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Background: It is unknown whether the reflux symptom index (RSI) can replace pH monitoring as a
diagnostic tool for laryngopharyngeal reflux (LPR) in Chinese people. The relationships between reflux
parameters and LPR symptoms also require further research.

Methods: A total of 216 Chinese patients underwent laryngopharyngeal pH monitoring and filled out
an RSI questionnaire. Laryngopharyngeal pH monitoring indicated a diagnosis of LPR for patients with 7
or more episodes of reflux or a reflex area index (RAI) of 6.3 or more. The RSI questionnaire indicated a
diagnosis of LPR for patients with RSI scores of 14 or higher.

Results: Of the 216 patients, 85 were diagnosed with LPR as assessed by the RSI, and 72 were diagnosed
with LPR through laryngopharyngeal pH monitoring. The Cohen’s kappa coefficient comparing LPR
diagnosis consistency between RSI score and laryngopharyngeal pH monitoring was 0.133 (P=0.007). This
indicated the two diagnostic methods were consistent to a low degree; the total consistency rate was only
59.7% (129/216). The sensitivity of the RST was 48.6% (35/72), and its specificity was 82.5% (94/114). For
convenience, we named the nine symptom groups in the RSI sequentially as P1-P9. P1, P2, P3, PS5, P6, and
P7 were all correlated with at least one reflux parameter (P<0.05), but P4, P8, and P9 were not correlated
with any reflux parameters (P>0.05). A total of 72 patients were diagnosed using pH monitoring, the gold
standard for LPR diagnosis. The most common symptoms of LPR were found to be P9, P3, P8, P7, and P2
in these patients. The symptoms that most seriously affected patients were P9, P8, P3, P7, and P2.
Conclusions: The consistency in diagnosis of LPR between the RSI and laryngopharyngeal pH
monitoring was poor, meaning the RSI is not a suitable LPR initial screening tool and cannot replace pH
monitoring. Additionally, reflux symptoms P4, P8, and P9 were not correlated with any reflux parameters.
The most prevalent LPR symptom was P9, followed by P3, P8, P7, and P2. The most severe symptom was
also P9, followed by P8, P3, P7, and P2.
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Introduction

Laryngopharyngeal reflux (LPR) was first accepted by
the American Academy of Otolaryngology in 2002 and is
defined by the American Gastroenterology Association as
a backflow of gastric contents into the laryngopharynx and
upper aerodigestive tract (1). This condition is frequently
complicated by other diseases, such as chronic pharyngitis,
laryngitis, carcinoma, asthma, sleep apnea syndrome,
et cetera, and may affect patient quality of life; under
certain conditions, LPR can even be fatal (2,3). Many
gastroenterologists from different countries have reported
a high prevalence of extraesophageal symptoms or LPR in
patients with gastroesophageal reflux disease (GERD) (4,5).
Some posit that LPR is a complication of GERD, while
others believe GERD is the primary cause of LPR (6).

LPR is diagnosed similarly to GERD. A principal
method is symptom assessment. The reflux symptom index
(RSI) (7) is the most commonly used type of symptom
assessment, and its validity and reliability are accepted
in many countries (8-11). Multiple studies have widely
adopted the RSI questionnaire. Another method of LPR
diagnosis is the reflux finding scoring (RFS) (12), in which
laryngopharyngeal mucosa is examined by laryngoscopy
to evaluate vocal cord edema, diffuse laryngeal edema, et
cetera. However, RFS measures non-specific manifestations
of LPR. For example, smoking or drinking can cause
similar manifestations in patients. A recent study has found
that RFS findings are not sufficiently indicative of LPR,
even in GERD patients (13). Also, RFS focuses only on
laryngeal signs, while LPR is a disease also characterized
by hypertrophy of the lingual tonsils, hypo-erythema,
or oropharyngeal erythema, and edema (14,15). A third
method to diagnose LPR is reflux evidence monitoring.
There is general agreement, and many guidelines have
indicated that reflux monitoring should be performed
before patients receive experimental treatment (1). Wiener
et al. have developed special instruments for oropharyngeal
pH monitoring (16), and we performed preliminary
exploration with these instruments in a previous study (17).
Combined impedance-pH monitoring has more recently
been used to diagnose LPR; however, this method does not
yet have accepted normal reference value.

