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Objectives. This study aimed to assess predictors of the response to varying durations of proton pump inhibitor (PPI) use 
and lifestyle modification treatment for laryngopharyngeal reflux disease (LPRD).

Methods. Between October 2014 and June 2016, a prospective, multicenter, open-label, single-cohort, intention-to-treat, 
observational study was conducted at eight referral hospitals across the Republic of Korea to examine predictors of 
early and late response to treatment in adult patients (age ≥19 years) with LPRD. Participants underwent standard 
treatment (PPI [Esomezol] and lifestyle modification) for 3 months. Response to treatment was defined as greater than 
50% improvement in reflux symptom index score. The primary outcome was potential predictors of treatment re-
sponse at 1 and 3 months. The secondary outcome was potential predictors distinguishing early from late responders.

Results. In total, 394 patients were enrolled. Improved sleep habits was a positive predictor (odds ratio [OR], 1.785; 95% 
confidence interval [CI], 1.06–3.007; P=0.029), while initial alcohol consumption (OR, 0.587; 95% CI, 0.355–0.969; 
P=0.037) and past medication history (OR, 0.438; 95% CI, 0.215–0.891; P=0.005) were negative predictors of re-
sponse after 1 month of treatment. High pre-reflux finding score was a positive predictor (OR, 1.187; 95% CI, 1.049– 
1.344; P=0.007), while male sex (OR, 0.516; 95% CI, 0.269–0.987; P=0.046), higher depression score (OR, 0.867; 
95% CI, 0.784–0.958; P=0.005), and past thyroid hormone medication history (OR, 0.161; 95% CI, 0.033–0.788; 
P=0.024) were negative predictors of response after 3 months of treatment. Past medication history (OR, 0.438; 
95% CI, 0.215–0.891; P=0.023) was the only negative predictor for early responders compared to late responders.

Conclusion. Adult patients with LPRD and a history of prior medication use may require longer treatment durations to 
achieve a therapeutic response. Future research should explore the incorporation of diverse treatment approaches to 
improve treatment outcomes for patients exhibiting negative prognostic indicators.

Keywords. Laryngopharyngeal Reflux; Proton Pump Inhibitors; Life Style Modification; Predictive Factor; Patient Compliance; Patient Medi-
cal History; Medication History 
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INTRODUCTION

Laryngopharyngeal reflux disease (LPRD) is differentiated from 
gastroesophageal reflux disease (GERD) as a condition affecting 
the larynx and pharynx due to gastric or duodenal content re-
flux [1]. LPRD is a relatively common disease, with an estimated 
prevalence of up to 4% to 30% among outpatients visiting oto-
rhinolaryngology clinics [2-6]. Recommendations indicate that 
for patients suspected of having LPRD, the reflux symptom index 
(RSI) and reflux finding score (RFS) should be assessed through 
a combination of medical history-taking and a laryngoscopic ex-
amination. 

Empirical proton pump inhibitor (PPI) therapy for 2 to 3 months 
is commonly administered to patients with RSI >13 and/or RFS 
>7, and response to treatment confirms the diagnosis of LPRD 
[1,7-10]. More invasive but objective investigations, such as dou-
ble-probe 24-hour pH monitoring and multi-channel impedance 
studies, are typically reserved for further evaluation of patients 
who do not respond to empirical PPI therapy [11]. Although a 
recent systematic review concluded that the evidence supporting 
PPI therapy for the treatment of LPRD is questionable [12], the 
current management protocol for patients suspected of having 
LPRD involves empirical PPI treatment for 2 to 4 months. Ther-
apeutic lifestyle modifications (TLMs), such as avoiding certain 

foods or altering eating habits [13] and promoting alkaline water 
intake and/or a Mediterranean-style diet [14], have been sug-
gested as additional treatment modalities to enhance the treat-
ment response among patients with LPRD. Despite such efforts 
to improve treatment outcomes in these patients, the response 
rate to PPI and TLMs varies considerably. As a result, identifying 
potential predictors for response to PPI and TLMs in patients 
with LPRD is more important than ever before.

Several studies have assessed differences in baseline charac-
teristics between responders and non-responders to 3 months of 
PPI medication [15-17]. Additionally, in a comparative study, re-
searchers examined disparities in baseline characteristics between 
patients who responded after 1 month of treatment and those 
who responded after 3 months [18]. However, previous clinical 
trials have exclusively focused on the use of PPIs, and the treat-
ment efficacy of various drugs has been evaluated without con-
sidering the impact of TLM on treatment outcomes. Moreover, 
factors commonly observed in clinical practice that may influence 
treatment outcomes, such as underlying comorbidities and med-
ication history, have often been neglected. Furthermore, patient 
compliance with medication and/or lifestyle modifications has 
rarely been incorporated into prior analyses.

Common comorbid diseases in the general population, such 
as diabetes mellitus (DM) and hypertension, have been reported 
as significant risk factors for GERD and LPRD [19,20]. Although 
these risk factors for LPRD—part of the patient’s underlying 
medical history observed in actual clinical practice—may influ-
ence treatment outcomes, their predictive value has been over-
looked and has never been evaluated. Furthermore, the poten-
tial impact of a patient’s underlying medication history on the 
treatment outcome of LPRD has not been assessed.

We hypothesized that treatment compliance, underlying co-
morbidities, and medication history collectively influence the 
treatment response among adult patients with LPRD. Therefore, 
the primary objective of this study was to conduct a compre-
hensive analysis of the predictive factors influencing the re-
sponse to 1- and 3-month treatment courses with a PPI and 
TLM among these patients. The secondary objective was to 
identify potential predictive factors that differentiated early and 
late responders among those who responded to combination 
treatment for LPRD.

	� Improvement in sleep habits positively predicted the response 
to 1-month treatment, while initial alcohol consumption and 
past history of medication negatively predicted the treatment 
outcome.

	� High pre-reflux finding score was a positive predictor of the 
response to 3-month treatment, whereas male sex, elevated 
hospital anxiety and depression scale-depression subscale, and 
a history of thyroid hormone medication use were negative 
predictors.

	� The only negative predictor of early responders relative to late 
responders was the presence of past medication history.

	� To standardize treatment, it is essential to determine the pre-
cise mechanisms of these predictors in relation to the treatment 
response for patients with laryngopharyngeal reflux disease in 
future studies.
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MATERIALS AND METHODS

This study adhered to the World Medical Association’s Declaration 
of Helsinki when conducting this study. It was approved by the 
Institutional Review Board of eight different institutions across 
Korea. Informed consent for participation was acquired from all 
participants. 

A prospective, multicenter, open-label, post-authorized, co-
hort study was conducted at eight different institutions across a 
nation from October 2014 until June 2016. Patients with LPRD 
symptoms, aged 19 years or older, who agreed to participate in 
this study and completed written consent forms were enrolled. 
LPRD diagnosis was defined as patients with RSI ≥13 and RFS 
≥7. Patients who were hospitalized, who were breast feeding, 
and those who had at least 1 of the contraindications to taking 
Esomezol (S-omeprazole strontium tetrahydrate 49.3 mg, Han-
mi Medical) were excluded. In addition, the participants of this 
study were prohibited from taking additional PPIs during the 
study period. The detailed study information and contraindica-
tions to taking Esomezol are available in Supplementary Mate-
rial 1, and the research participants informed consent form are 
available in Supplementary Material 2. 

The participants were treated with combination of once-a-day 
Esomezol along with TLM for 3 months. The detailed instructions 
of the TLM are provided in Supplementary Material 1. The re-
sponse to treatment was defined as more than 50% improvement 
of total RSI compared to pre-treatment baseline. Patients who 
responded to the treatment at 1 month were classified as early 

responders, and those who did not show a response at 1 month 
but showed a response at 3 months were classified as late re-
sponders. 

