERD) 
and/or atypical/extraesophageal symptoms and func-
tional disorders (FD)[11]. Nonetheless, the discrimination 
between NERD and FD is challenging. Distinguishing 
between patients who adequately respond to PPIs and 
those who remain symptomatic is a matter of  debate. 
PH/MII is considered a useful tool for answering this 
question[12,13]. This technique enables the reliable detec-
tion and quantification of  non-acidic, weakly acidic and 
acid reflux episodes in the esophagus with high sensitiv-
ity for all types of  reflux episodes[14]. Combined esopha-
geal pH/MII monitoring patterns can also discriminate 
between NERD and FD[15,16].

Separate from the classifications, the ultimate clini-
cal goal in all patients is most likely symptom relief  
after PPI therapy. Knowing the reliable and specific 
anamnestic findings and/or parameters of  pH/MII for 
predicting symptom relief  might lead to more selective 
PPI therapies than empiric PPI tests. The benefit of  PPI 
tests is controversially discussed[17,18]. These trials pose an 
extensive economic burden and contribute substantially 
to overall health-care expenditures[19]. However, with 
higher response rates to PPIs, unnecessary treatment 
may be avoided, which could result in tremendous sav-
ings in resources.

Therefore, the aim of  our study was to identify ob-
jective and subjective parameters that might predict the 
therapeutic response to PPIs in patients with suspected 
GERD for guiding therapy, particularly in the primary-
care setting.

MATERIALS AND METHODS
Patients
This retrospective study included 683 consecutive pa-
tients who underwent pH/MII for suspected GERD 
between January 2007 and December 2011 at the Tech-
nische Universität München, Munich, Germany. The in-
dication to perform pH/MII was suspected GERD with 
typical and/or atypical reflux symptoms. The inclusion 
criteria were a previous standard PPI trial [e.g., panto-
prazole 40 mg/d (or comparable) within the last 6 mo], 
with positive or negative symptom relief, and endoscopy 
of  the upper gastrointestinal tract within the last 12 mo 
to exclude malignancy. The exclusion criteria were a his-
tory of  previous gastric or esophageal surgery or severe 
esophageal motility disorders. Informed consent for data 
evaluation was obtained from all patients. The study was 
approved by the Ethics Commission of  the Technischre 
Universität München.

Before pH/MII, all patients were asked to com-
plete a lifestyle- and symptom-based questionnaire to 
query their personal characteristics (weight, height, age, 
relevant disorders, smoking and drinking habits) and 
symptoms (heartburn, regurgitation, globus sensations, 
burning feeling on the tongue, chronic cough, hoarse-
ness, fullness, nausea, vomiting and halitosis) on a 
10-point scale. A subjective response to PPI therapy was 
defined as a symptom reduction of  at least 3 points on 
the 10-point scale.

PH/MII monitoring
Combined pH/MII was performed using an ambula-
tory, multi-channel, intra-luminal impedance system 
consisting of  a portable data logger and a combined 
pH-impedance catheter (Tecnomatix ZAN S 61 C 01 E, 
Sandhill Scientific, Highlands Ranch, CO, United States). 
Six impedance electrodes and a distal antimony-pH 
probe were placed at pre-defined spots on this catheter 
(3.0, 5.0, 7.0, 9.0, 15.0 and 17.0 cm; pH probe, 5.0 cm). 
The catheter was inserted with the antimony pH probe 
located 5 cm above the manometrically defined lower 
esophageal sphincter. Data recording was performed for 
22-24 h. The stored data were then uploaded to a per-
sonal computer and individually analyzed using a com-
mercially available software system (BioView, Sandhill 
Scientific). Gastroesophageal reflux detected from imped-
ance changes was defined based on previous reports[20,21].

Reflux episodes were defined as either acidic or non-
acidic, when a retrograde bolus movement was detected 
via impedance and the pH value was below or above 4, 
respectively. Furthermore, the content of  the reflux epi-
sode was characterized according to its composition (gas, 
fluid or mixed). Following the suggested reference values 
published by Shay et al[22] and Zerbibb et al[14], the MII 
was considered pathological when more than 73 fluid 
and/or mixed reflux episodes occurred in the esophagus 
over the 22- to 24-h recording period. The esophageal 
pH measurement was considered pathological when the 
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period during which the pH was below 4 was more than 
4% overall. Meals were excluded from the analysis.