Reflux monitoring is an invasive examination; it takes
at least 24 hours and is unpleasant for patients. More
convenient diagnostic methods for both doctors and
patients are therefore required. The RSI is relatively simple,
but it is unknown whether it can replace pH monitoring
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as a tool to diagnose LPR in the Chinese population. The
relationship between reflux parameters and LPR symptoms
also requires further research.

We present the following article in accordance with
the MDAR reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-4783).

Methods

This was a prospective study. The study was conducted in
accordance with the Declaration of Helsinki (as revised
in 2013). It was approved and supervised by the Ethics
Committee of the Peking University People’s Hospital [No.
2013 (28)] and informed consent was taken from all the
patients.

Patient recruitment

Between August 2013 and January 2015, 216 eligible
Chinese patients with at least one symptom of LPR
voluntarily enrolled in this study and were evaluated at the
Gastrointestinal Motility Lab of the Peking University
People’s Hospital. The inclusion criteria were as follows:
(I) at least one symptom noted in the RSI or reflux disease
questionnaire (RDQ); (II) 18-70 years old; and (III) no
history of proton-pump inhibitor (PPI) or H, receptor
(H,R) medication in the previous month. The exclusion
criteria were as follows: (I) unable to cooperate with
instructions, such as patients with mental illness or a loss of
consciousness; (II) cannot tolerate esophageal manometry or
reflux monitoring, such as patients with an acute coronary
syndrome, persistent asthma, acute cerebrovascular
accident, etc.; and (III) endoscopy revealed a peptic ulcer,
upper gastrointestinal tumor, or any other disease that
would affect patient results.

Symptom survey

Under the guidance of professional personnel, participants
filled out a general questionnaire, which included
demographic characteristics and disaster-related data,
as well as RSI questionnaires (see Figure I) (7). The RSI
questionnaire included nine groups of symptoms, and the
severity of each symptom group was graded from 0 (no
problem) to 5 (severe problem). When the total score was
more than 13, a patient was considered as having LPR.
The professional personnel checked the participants’
questionnaires after completion to determine whether they
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Within the last month, how did the following problems affect you? 0= no problem

Circle the appropriate response. 5= severe problem

1. Hoarseness or a problem with your voice 0 1 2 3 4 5
2. Clearing your throat 0 1 2 3 4 5
3. Excess throat mucus or postnasal drip 0 1 2 3 4 5
4. Difficulty swallowing food, liquids, or pills 0 1 2 3 4 5
5. Coughing after you ate or after lying down 0 1 2 3 4 5
6. Breathing difficulties or choking episodes 0 1 2 3 4 5
7. Troublesome or annoying cough 0 1 2 3 4 5
8. Sensations of something sticking in your throat or a lump in your throat 0 1 2 3 4 5
9. Heartburn, chest pain, indigestion, or stomach acid coming up 0 1 2 3 4 5

Total

Figure 1 the reflux symptom index. Reprinted from Fournal of Voice, Vol 16, Issue 2, Belafsky PC, Postma GN, Koufman JA. Validity and
reliability of the reflux symptom index (RSI), Copyright [2002], with permission from Elsevier.

qualified to participate in the study.

Esophageal manometry

We used equipment manufactured by Medical Measurement
Systems (MMS) (Enschede, Netherlands) to perform
esophageal manometry on each patient to confirm the
position of the upper and lower esophageal sphincters (LES)
and to exclude esophageal motility disorders. An electrical
pump (Mui Scientific Mississauga, Ontario, Canada) and
a six-channel (E6-1-1-5-5-5) esophageal water-perfused
catheter were included in this process. After patients
fasted for at least 8 hours, we inserted the catheter into
the stomach through the nostril. Conventional esophageal
manometry was performed with a pulling method and
taking water swallows.

