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ABSTRACT
Background: Dry eye disease (DED) is a common disorder, accounting for up to 35% of the general 
population. Therefore, we hypothesized that laryngopharyngeal reflux (LPR), inducing refluxate rising 
into airways, may involve the ocular surface and may either induce or worsen DED.
Aim: To investigate the prevalence and relevance of suspected LPR in DED patients and subjects with 
refractive problems (RP) without DED, they were defined as non-dry eye group (NEG) in clinical 
practice.
Methods: This retrospective study included consecutive patients evaluated because of dry eye-like 
symptoms at eight tertiary ophthalmological clinics. Parameters included reflux symptom index (RSI), 
ocular surface disease index (OSDI), symptom assessment in dry eye (SANDE) for frequency and severity, 
Schirmer test, tear break-up time (BUT), and Oxford grading.
Results: The study included 245 subjects (72.5% females; mean age 56.3 years), 152 DED patients, and 
93 sex- and age-matched NEG subjects. Pathological RSI (score>13) was detected in 80 subjects 
(32.6%); 68 (85%) with DED and 12 (15%) CG (OR = 8; p < .0001). In NEG, pathological RSI was 
associated with higher SANDE (Frequency and Severity), OSDI, and Schirmer scores (OR = 16.36; 
14.51; 12.54; and 7.22, respectively. In DED patients, pathological RSI was associated with higher 
OSDI values (OR = 8.75).
Conclusion: Patients with DED are at eight times higher risk for having pathological RSI than NEG 
patients. Moreover, pathological RSI was associated with more severe ocular symptoms both in DED 
and non-DED patients. The role of LPR in definite DED patients remains to be clarified, but this condition 
deserves to be investigated in managing patients with DED symptoms.
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Introduction

Dry eye disease (DED) is an ocular surface disorder affecting 
up to 35% of the general population worldwide.1 The Tear Film 
and Ocular Surface Society (TFOS) Dry Eye Workshop 
(DEWS) II stated that “Dry eye is a multifactorial disease of 
the ocular surface characterized by a loss of homeostasis of the 
tear film, and accompanied by ocular symptoms, in which tear 
film instability and hyperosmolarity, ocular surface inflamma-
tion and damage, and neurosensory abnormalities play etiolo-
gical roles”.2 Various pathogenic mechanisms are involved in 
DED, and some risk factors may worsen the clinical feature, 
including ocular surgery, electronic device use, contact lens 
wearing, and environmental factors as dry and cold air, pollu-
tion, smoke, and irritants.3–7 In addition, toxic substances 
significantly contribute to DED, mainly concerning iatrogenic 
interventions (preservatives and systemic drugs), dysbiosis, 
and cosmetics.8

Previous observations allowed to imagine that some patients 
with ocular surface symptoms may frequently present com-
plaints related to gastric reflux. Gastric reflux is a physiological 
phenomenon, but some subjects may lead to gastroesophageal 
reflux disease (GERD).

The typical GERD symptoms include heartburn and regurgita-
tion. The severity of GERD symptoms depends on the esophageal 
damage caused by the exposure to gastric refluxate containing acid 
and pepsin. However, gastric reflux may overflow, flooding the 
airways, mainly the upper airways. As a result, GERD’s extra- 
esophageal manifestations occur; the most common is laryngo-
pharyngeal reflux (LPR).9 LPR may be considered a new clinical 
entity based on newly discovered findings of the disease’s specific 
pathogenesis.10,11 As laryngeal and pharyngeal mucosa do not 
possess the oesophageal protective mechanisms, the stomach con-
tent’s digestive activity quickly leads to respiratory mucosal lesions. 
Notably, laryngopharyngeal reflux occurs most commonly during 
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the day due to the upper oesophageal sphincter dysfunction. This 
aspect is intriguing as typical GERD symptoms usually occur in 
the supine position and overnight. The Position Statement of the 
American Academy of otolaryngologists identified the most com-
mon symptoms of LPR, including hoarseness, globus pharyngeus, 
dysphagia, cough, chronic throat clearing, and sore throat.12 LPR 
also represents a relevant burden concerning social and personal 
costs and impaired quality of life.13

