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Abstract

Introduction Chatbot Generative Pre-trained Transformer (ChatGPT) is an artificial intelligence-powered language model
chatbot able to help otolaryngologists in practice and research. The ability of ChatGPT in generating patient-centered infor-
mation related to laryngopharyngeal reflux disease (LPRD) was evaluated.

Methods Twenty-five questions dedicated to definition, clinical presentation, diagnosis, and treatment of LPRD were devel-
oped from the Dubai definition and management of LPRD consensus and recent reviews. Questions about the four aforemen-
tioned categories were entered into ChatGPT-4. Four board-certified laryngologists evaluated the accuracy of ChatGPT-4
with a 5-point Likert scale. Interrater reliability was evaluated.

Results The mean scores (SD) of ChatGPT-4 answers for definition, clinical presentation, additional examination, and treat-
ments were 4.13 (0.52), 4.50 (0.72), 3.75 (0.61), and 4.18 (0.47), respectively. Experts reported high interrater reliability
for sub-scores (ICC =0.973). The lowest performances of ChatGPT-4 were on answers about the most prevalent LPR signs,
the most reliable objective tool for the diagnosis (hypopharyngeal-esophageal multichannel intraluminal impedance-pH
monitoring (HEMII-pH)), and the criteria for the diagnosis of LPR using HEMII-pH.

Conclusion ChatGPT-4 may provide adequate information on the definition of LPR, differences compared to GERD (gastroe-
sophageal reflux disease), and clinical presentation. Information provided upon extra-laryngeal manifestations and HEMII-
pH may need further optimization. Regarding the recent trends identifying increasing patient use of internet sources for
self-education, the findings of the present study may help draw attention to ChatGPT-4’s accuracy on the topic of LPR.
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Introduction

The Chatbot Generative Pre-trained Transformer (Chat-
GPT, OpenlA, CA, USA) is an artificial intelligence-pow-
ered language model that can responds to both simple and
complicated questions in science [1, 2]. The version 3.5 is
free-access, which makes ChatGPT a new source of medi-
cal information for patients. However, ChatGPT information
is not reviewed by practitioners; this is problematic due to
potential misinformation or information that may conflict
with a practitioner’s recommendations [3]. The aim of the
present study was to evaluate the ability of ChatGPT to gen-
erate patient-centered, accurate information surrounding lar-
yngopharyngeal reflux disease (LPRD).

Methods

Twenty-five questions were developed regarding the defi-
nition, clinical presentation, diagnostics, and treatment of
LPRD from the recent Dubai definition and diagnostic crite-
ria of LPRD consensus [International Federation of Otorhi-
nolaryngological Societies (IFOS)] [4].

The Dubai consensus is a Delphi-based international
guideline conducted by IFOS and including 48 experts in
LPRD from five continents. The consensus consists of 38
statements regarding definition, pathophysiology, and differ-
ences compared to gastroesophageal reflux disease (GERD)
(N=3); prevalence/incidence of LPR (N =1); contributing
factors (N=2) and associations with other otolaryngologi-
cal conditions (N=3); symptoms (N=4); findings (N=4);
and additional examinations (N=21; Appendix 1) [4]. In
addition to the Dubai consensus paper, four key recent pub-
lications (reviews and meta-analyses) published in the past
5 years were considered in the establishment of questions
and expected responses [5-8]. These papers were studies
from the IFOS group and report the highest citations and
research interest score (RIS; ResearchGate) metrics in the
LPRD field. The four papers included a state-of-the art
review dedicated to the epidemiology, clinical presenta-
tion and management of LPRD (268 citations; 67 citations/
year; RIS: 81.2) [5]; a systematic review and meta-analysis
of LPRD treatments (149 citations; 30 citations/year; RIS:
58.1) [6], a best practice paper in treatment of LPRD (2
citations; 2 citations/year; RIS: 3.0) [7]; and a contemporary
review of the management of recalcitrant LPRD (40 cita-
tions; 13 citations/year; RIS: 10.5) [8]. The questions are
reported in Table 1. The institutional review board of CHU
Saint-Pierre was not required for this study (ref. CHUST23).
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Chatbot input and output

Questions regarding definition, clinical presentation, diagno-
sis, and treatment of LPRD were entered through the Chat-
GPT-4 interface accessible via the API (https://chat.openai.
com). An example input was: “Could you provide reliable
information concerning laryngopharyngeal reflux disease,
also called extraesophageal reflux disease? My doctor...”.
The chatbot responses in terms of accuracy, comprehensive-
ness, and ‘similarity to a response they would give’ were
analyzed through 5-point Likert scales by four blinded,
board-certified otolaryngologists, fellowship-trained in lar-
yngology [3]. The following definitions of the Likert scores
were considered: 1 =very inaccurate, very incomprehensive,
or very dissimilar to laryngologist response; 2 =inaccurate,
incomprehensive, or dissimilar to laryngologist response,
3 =somewhat accurate, somewhat comprehensive, or
somewhat similar to laryngologist response; 4 = accurate,
comprehensive, or similar to laryngologist response; and
5 =very accurate, very comprehensive, or very similar to
laryngologist response. As proposed by Davis et al. [3], an
output graded between 1 and 3 was defined as a response
less than suitable for patient use.

