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Effect of Proton Pump Inhibitors on Reflux
Symptom Index (RSI) and Reflux Finding Score
(RFS) in Patients with Laryngopharyngeal Reflux:
A Systematic Review and Meta-Analysis

ABSTRACT
Objective: The purpose of this study was to determine the efficacy of proton pump inhibitor (PPI)
therapy over placebo in treating the symptoms and laryngeal findings among adult patients with
laryngopharyngeal reflux (LPR) using the Reflux Symptom Index (RSI) or Reflux Finding Score
(RFS).

Methods: Placebo-controlled, randomized clinical trials published after June 2001 to January
2021 which used PPI as the sole intervention and the RSI or RFS as outcome measures were
eligible for inclusion. Studies that were published prior to June 2001, those which only made
use of questionnaires other than the RSI or RFS, those which used PPl in combination with other
treatments, or those with unavailable full-text manuscripts were excluded. These studies were
identified from MEDLINE, Scopus, Cochrane Library, Embase, and HERDIN Plus databases which
were searched from May 21 to 26, 2020. The primary outcome was the mean difference between
baseline/pre-treatment and post-treatment RSI scores for both PPl and placebo groups. The
secondary outcome was the mean difference between pre-treatment and post-treatment RFS
scores for PPl and placebo groups. Aggregate results of these outcomes were analyzed using
forest plots. Heterogeneity was determined through prediction intervals. Risk of bias of individual
studies was assessed using the Cochrane Collaboration’s Tool in Assessing Risk of Bias.

Results: Nine randomized control trials were included with a total of 737 patients randomized
and 595 patients analyzed - 294 from the PPI group and 301 from the placebo group. There were
notable variations among the studies in terms of choice of PPI, dosage and frequency. Out of nine
studies, four used both RSI and RFS in their analysis. Two studies used RSI alone and three used
the RFS in combination with symptom questionnaires other than the RSI. There was a significant
decrease in the RSI of the PPI group versus the placebo group with a mean difference of -2.83
(95% Cl,-5.13 t0-0.53, p =.02). However, there was no significant decrease in the RFS between PPI
and placebo groups with a mean difference of -0.84 (95% Cl, -2.66 to 0.98, p =.37). For two clinical
trials which only reported post-treatment RFS, there was also no significant difference between
the two treatment groups with a mean difference of 1.27 (95% Cl,-0.22 to 2.76, p =.10).

Conclusion: This meta-analysis found that, although a statistically significant benefit in RSI was
noted with PPI therapy, this difference may not translate to a clinically significant change in
symptoms; therefore, there is insufficient evidence to recommend for or against the treatment
of LPR with PPls.

Keywords: laryngopharyngeal reflux; proton pump inhibitors; laryngitis; hoarseness

Philipp J Otolaryngol Head Neck Surg 2022; 37 (2):6-14 © Philippine Society of Otolaryngology — Head and Neck Surgery, Inc.

6

PHILIPPINE JOURNAL OF OTOLARYNGOLOGY-HEAD AND NECK SURGERY



PHiLPPINE JoURNAL OF OTOLARYNGOLOGY-HEAD AND NECK SURGERY

Laryngopharyngeal reflux is a commonly diagnosed condition
in the out-patient department.! Several problems, however, are
encountered with respect to diagnosing and treating LPR. The true
prevalence of gastroesophageal reflux among those with laryngeal
symptoms varies widely which leads to a question of whether LPR
has indeed been accurately diagnosed.? To date, there is no ideal
test to clinch the diagnosis of LPR.> Twenty-four hour pH monitoring,
although considered the gold standard for LPR, has not been shown
to be a reliable test for diagnosing LPR given its low sensitivity.”® The
two validated instruments - the Reflux Symptom Index (RSI) and Reflux
Finding Score (RFS) - were developed from patients diagnosed with
LPR confirmed by 24-hour dual probe pH monitoring.*> The RSI and
RFS have been used to diagnose LPR among those who obtain scores
greater than 13 and 7, respectively although Belafsky noted that RSI
scores greater than or equal to 10 and RFS greater than or equal to 5
are clinically significant.* The empiric use of PPIs has been suggested as
initial management for patients presenting with laryngeal symptoms
in the background of gastroesopheageal reflux (GER).! Although there
has been no consensus regarding the optimum diagnosis and a precise
treatment protocol, the current recommendation states that twice-
daily dosing of PPIs may be given for three to six months but with no
consensus on the specific PPl or dosage.*”