The information on sex, age, change in body mass index (BMI), 
subjective severity of LPRD (Pre-RSI), objective severity of LPRD 
(Pre-RFS), past history of GERD, family history of LPRD, and 
number of concurrent medications taken during the study peri-
ods was collected as clinical characteristics. The pre-treatment 
hospital anxiety and depression scale-anxiety (HAD-A) and 
-depression (HAD-D) scale questionnaire was conducted to 
evaluate baseline psycho-emotional health, and information on 
compliance with medication and TLM was also gathered at each 
follow-up visit. Additionally, past and current medical history 
were collected and categorized into system organ class (SOC) 
and preferred term (PT) according to the Medical Dictionary 
(MedDRA, version 19.1), with some modifications. Past and 
current medication history were collected and categorized into 
anatomical code (AC) and therapeutic code (TC), according to 
the Anatomical Therapeutic Chemical Classification System 
(ATC, ver. 2017), with some modifications. All of these data 
were evaluated as potential predictors of the treatment response.

A recruitment of 400 patients was planned for this study. The 
detailed information on the estimation of the optimal sample 
size and its power calculation is described in Supplementary 
Material 3. For statistical analysis, Pearson’s chi-square test or 
Fisher’s exact test was performed to evaluate significant differ-
ences in non-continuous variables. The independent t-test was 
performed to compare the difference in continuous variables. 

Fig. 1. Detailed information on recruitment and participant flow. During the study period, 394 participants were enrolled. However, 106 partici-
pants had dropped out by the 1-month follow-up, and an additional 51 participants had dropped out by the 3-month follow-up. Therefore, data 
on 288 participants were utilized for predictor analysis of early response to treatment after 1 month, and data on 237 participants were utilized 
for predictor analysis of overall response to treatment after 3 months, as well as for predicting early responders compared to late responders. 
LPRD, laryngopharyngeal reflux disease.

394 Enrolled participants with LPRD

288 Completed 1-month follow-up visit

237 Completed 3-month follow-up visit

Exclusion
   18 Consent withdrawal
     7 Medication not taken
   81 Follow-up loss

Exclusion
   51 Follow-up loss

Early-responder
vs.

Non-responder

Overall responder
vs.

Non-responder

Early responder
vs.

Late responder
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Multivariate analysis for evaluation of predictors on treatment 
response was performed using logistic regression analysis by the 
forward conditional method. Independent variables that showed 
statistical significance in univariate analysis were included in this 
model along with age, sex, and medication compliance. All anal-
yses were carried out using SAS software (ver. 9.4, SAS Insti-
tute Inc.). A two-tailed P-value of <0.05 was considered statisti-
cally significant.

RESULTS

Recruitment and participant flow
During the study period, a total of 394 patients were enrolled. 
However, 106 patients had dropped out by the 1-month follow-
up, leaving 288 patients eligible for evaluation of the early treat-
ment response. An additional 51 patients had dropped out by 
the 3-month follow-up, resulting in 237 patients eligible for 
evaluation of the overall treatment response and for compara-
tive analysis between early and late responders (Fig. 1).

Univariate analysis of early responders
Detailed results regarding the 1-month combination treatment 
response are summarized in Table 1, and Supplementary Tables 
1-3 in Supplementary Material 4. Of the 288 patients, 124 
(43.06%) were male and 164 (56.94%) were female, with a 
median age of 56 years (range, 19–88 years). A total of 109 pa-
tients demonstrated a response, constituting a 37.85% early re-
sponse rate. Responders had a significantly lower frequency of 
history of GERD (responders vs. non-responders, 35 [32.11%] vs. 
79 [44.13%], respectively; P=0.043), lower pre-RSI (responders 
vs. non-responders, mean±standard deviation of 15.84±4.02 
vs. 16.81±4.12, respectively; P=0.012), and fewer concurrent 
medications (responders vs. non-responders, mean±standard 
deviation of 1.88±3.64 vs. 3.78±6.60, respectively; P=0.007). 
Furthermore, a significantly higher number of responders exhib-
ited improved sleeping habits (responders vs. non-responders, 
43 [39.45%] vs. 50 [27.93%], respectively; P=0.043), and few-
er responders exhibited initial alcohol use (responders vs. non-
responders, 41 [37.61%] vs. 91 [50.84%], P=0.029).

In the analysis of past and current medical history, responders 
reported significantly fewer instances of cardiac disease (SOC; 

Table 1. Univariate analysis of response to 1 month of treatment

Factor
Responder 

(n=109, 37.85%)
Non-responder 

(n=179, 62.15%)
Total 

(n=288)
P-value 

Clinical characteristics
Sex Male 45 (41.28) 79 (44.13) 124 (43.06) 0.636

Female 64 (58.72) 100 (55.87) 164 (56.94)
Age (yr) Average±SD 54.51±11.45 55.40±12.47 55.07±12.08 0.346

Median 55 56 56
Range 21–82 19–88 19–88

BMI change (kg/m2) Average±SD −0.13±0.83 −0.01±1.03 −0.05±0.96 0.074
Median 0 0 0
Range −6.41–1.67 −9.83–7.17 −9.83–7.17

GERD history (−) 74 (67.89) 100 (55.87) 174 (60.42) 0.043*
(+) 35 (32.11)  79 (44.13) 114 (39.58)

LPRD family history (−) 85 (77.98) 152 (84.92) 237 (82.29) 0.135
(+) 24 (22.02)  27 (15.08)  51 (17.71)

Pre-treatment RSI Average±SD 15.84±4.02 16.81±4.12 16.44±4.10 0.012*
Median 14 15 15
Range 13–34 13–35 13–35

Pre-treatment RFS Average±SD 11.51±2.76 11.00±2.48 11.19±2.60 0.117
Median 12 11 11
Range 7–18 7–18 7–18

Number of concurrent medications Average±SD 1.88±3.64 3.78±6.60 3.03±5.73 0.007*
Median 0 1 1
Range 0–20 0–42 0–42

Hospital anxiety and depression scale (HAD)
HAD-A total Average±SD 6.63±3.21 7.16±3.39 6.96±3.32 0.212

Median 6 7 6
Range 1–16 2–17 1–17

HAD-A presence (−) 71 (65.14) 103 (57.54) 174 (60.42) 0.201
(+) 38 (34.86)  76 (42.46) 114 (39.58)

(Continued to the next page)
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Factor
Responder 

(n=109, 37.85%)
Non-responder 

(n=179, 62.15%)
Total 

(n=288)
P-value 

HAD-D total Average±SD 7.21±3.05 7.54±3.05 7.41±3.05 0.389
Median 7 7 7
Range 0–15 0–16 0–16

HAD-D presence (−) 57 (52.29) 91 (50.84) 148 (51.39) 0.811
(+) 52 (47.71) 88 (49.16) 140 (48.61)

Treatment compliance
PPI medication (%) Average±SD 98.82±5.78 98.27±6.13 98.48±6.00 0.274

Median 100 100 100
Range 53.57–100 53.57–100 53.57–100

Sleep habitsa) (−) 66 (60.55) 129 (72.07) 195 (67.71) 0.043*
(+) 43 (39.45) 50 (27.93) 93 (32.29)

Dietary habit 1b) (−) 49 (44.95) 75 (41.90) 124 (43.06) 0.612
(+) 60 (55.05) 104 (58.10) 164 (56.94)

Dietary habit 2c) (−) 51 (46.79) 89 (49.72) 140 (48.61) 0.629
(+) 58 (53.21) 90 (50.28) 148 (51.39)