Ambulatory 24-bour pH monitoring

A Digitrapper MK III recorder (CTD-Synectics Medical,
Sweden) and a dual-channel pH monitoring probe
(Synectics Medical, Queluz, Portugal) were used. When
esophageal manometry was complete, patients underwent
ambulatory laryngopharyngeal and esophageal pH
monitoring. Buffer solutions (pH 7.0 and pH 1.0) were used
to calibrate the electrode, which was then inserted into the
esophagus through an unblocked nostril, the esophageal
sensor being 5 cm above the superior margin of the LES,
and the laryngopharyngeal sensor being 1-2 cm above
the superior margin of the upper esophageal sphincter
(UES). The patients recorded when they ate, drank, and
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lay in the supine position, as well as the occurrence of
reflux symptoms. Monitoring ended after 24 hours. The
collected data were analyzed by Polygram for Windows
Release 2.04. Patients were diagnosed with LPR when they
experienced 7 or more reflux events (a pH of less than 4 in
the laryngopharynx), or the reflux area index (RAI) was 6.3
or more (18).

Statistical analysis

The required sample size was calculated using PASS 11
based on data from a previous study we conducted (19);
the required sample size was at least 137. We used IBM
SPSS Statistics 22 to analyze the data. Normal distribution
data were expressed as mean = SD. The McNemar test and
Cohen’s kappa coefficient were used to test the consistency
of LPR diagnosis between the RSI and pH monitoring.
The Spearman test was used to determine the existence of
correlations between reflux parameters and LPR symptoms.
A chi-squared test was used to compare the proportions
of patients with each symptom and a median test was used
to compare symptom severity. A difference of P<0.05 was
considered statistically significant.

Results

A total of 216 eligible patients participated in this study
between August 2013 and January 2015. Of these
participants, 98 were male with an average age of 54+14 years,
and 118 were female with an average age of 54x12 years.
All patients underwent routine esophageal manometry, as well
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Table 1 RSI and laryngopharyngeal pH monitoring
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Laryngopharyngeal pH monitoring

ltem Category Total (n)
Positive (n) Negative (n)
Positive (n) 35 50 85
RSl Negative (n) 37 94 131
Total (n) 72 144 216

RS, reflux symptom index.

as laryngopharyngeal and distal esophageal pH monitoring.
No severe adverse events were observed during our study.
Therefore, no patients withdrew due to such adverse events as
pharyngeal discomfort.

Comparison of RSI and laryngopharyngeal pH monitoring
in LPR diagnosis

Of the 216 patients, according to RSI scores, 85 had LPR,
and 131 did not have LPR. According to laryngopharyngeal
pH monitoring, however, 72 had LPR, and 144 did
not (see Tuble 1). LPR was diagnosed in 35 patients by
both methods, 94 patients were excluded as having LPR
by both methods, and the remaining 87 patients were
diagnosed by one method and not the other. Compared
with laryngopharyngeal pH monitoring, which is the
golden standard for LPR diagnosis, RSI sensitivity was
48.6% (35/72), and its specificity was 82.5% (94/114). The
total consistency rate was 59.7% (129/216), the positive
predictive value was 41.2% (5/85), and the negative
predictive value was 71.8% (94/131).

A McNemar test comparing the two methods produced
a P value of 0.198, which indicated that the difference
between the results was not statistically significant. The
kappa statistic, which compared the consistency of the two
methods, produced a value of 0.133 (P=0.007), indicating
the results were consistent only to a relatively low degree.