There have been nine previous systematic reviews and meta-
analyses to date studying the effect of PPIs on LPR management.2®'
All of them measured successful LPR treatment as a 50% reduction
in symptoms. These studies showed conflicting results since six of
them concluded that the use of proton pump inhibitors did not yield
differences that were statistically significant when compared with
placebo with an overall risk ratio ranging from 1.18-1.21 but with lower
and upper values of the confidence interval less than and greater than
1, respectively.?8'? The three remaining systematic reviews and meta-
analyses concluded that the use of PPIs could improve reflux symptoms
although with varying clinical significance.”® The limitations of all
these previous studies were in the various sources of heterogeneity - the
inclusion criteria, the specific PPl chosen, the dosing, the duration, and
the outcomes measured. The individual trials included in the systematic
reviews and meta-analyses chose different laryngeal symptoms to
assess with some studies creating their own questionnaires which may
have contributed to differences in results among studies. Among the
meta-analyses listed, 2 of them conducted subgroup analyses using
changes in RSI and RFS as the measured outcome; however, on close
inspection, both included studies which did not actually make use of
the RSI or RFS, thus making their conclusions questionable.’™ With the
introduction of the validated RSl and the endoscopy-based RFS, a more
standardized manner of assessing relief may be used which may also
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lead to more comparable studies and definitive conclusions.

The main objective of this study was to determine the effectiveness
of PPI over placebo in the treatment of LPR among adult patients,
defined as a statistically significant change in the RSl and RFS from pre-
treatment to post-treatment after a treatment period of at least one
month. A minor objective was to validate conclusions from previous
systematic reviews or meta-analyses by specifically selecting RSI and
RFS as the outcome measures. Because these two instruments were
used to assess efficacy of treatment outcome, one source of variation
was eliminated. Findings of this meta-analysis aimed to assess if the
conclusions drawn would support majority of the previous reviews
which did not find that PPIs were effective in treating LPR versus
placebo.

METHODS
This systematic review and meta-analysis was conducted from May
21, 2020, to April 22, 2021 with University of the Philippines Manila
Research Ethics Board exemption number 2020-714-EX. This review
was registered in the Research Grants Administration Office, University
of the Philippines, Manila (RGAO-2020-0048).

Eligibility criteria

Studies eligible for inclusion were randomized, placebo-controlled
trials involving adult patients with LPR which used the RSI and/
or the RFS as outcome measurements. Studies which used proton
pump inhibitors as the sole intervention for at least one month were
included. Randomized controlled trials conducted after June 2001
to January 2021 were eligible as the RFS was published first in June
2001. Studies that compared PPIs with other drugs or in combination
with other non-pharmacologic interventions were excluded. Studies
which used acid reflux measurement or gastroesophageal symptom
relief as the sole outcomes were excluded. Studies which only made
use of questionnaires other than the standardized RSI or RFS were
excluded. Studies that used the RFS or RSI but did not report mean
scores, standard deviations, or standard error were excluded. Studies
which were published prior to 2001 were excluded. Abstracts, reports,
and unpublished manuscripts were eligible for inclusion if personal
correspondence with the studies’ primary authors yielded full-text
manuscripts for analysis; otherwise, these were excluded. Included
studies were later divided into PPl and placebo groups for synthesis
based on either RSI or RFS measurements.

Information Sources
A search of randomized control studies using PPIs and placebo
was done independently by the principal investigator (PAUS) and a
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co-investigator (KMLM) using MEDLINE (through PubMed), Scopus,
Cochrane Library, Embase (through Ovid@journal), HERDIN Plus,
and reference lists of existing systematic reviews and meta-analyses
from May 21-26, 2020. A final search of each database was done from
December 18-20, 2020 to assess if new articles had been added that
might be eligible for the meta-analysis.

Search Strategy

To create a thorough search, different keywords using

laryngopharyngeal reflux and proton pump inhibitors such as

nou

“laryngopharyngeal reflux,

nou

reflux laryngitis,” “laryngitis,” “chronic

pump inhibitors,” “omeprazole,
“rabeprazole,” “esomeprazole,” “lansoprazole,” “pantoprazole” and
“dexlansoprazole” were used. A sample search included a line search of
the MeSH Term “proton pump inhibitors” and each specific type of PPI
under the filter of Title/Abstract using the conjunction “OR." The next
line search included the MeSH Term “laryngopharyngeal reflux”and the
chosen specific symptom phrases aforementioned under the filter of
Title/Abstract using the conjunction “OR” These two lines were joined
together in one search combined by the conjunction “AND" to obtain
all possible articles with this intersection of search terms.

Other studies were sought by searching for previous or ongoing
trials registered in ClinicalTrials.gov to determine if there were any
unpublished but relevant studies. The final database search for each
was conducted in December 18 to 21, 2020. Only studies after June
2001 until January 2021 were included in the search. Among all the
studies included in the final analysis, the two most recently published
RCTs were obtained by contacting the author of the published protocol
through e-mail. Studies were not strictly limited to those written in
English; however, no potential study published in another language fit
the eligibility criteria.