Dietary habit 3d) (−) 55 (50.46) 89 (49.72) 144 (50.00) 0.903
(+) 54 (49.54) 90 (50.28) 144 (50.00)

Initial alcohol consumption (−) 68 (62.39) 88 (49.16) 156 (54.17) 0.029*
(+) 41 (37.61) 91 (50.84) 132 (45.83)

Alcohol restriction (−) 80 (73.39) 118 (65.92) 198 (68.75) 0.185
(+) 29 (26.61)  61 (34.08)  90 (31.25)

Initial smoking (−) 89 (81.65) 131 (73.18) 220 (76.39) 0.101
(+) 20 (18.35)  48 (26.82)  68 (23.61)

Smoking restriction (−) 98 (89.91) 155 (86.59) 253 (87.85) 0.404
(+) 11 (10.09)  24 (13.41)  35 (12.15)

Past and current medical history
Past medical history (−) 104 (95.41) 168 (93.85) 272 (94.44) 0.576

(+)  5 (4.59) 11 (6.15) 16 (5.56)
SOC

Cardiac (−) 109 (100.00) 176 (98.32) 285 (98.96) 0.292
(+) 0 3 (1.68) 3 (1.04)

Pulmonary (−) 108 (99.08) 178 (99.44) 286 (99.31) 1.000
(+) 1 (0.92) 1 (0.56) 2 (0.69)

Thyroid (−) 108 (99.08) 175 (97.77) 283 (98.26) 0.653
(+) 1 (0.92) 4 (2.23) 5 (1.74)

PT
Coronary disease (−) 109 (100.00) 178 (99.44) 287 (99.65) 1.000

(+) 0  1 (0.56)  1 (0.35)
Thyroid, malignant tumor (−) 108 (99.08) 176 (98.32) 284 (98.61) 1.000

(+) 1 (0.92)  3 (1.68)  4 (1.39)
Current medical history (−) 77 (70.64) 106 (59.22) 183 (63.54) 0.051

(+) 32 (29.36) 73 (40.78) 105 (36.46)
SOC

Cardiac (−) 97 (88.99) 142 (79.33) 239 (92.99) 0.034*
(+) 12 (11.01) 37 (20.67) 49 (17.01)

Pulmonary (−) 107 (98.17) 176 (98.32) 283 (98.26) 1.000
(+)  2 (1.83)  3 (1.68)  5 (1.74)

Endocrine and metabolic (−) 96 (88.07) 157 (87.71) 253 (87.85) 0.927
(+) 13 (11.93) 22 (12.29) 35 (12.15)

Thyroid (−) 104 (95.41) 159 (88.83) 263 (91.32) 0.054
(+)  5 (4.59) 20 (11.17) 25 (8.68)

Table 1. Continued

(Continued to the next page)
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Factor
Responder 

(n=109, 37.85%)
Non-responder 

(n=179, 62.15%)
Total 

(n=288)
P-value 

PT
Hypertension (−) 98 (89.91) 145 (81.01) 243 (84.38) 0.044*

(+) 11 (10.09) 34 (18.99) 45 (15.63)
Diabetes mellitus (−) 103 (94.50) 171 (95.53) 288 (95.14) 0.692

(+)  6 (5.50)  8 (4.47) 14 (4.86)
Dyslipidemia (−) 102 (93.58) 163 (91.06) 265 (92.01) 0.445

(+)  7 (6.42) 16 (8.94) 23 (7.99)
Thyroid, malignant tumor (−) 105 (96.33) 164 (91.62) 269 (93.40) 0.118

(+)  4 (3.67) 15 (8.38) 19 (6.60)
Past and current medication history

Past medication history (−) 86 (78.90) 110 (61.45) 196 (68.06) 0.002*
(+) 23 (21.10)  69 (38.55)  92 (31.94)

AC
Cardiac (−) 97 (88.99) 149 (83.24) 246 (85.42) 0.180

(+) 12 (11.01) 30 (16.76) 42 (14.58)
Pulmonary (−) 106 (97.25) 163 (91.06) 269 (93.40) 0.040*

(+)  3 (2.75) 16 (8.94) 19 (6.60)
Endocrine (−) 101 (92.66) 149 (83.24) 250 (86.81) 0.022*

(+)  8 (7.34)  30 (16.76)  38 (13.19)
TC

Anti-hypertensive (−) 100 (91.74) 154 (86.03) 254 (88.19) 0.145
(+) 9 (8.26) 25 (13.97) 34 (11.81)

Mucoactive (−) 106 (97.25) 163 (91.06) 269 (93.40) 0.040*
(+)  3 (2.75) 16 (8.94) 19 (6.60)

Hypoglycemic agent (−) 105 (96.33) 173 (96.65) 278 (96.53) 1.000
(+) 4 (3.67) 6 (3.35) 10 (3.47)

Thyroid hormone (−) 108 (99.08) 164 (91.62) 272 (94.44) 0.007*
(+) 1 (0.92) 15 (8.38) 16 (5.56)

Current medication history (−) 66 (60.55) 97 (54.19) 163 (56.60) 0.291
(+) 43 (39.45) 82 (45.81) 125 (43.40)

AC
Cardiac (−) 101 (92.66) 155 (86.59) 256 (88.89) 0.112

(+)  8 (7.34) 24 (13.41) 32 (11.11)
Endocrine (−) 101 (92.66) 149 (83.24) 250 (86.81) 0.022*

(+) 8 (7.34) 30 (16.76) 38 (13.19)
Salivary gland (−) 109 (100.00) 171 (95.53) 280 (97.22) 0.026*

(+) 0  8 (4.47)  8 (2.78)
TC

Anti-hypertensive (−) 103 (94.50) 157 (87.71) 260 (90.28) 0.059
(+)  6 (5.50) 22 (12.29) 28 (9.72)

Antiemetic (−) 109 (100.00) 172 (96.06) 281 (97.57) 0.047*
(+) 0  7 (3.91)  7 (2.43)

Hypoglycemic agent (−) 105 (96.33) 173 (96.65) 278 (96.53) 1.000
(+)  4 (3.67)  6 (3.35) 10 (3.47)

Thyroid hormone (−) 107 (98.17) 164 (91.62) 271 (94.10) 0.022*
(+)  2 (1.83) 15 (8.38) 17 (5.90)

Sialogogue (−) 109 (100.00) 171 (95.53) 280 (97.22) 0.026*
(+) 0  8 (4.47)  8 (2.78)

Values are presented as number (%) unless otherwise indicated.
SD, standard deviation; BMI, body mass index; GERD, gastroesophageal reflux disease; LPRD, laryngopharyngeal reflux disease; RSI, reflux symptom in-
dex; RFS, reflux finding score; HAD-A, hospital anxiety and depression scale-anxiety; HAD-D, hospital anxiety and depression scale-depression; PPI, pro-
ton pump inhibitor; SOC, system organ class; PT, preferred term; AC, anatomical code; TC, therapeutic code.
a)Elevate head by 10–15 cm during sleep. b)Consume no food or drink 2–3 hours before going to bed. c)Eat small meals, and eat slowly. d)Avoid caffeine, 
soft drinks, chocolate, peppermint, tomato, citrus fruits, greasy food, fried foods, and red wine.
*Statistically significant, P<0.05.