Statistical analyses

Statistical analyses were performed using the Statistical
Package for the Social Sciences for Windows (SPSS ver-
sion 22,0; IBM Corp, Armonk, NY, USA) and Microsoft
Excel (version 2302; Microsoft, Redmond, WA, USA). The
interrater reliability was evaluated with interrater reliability
coefficients for the ChatGPT-4 sub-scores: definition (/20),
clinical presentation (/25), additional examinations (/30),
and treatment (/50) (Table 1). The consistency was consid-
ered as low, moderate and strong for k < 0.40, 0.40-0.60, and
k> 0.60, respectively.

Results

The accuracy of ChatGPT-4 responses is available in
Table 1. The mean Likert scores of ChatGPT-4 defini-
tion, clinical presentation, additional examinations, and
treatments were 4.13 +0.52, 4.50+0.73, 3.75+0.61, and
4.18 +0.47, respectively. Judges reported high interrater
reliability (Fig. 1). The ChatGPT-4 responses associated
with the lower scores were related to hypopharyngeal-
esophageal multichannel intraluminal impedance-pH
monitoring (HEMII-pH) criteria, the most prevalent signs
of LPR, and the most reliable objective examinations to
make an LPR diagnosis. More specifically, ChatGPT-4
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Table 1 Questions submitted into ChaGPT-4

Question text

L1 L2 L3 L4 Av SD

Definition and epidemiology

1. Are GERD and LPR the same disease? If there are some differences, could you explain them? 4 4 4 4 4.00 0.00
2. What are the pathophysiological mechanisms underlying the development of upper aerodigestive tract 4 5 4 4 4.25 0.50
mucosa inflammation in patients with LPR?
3. Is the diet important in the development of LPR? If yes, can you explain which foods/beverages are sus- 5 5 5 4 475 0.50
pected to be associated with LPR?
4. What is the incidence of LPR symptoms in outpatients consulting in otolaryngology? 4 3 4 3 3.50 0.58
Definition and epidemiology score (/20) 17 17 17 15 16.50 1.00
Symptoms and findings
5. What are the 10 most prevalent symptoms of LPR? 4 5 4 5 4.50 0.58
6. What are the 10 most prevalent signs of laryngopharyngeal reflux? 33 3 4 3.25 0.50
7. Do patients with laryngopharyngeal reflux have frequently heartburn or typical GERD-symptoms? 5 5 5 5 5.00 0.00
8. Is it important to use patient-reported outcome questionnaires in the management of LPR and why? 5 5 5 5 5.00 0.00
9. Is there a significant association between symptom and sign severities in LPR patients? 5 4 5 5 4.75 0.50
Symptom and finding score (/25) 22 22 22 24 225 1.00
Additional examinations
10. Is gastrointestinal endoscopy mostly normal or abnormal in LPR patients? 4 4 4 4 4.00 0.00
11. What is the most reliable objective examinations for the diagnosis of LPR? 4 4 2 3 325 0.96
12. About pH-monitoring studies, what are the most important characteristics of the probe to ensure detection 4 4 3 4 3.75 0.50
of LPR?
13. What are the criteria for objective diagnosis at the pH study? 3 4 2 3 3.00 0.82
14. What are the sensitivity and specificity of pepsin saliva tests (for example, Peptest)? 4 2 4 5 375 1.26
15. Is high-resolution manometry indicated in the management of LPR and for which situation? 5 5 5 4 4.75 0.50
Additional examination score (/30) 24 23 20 23 2250 1.73
Treatments
16. Could you name the several medications that may be used in the treatment of LPR? 5 5 3 3 4.00 1.15
17. Are proton pump inhibitors evidence-based in the management of LPR? 4 4.50 0.58
18. What are the characteristics of pharyngeal reflux events in terms of acidity, patient position of occurrence 4 5 4 4 4.25 0.50
(that is, upright or supine), time of day occurrence (that is, daytime or nighttime)?
19. Are alginate drugs useful in the management of LPR? If yes, why? 5 5 4 5 4.75 0.50
20. Are the findings of HEMII-pH transposable to oropharyngeal pH monitoring (Restech)? 4 3 4 3 3.50 0.58
21. Could you cite 5 reliable differential diagnoses of LPR? 3 4 4 4 3.75 0.50
22. Is fundoplication associated with good postoperative results in the management of LPR? 3 4 3 4 3.50 0.58
23. What is the proportion of patients who do not have symptom improvement of relief after treatment? 35 5 5 4.50 1.00
24. What is the appropriate duration of medical treatment in laryngopharyngeal reflux? 4 5 4 4 4.25 0.50
25. When patients have adequate therapeutic responses, how long does it take for patients to improve? 4 5 5 5 4.75 0.50
Treatment score (/50) 40 46 40 41 41.75 2.87

This list of questions was established by the two authors considering the Dubai Criteria Consensus Statements

did not mention the existence of HEMII-pH and recom-
mended making an objective LPR diagnosis using pH-only
monitoring (without impedance) (Appendix 2). Similarly,
weakly acidic or alkaline pharyngeal reflux events were
not reported in physiological and therapeutic questions.
The responses of ChatGPT-4 regarding pepsin saliva
detection findings were flawed, according to the judges’
evaluations.