From a pathophysiological perspective, low pH of refluxate 
and pepsin induce chronic mucosal inflammation.14,15 Pepsin 
is a proteolytic enzyme deriving from pepsinogen and activated 
by low pH (at least <4) produced exclusively in the stomach. 
Therefore, pepsin detection outside the gastric area is 
a biomarker for gastric reflux.16 Several studies investigated 
pepsin in different organs, including the larynx, pharynx, para-
nasal sinus, mouth, and internal ear, as recently summarized.17 

Consistently, pepsin was also documented in the tears of 
patients with gastro-oesophageal reflux disease18 and children 
with LPR.19

Moreover, it has been reported that patients with ocular 
surface disease, characterized by inflammation, frequently 
(34%) presented LPR.20 A very recent study evidenced pepsin- 
related ocular surface damage and dry eye in LPR patients.21 

However, apart from these limited reports, there is a gap in the 
literature concerning the real pathogenic role of LPR in DED 
patients. As a result, the current study tested the hypothesis 
that LPR could be associated with DED and worsen ocular 
symptoms. This idea could change the clinical approach in 
DED patients, as they could benefit from adequate LPR treat-
ment, and practitioners should recognize the possible LPR 
comorbidity in patients with DED. Based on this background, 
the present retrospective multicenter study evaluated a group 
of DED patients and sex and age-matched patients with refrac-
tory problems (considered as non-dry eye group) recruited in 
daily ophthalmological clinical practices. This study aimed to 
investigate the frequency of suspected LPR and define 
a possible relationship between LPR and DED severity in 
clinical practice.

Materials and methods

Patients

The current cross-sectional retrospective study enrolled 245 con-
secutive outpatients (178 females and 67 males, mean age 
56.33 ± 18.72 years) in 8 tertiary ophthalmological centers. The 
subjects were subdivided into two groups: patients with DED 
diagnosis (152) and 93 referrals for ocular problems, such as 
refractive problems, apart from DED, considered Non-dry Eye 
Group (NEG).

The study was conducted according to the tenets of the 
Declaration of Helsinki. Therefore, all patients signed informed 
consent concerning the medical procedures and privacy. In 
addition, the administration of questionnaires and execution 
of ophthalmological testing were routinely performed.

Inclusion criteria were DED diagnosis for the reference group. 
Exclusion criteria for the reference group were other ocular dis-
eases apart from DED, including allergic, autoimmune, 

inflammatory, and infectious diseases, systemic disorders, includ-
ing autoimmunity, cancer, and immunodeficiency, and medica-
tions, such as local and systemic anti-inflammatory and 
immunosuppressant drugs, that could interfere with the interpre-
tation of results. The NEG’s inclusion criteria were refractive 
problems; the exclusion criteria were the same and the DED 
diagnosis.

Parameters

Dry eye disease was diagnosed according to validated criteria.2 

Laryngopharyngeal reflux diagnosis was based on the ques-
tionnaire Reflux Symptom Index.

DED was assessed by taking the history, performing 
a complete eye examination, and using the symptom percep-
tion by SANDE, ocular surface symptom index (OSDI) ques-
tionnaire, Schirmer test, Break Up Time test, and eye surface 
staining scored by the Oxford grading scale. These tests are 
performed in daily practice.

Symptom perception was evaluated using the “Symptom 
Assessment iN Drye Eye” (SANDE) questionnaire utilizing 
a 100 mm horizontal VAS technique (0 = absence, 100 = max-
imum) to quantify the severity and frequency of ocular dryness 
and/or irritation.22

OSDI is a 12-item questionnaire specifically conceived to 
investigate ocular symptoms.23 Further, its reliability and valid-
ity were documented by confirmatory studies.24,25 Researchers 
and clinicians successfully used OSDI in patients with different 
eye diseases.26 The OSDI scoring was performed according to 
a four-point scale: normal (≤ 12), mild,13–22 moderate,23–32 and 
severe (≥ 33), as previously reported.27,28