Correlations between reflux parameters and LPR
symptoms

The RSI scale contains nine items (see Figure 1) (7):
hoarseness or voice problems, throat clearing, excess throat
mucus or postnasal drip, dysphagia, coughing after eating
or lying down, dyspnea or choking episodes, troublesome
or annoying cough, globus pharyngeus, and GERD-
related symptoms (heartburn, chest pain, indigestion, and
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stomach acid coming up). For the sake of convenience, we
named these nine symptom groups sequentially as P1-P9.
We chose the reflux parameters of upright reflux episodes,
upright reflux time, percentage of upright reflux time, total
reflux episodes, total reflux time, percentage of total reflux
time, and RAI. We analyzed the correlations between these
parameters and the nine reflux symptom groups. Details are
included in 7uble 2, where r is the correlation coefficient,
and P is the P value.

P1, P2, P3, PS5, P6, and P7 were correlated with at least
one reflux parameter (P>0.05). Coughing after eating or
lying down, being P5, was correlated with all seven reflux
parameters. A troublesome or annoying cough, P7, was
correlated with six reflux parameters (P<0.05). However,
P4, P8, and P9 were not correlated with any of the chosen
reflux parameters (P>0.05).

Symptom characteristics of LPR patients

Of the 72 patients diagnosed with LPR by pH monitoring,
36 were male, and 36 were female with an average age of
54+14 years.

Of these patients, 32 had symptom P1, 41 had symptom
P2, 48 had symptom P3, 18 had symptom P4, 36 had
symptom P35, 25 had symptom P6, 45 had symptom P7, 47
had symptom P8, and 57 had symptom P9. The proportion
of patients with each symptom were 44.4%, 56.9%, 66.7%,
25.0%, 50.0%, 34.7%, 62.5%, 65.3%, and 79.2% from P1
to P9, respectively (see Figure 2). Figure 2 demonstrates
the percentage of patients with symptoms among these 72
LPR patients diagnosed by pH monitoring. GERD-related
symptoms, being P9, had the highest frequency (79.2%),
followed by P3, P8, and P7. Dysphagia, being P4, was the
least prevalent symptom.

An independent samples median test (see Table 3),
indicated a grand median score of 1. The median scores of
symptom severity on a scale of 0-5 for P1 to P9 were 0, 1,
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Table 2 The correlation between reflux symptoms and reflux parameters in laryngopharynx
ltem Value Upre Uprt Uprtp Tre Trt Trtp RAI
P1 r 0.115 0.063 0.096 0.078 0.011 0.028 0.029
P 0.045 0.177 0.079 0.128 0.437 0.339 0.336
P2 r 0.172 0.135 0.153 0.146 0.095 0.117 0.100
P 0.006 0.024 0.012 0.016 0.082 0.044 0.072
P3 r 0.167 0.151 0.147 0.146 0.110 0.100 0.102
P 0.007 0.013 0.016 0.016 0.054 0.072 0.068
P4 r 0.044 0.060 0.055 0.011 0.035 -0.007 -0.017
P 0.261 0.190 0.210 0.435 0.305 0.458 0.403
P5 r 0.164 0.130 0.130 0.158 0.125 0.119 0.142
P 0.008 0.028 0.028 0.010 0.034 0.041 0.019
P6 r 0.138 0.145 0.146 0.119 0.100 0.070 0.074
P 0.021 0.017 0.016 0.041 0.072 0.153 0.139
P7 r 0.145 0.149 0.135 0.126 0.112 0.123 0.117
P 0.017 0.014 0.024 0.032 0.050 0.036 0.043
P8 r 0.066 0.101 0.075 0.056 0.105 0.059 0.048
P 0.167 0.069 0.135 0.208 0.061 0.196 0.244
P9 r -0.022 -0.003 -0.005 -0.058 -0.035 -0.048 -0.035
P 0.373 0.484 0.468 0.197 0.305 0.240 0.303

