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Abstract 
Aim: To study the efficacy of mixed topical regimens with hyaluronate, trehalose, and steroidal anti-inflammatory drugs, to in the treatment of intense ocular surface disease (OSD) in patients under topical antiglaucoma agents. Methods: Retrospective A retrospective evaluation was conducted of 7,415 medical records of consecutive patients who visited visiting a glaucoma center throughout a 2-year period. The analysis included cases with complete information of for patients under preserved topical antiglaucoma treatment and who had beenwere diagnosed with ocular surface disease (OSD), which the severity of which was determined using the OOSD Index (OSDI)SDI score. The vVariables studied investigated were symptoms and signs and symptoms related to OSD and, as well as the type and duration of topical treatment. This study compares tThe efficacy of two mixed- treatment regimens containing a tear substitute without preservatives, and a topical steroid were compared, in patients with moderate/severe OSD. Treatments differed in the administration of trehalose (T +) or not (T-). Results: Of 5158 cases under topical antiglaucoma treatment, 2634 (51.06%) showed some signs of OSDFrom a prevalence of 51.06% (2,634 of the total included cases) of OSD, with 725 cases showinghad moderate/severe OSD. From Of these 725 cases, patients 396 and 329 cases were into placed in the T+ and T- groups, respectively and 329 in the T- group. In the T+ group, a global clinical improvement of 76.47% (299/ out of 391) was found, against versus 58.38% (188/ out of 322; P p = 0.024) in the T- group. The outcome variables (OSDI, TRL, and corneal fluorescein staining) improved significantly in both groups between their initial visit and theand final last visits (at least two months apartlater). The mean of these variables was significantly better in the T+ group during the last final visit (P p ≤ 0.01). Conclusion: An improvement in OSD variables associated with antiglaucoma drugs was demonstratedobserved, particularly in the group in whichthat used trehalose was used. Therefore, this agent should be considered for routine use in patients with OSD, especially for situations cases of moderate to severe intensity; it is, and being more most useful when associated with non-preserved artificial tears and topical steroids. 	Comment by Author: Please check I have retained your meaning here. 	Comment by Author: Please define this abbreviation. 	Comment by Author: Should this be “used with”?
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Introduction 
Glaucoma continues to be one of the main causes of blindness in the world ([1-5), ], mainly due to its silent nature and its consequent late diagnosis. Although there are multiple treatments available to control the disease [(6,7), ], medical treatment to reduce intraocular pressure (IOP) has been shown to be effective in slowing or even stopping the progression of the disease ([6-9). ]. NeverthelessHowever, therapeutic modalities can also cause significant side effects ([10,11) ], such as ocular surface disease (OSD) ([12). ]. In fact, the ocular surface has been widely studied as an area center of interest for various deleterious effects induced by most of the pharmacological classes interventions used to reduce IOP ([12). ]. This rResearch has shown that chemical preservatives in antiglaucoma drugs may be linked to the development of OSD ([13-15). ]. Consequently, this condition can induce important changes at the cellular and clinical levels, frequently affecting the intensity of the disease ([16-20). ]. Since OSD symptoms can also have an impact on a patient’s quality of life ([21- 23), ], treatment is aimed not only at improving symptoms in the most efficient way possible, but also at making changes in toward the use of more adequate appropriate antiglaucoma drugs ([24,25) ] and treating other underlying conditions that can cause or worsen exacerbate inflammation ([12,26). ]. To treat OSD associated with the use of ocular hypotensive drugs, patients may migrate to medications without preservatives ([12)];, strengthen increase the use of artificial tears without preservatives ([27), ]; prescribe use topical steroids ([28) ] and or other agents with that have different applications, such as immunomodulators ([29,30), ]; and or use substances that act as restoratives of the ocular surface, such as the glucose -reducing disaccharide, trehalose ([31-35). ]. 	Comment by Author: Should this be “most effective”?	Comment by Author: Should this be “Consequently, these drugs”?	Comment by Author: You may wish to clarify this – do you mean OSD or glaucoma?
The purpose aim of this study is was to investigate the efficacy of using mixed topical regimens with hyaluronate (as an artificial tears), trehalose, and steroidal anti-inflammatory drugs, to treat higher intensity OSD among glaucoma patients under topical ocular hypotensive treatment. 