Table 1. Continued
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responders vs. non-responders, 12 [11.01%] vs. 37 [20.67%], 
respectively; P=0.034) and hypertension (PT; responders vs. 
non-responders, 11 [10.09%] vs. 34 [18.99%], respectively; 
P=0.044). Regarding past and current medication history, re-
sponders had a significantly lower prevalence of past medication 
use (responders vs. non-responders, 23 [21.10%] vs. 69 [38.55%], 
respectively; P=0.002), particularly in the areas of pulmonary 
(responders vs. non-responders, 3 [2.75%] vs. 16 [8.94%], re-
spectively; P=0.040) and endocrine medications (responders 
vs. non-responders, 8 [7.34%] vs. 20 [16.76%], respectively; 
P=0.022) regarding AC, as well as mucoactive drugs (respond-
ers vs. non-responders, 3 [2.75%] vs. 16 [8.94%], respectively; 
P=0.040) and thyroid hormones (responders vs. non-respond-

ers, 1 [0.92%] vs. 15 [8.38%], respectively; P=0.007) regard-
ing TC. For current medication use, fewer responders were tak-
ing endocrine (responders vs. non-responders, 8 [7.34%] vs.  
30 [16.76%], respectively; P=0.022) and salivary gland medica-
tions (responders vs. non-responders, 0 [0.00%] vs. 8 [4.47%], 
respectively; P=0.026) for AC, as well as thyroid hormones (re-
sponders vs. non-responders, 2 [1.83%] vs. 15 [8.38%], respec-
tively; P=0.022) and sialogogues (responders vs. non-respond-
ers, 0 [0.00%] vs. 8 [4.47%], respectively; P=0.026) for  TC. 

Univariate analysis of overall response
Detailed results regarding the overall response to 3 months of 
combination treatment are summarized in Table 2 and Supple-

(Continued to the next page)

Table 2. Univariate analysis of response to 3 months of treatment

Factor
Responder 

(n=162, 68.35%)
Non-responder 
(n=75, 31.65%)

Total 
(n=237)

P-value

Clinical characteristics
Sex Male 73 (45.06) 33 (44.00) 106 (44.73) 0.879

Female 89 (54.94) 42 (56.00) 131 (55.27)
Age (yr) Average±SD 55.08±11.25 54.81±12.98 55.00±11.08 0.963

Median 56 56 56
Range 21–82 19–88 19–88

BMI change (kg/m2) Average±SD −0.08±0.79 −0.16±1.18 −0.10±0.93 0.722
Median 0 0 0
Range −6.41–4.45 −9.83–1.06 −9.83–4.45

GERD history (−) 105 (64.81) 39 (52.00) 144 (60.76) 0.060
(+)  57 (35.19) 36 (48.00)  93 (39.24)

LPRD family history (−) 128 (79.01) 64 (85.33) 192 (81.01) 0.249
(+) 34 (20.99) 11 (14.67)  45 (18.99)

Pre-treatment RSI Average±SD 16.27±4.28 17.48±4.28 16.65±4.31 0.010* 
Median 15 16 15
Range 13–35 13–30 13–35

Pre-treatment RFS Average±SD 11.57±2.71 10.59±2.47 11.26±2.67 0.012*
Median 12 10 11
Range 7–18 7–18 7–18

Number of concurrent medications Average±SD 2.64±5.46 4.21±7.19 3.14±6.09 0.153
Median 0.5 1 1
Range 0–42 0–37 0–42

Hospital anxiety and depression scale (HAD)
HAD-A total Average±SD 6.64±3.25 7.68±3.48 6.97±3.35 0.021*

Median 6 8 6
Range 1–16 2–17 1–17

HAD-A presence (−) 105 (64.18) 37 (49.33) 142 (59.92) 0.024*
(+)  57 (35.19) 38 (50.67)  95 (40.08)

HAD-D total Average±SD 7.03±2.97 8.19±3.15 7.40±3.07 0.018*
Median 7 8 7
Range 0–15 2–16 0–16

HAD-D presence (−) 88 (54.32) 35 (46.67) 123 (51.90) 0.273
(+) 74 (45.68) 40 (53.33) 114 (48.10)

Treatment compliance
PPI medication (%) Average±SD 98.37±6.12 98.38±7.19 98.38±6.46 0.664

Median 100 100 100
Range 53.57–100 53.57–100 53.57–100
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(Continued to the next page)

Factor
Responder 

(n=162, 68.35%)
Non-responder 
(n=75, 31.65%)

Total 
(n=237)

P-value

Sleep habitsa) (−) 107 (66.05) 55 (73.33) 162 (68.35) 0.262
(+) 55 (33.95) 20 (26.67) 75 (31.65)

Dietary habit 1b) (−) 64 (39.51) 32 (42.67) 96 (40.51) 0.645
(+) 98 (60.49) 43 (57.33) 141 (59.49)

Dietary habit 2c) (−) 78 (48.15) 35 (46.67) 113 (47.68) 0.832
(+) 84 (51.85) 40 (53.33) 124 (52.32)

Dietary habit 3d) (−) 83 (51.23) 35 (46.67) 118 (49.79) 0.513
(+) 79 (48.77) 40 (53.33) 119 (50.21)

Initial alcohol consumption (−) 89 (54.94) 38 (50.67) 127 (53.59) 0.540
(+) 73 (45.06) 37 (49.33) 110 (46.41)

Alcohol restriction (−) 38 (23.46) 21 (28.00) 59 (24.89) 0.557
(+) 115 (70.99) 56 (74.67) 171 (75.11)

Initial smoking (−) 124 (76.54) 54 (72.00) 178 (75.11) 0.452
(+) 38 (23.46) 21 (28.00) 59 (24.89)

Smoking restriction (−) 16 (9.88) 10 (13.33) 26 (10.97) 0.428
(+) 146 (90.12) 65 (86.67) 211 (89.03)

Past and current medical history
Past medical history (−) 152 (93.83) 72 (96.00) 224 (94.51) 0.760

(+) 10 (6.17) 3 (4.00) 16 (5.56)
SOC

Cardiac (−) 160 (98.77) 75 (100.00) 235 (99.16) 1.000
(+)  2 (1.23) 0  2 (0.84)

Pulmonary (−) 160 (98.77) 75 (100.00) 235 (99.16) 1.000
(+)  2 (1.23) 0  2 (0.84)

Thyroid (−) 159 (98.15) 74 (98.67) 233 (98.31) 1.000
(+)  3 (1.85) 1 (1.33)  4 (1.69)

PT
Coronary disease (−) 161 (99.38) 75 (100.00) 237 (99.58) 1.000

(+)  1 (0.62) 0  1 (0.42)
Thyroid, malignant tumor (−) 159 (98.15) 74 (98.67) 233 (98.31) 1.000

(+)  3 (1.85) 1 (1.33)  4 (1.69)
Current medical history (−) 111 (68.52) 40 (53.33) 151 (63.71) 0.024*

(+) 51 (31.48) 35 (46.67) 86 (36.29)
SOC

Cardiac (−) 137 (84.57) 60 (80.00) 197 (83.12) 0.383
(+)  25 (15.43) 15 (20.00)  40 (16.88)

Pulmonary (−) 159 (98.15) 74 (98.67) 233 (98.31) 1.000
(+)  3 (1.85) 1 (1.33) 4 (1.69)

Endocrine and metabolic (−) 139 (85.80) 67 (89.33) 206 (86.92) 0.453
(+)  23 (14.20)  8 (10.67) 31 (13.08)

Thyroid (−) 155 (95.68) 61 (81.33) 216 (91.14) 0.0003*
(+)  7 (4.32) 14 (18.67) 21 (8.86)

PT
Hypertension (−) 138 (85.19) 62 (82.67) 200 (84.39) 0.619

(+) 24 (14.81) 13 (17.33) 37 (15.61)
Diabetes mellitus (−) 153 (94.44) 72 (96.00) 225 (94.94) 0.757