P1-P9, represents 9 groups of symptoms in the RSI scale; r, correlation coefficient; P, P value; Upre, upright reflux episodes; uprt, upright
reflux time; uprtp, percentage of upright reflux time; tre, total reflux episodes; trt, total reflux time; trtp, percentage of upright reflux time;
RAI, reflux area index.
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Figure 2 Percentage of symptoms in patients with LPR (%). 72 patients was diagnosed with LPR by pH monitoring, and symptoms were

analyzed according to the RSI questionnaire completed by each patient. The X axis is for different symptoms of the RSI scale, the Y axis is

for the percentage of each symptom (%). LPR, laryngopharyngeal reflux.
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Table 3 Homogeneous subsets based on severity
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Subset
Variables Category
1 2 3 4
P1 0.000
P4 0.000
P6 0.000 0.000
P5 0.500 0.500
Symptom' P2 1.000 1.000 1.000
P7 1.500 1.500
P3 2.000 2.000
P8 2.000 2.000
P9 2.000
Test statistic 6.005 7.467 5.222 3.396
Sig. (2-sided test) 0.050 0.024 0.265 0.494
Adjusted Sig. (2-sided test) 0.142 0.070 0.426 0.706

Homogeneous subsets are based on asymptotic significances. The significance level is 0.05. ', each cell shows the symptom median

severity. P1-P9, represents 9 groups of symptoms in the RSI scale.

2,0,0.5,0, 1.5, 2, and 2, respectively, and the difference was
statistically significant (test statistic =68.507, P=0.000). Based
on an asymptotic significance of 0.05, the symptoms were
divided into four gradients. P9, P8, P3, P7, and P2 were in
the highest gradient and affected patients most severely. P6,
P4, and P1, however, were in the lowest gradient.

Discussion

The National Library of America includes LPR under
GERD, meaning LPR is considered an example of the
extraesophageal manifestations of GERD (20). A few years
ago, we investigated the relationship between GERD and
LPR based on symptoms and found they could coexist and
manifest independently (6).

The RSI is a self-scoring index of symptom severity
proposed and verified by Belafsky (7). Few studies, however,
have focused on the relationship between RSI score and
ambulatory laryngopharyngeal pH monitoring, or whether
the RSI is suitable to diagnose LPR in Chinese patients. We
conducted a study 10 years ago (19) and found the kappa
value between the RSI and pH monitoring when used to
diagnose LPR was 0.446 (P=0.007), despite the small sample
size (31 participants). Several years ago, the validity and
reliability of the Chinese version of the RSI were evaluated
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and believed to be of good validity and reliability (21).
While this research was timely, the sample size was only 54,
and patients who underwent pH monitoring had positive
RSI scores or RESs for LPR, which affected the evaluation
of the Chinese RSI diagnostic instrument.

A specific type of oropharyngeal monitoring is used to
detect reflux in the oropharynx (16). In a previous study, we
used the Dx-pH system to draw a normative database of the
laryngopharynx pH profile in the Chinese population (22)
and establish an animal model of LPR (17). However,
this system is expensive and does not have an additional
electrode to monitor the distal esophagus. As a result, in
the current study, we used a dual pH probe catheter to
detect reflux in the laryngopharynx and distal esophagus.
The laryngopharynx pH electrode is generally placed
1-2 cm above the UES (18). To diagnose LPR, we applied
the classical LPR diagnostic criteria: an RAI score of 6.3 or
more, or 7 or more episodes of reflux (18).