Materials and Methods
[bookmark: _Hlk77605256]A detailed retrospective evaluation of the clinical information obtained from the electronic medical records of all patients (n = 7,415) who visited a specialized glaucoma center in Western western Mexico during a two-year period of two years (from January 2018 to December 2019) was carried out. This study had an ethicsal clearance  approvalobtained from the local Institutional Review Board and was conducted in accordance with the Declaration of Helsinki. The cases included were identified as having OSD according based onto the presence of at least two out of six clinical signs, as well as at least one of four OSD symptoms, and/or if their Ocular Surface Disease Index (OSDI) score was greater than 12 (table Table 1). Subsequently, the severity of each case was determined according to their OSDI result ([36). ]. Furthermore, the records of these cases had complete and consistent information and were from of patients who used topical antiglaucoma drugs in both eyes (n = 5,158). Cases were excluded (n = 2,257) if they were glaucoma cases that who had underwent undergonea surgical treatment in which hypotensive eye drops were not applied, those if their record lackeding complete information, or those thatif they had a concomitant special surface condition (e.g., chemical burns, pemphigoid reactions, or recent use of topical steroids in relation to the time of identification of the OSD). 	Comment by Author: Should this be “ocular surface condition”?
The variables studied investigated included ocular surface data (corneal or conjunctival staining with fluorescein), tear breakup time (or TBUT), OSDI score, a modified type 2 Schirmer test (using topical anesthetic before placing the paper strip), and the presence of meibomian gland dysfunction, as well as the type and duration of topical treatment (both thoseeither related to glaucoma and or any other type of topical applicationtreatment). The retrospective evaluation of all cases was carried out by two of the investigators (MAIS, LAPG). When If a clinical situation was identified that was difficult to interpret was identified, the most experienced researchers (LAGS, JAP) clarified the observed doubtsinterpretation. 	Comment by Author: Should this be “placing a paper strip [on something]”?
The information was collecteddata were stored in an electronic database (Excel, Microsoft; Redmond, WA, U.S.A.) and analyzed with using the biostatistical program MedCalc (version 19.3; MedCalc Software Ltd; Belgium). Demographic variables, OSDI score, TBUT, and fluorescein staining were compared between the two treatment groups that included artificial tears (at least one of them hyaluronate without preservatives, during for at least two months), topical steroids (for at least 5 days), and the presence of trehalose (T+) for at least two months. In the “T- group”, trehalose was never used. The cContinuous variables were analyzed using with the Student’'s t- test, and whilethe  categorical variables were analyzed using with the chi-square test and the Fisher’s exact test. All statistical tests were two-tailed, and a p-value <0.05 was considered statistically significant.	Comment by Author: Please consider whether it would be helpful to explicitly define the “T+ group” and the “T- group” here.	Comment by Author: Should this be “ (“the T+ group”) ”?