(+) 9 (5.56) 3 (4.00) 12 (5.06)
Dyslipidemia (−) 147 (90.74) 70 (93.33) 217 (91.56) 0.504

(+) 15 (9.26) 5 (6.67) 20 (8.44)
Thyroid, malignant tumor (−) 158 (97.53) 63 (84.00) 221 (93.25) 0.0001*

(+)  4 (2.47) 12 (16.00) 16 (6.75)

Table 2. Continued
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Factor
Responder 

(n=162, 68.35%)
Non-responder 
(n=75, 31.65%)

Total 
(n=237)

P-value

Past and current medication history
Past medication history (−) 119 (73.46) 46 (61.33) 165 (69.62) 0.059

(+)  43 (26.54) 29 (38.67)  72 (30.38)
AC

Cardiac (−) 138 (85.19) 69 (92.00) 207 (87.34) 0.142
(+) 24 (14.81) 6 (8.00)  30 (12.66)

Pulmonary (−) 154 (95.06) 66 (88.00) 220 (92.83) 0.050
(+)  8 (4.94)  9 (12.00) 17 (7.17)

Endocrine (−) 145 (89.51) 61 (81.33) 206 (86.92) 0.083
(+) 17 (10.49) 14 (18.67) 31 (13.08)

TC
Anticoagulant (−) 150 (92.59) 74 (98.67) 224 (94.51) 0.068

(+) 12 (7.41) 1 (1.33) 13 (5.49)
Anti-hypertensives (−) 142 (87.65) 70 (93.33) 212 (89.45) 0.186

(+)  20 (12.35) 5 (6.67)  25 (10.55)
Mucoactive (−) 154 (95.06) 66 (88.00) 220 (92.83) 0.050

(+)  8 (4.94)  9 (12.00) 17 (7.17)
Hypoglycemic agent (−) 155 (95.68) 74 (98.67) 229 (96.62) 0.441

(+)  7 (4.32) 1 (1.33)  8 (3.38)
Thyroid hormone (−) 159 (98.15) 65 (86.67) 224 (94.51) 0.001*

(+)  3 (1.85) 10 (13.33) 13 (5.49)
Osteoporosis (−) 159 (98.15) 70 (93.33) 229 (96.62) 0.113

(+)  3 (1.85) 5 (6.67)  8 (3.38)
Current medication history (−) 95 (58.64) 46 (61.33) 141 (59.49) 0.695

(+) 67 (41.36) 29 (38.67) 96 (40.51)
AC

Cardiac (−) 145 (89.51) 68 (90.67) 213 (89.87) 0.783
(+) 17 (10.49) 7 (9.33) 24 (10.13)

Pulmonary (−) 133 (82.10) 61 (81.33) 194 (81.86) 0.887
(+) 29 (17.90) 14 (18.67) 43 (18.14)

Endocrine (−) 145 (89.51) 60 (80.00) 205 (86.50) 0.046*
(+) 17 (10.49) 15 (20.00) 32 (13.50)

Salivary gland (−) 160 (98.77) 71 (94.67) 231 (97.47) 0.082
(+) 2 (1.23) 4 (5.33)  6 (2.53)

TC
Anticoagulant (−) 154 (95.06) 75 (100.00) 229 (96.62) 0.059

(+) 8 (4.94) 0 8 (3.38)
Anti-hypertensives (−) 146 (90.12) 69 (92.00) 215 (90.72) 0.643

(+) 16 (9.88) 6 (8.00) 22 (9.28)
Gastrointestinal protectant (−) 154 (95.06) 65 (86.67) 219 (92.41) 0.023*

(+)  8 (4.94) 10 (13.33) 18 (7.59)
Antiemetic (−) 161 (99.38) 69 (92.00) 230 (97.05) 0.005*

(+)  1 (0.62) 6 (8.00)  7 (2.95)
Hypoglycemic agent (−) 156 (96.30) 73 (97.33) 229 (96.62) 1.000

(+)  6 (3.70) 2 (2.67)  8 (3.38)
Thyroid hormone (−) 157 (96.91) 65 (86.67) 222 (93.67) 0.007*

(+)  5 (3.09) 10 (13.33) 15 (6.33)
Sialogogue (−) 160 (98.77) 71 (94.67) 231 (97.47) 0.082

(+)  2 (1.23) 4 (5.33)  6 (2.53)

Values are presented as number (%) unless otherwise indicated.
SD, standard deviation; BMI, body mass index; GERD, gastroesophageal reflux disease; LPRD, laryngopharyngeal reflux disease; RSI, reflux symptom in-
dex; RFS, reflux finding score; HAD-A, hospital anxiety and depression scale-anxiety; HAD-D, hospital anxiety and depression scale-depression; PPI, pro-
ton pump inhibitor; SOC, system organ class; PT, preferred term; AC, anatomical code; TC, therapeutic code.
a)Elevate head by 10–15 cm during sleep. b)Consume no food or drink 2–3 hours before going to bed. c)Eat small meals, and eat slowly. d)Avoid caffeine, 
soft drinks, chocolate, peppermint, tomato, citrus fruits, greasy food, fried foods, and red wine.
*Statistically significant, P<0.05.

Table 2. Continued
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mentary Tables 4-6 in Supplementary Material 4. Of the 237 pa-
tients who completed the 3-month follow-up, 106 (44.73%) 
were male and 131 (55.27%) were female, with a median age 
of 56 years (range, 19 to 88 years). A total of 162 patients dem-
onstrated a response, resulting in a 68.35% overall response rate. 
Responders exhibited significantly lower pre-RSI scores (respond-
ers vs. non-responders, mean±standard deviation of 16.27±

4.28 vs. 17.48±4.28, respectively; P=0.010) and higher pre-
RFS scores (responders vs. non-responders, mean±standard de-
viation of 11.57±2.71 vs. 10.59±2.47, respectively; P=0.012). 
Anxiety was significantly less frequent among responders (re-
sponders vs. non-responders, 57 [35.19%] vs. 38 [50.67%], re-
spectively; P=0.024), and both the total HAD-A score (respond-
ers vs. non-responders, mean±standard deviation of 6.64±3.25 
vs. 7.68±3.48, respectively; P=0.021) and total HAD-D score 
(responders vs. non-responders, mean±standard deviation of 
7.03±2.97 vs. 8.19±3.15, respectively; P=0.018) were signifi-
cantly lower among responders.

Regarding past and current medical history, significantly fewer 
responders had a current medical history (responders vs. non-
responders, 51 [31.48%] vs. 35 [46.67%], respectively; P=0.024), 

particularly of thyroid disease (SOC; responders vs. non-re-
sponders, 7 [4.32%] vs. 14 [18.67%], respectively; P=0.0003) 
and malignant thyroid mass (PT; responders vs. non-responders, 
4 [2.47%] vs. 12 [16.00%], respectively; P=0.0001). In terms 
of past and current medication history, significantly fewer re-
sponders had a past medication history of thyroid hormone (re-
sponders vs. non-responders, 3 [1.85%] vs. 10 [13.33%], re-
spectively; P=0.001) in the TC category. Additionally, signifi-
cantly fewer responders were taking endocrine medications (re-
sponders vs. non-responders, 17 [10.49%] vs. 15 [20.00%], re-
spectively; P=0.046) in the AC category, as well as gastrointesti-
nal tract mucosal cytoprotectants (responders vs. non-respond-
ers, 8 [4.94%] vs. 10 [13.33%], respectively; P=0.023), anti-
emetics (responders vs. non-responders, 1 [0.62%] vs. 6 [8.00%], 
respectively; P=0.005), or thyroid hormone (responders vs. non-
responders, 5 [3.09%] vs. 10 [13.33%], respectively; P=0.007) 
in the TC category among current medications. 