Ambulatory laryngopharyngeal pH-meter is considered
a gold standard for the diagnosis of LPR. In the current
study of 216 patients, compared with this gold standard, the
RSI showed low sensitivity, a low consistency rate, a low
positive predictive value, and a low negative predictive value.
The kappa value was only 0.133, meaning there was poor
consistency between the two diagnostic methods. Given
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these results, the RSI is not a suitable substitute for pH
monitoring in the Chinese population. However, as the RSI
specificity was 82.5%, it is a suitable LPR screening tool.
Other gastroenterologists agree with our opinion on these
matters (23,24). Some researchers believe that age can affect
the RSI diagnostic threshold for LPR (25), and another study
using the Dx-pH system found that Ryan’s scores, RSI, and
RFS were poorly correlated with LPR detection (26).
Concerning reflux parameters and symptoms, while
Duricek et al. (27) found no correlation between acidic
pharyngeal reflux and symptoms of LPR, our results do
not agree. In the current study, symptoms P1, P2, P3,
P5, P6, and P7 were found to be correlated with at least
one reflux parameter (P<0.05), though no correlation
was found between any reflux parameter and P4, P8,
or P9 (P>0.05). It is not strange that GERD-related
symptoms, being P9, showed no correlation with reflux
parameters, as the reflux parameters were measured at the
laryngopharynx rather than the distal esophagus. Globus
pharyngeus, being P8, referred to the sensation of having
something stuck or a lump in the throat and was once
considered a typical symptom of LPR. However, we found
no correlation between P8 and any of the chosen reflux
parameters; this is consistent with existing reports (28-31).
We believe, rather, that globus pharyngeus is a symptom
of lesions in the pharynx caused by chronic reflux, rather
than an immediate reaction to reflux. The presence of
globus pharyngeus without LPR may be due to high UES
pressure (32). Dysphagia is this symptom referred to as P4.
This symptom only occurred in 25% of LPR patients in our
study, which is lower than that found in other research (33).
The six remaining symptoms were all found to correlate
with the reflux parameters investigated. P5 was correlated
with all seven of the chosen reflux parameters, followed by
P7, which was correlated with six. The primary symptom of
both PS5 and P7 is a cough, which is an immediate response
to reflux. Yu e al. (34) reported that patients with GERD-
related chronic cough with higher RSI scores might have
more proximal reflux. In summary, symptoms that occur
as an immediate response to reflux appear to be related
to reflux parameters, while those due to lesions caused by
chronic reflux appear to be unrelated to reflux parameters.
Of the 72 patients diagnosed with LPR by pH
monitoring in the current study, the most prevalent
symptoms, in order, were P9, P3, P8, P7, and P2, and the
most severe symptoms were P9, P8, P3, P7, and P2. P9,
being GERD-related symptoms, are symptoms related
to the digestive system, and the high prevalence of these
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symptoms accords with other research (5). Kamani ez a/. (35)
reported that 75% of patients with LPR had symptoms of
GERD. This indicates that LPR is closely related to GERD
and that LPR is often secondary to this disease. Conversely
to our study, however, other research found that globus
pharyngeus (P8), throat clearing (P2), hoarseness (P1), and
excess throat mucus or postnasal drip (P4) were the most
prevalent LPR symptoms (36). These differences may be
due to patient differences or the method of LPR diagnosis.

One limitation of our study is that we did not adopt RFS
to simultaneously evaluate patients, although the accuracy
of RES can be affected by multiple factors. Additionally,
we did not adopt combined impedance pH monitoring.
Combined impedance pH monitoring technology is at
present rarely used to diagnose LPR and does not have an
accepted normal laryngopharyngeal reference value. We
intend to investigate this method of pH monitoring in the
future.

In summary, the two methods of LPR diagnosis we
investigated, the RSI and pH monitoring, do not produce
consistent diagnoses. The RSI is therefore not a suitable
replacement for reflux monitoring as an LPR diagnostic
tool. However, RSI has a relatively high negative predictive
value. For countries or regions with limited reflux
monitoring conditions, RSI can be used to screen patients
who benefit more from pH monitoring. Symptoms that
are an immediate reaction to reflux were found to correlate
with reflux parameters; further consideration of this may
improve the diagnostic efficacy of the RSI. Finally, the most
common and the most severe symptoms of LPR found were
GERD-related symptoms, excess throat mucus or postnasal
drip, globus pharyngeus, a troublesome or annoying cough,
and throat clearing.
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