Results
A total of 2,634 cases had OSD, of from which 725 (27.5%) were classified as moderate to severe OSD. The cCases with mild OSD were significantly younger and in higher proportioncomprised more males than, compared to the group with moderate/severe OSD (table Table 2). Furthermore, tThe number of used medications used and the application time were significantly different between those who had mild OSD and moderate/severe OSD.	Comment by Author: Should this be “were significantly lower between those who had mild OSD and those with moderate/severe OSD (p < 0.05)”?
In the mild OSD group, the use of artificial tears was identified in 97.5%  (n = 1,861), topical steroids in 12.47% (n = 238), and trehalose in 15.03% (n = 287) of cases.  Differently, iIn the moderate/severe OSD group (table Table 3), all cases were treated with at least one type of artificial tears, from of which hyaluronate without a preservative was at least one of them, and a topical steroid scheme lasting 5-–24 days (average of 11.23 ± 6.75 days). More specifically, the group with moderate/severe OSD under treatment with the mixed T+ regimen (n = 396) applied 0.15% hyaluronate without preservative (Hyabak, Théa Laboratories; average frequency of one drop every 2.38 ± 1.39 hours), 3% trehalose (Thealoz, Théa Laboratories; average frequency of one drop every 7.84 ± 2.62 hours), and topical steroids (average frequency of one drop every 4.20 ± 1.39 hours). Whereas tThe group of cases with moderate/severe OSD under the T- regimen (n = 329) applied 0.15% hyaluronate without preservative (Hyabak, Théa Laboratories; average frequency of one drop every 2.17 ± 1.61 hours) and topical steroids (average frequency of one drop every 4.04 ± 1.57 hours; see table Table 2). The number of antiglaucoma medications used (2.23 ± 1.14 medications vs. 2.25 ± 1.15 medications) and their time duration of use (2.06 ± 1.21 years vs. 2.01 ± 1.18 years) were not significantly different between the two treatment groups. Overall, after approximately two months of treatment, a clinical improvement was seen in 76.47% (n = 299/391) of the cases in the T+ group, and in 58.38% (n = 188/322; P p = 0.024) in the T- group, as well as in 3 out of 4 of the analyzed variables for both groups (table Table 4). Furthermore, most of the the studied variables analyzed, significantly improved significantly in both groups, but the OSDI score was noticeable noticeably better in the T+ as compared to with the T- group (32.55 ± 5.19 vs. 33.87 ± 5.27, P p = 0.0008), respectively), as well wereas the TBUT (6.30± 2.58 vs. 6.78 ± 25.9 seconds, pP = 0.017) and corneal staining with fluorescein results (20.43% ± 6.73% vs. 22.49% ± 6.56%, pP = 0.0001). 	Comment by Author: Was this statistically significant? If so, please leave it; if not, please change “significantly” to “considerably”.	Comment by Author: Should this be “significantly”?
Although the modified type 2 Schirmer test results werewas recorded in for less fewer than 50% of the cases in both groups, a marginal non-significant improvement (p = 0.45) was observed in the T+ treatment group (baseline, 7.58 ± 2.41; post-treatment, 7.89 ± 2.45 mm, P p = 0.073) as compared with to the T- group (baseline, 7.95 ± 2.56; post-treatment, 7.75 ± 2.48 mm, P p = 0.30). LikewiseSimilarly, there was no difference in the frequency of meibomian gland dysfunction in either group (25.06% vs. 24.84%, P p = 0.95).