"

cough,” “hoarseness,” “proton

Data Extraction

All studies regarding LPR and PPI treatment independently found
by two researchers (PAUS and KMLM) were listed with duplicate studies
combined using the Mendeley Desktop program version 1.19.4 for
Windows (Mendeley Ltd., Elsevier, Amsterdam, Netherlands). Each
study’s abstract was then analyzed for eligibility. The full text of each
seemingly relevant study was read thereafter to assess if it could
be included in the meta-analysis. Disagreements between the two
researchersregarding the inclusion of a study were settled by consensus.
Data from each study such as number of participants, specific drug
choice and dosing, treatment duration, outcomes measured, and
methodology were extracted independently. Risk of bias was carried
out by the primary author using the Cochrane Collaboration’s Tool
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in Assessing Risk of Bias and the Review Manager (RevMan) Version
5.3, 2014 (The Nordic Cochrane Centre, The Cochrane Collaboration,
Copenhagen, Denmark).'®

Statistical Analysis

All articles gathered from databases and other sources were
screened through reading their respective abstracts. Those with
information that appeared to fit the eligibility criteria were retained, and
available full-text articles of each were obtained. Study characteristics
such as participant characteristics, specific treatment regimen,
treatment duration, control variable, mean differences and SD of RSI,
mean differences and SD of RFS were then summarized and tabulated
to ensure that eligibility criteria were met prior to inclusion in further
analysis.

The primary outcome identified in each study was the mean
difference between baseline/pre-treatment and post-treatment RSI
scores for both treatment (PPI) and placebo groups. The secondary
outcome was the mean difference in RFS from pre- to post-treatment
between the 2 treatment groups. Duration of treatment was
dependent on what was stated in each study as the timeframe prior to
primary outcome measurement. Standard deviations (SD) of the mean
differences were also reported. In the event that mean differences and
standard deviations were not reported, the authors were contacted via
e-mail to obtain the missing data.

Two studies reported standard error of the mean instead of standard
deviation. 3’ Standard deviation was then calculated from the data
provided using the following formula:

SD=SEvn

SE = standard error of the mean

n = sample size

The authors of two studies were unable to supply the mean
differences, so a separate analysis was conducted using the post-
treatment mean scores and SD as advised by the consultant
statistician.”'® One study reported a median score and range instead
of mean scores and SD." The median score was reported as the mean
score. The SD was derived from the range and was computed as:

SD =4 (max - min)

We used forest plots to depict the summary of findings of the
studies using a 95% confidence interval (Cl) using Review Manager
(RevMan) Version 5.3, 2014 (The Nordic Cochrane Centre, The Cochrane
Collaboration, Copenhagen, Denmark). To assess for heterogeneity,
Higgins I? coefficient and prediction intervals were identified. Random
effects modelling was applied for the analysis based on the assumption
that the mean and effect size likely varied across studies. Publication
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bias was also assessed through the generation of funnel plots using the
Comprehensive Meta-Analysis Program version 3.3.070, 2014 (Biostat,
Englewood, NJ, USA).

RESULTS

Literature Search

The literature search process yielded nine articles that were included
in the analysis. (Figure 1) The initial search among databases and other
sources resulted in a total of 525 articles. After adjusting for duplicates,
4471 articles remained. A further 421 articles were excluded since these
were mostly reviews, observational studies, uncontrolled studies, or
studies which did not make use of the RSI or RFS. The full-text of the
remaining 20 articles were read for eligibility resulting in nine articles
fitting all the criteria for inclusion and exclusion. Figure 1 also shows
more detailed descriptions regarding reasons for excluding the other
11 articles. Although nine articles were included in this meta-analysis,
two of the articles were published using the exact same protocol and
participant data in two different journals but under different primary
authors.””® This duplication of published data ultimately resulted in
only eight independent data sets being included in the meta-analysis.

Study Characteristics

Among the nine RCTs included in the analysis, there was a total of
737 patients randomized but only 595 analyzed - 294 of whom were
part of the treatment (PPI) group and 301 of whom belonged to the
control (placebo) group. Characteristics of each individual study were
summarized and tabulated. (Table 1) Out of the nine included studies,
four studies made use of both the RSI and RFS and were included in
both analyses - primary and secondary outcome. Two studies used
only the RSI; however, as previously stated, these two studies used a
single data set. The remaining three studies analyzed the RFS but used
symptom questionnaires other than the RSI in their methodology
and analysis. It is notable that there were variations among studies
in terms of choice of PPI, dosage, and frequency although majority of
the studies (6 out of 8 data sets) used a twice daily regimen. Treatment
duration for primary outcome measurement also varied among studies
ranging from 6 weeks to 16 weeks. Most of the studies reported low
drop-out rates except for the study of Wilson?'/0’Hara* which reported
22.8% (79 out of 346) lost to follow up at the time of primary outcome
measurement.

