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Purpose: Dry eye disease (DED) is a prevalent ocular surface disorder frequently associated with type 2 diabetes mellitus (T2DM).
While glucagon-like peptide-1 receptor agonists (GLP-1 RAs) have demonstrated systemic anti-inflammatory and vascular benefits
beyond glycemic control, their potential impact on tear film parameters remains largely unexplored. This study aimed to evaluate the
effects of GLP-1 RAs on ocular surface health in patients with T2DM.

Materials and Methods: In this single-center case-control study, 35 patients with T2DM receiving glucose-lowering therapies were
enrolled. Participants were divided into two groups: 21 patients treated with GLP-1 RAs (alone or in combination with other agents)
and 14 patients treated with non-GLP-1 RA glucose-lowering medications. Ocular surface parameters—including Schirmer I test and
tear breakup time (TBUT)—were assessed and compared between groups.

Results: Patients receiving GLP-1 RAs demonstrated significantly higher Schirmer I test values (median 15 mm, range 1-33)
compared to non-GLP-1 RA users (median 7.5 mm, range 0—40; p = 0.016). TBUT was also significantly longer in the GLP-1 RA
group (median 10 sec, range 6.7—17) versus controls (median 5.85 sec, range 1-11; p < 0.01). A subgroup analysis revealed significant
differences in tear production across patients treated with GLP-1 RAs alone, SGLT2 inhibitors alone, or both (p = 0.016).
Conclusion: GLP-1 receptor agonist therapy is associated with improved tear production and tear film stability in patients with type 2
diabetes, suggesting a potential protective effect on the ocular surface. These findings highlight an emerging link between antidiabetic
therapies and ocular surface health. Prospective, larger-scale studies are warranted to validate these preliminary results and investigate
underlying mechanisms.

Keywords: dry eye disease, type 2 diabetes mellitus, GLP-1 receptor agonists, semaglutide, antidiabetic therapy, ocular surface, tear
film, T-BUT, schirmer test, real-world evidence

Introduction
Dry eye disease (DED) is a multifactorial disorder of the ocular surface characterized by a loss of tear film homeostasis,
resulting in ocular discomfort, visual disturbance, and tear film instability.l DED is one of the most common ocular
conditions worldwide, though its prevalence varies widely from 5% in younger and healthy populations to over 30-50%
in high-risk conditions (ie, older age, postmenopausal, arid climates, systemic diseases, etc).” The pathophysiology of
DED involves a complex interplay of inflammation, hyperosmolarity, and neurosensory abnormalities, making this
condition challenging to manage.’

Among systemic diseases, diabetes mellitus (DM) has been strongly associated with an increased risk of DED.*?
Chronic hyperglycemia in DM leads to microvascular damage, including corneal neuropathy and reduced tear
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production, which can impair ocular surface health.® Additionally, diabetes-associated inflammation and oxidative stress
may further exacerbate DED by disrupting the homeostasis of the tear film and ocular surface.’

In recent years, the role of systemic medications in the development or exacerbation of DED has garnered significant
attention, with antihistamines, antidepressants, and antihypertensives have been shown to be implicated in altering tear
production or stability.® However, the impact of newer classes of DM medications, including Glucagon like peptide —1
Receptor agonists (GLP-1 RAs), Dypeptyl-peptidase-4 Inhibitors (DPP4-I), and sodium-glucose cotransporter-2 inhibi-
tors (iISGLT2), on ocular surface health remains poorly understood. In particular GLP-1 RAs, such as dulaglutide and
semaglutide, are widely used for the management of type 2 diabetes mellitus (T2DM) due to their efficacy in improving
glycemic control, promoting weight loss, and reducing cardiovascular risk.”'® Specifically, GLP-1 receptors have been
identified in lacrimal gland tissue,'' suggesting a potential role of GLP-1 RAs in modulating tear production and
inflammatory pathways relevant to DED.'*'? Recent data suggests that GLP-1 RAs could have anti-inflammatory
properties that may benefit ocular surface homeostasis.'* However, some findings highlight concerns regarding their
potential disruptions to tear film composition and lacrimal gland function. In the specific setting of DM, the potential role
of GLP-1 RAs in the development or exacerbation of DED remains unexplored.

Beyond their established role in improving glycemic control and reducing cardiovascular and renal risk, GLP-1
receptor agonists have demonstrated anti-inflammatory, anti-oxidative, and endothelial-protective effects across multiple
organ systems. These systemic actions are particularly relevant in the context of diabetic microvascular complications,
including ocular involvement. Chronic low-grade inflammation and vascular dysfunction are key contributors to ocular
surface damage and tear film instability in patients with diabetes. Therefore, it is biologically plausible that the
pleiotropic effects of GLP-1 RAs may extend to ocular tissues, providing protective benefits that could influence the
pathophysiology of dry eye disease. This hypothesis supports the rationale for investigating the ocular surface profile in
patients treated with GLP-1 RAs.

Thus, the aim of the present study is to evaluate the impact of GLP-1 RAs on DED in patients with T2DM, through
the assessment of ocular surface parameters such as tear breakup time (TBUT) and Schirmer test results.

Materials and Methods
Study Population

This single-center, retrospective, case-control study included 35 consecutive patients with a diagnosis of type 2 diabetes
mellitus followed-up at the Ophthalmology Departments and Endocrinology and Diabetology Unit of IRCCS Humanitas
Research Hospital, Rozzano - Milan (Italy). Patients were divided into two groups: cases (n=21) including those
receiving a GLP-1 RAs, alone or in association with other anti-diabetic medication, and controls (n=14) including
those receiving other glucose lowering agents but not a GLP-1 RAs.