The patients were asked to indicate their predomi-
nant symptoms during the course of  the measurements 
to assess the symptom index (SI). The SI was assessed 
as positive when at least half  of  each specific symptom’
s duration was associated with reflux episodes over a 
5-minute interval.

Alcohol consumption was defined as equal to or more 
than 15 g per day (on more than 3 d per week); cigarette 
consumption was defined as equal to or more than 10 
cigarettes per day.

Statistical analysis 
For the qualitative data, absolute and relative frequen-
cies are presented; for the quantitative data, medians are 
shown. To determine the association between the relevant 
measures and the study endpoints, possible predictor 
variables were dichotomized, and the sensitivities, speci-
ficities, positive and negative predictive values and odds 
ratios were estimated. To test for associations, continuity-
corrected chi-squared tests were performed. Multiple lo-
gistic regression models, including all relevant measures as 
the independent variables, were fit to the data. Goodness 
of  fit was assessed by a receiver operating characteristics 
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Figure 1  Receiver operating characteristics analysis of the respective symptoms in association with the response to pump inhibitor therapys and the 
pathological parameters from pH-metry/impedance measurement. A: Response to standard PPI therapy; B: Parameters associated with pathological parameters 
in pH/ MII; C: Parameters associated with pathological SI.
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Table 1  Response to proton pump inhibitor therapy

(ROC) analysis investigating the relationship between the 
predicted probabilities and the true value of  the depen-
dent variable of  the logistic regression model. To illustrate 
the additional information obtained from the multiple 
regression model compared with the univariate results, 
sensitivities and specificities for all relevant measures 
were drawn in the ROC plot. All statistical tests were per-
formed based on a two-sided level of  significance (α  = 
5%). The statistical software programs SPSS version 20 
and R version 2.15.1 were used for the analyses.

RESULTS
Six hundred eighty-three (329 male) patients who ful-
filled the inclusion criteria were identified retrospectively 
by analysis of  our pH/MII database [median age, 54.8 
years; median body mass index (BMI), 24.7]. During the 
pH/MII, 460 patients were off  (group A) and 223 pa-
tients were on (group B) PPI therapy.

First, the therapeutic response to standard PPI ther-
apy was analyzed (Table 1). In group A, the positive pre-

dicting parameters for the therapeutic response were SI, 
pathological results from the pH-metry, heartburn, re-
gurgitation, hoarseness, fullness and pathological results 
from the MII measurement. In group B, alcohol con-
sumption was associated with the therapeutic response.

Second, the findings associated with pathological 
parameters in the pH/MII were analyzed (Table 2). In 
group A, the positive predicting parameters that corre-
lated with pathological results from the pH/MII were SI, 
male gender, increased BMI index, heartburn, regurgita-
tion, nausea and alcohol consumption. In group B, SI and 
vomiting were associated with pathological results from 
the pH/MII.

Third, parameters associated with a pathological SI 
were analyzed (Table 3). In group A, the positive predict-
ing parameters for a pathological SI were pathological 
results from the pH measurement, heartburn, regurgita-
tion, fullness, nausea, vomiting and pathological results 
from the impedance measurement. In group B, patho-
logical results from the pH and MII measurements were 
significantly associated with a positive SI. Furthermore, 
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Parameters Sensitivity Specificity PPV NPV OR (univ) Pval (univ) OR (mult) Pval (mult)