Discussion
It has been established that the quality of vision, surgical outcome, and the quality of life of individuals significantly is highly dependent on the health of the ocular surface. The complexity of the ocular surface is maintained by a delicate homeostasis; therefore, any destabilization in that thisstructure balance can have serious functional and structural and functional consequences ([37). ]. Among the different various risk factors for the development of OSD, there is robust scientific and empirical evidence regarding the impact of long-term use of ocular hypotensive medications, especially those containing chemical preservatives ([12). ]. In fact, the prevalence of OSD in among individuals with glaucoma patients can be as high as between 48% and- 75% ([38-40). ]. Remarkably, evidence has demonstrated that the use of antiglaucoma drugs preserved with benzalkonium chloride can causes as much as twice the risk of ocular surface abnormalities ([38). ]. In the current study, involving  that includes a Latino population, 2,634 cases out of 5,158 cases (51.06%) under topical antiglaucoma treatment, showed  had some signs of OSD. Moreover, tThose individuals with the more severe cases were older and had been usinged more antiglaucoma medications, and for a longer time, compared to thosewith individuals with mild OSD. 	Comment by Author: Please confirm – should this be “individuals” generally, or “individuals with (X condition)”?	Comment by Author: Should this be “to suggest there is a risk associated with the”?
Expanding To expand on the ethnicity factor, there aresome studies that have indicated that ethnicity is a major determinant of a predisposition that contributes to the development of OSD or dry eye disease (DED). For instance, it has been recognized that there is a greater proclivity to develop DED the among individuals of Asian ethnicity proclivity to the development of DED is greater than among individuals of Caucasian ethnicity ([41,42). ]. However, there is scarce information regarding the development of OSD or DED in people of Latin Americans ethnicity,; in particular from the Mexican population, which constituted the sample analyzed in our study. Approaching this issue,Of the research that has been conducted, Graue-Hernandez et al ([43) ] identified a DED prevalence of DED of 41.1% in among a samplegroup of 1,508 adults in the central region of Mexico. Furthermore, Garza-Leon et al ([44) ] found an unusually high prevalence (70.4%) of DED in among a university population in Northern northern Mexico, where being of the female gendersex, smoking, and the use of eye drops represented the higher risk factors. Additionally, Martinez and colleagues ([45) ] were able to showfound that in an eye care center in Mexico City, of 338 consecutive first-time adult patients, 43% had OSDI scores classified as severe. Rodriguez-Garcia et al ([46) ] described noted that, in a prospective cohort of an open population study in the two main cities of Mexico, more than 70% of 2,725 patients had a positive fluorescein test and the presence of DED. They also identifiedlinked Sjogren’s syndrome and glaucoma as being important risk factors for significant damage to the ocular surface. More particularlyspecifically, in the context of OSD in Mexican patients with glaucoma, Orozco-Garcia et al ([47) ] found a global prevalence of 51.07%; this increasing increased almost exponentially from 17.9% in patients of <40 years of age to above >70% in patients older aged more than 70 years of age. In another preliminary report on about Mexican patients with glaucoma, by Giorgi-Sandoval and colleagues ([48), ], it was reported that 76.7% of 438 patients had OSDI scores indicating the presence of mild to severe OSD, from whichwith 40% were classified as severe. They also showed a correlation between the severity of symptoms, the number of ocular hypotensive medications, and the duration of antiglaucoma treatment. Therefore, this study contributes to the OSD literature focused on the Latino population.	Comment by Author: Please consider changing this to “is a major determinant of being predisposed to developing OSD or dry eye disease (DED).”	Comment by Author: Should this be “in a prospective cohort study involving an open population”?
	Comment by Author: Please consider changing this to “in Mexico’s two largest cities (XX and YY)”.	Comment by Author: Please confirm this is written correctly, with 76.7% of patients classified as mild to severe and then 40% classified as severe. 	Comment by Author: Should this be “medications being taken”?	Comment by Author: Should this be  “The studies outlined contribute to the literature focused on OSD among the Latino population.”?
[bookmark: _Hlk77599029]In terms of treatment, it is crucial to mention that the TFOS DEWS II ([49) ] reviewed the contemporary options of for the treatment and management of DED, which included anti-inflammatory medications, surgical approaches, dietary modifications, environmental considerations, and complementary therapies. In this topic, iIt has been established that tear replacement using artificial tears (tear substitutes) is the traditional cornerstone of OSD, especially where when there is a DED component. These agents, in a variety of formulations, such as drops, gels, ointments, or and lubricants, can prevent ocular complications by reducing evaporation and stabilizing the tear film (50). In this area, Pucker and colleagues-investigators ([51) ] evaluated the effect of over-the-counter (OTC) tear substitutes through by conducting a system review of 43 randomized clinical trials that compared certain artificial tear formulations withto no treatment or placebo. In this review, the authors reported that the overall quality of the evidence was low and, although artificial tears could be effective in treating DED, there was a need for more extensive research to support any conclusions regarding the effectiveness of specific formulations. It is important to note that preservative-free hyaluronate, which was used as a the main tear substitute in the current report, is widely distributed in at the ocular surface and the anterior segment, therefore binding to ocular surface cells and contributing to thein repairing of tissues ([52-57). ]. Due to tThere is a wide range of commercial options products available that contain hyaluronate, and scientific research has demonstrated that these treatments can improve the symptoms of dry eye ([58).].	