The standard tear break-up-time (BUT) measurement was 
performed by instilling a fluorescein drop into the inferior 
fornix.29 The time-lapse between the last blink and the appear-
ance of the first randomly distributed dark discontinuity in the 
fluorescein-stained tear film was measured three times, and the 
mean value of the measurements was calculated. Normal values 
should be > 10 seconds.29

Schirmer test was performed without topical anesthesia by 
placing a narrow filter paper strip (5 x 35 mm strip of 
Whatman #41 filter paper) in the inferior cul-de-sac. Normal 
values should be ≥ 5 mm/5 minutes.30

Staining of the ocular surface was assessed using the Oxford 
scale, consisting of a six-point (0 = normal; VI = severe) 
grading.31 The reliability and repeatability of the Oxford scale 
were excellent.32 Findings were separately reported for the 
right eye (Oxford-RE) and left eye (Oxford-LE).

Reflux Symptom Index (RSI) is a self-administered nine-item 
questionnaire developed by Belafsky to assess symptoms in 
patients with reflux disease.33 Each item’s scale ranges from 0 
(no problem) to 5 (severe problems), with a maximum score of 
45. It has been concluded that RSI has high reproducibility and 
validity for the diagnosis of reflux if an RSI score >13 is defined 
as abnormal.33 Therefore, RSI may be considered a practical 
tool in the approach of patients with suspected LPR.34

Patients were stratified as having normal (≤13) or patholo-
gical (>13) RSI.
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Statistical analysis

Continuous variables were reported as mean with standard 
deviation and categorical variables as the number of sub-
jects and percentage values. The logistic Mixed-effect 
Regression Models (MRMs) were performed to assay 
the DED effect on the RSI. Moreover, an exploratory 
interaction analysis was used to test whether the DED’s 
impact on the RSI was different according to age and 
gender.

The logistic and linear regression models were per-
formed (logistic and linear family functions were used 
for continuous and count outcomes, respectively). 
Moreover, an interaction analysis was performed to test 
the intergroup impact of LPR on DED using the MRMs. 
Finally, an intragroup analysis was performed using the 
MRMs to assay the RSI effect on outcomes in the groups. 
The odd ratios and rate ratios associated with clinical 
outcomes were calculated with their 95% confidence inter-
val for each factor from the MRMs. The Likelihood Ratio 
test was used as a test of statistical significance. The 
possible variability among clinical centers was considered 
adding the center variable as a random effect in all MRMs. 
Due to the exploratory nature of this study, adjustment for 
multiple testing was not performed. With a p-value less 
than 0.05, differences were selected as significant, and data 
were acquired and analyzed in R v4.0.3 software 
environment.35

Results

The two groups were well matched concerning age and sex 
(p = .89). Considering the RSI results as the primary variable in 
all patients, 80 (32.6%) patients had pathological (>13) RSI. In 
particular, RSI was positive in 68 (44.7%) patients with DED 
and 12 (12.9%) NEG subjects.

Association between the clinical conditions and the RSI

Table 1 reports the distribution of RSI results in the two 
groups. Pathological RSI was more frequent in DED (85%) 
than in NEG subjects (15%). The univariate analysis 
showed a significant association between pathological RSI 
and DED (OR = 8; 95% C.I. 3.84: 18.09; p < .0001).

As concerns the exploratory interaction analysis, age 
and gender did not affect RSI results (p-value for the 
interaction terms: 0.5022 and 0.9131, respectively; data 
not showed).

The RSI effects on ocular outcomes

Descriptive statistics of the RSI effect on the ophthalmological 
parameters in all patients are reported in Table 2. Patients with 
pathological RSI score had higher SANDE (Frequency and 
Severity) and OSDI values than patients with normal RSI 
score (63.07 versus 40.60, 59.44 versus 40.65, and 48.33 versus 
29.12, respectively). In addition, the multivariate analysis 
showed that patients with pathological RSI had higher odds 
of having more impaired SANDE Frequency (OR = 13), 
SANDE Severity (OR = 10.55), and OSDI (OR = 9.44) scores 
than patients with normal RSI (p-values: 0.02, 0.01, and <0.001, 
respectively).