Group A
SI   0.57   0.67   0.58   0.66      2.66    < 0.001      1.67     0.021
pH-metry   0.37   0.79   0.58   0.61      2.15    < 0.001      1.63     0.055
Gender   0.53   0.49   0.45   0.56      1.07        0.772      0.97 0.9
BMI   0.46   0.57   0.46   0.57      1.13        0.567      0.85     0.465
Heartburn   0.74   0.56   0.57   0.73    3.6    < 0.001      2.31     0.001
Regurgitation   0.68   0.59   0.57 0.7      3.08    < 0.001      1.64     0.059
Globus sensation   0.44   0.56   0.45   0.55 1 1    0.8     0.315
Burning tongue   0.22   0.77   0.44   0.55      0.98 1      0.67     0.129
Coughing   0.46 0.6   0.48   0.58      1.25        0.279      1.05     0.849
Hoarseness   0.45   0.67   0.53 0.6      1.69        0.009      1.59     0.054
Fullness   0.58   0.58   0.53   0.63      1.95        0.001      1.52     0.067
Nausea 0.3   0.77   0.52   0.58      1.47        0.087      0.83     0.505
Vomiting   0.09   0.91   0.43   0.55      0.93        0.944      0.65     0.275
Halitosis   0.29   0.77 0.5   0.57      1.37        0.166      1.13     0.619
Bile taste   0.28   0.77 0.5   0.57      1.31        0.255    0.9   0.67
Imp path   0.34   0.85   0.64   0.61      2.81    < 0.001      1.99     0.009
Smoking   0.06   0.91   0.35   0.55      0.66        0.342      0.65     0.905
Alcohol 0.2   0.73   0.38   0.53      0.71        0.152      0.77     0.313
Group B
SI   0.41   0.66   0.67   0.39      1.35        0.373      1.18     0.627
Ph-metry   0.19   0.84   0.67   0.38      1.26        0.662      1.09     0.848
Gender   0.52   0.51   0.65   0.38      1.16        0.693      0.88     0.689
BMI   0.43   0.54   0.62   0.35      0.88        0.759      0.84     0.569
Heartburn   0.66   0.45   0.67   0.43      1.59        0.134      1.88     0.086
Regurgitation 0.6   0.43   0.64   0.38      1.13        0.769      0.71     0.345
Globus sensation   0.45   0.65   0.68 0.4      1.48        0.222      1.33     0.367
Burning tongue   0.22   0.78   0.63   0.37 1 1      0.84     0.636
Coughing   0.45 0.6   0.66   0.39    1.2        0.614      1.21     0.575
Hoarseness   0.31   0.68   0.63   0.37      0.98 1      0.75     0.406
Fullness   0.52   0.61 0.7   0.42      1.68        0.089 2     0.033
Nausea 0.3   0.68   0.62   0.36      0.95        0.969      0.62     0.205
Vomiting 0.1   0.89   0.61   0.36      0.89        0.984      0.88 0.8
Halitosis   0.28   0.76   0.66   0.38      1.19        0.707      1.21     0.595
Bile taste 0.3   0.71   0.64   0.37      1.03 1      0.88     0.717
Imp path   0.32   0.76   0.69   0.39      1.45        0.299      1.38     0.381
Smoking   0.07 0.9   0.56   0.36      0.71        0.653      0.75     0.595
Alcohol   0.16   0.71   0.49   0.33      0.47        0.034      0.43   0.03

PPV: Positive predictive value; NPV: Negative predictive value; SI: Symptom index.
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Table 2  Parameters associated with pathological results from pH-metry/impedance measurement

receiver operating characteristics (ROC) of  the respec-
tive symptoms in association with PPI response were 
calculated (Figure 1).

DISCUSSION
The aim of  this study was to identify objective and sub-
jective predictors for the reliable diagnosis of  GERD and 
the reported therapeutic response to PPIs to facilitate a 
more focused therapeutic approach in the future. Predict-
ing the success of  PPI therapy in symptomatic patients 
suspected of  GERD would be helpful for preventing 
futile trials of  empiric PPI medication and repeated re-
flux measurements and for reducing health care costs. In 
particular, the therapeutic response rates in patients with 
non-erosive reflux disease (NERD) and atypical/extra-
esophageal symptoms are not satisfactory[17]. To solve 
this problem, an effort was made to discriminate NERD 
from functional disorders (FD) with special pH/MII pat-
terns. However, despite the known overlap between FD 
and reflux symptoms, approximately 38% of  FD patients 
also report symptom relief  upon PPI therapy[12]. There-
fore, the ultimate clinical implication is to specifically 
detect patients responding to PPIs, regardless of  NERD, 