Primary Outcome

The primary outcome measured was the mean difference of the RSI
per treatment group at baseline and post-treatment which included six
studies (five data sets). There was a significant decrease in RSI score in
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the PPl group versus the placebo group with a mean difference of -2.83
(95% Cl,-5.13t0-0.53, p =.02) as noted in the forest plot. (Figure 2) Most
studies’ mean differences lay on the side favoring PPls except for the
data set with the largest sample size which showed contrary findings
regarding the efficacy of PPIs in reducing RSI scores. Random effects
modeling was employed; however, it can be noted that fixed effects
modeling resulted in a similar overall effect with a mean difference of
2.94 (95% Cl, 2.02 to 3.8, p<.00001). The resulting I> coefficient showed
that 81% of the variance would have remained if sampling error
could be removed.* This high I? value was contributed solely by the
outlier study of Wilson?' and O’Hara? since removal of these articles
brought the 1> coefficient down to zero. To show the heterogeneity
more accurately between studies, a prediction interval was computed
showing that the true effect size for 95% of all populations would lie
somewhere from -10.973 to 5.313.2* This wide range shows that there
is significant heterogeneity among studies.

[ Identification of studies via databases and registers ]

)

Records removed before
screening:
Duplicate records removed
(n=84)
Records marked as ineligible
by automation tools (n = 0)
Records removed for other
reasons (n=0)

Records identified from:
Databases (n = 523)
Registers (n = 2)

— :

Records screened

(n=441)
v

Reports sought for retrieval

Identification
v

Records excluded
(n=420)

Reports not retrieved*
(h=1)

2 (n=21)
c
3
: I
a
Reports assessed for eligibility R
(n=20) "1 Reports excluded:
Not placebo-controlled (n = 6)
Not RSI/RFS used (n = 4)
No SD reported (n=1)
— v
S Studies included in review
= (n=9)"
< Reports of included studies
g (n=9)

Figure 1. PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analyses for literature
search process

*Full-text article could not be retrieved online or by contacting the primary author through e-mail

"9 full-text articles included in meta-analysis with 2 studies sharing the same data

RSI Reflux Symptom Index; RFS Reflux Finding Score; SD standard deviation
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Secondary Outcome

The secondary outcome measured was the mean difference of the
RFS pre- and post-treatment between the PPl and placebo groups.
The objective changes in laryngopharyngeal reflux showed the same
tendency for benefit of PPl treatment as in symptomatic relief; however,
this was not significant with a mean difference of -0.84 (95% Cl, -2.66 to
0.98, p =.37) which can be seen in the forest plot. (Figure 3) There was
once again significant heterogeneity seen. It was estimated that 85% of
the observed variance would remain if variance due to sampling error
could be removed (I>= 85%). On analysis of the five studies included,
the two studies reporting a significant mean difference in RFS favoring
PPI contributed greatly to this as removal of these studies decreased
the I? coefficient to 24%. The prediction interval was computed which
showed that the true effect size for 95% of all populations would be
found within the range of means from -7.5927 to 5.9127, once again
showing significant heterogeneity evidenced by the wide range of
dispersion.

As stated previously, two studies included in the meta-analysis
did not provide mean differences between pre-treatment and post-
treatment RFS. A separate analysis was conducted using the post-
treatment RFS mean of the PPl and placebo groups. (Figure 4) In
contrast, there was a tendency for the placebo to cause a reduction in
RFS; however, this was again not significant with a mean difference of
1.27 (95% Cl,-0.22 t0 2.76, p = .10).

Risk of Bias

The risk of bias of individual studies was assessed by the primary
author. Anzi¢'s study was identified as the study with the highest risk
of bias with issues in selection bias, incomplete outcome data, and
selective reporting.”® The authors of the study stated a limitation of
their study being the lack of stratification of baseline characteristics of
study participants. It was revealed that, although random allocation
was done, more patients with higher baseline RSI scores were assigned
to the PPl group. Another bias of this particular study was the apparent
incomplete outcome reporting. The study stated in their methodology
that other objective measurements were taken, such as pH probe
measurements and microbiopsy of inferior turbinates, none of which
were reported in the results. The study also chose to only report the
mean scores of each group at baseline and at the end of treatment, as
well as a corresponding p-value with no mention of mean differences
pre- and post-treatment. However, this was remedied by e-mailing the
author who provided the missing data. Still, analysis was repeated after
removing this study with the highest risk of bias which resulted in an
overall RSI mean difference of -2.56 (-5.74, 0.62), resulting in a result
that was no longer statistically significant. It was noted that significant
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Table 1. Study Characteristics