Comment by Author: Should this be “TFOS DEWS II (Tear Film and Ocular Surface Society’s Dry Eye Workshop II”?	Comment by Author: Should this be “treatment for OSD”?	Comment by Author: Should this be “tear substitutes”?	Comment by Author: Should this be “by conducting a systematic review of”?	Comment by Author: Should this be “randomized controlled”?	Comment by Author: Should this be “our study”?	Comment by Author: Should this be “becomes”?	Comment by Author: Should this be “DED”?
In With regards to the OSD treatment for OSD in patients who are using antiglaucoma drugs, it is essential to identify the intensity of the inflammatory process of at the ocular surface and to determine whetherif the use of anti-inflammatory agents could inactivate part some of the cascade of events that often result in OSD symptoms. Despite the existing variety of topical steroids used to contain slow the inflammatory process ([28), ], certain treatments are preferred due to their efficacious and safe results on the ocular surface, such as loteprednol, fluorometholone, and prednisolone ([59-61), ], all of which were used in this study. In this report, fluorometholone and loteprednol were the most commonly chosen topical steroids in both treatment groups (T + and T-) due to the empirical and scientific evidence showing their role usefulness in the management of the most intense cases of OSD ([28,49,59-61). ]. Nevertheless, the use of steroids should be personalized to each individual patient, using a careful and meticulous behavior in the follow-upapproach to seek the best risk/benefit balance for them patient. Furthermore, nNo relevant structural side-effects or IOP loss of control were found in the current study (data not shown) because of the short-term use of topical steroids.	Comment by Author: Should this be “We found that”?	Comment by Author: Should this be “as a result of”?
In other therapy therapeutic approaches, as it has been demonstrated in both clinical and experimental studies ([31-35) ], trehalose participates in the promotion of the survival of cells and tissues exposed to the desiccation stress. This suggests that trehalose could facilitate better clinical outcomes in a potentially synergistic way to hyaluronate and topical steroids. Thus, trehalose can be considered an adequate appropriate complement to traditional treatment regimens in order to help manage the harmful effect of antiglaucoma agents containing chemical preservatives and other concomitant conditions that can damage the ocular surface.	Comment by Author: Please confirm – “to” or “with”?	Comment by Author: “manage” or “mitigate”?
It is important to point out that the current study was had some limited limitations, in thatby  it was retrospective in nature and the lacked of randomization. Nevertheless, the abundant information in the medical records and the sample size are favorable traitsadvantages that should  must be taken into consideration.
Finally, it is essential to emphasize that due to the adverse effects that OSD can have on the visual function and quality of life of patients using ocular hypotensive drugs ([16,21-23), ], the involvement of ocular surface experts and the performance of early glaucoma surgery should be kept in mind, particularly in young people or those with a greater predisposition toward the development of the more advanced stages of OSD. Furthermore, the findings obtained from the current study strongly suggest that the a reduction in ocular discomfort and anthe improvement in the signs of surface damage in the glaucoma patients with glaucoma who developed OSD due to ocular hypotensive agents, can be attributed to the use of a multiple therapeutic regimen. It is important to emphasize that a regimen including a preservative-free artificial tears solution based on hyaluronate, steroid drops, and topical trehalose treatment as well as an indication of preservative-free ocular hypotensive agents can be appropriate to treat moderate to severe cases of OSD associated to with the use of preserved topical glaucoma treatment.	Comment by Author: Please check this and rewrite if necessary. 
Conclusions
OSD can be caused or aggravated by the effect of either topical glaucoma medications, the chemical preservatives, or both.
Treatment of OSD might require the use of multiple medications, which suggests that a scheme of including a preservative-free hyaluronate- based tear substitute, a the short-term administration of topical steroids, and thea sustained use of threhalose can be of substantial benefit for patients with moderate/severe OSD. 
Future longitudinal, prospective, long-term studies on to investigate multiple treatment regimens must beare warranted to establish the best approach to manage managing OSD in patients under topical glaucoma eyedrops. 	
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Legends
Table 1. 
Signs and symptoms used as criteria for ocular surface disease (OSD). OSDI: Ocular Surface Disease Index.