atypical/extraesophageal symptoms or FD.
The focus was based on patient characteristics and 

anamnestic parameters (gender, BMI, smoking habits, 
alcohol). As expected, patients with both typical reflux 
symptoms, such as heartburn, regurgitation or positive 
SI, and fullness and hoarseness sufficiently respond to 
PPIs. These anamnestic parameters are good predic-
tors for PPI therapeutic success. According to our data, 
empirical PPI trials are warrantable in patients with the 
respective anamnestic data. Male gender, obesity and 
alcohol consumption are also associated with positive 
therapeutic responses to PPIs, which might be of  high 
interest in the primary care setting. Interestingly, smok-
ing habits were not significant predictors for the PPI re-
sponse. Patients with objective pathological results from 
pH/MII also respond to PPIs sufficiently.

In nonspecific anamnesis, the pH/MII and the SI are 
comparable options for guiding PPI therapy. As shown 
in previous trials, pH/MII can potentially facilitate a 
more tailored therapeutic approach in patients with PPI-
resistant GERD symptoms and ensures the success of  
further escalating PPI therapy[23]. In this retrospective 
analysis, we used the same objective parameters because 
the number of  reflux episodes can be easily assessed in 
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Parameters Sensitivity Specificity PPC NPV OR (univ) Pval (univ) OR (mult) Pval (mult)

Group A
SI   0.59   0.66   0.54   0.71   2.92 < 0.001      2.74 < 0.001
Gender   0.44   0.42   0.34   0.53   0.59    0.008      0.63    0.045
BMI   0.58   0.65   0.53 0.7   2.56 < 0.001      2.36 < 0.001
Heartburn   0.68   0.49   0.47   0.69   2.01    0.001      1.88    0.017
Regurgitation 0.6   0.51   0.45   0.66   1.58    0.023      1.06    0.816
Globus sensation   0.39   0.52   0.36   0.56   0.72    0.102      0.66    0.064
Burning tongue 0.2   0.76   0.36   0.58   0.78    0.325      0.73    0.228
Coughing   0.43   0.57   0.41 0.6   1.03    0.958      0.99    0.978
Hoarseness   0.39   0.63   0.42   0.61 1.1    0.678      1.21    0.432
Fullness   0.49   0.51 0.4 0.6   1.02    0.998      0.83    0.424
Nausea   0.32   0.78   0.49   0.63   1.64    0.027      1.63    0.078
Vomiting   0.11   0.92   0.48 0.6   1.39    0.389      1.06    0.876
Halitosis   0.25   0.74   0.39   0.59   0.96    0.938      0.93    0.783
Bile taste   0.23   0.73   0.36   0.59   0.81  0.41      0.69    0.154
Smoking   0.07   0.92   0.38 0.6   0.91  0.95      0.81    0.606
Alcohol 0.3 0.8   0.51   0.63   1.78    0.012    1.9    0.012
Group B
SI   0.61   0.75   0.59   0.77   4.78 < 0.001      4.091 < 0.001
Gender   0.45   0.45   0.32   0.58   0.66     0.172      0.84    0.625
BMI   0.51   0.59   0.42   0.67   1.49     0.195      1.73    0.097
Heartburn   0.63   0.39   0.38   0.63   1.05     0.969      0.95    0.906
Regurgitation   0.61   0.42   0.39   0.65   1.16     0.699    1.1    0.795
Globus sensation   0.43 0.6   0.39   0.64   1.15     0.723      1.31    0.428
Burning tongue   0.17   0.75   0.29 0.6   0.61     0.211      0.55    0.163
Coughing   0.46   0.59 0.4   0.65   1.19     0.621    1.2    0.608
Hoarseness   0.29   0.67   0.34   0.61   0.83     0.643    0.7    0.334
Fullness   0.48   0.54   0.38   0.64   1.07     0.907 1    0.998
Nausea 0.3   0.69   0.36   0.62   0.94     0.957      0.83  0.65
Vomiting   0.17   0.94   0.61   0.65   2.95     0.024      2.81    0.052
Halitosis   0.25   0.73   0.36   0.62   0.91     0.885      0.92    0.836
Bile taste   0.29 0.7   0.36   0.62   0.95     0.984      0.91    0.816
Smoking   0.11   0.94 0.5   0.64   1.77   0.36      1.25    0.682
Alcohol   0.28   0.83   0.49   0.66   1.85     0.089      1.47    0.336

PPV: Positive predictive value; NPV: Negative predictive value; SI: Symptom index.