Location | Patients |Positive
Ran-
Required*
Wo, University of 39 Yes 2019 [Pantoprazole RFST [12weeks| -
2006 |Louisville, USA 40mg, onceinthe
moming

Pawar,  |Medical College| 53 No* 2126 Rabeprazole RSl |%0days | 6
2007% | of Wisconsin 20mg, twicedaily | RFS
Reichel, |Ludwig 62 No 30/28  |Esomeprazole20 | RS, |3 4
2008 |Maximilians mg, twicedaily | RFS |months

University,

Munich
Lam, University of 86 No" 42/40  [Rabeprazole RSl, |12weeks| 4
2010°  [HongKong, 20mg, twicedaily | RFS

Queen Mary

Hospital
Farugi,  [Hull Cough 51 No 24/25  [Esomeprazole RFSt |8weeks | 2
2011° | Clinic, 20mg, twice daily

Cottingham, UK
Shaheen, | Chapel Hil, 40 No' 2218 [Esomeprazole RFSt |12weeks| 0
2011*  |North Carolina 40mg, twice daily
Anzi¢, | University of 60 No" 33/27  [Omeprazole RSl, |8weeks [ 0
2018 | Zagreb, Croatia 20mg,oncedaily | RFS
Wilson, ~ |Eight UKNHS | 346 No 102/118  [Lansoprazole RSl [16weeks| 79!
20217/ |sites 30mg, twice daily
O'Hara,
20212

* pH probe value <4 required for inclusion

t Symptom questionnaires other than RSl used

 Primary outcome measurement as stated in each study

1 pH probe testing done and participants divided into positive or negative

§Compliant Intention to treat analysis (Pragmatic intention to treat sample size was 127/140)
|[Missing data at time of primary outcome measurement: 63 (37 for PPl and 26 for placebo) did not
attend at 16 weeks; 16 (8 for each intervention group) attended but no RSI recorded

PPl Placebo Mean Difference: Mean Difference
Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI Year 1V, Random, 95% CI
Pawar 2007 -5.33 6.086 21 -258 4.051 26 183% -275(-5.78,0.28] 2007 et
Reichel 2008 -1427 8865 30 -779 921 28 129% -6.4811.09,-1.87] 2008
Lam 2010 -281 531 42 093 085 40 236% -374[-537,-211] 2010 .
Anzic 2018 =712 375 33 -315 209 27 240% -3.97[547,-247] 2018 & o
‘Wilson 2021/0'Hara 2021 -46 8 102 -6.2 3 118 213% 1.60[-0.65,3.85 2021 =
Total (95% C1) 228 239 100.0% -2.83[-5.13,-0.53] <>
Heterogeneity: Tau?= 5.17; Chi= 20.70, df= 4 (P = 0.0004); F=81% % 5

-10 10
Testfor overall effect: Z= 2.41 (P= 0.02) Favours PP Favours placebo

Figure 2. Forest plot showing the mean difference in Reflux Symptom Index between PPl and placebo

PRI Placeho Mean Difference Mean Difference

Studyor Subgroup _Mean _ SD Total Mean  SD Total Weight IV,Random, 95% C1 Year v, Random, 95% CI

Pawar 2007 0333 2352 21 -112 3819 26 194%  145[0.33,3.23] 2007

Reichel 2008 -46 345 30 232 402 28 187% -228[-4.21,-035 2008 g

Shaheen 2011 -06 2 22 04 28 18 202% 0500208108 2010

Larn 2010 221 445 42 -275 316 4D 204%  0.54[1.05213 2010

Anzic 2018 603 305 33 278 15 27 21.6% -3.2904.43,-207] 2018 b

Total (95% Cl 148 139 100.0%  -0.84]-2.66,0.98]

Heterogeneity: Tau® = 3.64; Ghi*= 26.58, df= 4 (P < 0.0001); IF= 85% e i

Test for overall effect Z=0.890 (P = 0.37) F‘:vnurs PPl Favours p?azehn

Figure 3. Forest plot showing the mean difference in Reflux Finding Score between PPl and placebo

Mean Difference
IV, Random, 95% CI

PPI Placebo Mean Difference
Study or Subgroup _Mean SD Total Mean SD Total Weight IV, Random,95%Cl Year
Wo 2006 9 2 2 7 425 19 504% 2.00[-0.10,4.10] 2006
Faruaqi 2011 633 34 25 58 42 25 495% 053[-1.59,2.65 2011