Univariate analysis of early versus late responders
Detailed results comparing early and late responders can be found 
in Table 3 and Supplementary Tables 7-9 in Supplementary Ma-

Table 3. Univariate comparative analysis between early and late responders

Factor
Early responder
(n=92, 56.79%)

Late responder
(n=70, 43.21%)

Total 
(n=162)

P-value

Clinical characteristics
Sex Male 41 (44.57) 32 (45.71) 73 (45.06) 0.884

Female 51 (55.43) 38 (54.29) 89 (54.94)
Age (yr) Average±SD 54.10±11.65 56.37±10.64 55.08±11.25 0.160

Median 54.5 57 56
Range 21–82 33–75 21–82

BMI change (kg/m2) Average±SD −0.16±0.88 0.04±0.65 −0.08±0.79 0.065
Median 0 0 0
Range −6.41–1.67 −1.54–4.45 −6.41–4.45

GERD history (−) 64 (69.57) 41 (58.57) 105 (64.81) 0.147
(+) 28 (30.43) 29 (41.43) 57 (35.19)

LPRD family history (−) 69 (75.00) 59 (84.29) 128 (79.01) 0.151
(+) 23 (25.00) 11 (15.71) 34 (20.99)

Pre-treatment RSI Average±SD 15.86±4.19 16.80±4.36 16.27±4.28 0.042*
Median 14 15 15
Range 13–34 13–35 13–35

Pre-treatment RFS Average±SD 11.61±2.81 11.51±2.60 11.57±2.71 0.776
Median 12 11 12
Range 7–18 7–18 7–18

Number of concurrent medications Average±SD 1.92±3.87 3.59±6.95 2.64±5.46 0.033*
Median 0 1 0.5
Range 0–20 0–42 0–42

Hospital anxiety and depression scale (HAD)
HAD-A total Average±SD 6.46±3.09 6.87±3.47 6.64±3.25 0.551

Median 6 6.5 6
Range 1–15 2–16 1–16

HAD-A presence (−) 62 (67.39) 43 (61.43) 105 (64.81) 0.431
(+) 30 (32.61) 27 (38.57) 57 (35.19)

(Continued to the next page)
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Table 3. Continued

Factor
Early responder
(n=92, 56.79%)

Late responder
(n=70, 43.21%)

Total 
(n=162)

P-value

HAD-D total Average±SD 7.24±2.96 6.76±2.99 7.03±2.97 0.396
Median 7 7 7
Range 1–15 0–14 0–15

HAD-D presence (−) 47 (51.09) 41 (58.57) 88 (54.32) 0.344
(+) 45 (48.91) 29 (41.43) 74 (45.68)

Treatment compliance
PPI medication (%) Average±SD 98.60±6.27 98.07±5.95 98.37±6.12 0.529

Median 100 100 100
Range 53.57–100 71.43–100 53.57–100

Sleep habitsa) (−) 56 (60.87) 51 (72.86) 107 (66.05) 0.111
(+) 36 (39.13) 19 (27.14) 55 (33.95)

Dietary habit 1b) (−) 39 (42.39) 25 (35.71) 64 (39.51) 0.389
(+) 53 (57.61) 45 (64.29) 98 (60.49)

Dietary habit 2c) (−) 41 (44.57) 37 (52.86) 78 (48.15) 0.295
(+) 51 (55.43) 33 (47.14) 84 (51.85)

Dietary habit 3d) (−) 47 (51.09) 36 (51.43) 83 (51.23) 0.966
(+) 45 (48.91) 34 (48.57) 79 (48.77)

Initial alcohol consumption (−) 56 (60.87) 33 (47.14) 89 (54.94) 0.082
(+) 36 (39.13) 37 (52.86) 73 (45.06)

Alcohol restriction (−) 24 (26.09) 23 (32.86) 47 (29.01) 0.347
(+) 68 (73.91) 47 (67.14) 115 (70.99)

Initial smoking (−) 74 (80.43) 50 (71.43) 124 (76.54) 0.180
(+) 18 (19.57) 20 (28.57) 38 (23.46)

Smoking restriction (−) 8 (8.70) 8 (11.43) 16 (9.88) 0.564
(+) 84 (91.30) 62 (88.57) 146 (90.12)

Past and current medical history
Past medical history (−) 88 (95.65) 64 (91.43) 152 (93.83) 0.331

(+) 4 (4.35) 6 (8.57) 10 (6.17)
SOC

Cardiac (−) 92 (100.00) 68 (97.14) 160 (98.77) 0.185
(+) 0 2 (2.86) 2 (1.23)

Pulmonary (−) 91 (98.91) 69 (98.57) 160 (98.77) 1.000
(+) 1 (1.09) 1 (1.43) 2 (1.23)

Thyroid (−) 91 (98.91) 68 (97.14) 159 (98.15) 0.579
(+) 1 (1.09) 2 (2.86) 3 (1.85)

PT
Coronary disease (−) 92 (100.00) 69 (98.57) 161 (99.38) 0.432

(+) 0 1 (1.43) 1 (0.62)
Thyroid, malignant tumor (−) 91 (98.91) 68 (97.14) 159 (98.15) 0.579

(+) 1 (1.09) 2 (2.86) 3 (1.85)
Current medical history (−) 66 (71.74) 45 (64.29) 111 (68.52) 0.312

(+) 26 (28.26) 25 (35.71) 51 (31.48)
SOC

Cardiac (−) 82 (89.13) 55 (78.57) 137 (84.57) 0.065
(+) 10 (10.87) 15 (21.43) 25 (15.43)

Pulmonary (−) 90 (97.83) 69 (98.57) 159 (98.15) 1.000
(+) 2 (2.17) 1 (1.43) 3 (1.85)

Endocrine and metabolic (−) 81 (88.04) 58 (82.86) 139 (85.80) 0.349
(+) 11 (11.96) 12 (17.14) 23 (14.20)

Thyroid (−) 88 (95.65) 67 (95.71) 155 (95.68) 1.000
(+) 4 (4.35) 3 (4.29) 7 (4.32)

(Continued to the next page)
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Factor
Early responder
(n=92, 56.79%)

Late responder
(n=70, 43.21%)

Total 
(n=162)

P-value

PT
Hypertension (−) 83 (90.22) 55 (78.57) 138 (85.19) 0.039*

(+) 9 (9.78) 15 (21.43) 24 (14.81)
Diabetes mellitus (−) 88 (95.65) 65 (92.86) 153 (94.44) 0.502

(+) 4 (4.35) 5 (7.14) 9 (5.56)
Dyslipidemia (−) 86 (93.48) 61 (87.14) 147 (90.74) 0.168

(+) 6 (6.52) 9 (12.86) 15 (9.26)
Thyroid, malignant tumor (−) 89 (96.74) 69 (98.57) 158 (97.53) 0.634

(+) 3 (3.26) 1 (1.43) 4 (2.47)
Past and current medication history

Past medication history (−) 74 (80.43) 45 (64.29) 119 (73.46) 0.021*
(+) 18 (19.57) 25 (35.71) 43 (26.54)

AC
Cardiac (−) 82 (89.13) 56 (80.00) 138 (85.19) 0.105

(+) 10 (10.87) 14 (20.00) 24 (14.81)
Pulmonary (−) 89 (96.74) 65 (92.86) 154 (95.06) 0.293

(+) 3 (3.26) 5 (7.14) 8 (4.94)
Endocrine (−) 86 (93.48) 59 (84.29) 145 (89.51) 0.059