Becker V et al . GERD predictors and PPI response



Table 3  Parameters associated with a pathological symptom index

a standardized manner and because reference values are 
available. As a subjective parameter, the SI was evalu-
ated. All parameters used in the pH/MII were able to 
predict the PPI response with a comparable odds ratio 
to that of  typical GERD symptoms. Because of  the 
strong correlation of  pH/MII with GERD, we analyzed 
the anamnestic parameters associated with pathological 
parameters in pH/MII. Again, a positive SI and regurgi-
tation were associated, but there were also positive asso-
ciations with increased BMI and male gender. Analyzing 
the SI did not reveal any new aspects.

Hence, an index empiric PPI trial is a warrantable 
option in patients with typical reflux symptoms (heart-
burn and regurgitation), male gender, obesity or atypical 
GERD symptoms (fullness, hoarseness). Furthermore, 
in accordance with our data, pH/MII is a reliable tool 
for guiding therapy if  the anamnesis is inconclusive. 
Anamnestic parameters, including gender, obesity and 
drinking habits, also predict therapy response.

More conflicting are our results in patients who 
were assessed while their PPI therapies were ongoing. 
The indications for pH/MII were persistent symptoms 

despite PPI or therapy monitoring. Neither anamnestic 
nor pH/MII parameters were evaluable for predicting 
the PPI response. One might argue that the number of  
reflux episodes of  73 fluid and/or mixed reflux episodes 
within 22-24 h used in this study is too high because 
these values were generated in patients who were off  PPI 
therapy. However, we also analyzed the SI as a subjective 
parameter. Nonetheless, it was not possible to predict 
the PPI response. On the one hand, it may therefore be 
assumed that the number of  FD patients is most likely 
higher in the “non-responding group”. This assumption 
is supported by the high number of  normal pH/MII 
results in the “on therapy” group. On the other hand, it 
is known that patients who are unresponsive to standard 
PPI therapy respond to escalating PPI therapy in up to 
90% of  cases[23]. However, the effect of  an escalating PPI 
dose was not analyzed in this trial. In clinical practice, pa-
tients with persistent symptoms despite standard therapy 
should undergo pH/MII testing. If  the results are patho-
logical, then escalating PPI therapy is a promising treat-
ment[23]. In PPI-unresponsive patients, extra-esophageal 
signs and symptoms are more likely due to causes other 
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Parameters Sensitivity Specificity PPC NPV OR (univ) Pval (univ) OR (mult) Pval (mult)