The RSI effect on ophthalmological outcomes in NEG 
subjects

Table 3 reports the effect of RSI in NEG subjects. Non-dry eye 
group subjects with pathological RSI had higher SANDE 
(Frequency and Severity), OSDI, and Schirmer scores than NEG 
subjects with normal RSI. The univariate analysis showed that 
NEG subjects with pathological RSI had a higher probability of 
having more impaired SANDE Frequency (OR = 16.36), SANDE 
Severity (OR = 14.51), OSDI (OR = 12.54), and Schirmer (7.22) 
scores than NEG subjects with normal RSI (p-values: 0.02, 0.03, 
<0.001, and 0.01, respectively).

Table 1. Contingency tables and analysis output of the association between 
clinical conditions and RSI (N = 245). Characteristic: variable taken into account; 
OR (95% CI): Odd Ratio coefficient with 95% confidence interval.

Descriptive statistics Univariate analysis

Characteristic
Normal RSI 

(≤13; n = 165)

Pathological 
RSI 

(>13; n = 80) OR (95%CI) p-value

Subjects <0.0001
Comparison 

Group
81 (49.09%) 12 (15%) 1

DED Patients 84 (50.91%) 68 (85%) 8 (3.84: 18.09)

Table 2. Descriptive statistics and multivariate analysis in all patients. 
Outcome = outcome taken into account; Descriptive statistics are reported as 
mean with standard deviation. Estimate (95%CI) = regression coefficient with 95% 
Confidence Interval (marked with *) and odd ratios, estimated using logistic 
(marked with ◊) were reported; p-value = the Likelihood Ratio p-value. In bold, 
the p-values below 0.05.

Outcome

Normal RSI 
(≤13; 

n = 165)

Pathological 
RSI 

(>13; n = 80) Estimate (95%CI) p-value

SANDE 
Frequency

40.6 (34.47) 63.07 (28.51) 13 (3.54: 22.45) * 0.02

SANDE Severity 40.65 (33.71) 59.44 (29.09) 10.55 (2.6: 18.5) * 0.01
OSDI 29.12 (24.48) 48.33 (24.09) 9.44 (4.36: 14.52) * <0.001
Schirmer 9.89 (7.31) 13.09 (10.25) 2.93 (−0.44: 6.3) * 0.08
BUT 7.1 (4.9) 5.08 (3.98) −0.03 (−1.09: 1.04) * 0.96
Oxford-RE 0.661 1.3 (1.17) 1.24 (0.87: 1.78) ◊ 0.22
Oxford-LE 0.71 (1.11) 1.25 (1.15) 1.25 (0.87: 1.79) ◊ 0.23

Table 3. The RSI descriptive statistics and the MRM output of outcomes in 
Comparison Group patients. Descriptive statistics are reported as mean with 
standard deviation. Estimate (95%CI) = regression coefficient with 95% 
Confidence Interval (marked with *) and odd ratios, estimated using logistic 
(marked with ◊) regression, were reported; p-value: Likelihood Ratio p-value for 
the interaction terms. In bold, the p-values below 0.05.

Comparison Group subjects

Descriptive statistics Univariate analysis

Outcome
Normal RSI 

(≤13; n = 81)

Pathological 
RSI 

(>13; n = 12)
Estimate 
(95%CI) p-value

SANDE 
Frequency

13.83 (15.77) 31.422 16.36 (2.68: 30.04) * 0.02

SANDE 
Severity

21.38 (23.42) 41.66 (32.24) 14.51 (0.82: 28.2) * 0.03

OSDI 10.68 (7.79) 23.63 (26.09) 12.54 (5.43: 19.66) * <0.001
Schirmer 15.38 (4.33) 22.6 (7.83) 7.22 (1.62: 12.81) * 0.01
BUT 10.86 (3.17) 10.5 (4.07) 0.98 (−1.53: 3.49) * 0.5069
Oxford_RE 0.12 (0.33) 0.2 (0.45) 1.73 (0.2: 15.2) ◊ 0.6434
Oxford_LE 0.16 (0.37) 0.2 (0.45) 1.38 (0.16: 12) ◊ 0.7774
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The RSI effect on ophthalmological outcomes in DED 
patients

Table 4 reports the effect of RSI in DED patients. DED patients 
with pathological RSI had higher OSDI scores than DED 
patients with normal RSI. The univariate analysis showed 
that DED patients with pathological RSI had a higher prob-
ability of having more impaired OSDI (OR = 8.75; p = .01) 
scores than DED patients with normal RSI.