Total (95% CI) 45 44 100.0%
Heterogeneity: Tau®= 0.00; Chi*= 0.93, df= 1 (P = 0.33); F= 0%
Test for overall effect Z=1.67 (P = 0.10)

1.27[-0.22,2.76]

10 5 0 5
Favors PPl Favors Placebo

Figure 4. Forest plot showing the post-treatment Reflux Finding Score mean between PPl and placebo
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Placebo Mean Difference

PPI
Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI Year

Mean Difference
IV, Random, 95% CI

Pawar 2007 -533 6086 21 -258 4.051 26 245% -2.75[578,0.28) 2007
Reichel 2008 -1427 865 30 -7.79 921 28 19.0% -6.48[-11.09,-1.87) 2008
Lam 2010 -281 531 42 093 085 40 292% -374[-5.37,-211] 2010
Anzic 2018 <712 375 33 -315 209 27 00% -3.97[547,-247] 2018
Wilson 2021/0'Hara 2021 -46 8 102 -62 9 118 27.3% 1.60[-0.65,3.85] 2021
Total (95% CI) 195 212 100.0%  -2.56 [-5.74,0.62]

-
-

Heterogeneity: Tau®= 8.32; Chi*= 17.83, df = 3 (P = 0.0005), = 83%

Testfor overall effect Z= 1.58 (P= 0.11) o

-10 10
Favours PPl Favours placebo
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Figure 5. Forest plot showing the mean difference in RSI with Anzi¢'s study removed

Figure 6. Risk of bias summary: judgements about
each risk of bias item for each included study.

Funnel Plot of Standard Error by Difference in means

°o

Standard Error

Difference in means.

Figure 7. Funnel plot of studies assessing the effect on RSI

Funnel Plot of Standard Error by Difference in means

‘Standard Error
o

Figure 8. Funnel plot of studies assessing the effect on RFS
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heterogeneity remained despite removal of this study. (Figure 5)

Two studies with unclear but potentially significant bias came
from the most recent RCT due to the high dropout rate where only
267 out of 346 participants had data from the initial end-of-treatment
assessment.'?? Additionally, only 220 participants were included in the
main statistical tests of analysis. However, the same statistical tests were
done for the pragmatic-intention-to-treat sample, and their data was
reported in the appendices which showed similar findings. All other
studies included in the meta-analysis were generally deemed to have
low risk of bias. (Figure 6)

In order to assess publication bias, funnel plots were created and
analyzed. Visual inspection showed asymmetry of findings for both
sets of studies which assessed the RSI and the RFS. Both funnel plots
showed outlier studies which did not lie within the funnel (Figures 7
and 8). For studies which assessed the effect of PPIs on RS, there is a
gap at the bottom of the funnel which shows a paucity of data from
smaller studies with non-significant effects. This points to the possible
existence of publication bias.

Onthe other hand, the funnel plot for the studies assessing PPl effect
on RFS seems to show some symmetry; however, it can be concluded
that more precise studies are lacking as shown by the gap in the upper
half of the triangle. Two studies are also shown to lie outside of the
funnel plot due to the extreme value of the mean difference found in
these studies.’? A funnel plot for the second analysis involving the
remaining studies was not generated due to there being only two
studies in the analysis.

Ideally, more tests to quantify and assess funnel plot asymmetry
would have been done. However, these tests are not used in the event
of fewer than ten studies since conclusions from these results cannot
be drawn or relied upon.?

DISCUSSION

The use of twice-daily dosing of PPl in the empiric treatment for
LPR has been advocated for years; however, this recommendation has
been drawn mostly from non-randomized and uncontrolled studies.®
There are no current clinical practice guidelines (CPG) from societies of
otolaryngology that specifically or extensively discuss the disease entity
LPR. The only available CPG regarding dysphonia/hoarseness by the
American Academy of Otolaryngology-Head and Neck Surgery (AAO-
HNS) recommends against the use of PPIs forisolated dysphonia without
evidence of laryngeal changes or symptoms of gastroesophageal reflux
disease (GERD).” A separate position statement from the AAO-HNS
simply states that empirical medical treatment may be diagnostic of
LPR.2 There was no mention regarding the application of Belafsky’s
validated instruments (RSI or RFS) in the CPG or position statement,
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and the position statement did not specify medication as the explicit
prescription of PPIs.