Discussion

Laryngopharyngeal reflux is one of the most prevalent
conditions in otolaryngology, accounting for 10% to 30%
of outpatients visits in general otolaryngology [9, 10].
According to the high prevalence and the impact of LPR
on patient quality of life, LPR is a perfect candidate and
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Fig. 1 Interrater reliability. ICC =intraclass correlation

common fodder for internet research by patients who may
be concerned about their symptoms [11, 12] The find-
ings of the present study support that the responses of
ChatGPT-4 are accurate, comprehensive, or similar to a
laryngologist’s response in most categories, including
definition, epidemiology, clinical presentation and treat-
ments. While diagnosis of LPR remains a controversial
topic in otolaryngology and gastroenterology, the recent
studies and consensus papers confirm the usefulness and
reliability of hypopharyngeal-esophageal multichannel
intraluminal impedance-pH monitoring (HEMII-pH) for
the diagnosis. HEMII-pH can provide objective findings
with data on the full esophageal column and further eluci-
date if a reflux event reaches the pharynx [4, 5, 13]. Chat-
GPT-4 does not appear to have knowledge of HEMII-pH
because only dual-probe pH monitoring (acid only detec-
tion without impedance) was mentioned, likely due to an
assumption that LPR is mainly acidic in nature. The lack
of awareness about HEMII-pH may explain the fact that
alginate and magaldrate therapies were not mentioned as
potential therapies for LPR. The accuracy of ChatGPT
in patient education was similarly investigated in other
prevalent otolaryngological diseases including rhino-
plasty recovery [14], sleep apnea [15], thyroid nodules
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[16], oropharyngeal cancer information [3], and sialen-
doscopy clinical findings [17]. In rhinoplasty recovery,
the accuracy of information provided by ChatGPT was
judged as satisfactory, enhancing patient education and
alleviating emotional distress by providing general infor-
mation and reassurance during the recovery process [14].
In sleep apnea, the information provided by ChatGPT was
considered highly reliable without identified incorrect or
dangerous information [15]. The accuracy of ChatGPT in
thyroid nodule education was lower, however, compared
to other otolaryngological fields. Indeed, Campbell et al.
reported that ChatGPT responses were judged as correct
in 69.2% of questions [16]. The poor results of ChatGPT
were supported in oropharyngeal oncology. Davis et al. [3]
observed that ChatGPT responses may not educate patients
to an appropriate degree, and could outright misinform
them, reading at a more difficult grade level than is rec-
ommended for patient material. In sialendoscopy and sali-
vary gland diseases, authors reported a moderate-to-high
agreement between experts and ChatGPT-3.5 responses
[17]. The comparison of our findings with those of the
literature remains difficult for several reasons. First, in
most cases, authors did not specify the used ChatGPT ver-
sion. ChatGPT-4 has been found to be more effective than
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ChatGPT-3.5 in providing references in otolaryngology
[18]. Second, the accuracy of ChatGPT may improve over
time with new versions and information. To date, we have
little information about the hyperparameters of GPT-4
that are set before the learning process begins which can
affect how well a model trains. Third, the accuracy and
performance of ChatGPT may be influenced by the disease
itself—the accuracy of the information of a more contro-
versial condition may be poorer than that of a more well-
understood condition.

This study is the first to investigate the accuracy of Chat-
GPT-4 in providing clinical information related to LPR.
The use of recent Dubai consensus and critical systematic
reviews as an information source as well as the assessment
of accuracy by four blinded LPR experts is an additional
strength. The lack of evaluation of ChatGPT-3.5 accuracy
is the primary limitation of the present study. Moreover,
the reliability of ChatGPT-4 responses over time was not
investigated through regenerated responses but recent stud-
ies suggested that ChatGPT-4, unlike ChatGPT-3.5, reports
high test-retest reliability.

Conclusion

ChatGPT-4 may provide overall adequate information about
the definition of LPR, the difference between LPR and
GERD, and symptoms associated with LPR. However, the
lack of awareness of the usefulness of HEMII-pH testing,
objective criteria diagnosis, weakly acid and alkaline reflux,
and alginate use are major flaws. According to recent trends
identifying increasing patient use of internet sources for self-
education, and the high prevalence of LPR in primary care
practice, otolaryngology, pulmonology and gastroenterol-
ogy, accuracy of ChatGPT with respect to LPR is important
as many patients are likely to use this tool in the future.
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