Discussion

The present study showed that laryngopharyngeal reflux was 
commonly associated with DED, as about 45% of DED patients 
had suspected LPR. This outcome should be contextualized with 
a recent study reporting that up to 30% of the general popula-
tion had LPR.36 Even if LPR diagnosis is still problematic and 
challenging,37 the RSI questionnaire is commonly considered 
a reliable tool for screening LPR in clinical practice.38

There is convincing evidence that LPR plays a role in airway 
inflammation involving some organs, such as the larynx, phar-
ynx, paranasal sinus, and middle ear.10,11,17,18,39 This concept 
paved the way to investigate a possible LPR impact also on the 
eye. In this regard, the presence of pepsin has been documen-
ted in tears.18,19 Also, LPR is common in patients with ocular 
surface disease, mainly concerning DED.20 Consistently, dry 
eye symptoms and pepsin in tears have been documented in 
LPR patients.21 Therefore, these findings support the possible 
pathogenic association between DED and LPR.

Pepsin is a serine-protease able to unselectively cut portions 
of different proteins to promote their physiological digestion. 
However, outside the stomach, pepsin interferes with several 
molecular partners involved in the ocular surface’s homeosta-
sis, arousing mucosal damage. Consistently, the pepsin proteo-
lytic activity promotes an inflammatory reaction, as elegantly 
documented.21

On the other hand, pepsin is active in an acidic milieu (usually 
between 1.8 and 4.4), as it occurs in the stomach. The ocular 
surface’s physiologic pH does not arrive at values able to activate 
pepsin, but inflammatory events could drop pH to activating 
levels, as reported.21 Moreover, it has been reported that pepsin 
can be endocytosed and consequently activated in the lysozymes at 

the larynx point.40 The pathogenic mechanisms through which the 
ocular surface damage occurs could be translated by the evidence 
documented in other organs, including the lung and larynx.41,42 In 
particular, pepsin causes a direct erosion of the mucosa that elicits 
hyperemia and irritative symptoms. Also, an in vitro study showed 
that the exposure of hypopharyngeal cells to pepsin in a nonacidic 
environment induced the expression of several pro-inflammatory 
cytokines and receptors (CCL20, CCL26, IL8, IL1F10, IL1A, IL5, 
BCL6, CCR6, and CXCL14), involved in reflux-dependent 
esophagitis.43 This study prospected that nonacidic pepsin reflux, 
during maximal antiacid suppression, could still contribute to 
epithelial inflammation.43 Therefore, it has been hypothesized 
that pepsin may promote pro-inflammatory cytokines in the ocu-
lar surface.21 Another pathogenic mechanism includes the pepsin 
effect on mucus, as pepsin is a mucolytic agent and modulates the 
mucin gene in the digestive tract.44,45 As a result, pepsin could 
affect the ocular mucus layer, impairing the tear film stability and 
protective defenses. These events lead to mucosal damage and 
inflammatory phenomena.

Notably, a recent experience demonstrated that a combined 
treatment, such as eye drops and tablets containing magnesium 
alginate, significantly improved symptoms and ophthalmolo-
gical parameters in patients with DED due to LPR.46 Thanks to 
its molecular egg-box structure, topical magnesium alginate 
can scavenger substances, including pepsin, inhibiting its pro-
teolytic activity.47 Alginate, orally-administered, is a fruitful 
medication in GERD management as it precipitates as a gel 
after exposure to the gastric acid, thus forming a raft that 
represents a barrier to the reflux of the gastric content into 
the oesophagus.48 Based on this background, the current study 
aimed at investigating the prevalence of LPR and the possible 
clinical impact of LPR in DED patients. For this purpose, 
a multicenter study included eight ophthalmological clinics 
highly specialized in ocular surface diseases.