Several prospective studies that do report the effectiveness of
PPIs on significantly reducing RSI and/or RFS are either not placebo-
controlled studies or do not have control groups for comparison.?**
Extensive search for placebo-controlled RCTs only vyielded eight
independent data sets (nine articles) that met the eligibility criteria for
our meta-analysis, most of which had relatively small sample sizes. This
clearly shows the need for the conduction of RCTs with larger samples
to create a more precise analysis of the true effect of PPIs in reducing
symptoms and laryngeal findings of LPR. It is also notable that even
with the publication of validated instruments for LPR (i.e. RSl and RFS),
several placebo-controlled RCTs published after 2002 continued to
make use of other symptom questionnaires (such as cough or GERD
questionnaires) and did not apply the RFS3*¥” Three of the RCTs
included in this meta-analysis applied the RFS but not the RSI despite
being published after the creation of the RSI."'82 This is contrary to
the range of observational studies that did make use of both the RSI
and RFS.3 Instead of creating a larger pool of studies which could
have resulted in a potentially more homogenous set of data and a
more precise and powerful meta-analysis, those studies decreased the
number of RCTs that could have been included.

The primary outcome showed that PPl therapy is effective in
symptomatic relief of LPR as shown by the overall mean effect among
studies. It must be stated that, although the overall mean difference
showed a benefit for PPI therapy, the point estimate and corresponding
confidenceinterval may not necessarily translate toaclinically significant
change. Severe reflux disease was defined as an RSl > 13 and RFS > 7.4
If the mean difference of -2.83 were applied, the change would result in
an RSI'> 10, which would still be deemed clinically significant.® This lack
of efficacy was further highlighted when the study with the highest risk
of bias was removed resulting in an overall mean difference in RSI that
was not statistically significant. The same inference may be said for the
RFS. If an overall mean difference of -0.84 were applied, this would not
result in a change that would be clinically significant (RFS > 5).6

The greatest source of heterogeneity was contributed by the most
recently conduct RCT which was also the largest trial to date and
the only published study that did not find PPIs to be effective in the
treatment of LPR."? This may be due to the smaller studies having
poorer methodological quality resulting in larger or inflated effect
sizes.” It is also possible that studies with similar sample sizes which
did not yield significant effects were not published and, thus, did not
contribute to the pool of known data regarding PPI efficacy. This is
evidenced by the funnel plot generated. (Figure 7) This possible list
of unpublished studies, however, was not found during the literature
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search of the reviewers.

Contrary to the popular usage of Higgins I as the marker for
between-study heterogeneity, Borenstein et al. clarify that it is a
proportion between the variance of the true effect versus the variance
in the observed effect, and that it is not automatically used as a
surrogate for heterogeneity.? Hence, the use of prediction intervals has
been suggested toillustrate the range of variance of true effects instead
of the I? value as the former would lead to a more accurate depiction
of dispersion of effects between studies.?*3 Due to the presence of
the outlier articles,’?° heterogeneity was found to be significant as
evidenced by the wide range of the prediction interval which showed
that the true effect size could actually lie on the side of no benefit (upper
limit value of 5.313). The outlier articles prove the need for future RCTs
with larger sample sizes and more rigorous methodology to determine
whether the consistent positive findings of the smaller studies might, in
fact, be due to inherent bias rather than the true effectiveness of PPIs.

The secondary outcome of the effectiveness of PPl therapy on
laryngeal findings (RFS) showed the same tendency for benefit albeit
very small. However, the confidence interval of the overall mean
difference for the two analyses of RFS showed that the benefit was not
significant. This translates to a difference which is also not clinically
significant. Heterogeneity was also noted to be significant as shown
by the wide range of the prediction interval. This heterogeneity may
be due to the differences in the protocols used per study. Although
four out five studies in the first RFS analysis made use of both RSI and
RFS, only two studies”? applied cut-off values for both the RSI and RFS
(RSI' >13 and RFS > 7) as part of their inclusion criteria while one study
only applied the cutoff value of RFS > 7 but did not take into account
the RSI score in the inclusion criteria.® Although Pawar et al. used both
instruments in their analysis, the inclusion criteria was not stringent as
no cut-off values were used in the recruitment process.?' The study of
Shaheen et al. made use of entirely different questionnaires and did not
factor in the RFS in its inclusion criteria.?? The exclusion criteria among
studies also varied widely with one study?' excluding all patients with
signs of acute or chronic sinus disease while two studies specifically
included patients with signs of postnasal drip or chronic sinus
disease.?? All of these variations in inclusion and exclusion criteria may
have contributed to the heterogeneity.