Table 2. 
Demographic and general data comparing mild OSD versus with moderate / severe OSD cases . OSD,: ocular surface disease. ; POAG,: primary open-angle glaucoma. ; PACG,: primary angle-closure glaucoma;. OH,: ocular hypertension. ; OSDI: , Oocular Ssurface Ddisease Iindex. 

Table 3. 
Demographic and general data as well as therapy information data associated to with the two treatment groups. T+,: with trehalose;. T-,: without trehalose;. S.D.,: standard deviation.

Table 4 
Treatment results associated to with the two study groups. T+,: with trehalose;. T-,: without trehalose;. S.D.,: standard deviation.	Comment by Author: Should this be “treatment”?
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Mild OSD (n=1,909)

Moderate/severe OSD (n=725)

Age (years) 54.21 + 14.36 66.75 + 15.03
Female /male 902 / 1,007 374 / 351
Glaucoma diagnosis
POAG 1184 435
PACG 439 138
OH 21 12
Miscellaneous 265 140
Antiglaucoma medications (n) 212+ 1.11 2.24+£1.25
Time of antiglaucoma treatment (years) 1.4+1.25 2.03 £ 1.43
OSDI score 23.27 + 3.56 41.89+8.24
Tear film break-up time (seconds) 6.35+3.14 546 + 4.21
Corneal staining extension (%) 13.69 + 5.43 27.55+9.12
Meibomian gland dysfunction (n; %) 420; 22.0 170; 23.44
Tretament with artificial tears (n;, %) 1,861; 97.5 725; 100
Treatment with topical steroids (n; %) 238; 12.47 725; 100
Treatment with trehalose (n; %) 283; 15.03 396; 54.6
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T+ group (n=396)

T- group (n=329)

P value
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1184 435
439 138
21 12
265 140
2.27 +1.44 2.21+£1.06

0.15
0.13
0.076
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Time of antiglaucoma treatment (years + S.D.) 2.23+1.40 1.83 + 1.46 0.0002
Type of topical steroid (n) 0.89
0.2% Fluorometholone 270 221
0.5% Loteprednol 93 82
1% Prednisolone 33 26
Frequency of steroids per day (mean + S.D.) 4.20 + 1.47 4.04 + 1.58 0.15
Frequency of 0.15% hyaluronate per day (mean + S.D.) 2.38+1.39 217 £ 1.61 0.059
Additional artificial tears (mean + S.D.) 1.62 £ 1.03 1.47 £1.12 0.061
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Trehalose+ group P value Trehalose- group P value
Initial values (n=396) | 2-month values (n=391) Initial values (n=329) 2-month values (n=322)
OSDI score 44.61 + 8.61 32.55+5.19 0.0001 39.17+7.87 33.87+5.27 0.0001
Tear film break-up time (seconds) 4.91+3.98 6.30+ 2.58 0.0001 6.02 +4.45 6.78 + 2.59 0.0001
Corneal staining extension (%) 28.92£7.12 20.43 £+6.73 0.0001 26.18 £+ 6.94 22.49 + 6.56 0.0001
Meibomian gland dysfunction (n; %) 93; 23.48 98; 25.06 0.61 77; 23.40 80; 24.84 0.66