(+) 6 (6.52) 11 (15.71) 17 (10.49)
TC

Anti-hypertensives (−) 84 (91.30) 58 (82.86) 142 (87.65) 0.105
(+) 8 (8.70) 12 (17.14) 20 (12.35)

Mucoactive (−) 89 (96.74) 65 (92.86) 154 (95.06) 0.293
(+) 3 (3.26) 5 (7.14) 8 (4.94)

Hypoglycemic agent (−) 90 (97.83) 65 (92.86) 155 (95.68) 0.241
(+) 2 (2.17) 5 (7.14) 7 (4.32)

Thyroid hormone (−) 91 (98.97) 68 (97.14) 159 (98.15) 0.579
(+) 1 (1.09) 2 (2.86) 3 (1.85)

Current medication history (−) 58 (63.04) 37 (52.86) 95 (58.64) 0.192
(+) 34 (36.96) 33 (47.14) 67 (41.36)

AC
Cardiac (−) 86 (93.48) 59 (84.29) 145 (89.51) 0.059

(+) 6 (6.52) 11 (15.71) 17 (10.49)
Endocrine (−) 86 (93.48) 59 (84.29) 145 (89.51) 0.059

(+) 6 (6.52) 11 (15.71) 17 (10.49)
Salivary gland (−) 92 (100.00) 68 (97.14) 160 (98.77) 0.185

(+) 0 2 (2.86) 2 (1.23)
TC

Anti-hypertensives (−) 87 (94.57) 59 (84.29) 146 (90.12) 0.030*
(+) 5 (5.43) 11 (15.71) 16 (9.88)

Hypoglycemic agent (−) 90 (97.83) 66 (94.29) 156 (96.30) 0.404
(+) 2 (2.17) 4 (5.71) 6 (3.70)

Anti-hyperlipidemic (−) 89 (96.74) 63 (90.00) 152 (93.83) 0.102
(+) 3 (3.26) 7 (10.00) 10 (6.17)

Thyroid hormone (−) 90 (97.83) 67 (95.71) 157 (96.91) 0.653
(+) 2 (2.17) 3 (4.29) 5 (3.09)

Sialogogue (−) 92 (100.00) 68 (97.14) 160 (98.77) 0.185
(+) 0 2 (2.86) 2 (1.23)

Values are presented as number (%) unless otherwise indicated.
SD, standard deviation; BMI, body mass index; GERD, gastroesophageal reflux disease; LPRD, laryngopharyngeal reflux disease; RSI, reflux symptom in-
dex; RFS, reflux finding score; HAD-A, hospital anxiety and depression scale-anxiety; HAD-D, hospital anxiety and depression scale-depression; PPI, pro-
ton pump inhibitor; SOC, system organ class; PT, preferred term; AC, anatomical code; TC, therapeutic code.
a)Elevate head by 10–15 cm during sleep. b)Consume no food or drink 2–3 hours before going to bed. c)Eat small meals, and eat slowly. d)Avoid caffeine, 
soft drinks, chocolate, peppermint, tomato, citrus fruits, greasy food, fried foods, and red wine.
*Statistically significant, P<0.05.
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Table 4. Results of multivariate analysis

Factor Estimate Odds ratio 95% CI P-value

Predictor of response to 1 month of treatment 
Sleep habits (reference: [−])  0.580  1.785  1.06–3.007 0.029*
Initial alcohol consumption (reference: [−]) −0.533  0.587 0.355–0.969 0.037*
Presence of past medication history (reference: [−]) −0.826  0.438 0.215–0.891 0.005*
Current medication history, TC, sialogogue (reference: [−]) −14.790 <0.001 <0.001–>999.999 0.983

Predictors of response to 3 months of treatment
Male sex (reference: female) −0.663 0.516 0.269–0.987 0.046*
HAD-D total −0.143 0.867 0.784–0.958 0.005*
Pre-treatment RFS 0.172 1.187 1.049–1.344 0.007*
Current medical history, SOC, thyroid (reference: [−]) −1.038 0.354 0.109–1.153 0.085
Past medication history, TC, thyroid hormone (reference: [−]) −1.827 0.161 0.033–0.788 0.024*

Predictors of early responders compared to late responders
Presence of past medication history (reference : [−]) −0.826 0.438 0.215–0.891 0.023*

CI, confidence interval; TC, therapeutic code; HAD-D, hospital anxiety and depression scale-depression; RFS, reflux finding score; SOC, system organ 
class.
*Statistically significant, P<0.05.

terial 4. Of the 162 responders, 92 (56.79%) were classified as 
early responders, while 70 (43.21%) were considered late re-
sponders. The early responders demonstrated significantly lower 
pre-RSI scores (early responders vs. late responders, mean±

standard deviation of 15.86±4.19 vs. 16.80±4.36, respectively; 
P=0.042) and fewer concurrent medications (early responders 
vs. late responders, mean±standard deviation of 1.92±3.87 vs. 
3.59±6.95, respectively; P=0.033).

Regarding past and current medical history, early responders 
in the PT category had a significantly lower frequency of cur-
rent hypertension compared to late responders (9 [9.78%] vs. 
15 [21.43%], respectively; P=0.039). Furthermore, a significant-
ly smaller proportion of early responders had a history of past 
medication use (early responders vs. late responders, 18 [19.57%] 
vs. 25 [35.71%], respectively; P=0.021), and fewer early re-
sponders were currently taking antihypertensive medications in 
the TC category (early responders vs. late responders, 5 [5.43%] 
vs. 11 [15.71%], respectively; P=0.030).

Multivariate analysis of predictive factors
Detailed results of the multivariate analysis are summarized in 
Table 4. Compliance with sleep improvement recommendation 
was a positive predictive factor (odds ratio [OR], 1.785; 95% 
confidence interval [CI], 1.06–3.007; P=0.029), while initial al-
cohol status (OR, 0.587; 95% CI, 0.355–0.969; P=0.037) and 
the presence of a past medication history (OR, 0.438; 95% CI, 
0.215–0.891; P=0.005) were negative predictive factors for early 
responders. Furthermore, male sex (OR, 0.516; 95% CI, 0.269–
0.987; P=0.046), HAD-D total score (OR, 0.867; 95% CI, 0.784–
0.958; P=0.005), and a past medication history of thyroid hor-
mone in the TC category (OR, 0.161; 95% CI, 0.033–0.788; 
P=0.024) were negative predictive factors, while pre-RFS (OR, 
1.187; 95% CI, 1.049–1.344; P=0.007) was a positive predic-
tive factor for overall responders. The multivariate analysis com-

paring early and late responders revealed that only the presence 
of a past medication history (OR, 0.438; 95% CI, 0.215–0.891; 
P=0.023) was a negative predictive factor for early responders 
relative–late responders.

DISCUSSION

The study results revealed that compliance with instructions for 
improved sleep habits, initial alcohol consumption, and history 
of past medication were significant predictors of early response 
to PPI and TLM treatment. Furthermore, sex, HAD-D total score, 
pre-RFS, and history of thyroid hormone medication were sig-
nificant predictors for response to 3 months of treatment. Lastly, 
history of past medication was the sole negative predictor when 
comparing early and late responders.

The standard management algorithm for LPRD typically in-
volves the use of PPI medication in conjunction with TLM [1,10]. 
However, PPI medication is often used alone due to poor com-
pliance with TLM. While using PPIs alone may improve treatment 
adherence, recent studies have cast doubt on their efficacy in 
treating LPRD. According to a systematic review, six of nine sys-
tematic reviews/meta-analyses concluded that PPI therapy is not 
superior to a placebo [12]. Another systematic review and meta-
analysis determined that PPIs only have a slight advantage over 
placebos [21]. Various TLM algorithm combinations have been 
proposed for LPRD [13,14]. In our study, we employed a com-
bination treatment that included PPI medication along with mod-
ifications to dietary and sleeping habits, weight reduction as in-
dicated by changes in BMI, and restrictions on alcohol consump-
tion and smoking.