It is interesting to note that this heterogeneity is absent in the
analysis of RSI for the four studies which analyzed both RSI and
RFS.37213 |f prediction intervals were to be computed for these four
common studies alone, the range for the RSl is narrow with a lower limit
of -6.0872 and an upper limit of -1.6528 suggesting a narrow dispersion
or variation between studies. In contrast, the prediction interval for the
RFS of the four same studies is quite wide with a lower limit of -11.7547
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and an upper limit of 9.9147 suggesting a very wide between-study
variation. In this case, it is most probable that the low number of studies
(n=4) actually causes the falsely narrow and falsely wide prediction
interval values for the RSI and RFS, respectively.®

In assessing the possibility of publication bias for studies assessing
RFS, thefunnel plot generated suggested that there waslittle publication
bias since most studies were found on the bottom of the funnel and on
both sides of the mean difference. (Figure 8) This was in contrast to the
funnel plot generated for the RSI which suggested possible publication
bias. It is possible that the apparent absence of publication bias for
RFS is because the RFS as an outcome measure is usually a secondary
outcome while any symptom questionnaire was reported as the primary
outcome. Given this, a small study which reports significant findings
with respect to symptomatic relief would still have to report findings
of the RFS even in the event of non-significant findings.> However, it
was noted that among the seven studies that made use of the RFS, four
studies actually did not find that PPI therapy resulted in a significant
effect in their primary outcome measurement whether it was the RSl or
another questionnaire.'”182122

It was noted that none of the RCTsincluded applied the cut-off values
for the RSI or RFS suggested by Belafsky et al.** in assessing response
or resolution of LPR; rather, all studies computed for the overall mean
score per treatment group with or without the mean difference from
baseline to post-treatment. After contacting the authors of the studies,
only data from Anzi¢'s study were obtained regarding the proportion of
patients with final RFS and RSl scores less than the cut-off. Surprisingly,
only two participants (6.06%) in the PPl group had a post-treatment RSI
less than 13, and eight (24.24%) had an RFS less than 7. It was noted
that zero (0%) and four participants (14.81%) in the placebo group had
an RS less than 13 and RFS less than 7, respectively. Since only one out
of nine studies has data on proportions of patients’ scores, no further
subgroup analysis can be carried out. It may be suggested then for
future researchers to apply these cut-off values as published by Belafsky
et al.*> A further recommendation would be for future researchers to
stratify patients into those with severe disease with RSI greater than
13 and RFS greater than 7 from those with clinically significant disease
with RSI greater than 10 and RFS greater than 5.4¢

It is clear that larger, stringent, placebo-controlled, RCTs studying
the effectiveness of PPl therapy in LPR are still lacking. More so, it is
recommended that future researchers make use of the RSI and RFS
which are validated instruments specifically for LPR instead of other
questionnaires. Although this meta-analysis found that there was
a statistically significant difference in post-treatment RSI scores
favoring PPIs over placebo, this does not necessarily translate to a
clinically significant effect among patients. Given the presence of great
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heterogeneity among studies, possible risk of bias in at least one RCT,
and a lack of reporting using cut-off values suggested by Belafsky for
the RSI and RFS, there is currently insufficient evidence to recommend
for or against the use of PPIs in the treatment of LPR.6

The conduction of larger RCTs with rigorous methodology should
address these current issues in order to create a more scientifically
sound recommendation regarding the treatment of LPR. These future
trials can possibly address the question of PPI efficacy by stratifying
patients based on cut-off values for severe disease (RSI>13 and RFS>7)
and for clinically significant disease (RSI>10and RFS>5) in their inclusion
criteria and outcome measurements instead of purely reporting mean
scores and mean differences. Other areas of variability that should be
addressed by future trials are the exact type of PPI, dosage, frequency,
and minimum duration of therapy.

With regard to side effects, only one RCT reported a single serious
adverse effect possibly related to the treatment.'*?° All others reported
no serious adverse events related to the intake of PPIs. Still, prescribing
PPIs is not without risk, not to mention the potential financial strain
of prolonged treatment. These factors must also be taken into
consideration when weighing the benefit of empiric treatment given
the lack of robust evidence to support it.

As stated, the AAO-HNS recommends against prescribing PPIs for
isolated dysphonia without documenting laryngeal findings suggestive
of reflux disease”” In this age of new out-patient consultation
procedures with the advent of virtual consultations or telemedicine/
telehealth, new layers to the decision-making process for practitioners
are added. One must not only decide whether to prescribe PPIs at all if
a diagnosis of LPR is being considered but, if so, when - during a virtual
consult without the aid of a physical examination or after? We expect
that recommendations that will guide these decisions will continue to
evolve as more studies are developed and published.

Registration and Protocol

A protocol was created and exempted from the authors'institution
ethical board of review (UP Manila Research Ethics Board (UPMREB
2020-714-EX). This review was registered in the Research Grants
Administration Office, University of the Philippines, Manila on January
15,2020 (RGAO-2020-0048).
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