The primary outcome of this study showed that LPR 
commonly affects DED patients, as about 45% had sus-
pected LPR. This high prevalence was significantly higher 
in comparison with about 13% in the comparison group. 
This result had a meaningful clinical relevance as DED 
patients had an eight times greater risk of presenting patho-
logical RSI than NEG subjects. It means that nearly half of 
patients with DED are likely (OR = 8) to have laryngophar-
yngeal reflux. Moreover, LPR had a relevant impact on 
worsening ocular parameters in both DED and NEG sub-
jects, mainly concerning OSDI and SANDE scores. It sug-
gests that refluxate impairs the ocular surface. This finding 
was consistent with the previous studies that documented 
an aggressive role by refluxate in damaging ocular surface.21 

In particular, as DED is an inflammatory disease, LPR, 
inducing inflammation on the ocular surface, could be envi-
saged as a pathogenic factor. Consistently, DED patients 
with suspected LPR presented a more severe symptom per-
ception than non-DED patients.

It also has to be noted that patients with normal RSI showed 
lower Schirmer’s score, such as worse tear volume, than sub-
jects with pathological RSI, including the overall population, 
DED group, and NEG group. This phenomenon could depend 
on hyperreactivity eliciting changes in tear production, but 
mechanistic studies should define this finding.

Table 4. The RSI descriptive statistics and the MRM output of outcomes in DED 
patients. Descriptive statistics are reported as mean with standard deviation. 
Estimate (95%CI) = regression coefficient with 95% Confidence Interval (marked 
with *) and odd ratios, estimated using logistic (marked with ◊) regression, were 
reported; p-value: Likelihood Ratio p-value for the interaction terms. In bold, the 
p-values below 0.05.

DED patients

Descriptive statistics Univariate analysis

Outcome
Normal RSI 

(≤13; n = 84)

Pathological 
RSI 

(>13; n = 68)
Estimate 
(95%CI) p-value

SANDE 
Frequency

60.46 (30.97) 66.31 (27.24) 9.72 (−1.97: 21.42) * 0.15

SANDE Severity 59.22 (31.71) 62.68 (27.53) 6.65 (−3.42: 16.73) * 0.33
OSDI 46.9 (21.78) 52.69 (21.08) 8.75 (1.9: 15.6) * 0.01
Schirmer 6.92 (6.9) 10.44 (9.35) 0.47 (−3.62: 4.57) * 0.77
BUT 4.19 (3.13) 4.29 (3.33) 0.21 (−0.94: 1.37) * 0.73
Oxford_RE 1.16 (1.14) 1.39 (1.17) 1.22 (0.85: 1.75) ◊ 0.26
Oxford_LE 1.21 (1.3) 1.34 (1.15) 1.21 (0.83: 1.75) ◊ 0.32
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The current study had some limitations, including the retro-
spective design and the lack of a documented LPR diagnosis. 
However, RSI is an excellent tool to suspect LPR.49 Moreover, the 
comparison group included patients with ocular disorders, so 
they cannot be considered ideal controls, such as healthy subjects. 
However, the present non-dry eye group included patients with 
refractive problems, age- and sex-matched, and recruited in 
everyday practice; thus, the comparison could be legitimate. It 
has to be highlighted that there was a prevalence of females, it 
can attribute to a confounding effect, namely dry eye disease is 
more likely to affect the female sex. In addition, fluorescein BUT 
was used instead of non-invasive procedures as it is routinely 
employed in the clinical practice of the participant centers.

Further studies with rigorous methodology will be welcome to 
identify the exact nature of the association between DED and LPR, 
as suggested by these results. In addition, investigating biomarkers 
on DED patients’ ocular surface with and without LPR could also 
help understand the mechanistic phenomenon involved in that 
unexpected association.

In conclusion, the current study showed that LPR was more 
common in DED patients than in other patients seen in an 
ophthalmological clinic (45% versus 13%, i.e., OR = 8). 
Furthermore, laryngopharyngeal reflux is associated with the 
worst symptom perception in DED and patients with an ocular 
problem. Therefore, LPR appears as a condition often asso-
ciated with DED and a potential risk factor for increasing 
disease burden. However, whether LPR is directly a causative 
agent of DED and LPR management improves DED conditions 
remains to be clarified in further prospective studies.
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