Few previous reports have attempted to identify potential 
predictors for response to PPI treatment among patients with 
LPRD. Pretreatment laryngoscope abnormalities and increased 
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laryngopharyngeal bolus exposure time have been reported as 
significant positive predictors for response to 3 months of PPI 
treatment [16,22]. Age has been reported as a negative predictor 
for response to 3 months of PPI treatment [23], but the severity 
of pretreatment RSI and RFS scores have been found to have no 
predictive value [15]. Siupsinskiene et al. [18] concluded that 
baseline anxiety levels and heartburn scores, along with higher 
medication dosages, were potential predictors of 1-month PPI 
response, while no significant predictors were identified for re-
sponse to 3 months of PPI treatment. 

Our study involved a comprehensive analysis of the predictive 
value of compliance for each treatment, as well as the impact of 
clinical characteristics on treatment response. In the univariate 
analysis, factors such as history of GERD, pre-RSI, number of 
concurrent medications, initial alcohol status, and improved sleep-
ing habits showed significance. Meanwhile, multivariate analysis 
identified compliance with sleep recommendations as a positive 
predictor and initial alcohol status as a negative predictor of ear-
ly response to treatment. Pre-RSI and pre-RFS were significant 
predictive clinical characteristics; however, no treatment compli-
ance factors were significant in the univariate analysis for response 
to 3-month treatment. The multivariate analysis revealed that 
male sex was a negative predictor=while pre-RFS was a positive 
predictor of response to 3 months of treatment.

Although a few previous reports have suggested a correlation 
between underlying psycho-emotional health and LPRD, our 
study results revealed that depression, but not anxiety, is a sig-
nificant negative predictor of 3-month treatment response. Re-
portedly, GERD patients with LPRD symptoms experience sig-
nificantly more depression than those without such symptoms, 
and the presence of LPRD is significantly associated with de-
pression [24,25]. Furthermore, the mean HAD-A score has been 
identified as a relevant predictor of 1-month PPI treatment re-
sponse [18]. In contrast to previous reports, neither anxiety nor 
depression affected the response to 1 month of treatment in the 
present study. However, the presence of anxiety and total anxi-
ety and depression scores showed significant differences between 
responders and non-responders to 3 months of treatment. Addi-
tionally, the total depression score was a significant negative pre-
dictor in the multivariate analysis of response to 3 months of 
treatment. Nevertheless, psycho-emotional health did not exhibit 
a significant difference between early and late responders.

The primary novelty of our study, which strengthens its re-
sults, is that it is the first to present a comprehensive analysis 
evaluating the predictive value of past and current medical and 
medication history for response to different treatment durations. 
The deficiency of saliva in patients with Sjogren syndrome has 
been reported to increase susceptibility to the effects of regurgi-
tation [26]. This finding suggests the importance of the neutral-
izing effect of bicarbonate in saliva, which may be crucial in the 
early phase of LPRD treatment. Similarly, the use of a sialogogue 
was associated with a significant difference in response to 1 month 

of treatment, but not in response to 3 months of treatment. Ad-
ditionally, previous studies have suggested that thyroidectomy 
may exacerbate reflux disease [27,28]. In our research, patients 
with past or current thyroid disease did not exhibit significant 
differences in response to 1 month of treatment. However, patients 
with current thyroid disease, particularly malignant thyroid mass, 
exhibited a significant difference in response to 3 months of 
treatment. Furthermore, past and/or current use of thyroid hor-
mone was associated with a significant difference in response to 
both 1- and 3-month treatment durations. Our results can be in-
terpreted as indicating that patients with a medical history of 
malignant thyroid mass should undergo thyroidectomy. Addi-
tionally, patients with post-thyroidectomy hypothyroidism are 
predisposed to taking thyroid hormones, which is reflected as 
past and/or current use of thyroid hormone in our study. Conse-
quently, although the multivariate analysis revealed no signifi-
cant predictive value for response after 1 month, current medi-
cal history of thyroid disease and past medication history of 
thyroid hormone were significant negative predictors for response 
to 3 months of treatment.

In addition, our study is the first to compare predictive factors 
between early and late responders. Early responders demonstrat-
ed significantly lower pre-RSI scores, fewer concurrent medica-
tions, fewer patients with a current medical history of hyperten-
sion, and fewer patients taking anti-hypertensive medications 
relative to late responders. Hypertension and DM have been re-
ported as significant risk factors for GERD and LPRD [19,20], 
with a notable association between type 2 DM and LPRD [29]. 
Although a current medical history of hypertension was signifi-
cantly less common in responders after 1 month of treatment 
and in early responders compared to late responders, neither 
DM nor hypertension emerged as significant predictors in the 
multivariate analysis. 

The findings of our study provide valuable insights into the 
standard management protocol for patients with LPRD. Based on 
our research, it is crucial for LPRD patients to understand that 
improving their sleep habits is a vital behavioral change neces-
sary for successful treatment after 1 month. Furthermore, patients 
who consumed alcohol before treatment, had a history of taking 
any medications, or need to use a sialogogue alongside LPRD 
treatment should be informed that they may require 3 months 
of treatment to achieve a response. Additionally, LPRD patients 
with any past medication history can be advised that they are 
more likely to respond to combination treatment after 3 months 
than after 1 month. Conversely, male patients, those with a higher 
total depression score, lower pre-RFS, a current medical history 
of thyroid disease, or who have taken thyroid hormones should 
be cautioned that they are at significant risk of not responding 
to 3 months of treatment.

Nevertheless, this study has several limitations. First, 24-hour 
dual-probe pH monitoring and high-resolution manometry were 
not conducted. However, these test methods are not routinely 
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performed because they are considered too invasive and cause 
substantial patient discomfort, and they are not always feasible 
in small medical facilities. We attempted to ensure the reliability 
of the LPRD diagnosis among our participants by combining 
RSI and RFS in the diagnostic criteria. Second, our analysis did 
not consider the presence of non-acid reflux and the effect of 
pepsin, which is considered a cause of PPI-resistant LPRD. As a 
result, non-responders in our study may have had mixed or bili-
ary LPRD. Third, although this is a prospective, multicenter study, 
the dropout rate was higher than expected, leading to limited 
statistical power in our results. Given the limitations of our study, 
a well-designed prospective, multicenter, cohort study that is in-
formed by a comprehensive analysis of our study, along with the 
results of ambulatory dual-probe pH monitoring with impedance, 
high-resolution manometry, and reliable pepsin test results as 
predictors of the response to currently known treatment algo-
rithms, should be conducted in the near future. This will provide 
us with the knowledge needed to tailor personalized treatment 
algorithms and ultimately improve the treatment outcomes for 
adult patients with LPRD.

Improvement in sleep habits positively predicted response to 
1-month combination treatment in LPRD patients, while initial 
alcohol consumption and history of past medication negatively 
predicted the response. Furthermore, a high pre-RFS score posi-
tively predicted the response to 3 months of treatment, whereas 
male sex, higher HAD-D score, and history of thyroid hormone 
medication negatively predicted it. Lastly, a history of past medi-
cation was the sole negative predictor distinguishing early respond-
ers from late responders. Future studies should investigate the 
precise role of these predictors in treatment response for patients 
with LPRD.
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