Group A
pH-metry   0.39   0.81   0.61   0.63      2.67    < 0.001      2.04     0.004
Gender   0.54 0.5   0.46   0.58      1.18      0.44    1.1     0.681
Bmi   0.49 0.6   0.49 0.6      1.42        0.077      1.14     0.547
Heartburn 0.7   0.52   0.54   0.69    2.6    < 0.001      1.28   0.34
Regurgitation 0.7 0.6   0.58   0.72      3.42    < 0.001      2.73 < 0.001
Globus sensation   0.49   0.59   0.48 0.6    1.4        0.092      1.35     0.174
Burning tongue   0.22   0.77   0.43   0.56      0.97      0.97      0.66     0.113
Coughing   0.47 0.6   0.48   0.59      1.36        0.129      1.18   0.49
Hoarseness   0.43   0.66 0.5 0.6      1.46        0.062      1.15     0.553
Fullness   0.58   0.58   0.52   0.64      1.91        0.001      1.34     0.206
Nausea   0.34 0.8   0.57   0.61      2.11        0.001      1.13     0.665
Vomiting   0.12   0.93   0.59   0.58 2        0.048      1.56     0.252
Halitosis   0.26   0.74   0.44   0.56      1.03        0.958      0.65     0.085
Bile taste   0.29   0.78 0.5   0.58      1.42        0.129      1.01     0.952
Imp path   0.34   0.84   0.63   0.62      2.77    < 0.001      2.26     0.002
Smoking   0.07   0.93   0.44   0.56      1.01 1    1.1     0.808
Alcohol   0.22   0.74 0.4   0.55      0.81        0.402      0.85     0.537
Group B
pH-metry   0.33   0.91 0.7   0.68      5.03    < 0.001      3.28     0.006
Gender   0.49   0.47   0.37 0.6      0.86        0.687      0.86     0.678
BMI   0.42   0.54   0.36 0.6      0.85        0.642      0.59     0.115
Heartburn   0.66   0.41   0.41   0.66      1.36        0.353      1.32     0.492
Regurgitation   0.65   0.44   0.42   0.67    1.5        0.198      1.19     0.664
Globus sensation   0.43 0.6 0.4   0.63      1.13        0.776      0.84   0.62
Burning tongue   0.21   0.77   0.37   0.61    0.9        0.895      1.08     0.841
Coughing 0.5   0.61   0.45   0.66      1.58        0.128      1.56   0.22
Hoarseness   0.36   0.71   0.44   0.64      1.42        0.299      1.34   0.43
Fullness   0.51   0.55   0.42   0.64    1.3        0.407      1.21     0.588
Nausea   0.33 0.7   0.41   0.62      1.13        0.791 1     0.995
Vomiting   0.15   0.93   0.56   0.63      2.26        0.101      1.67     0.347
Halitosis   0.27   0.74   0.39   0.62      1.02 1      1.05     0.907
Bile taste 0.3   0.71   0.39   0.62      1.05        0.989      0.84     0.653
Imp path 0.5   0.84   0.66   0.73      5.23    < 0.001      4.84 < 0.001
Smoking 0.1   0.93 0.5   0.62      1.66        0.431      2.06   0.21
Alcohol   0.23 0.8   0.43   0.62      1.24        0.643      1.03     0.941

PPV: Positive predictive value; NPV: Negative predictive value; pH/MII: pH-metry/impedance measurement.
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than GERD. Continued PPI therapy in this group is not 
recommended[24].

From previous reports and in accordance with our 
data, increased BMI is a risk factor for GERD[23], and pH/
MII monitoring reveals pathologic findings particularly in 
these patients. It is also known that persistent gastroesoph-
ageal reflux despite standard PPI-therapy is a common 
problem in patients with increased BMIs (> 25). There-
fore, a possible explanation is increased intra-abdominal 
pressure due to adipose tissue, leading to increased gastric 
pressure, decreased gastric emptying and consecutive relax-
ation of  the lower esophageal sphincter[25,26]. In accordance 
with previous trials, we detected good clinical responses to 
standard PPI therapy in obese patients[27].

To the best of  our knowledge, the present study pro-
vides the largest series of  pH/MII data. The limitation 
of  our study is its single-center setting. Furthermore, it is 
noteworthy that certain methodological problems exist-
ed due to the retrospective approach. First, the patients 
were not subject to a previously created study protocol 
that involved the use of  different PPI agents. Second, it 
was not possible to precisely monitor PPI intake prior to 
the pH/MII. Notwithstanding, we believe that the high 
number of  patients suffices as a robust database.

In conclusion, in patients who are off  PPIs and have 
typical reflux symptoms (heartburn and regurgitation), 
male gender, obesity or atypical GERD symptoms (full-
ness, hoarseness), empiric PPI therapy is most likely to 
be successful. In non-obese, female patients with non-
typical reflux symptoms, pH/MII (including evaluation 
of  the SI) should be considered instead of  empiric 
PPI therapy. Anamnestic parameters, including gender, 
obesity and drinking habits, also predict the therapeutic 
response. With respect to predicting the therapeutic 
response, pH/MII during ongoing PPI therapy is not 
useful. Thus, particularly in primary care settings, a more 
focused therapeutic approach should be conducted in-
stead of  treating patients empirically, thereby avoiding 
ineffective, long-term PPI trials in the future.
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