Inclusion criteria were 1) age > 18 years old, 2) type 2 diabetes mellitus diagnosis, 3) GLP-1 RA therapy for at least
a year (cases group). Patients with corneal diseases, glaucoma or concomitant rheumatic diseases that can cause dry eye,
epiphora due to obstructions in lacrimal ducts, were excluded.

Clinical and biochemical data - including age, gender, glycated hemoglobin, medications, comorbidities - were
collected from electronic medical records. Data collection was finalized in March 2025 and data analysis was completed
by 30 April 2025.

As this was a retrospective observational study utilizing all eligible patient records from a fixed timeframe, no formal
a priori sample size calculation was feasible. Nevertheless, the final cohort of 35 patients was deemed adequate for
exploratory analysis based on clinical relevance, statistical stability, and consistency with previous studies on ocular
surface changes in diabetic populations. This approach aligns with standard practice in retrospective real-world
investigations.

Given the retrospective design, potential confounders were addressed through careful data extraction and stratifica-
tion. Baseline variables such as age, gender, HbAlc, and treatment type were compared between groups to ensure
balance and detect any systematic differences. While these variables were not included in a multivariate regression due to
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the small sample size, their similar distribution between groups minimizes the risk of major confounding. No formal
matching was applied.

Regarding bias control, ocular surface assessments were conducted using standardized instrumentation (SCHWIND
MS-39 OCT) and protocols. However, due to the retrospective nature of data collection, observer masking (blinding) was
not feasible. We acknowledge this as a limitation that may have introduced information bias, although objective testing
methods and anonymized charts may have mitigated this effect.

All procedures performed in this study involving human participants were conducted in accordance with the ethical
standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards. The study protocol was approved by the Ethics Committee of IRCCS
Humanitas Research Hospital. Due to the retrospective nature of the study, the requirement for informed consent was waived
by the Ethics Committee. The patient consent to review their medical records was not required by the Ethics Committee of
IRCCS Humanitas Research Hospital. This is because, at our institution, all patients routinely sign a general consent for the
processing of personal data, which includes authorization to use anonymized clinical data for scientific and research purposes.

Furthermore, the procedures the patients underwent are part of standard clinical practice and reflect good clinical care,
with no additional interventions or experimental protocols beyond routine care. All data used in the study were fully
anonymized, and patient confidentiality was rigorously protected throughout the entire process.

The primary objective was to evaluate the impact of GLP-1 RAs on DED in patients with T2DM, comparing ocular
parameters between cases and controls groups. As secondary endpoint we compared the ocular parameters between
patients treated with GLP-1 RAs alone, SGLT2 inhibitors alone or both GLP-1 RAs and SGLT2 inhibitors.

All procedures in the present study that involved human participants were performed in accordance with the 1964
Helsinki declaration and its later amendments or comparable ethical standards.

Ocular Surface Parameters Assessment

To assess the quality and quantity of tears, we performed Schirmer I test values and break up time calculated by the tear
film analysis assessed by the SCHWIND MS-39 OCT (Schwind eye-tech-solutions, Kleinostheim, Germany). The
Schirmer I test measures the amount of tear production over a period of time (usually 5 minutes) and is used to assess
the presence of dry eye.'> The TBUT measures the stability of the tear film, ie, the time before the ocular surface
becomes dry. It is expressed in seconds, and lower values indicate greater instability of the tear film.'® The results of the
Schirmer I test were reported in millimeters (mm), while those of TBUT were reported in seconds (sec).

In addition to objective ocular surface parameters, symptoms of dry eye disease were assessed using the Ocular
Surface Disease Index (OSDI) questionnaire. The OSDI is a validated 12-item tool that evaluates ocular discomfort,
visual disturbance, and the impact of dry eye on daily activities. Scores range from 0 to 100, with higher values
indicating greater symptom severity. Categories were defined as normal (0—12), mild (13-22), moderate (23-32), and
severe (>33). The OSDI was administered at baseline (pre-treatment) and during follow-up at 1 week, 1 month, and 3
months. Data were collected from patient records where available and included in the analysis as exploratory outcomes.

Statistical Analysis

Normally distributed continuous data were presented as mean and + standard deviation, whereas non-normally dis-
tributed data were presented as median and range. Shapiro—Wilk test was used to assess normality. Categorical data were
presented as number and percentage. Chi- square test or Fisher’s exact test were used to compare categorical variables.
Student’s #-test and Wilcoxon’s test or Kruskal-Wallis test were used to compare continuous variables. A p value < 0.05
was considered as significant. Statistical analysis was performed using R software version 4.3.3."

Results

Cohort Presentation
Thirty-five consecutive patients with T2DM were included: 21 receiving a GLP-1 RAs, alone or in association with other
anti-diabetic medication (cases) and 14 receiving other glucose lowering agents but not a GLP-1 RAs (controls). The

Clinical Ophthalmology 2025:19 heeps: 3831



Ottonelli et al

Table | Clinical, biochemical, and treatment characteristics of patients with type 2
diabetes mellitus treated with GLP-1 receptor agonists versus non-GLP-| receptor
agonist therapies

GLPI-RAs Treated | Non GLPI-RAs Treated | p-value
Clinical and biochemical features
Age at diagnosis (yrs) 73 (42-83) 76 (59-85) 0.27
Gender (F/M) 7/14 4/10 1.0
HbAIlc (%) 6.1 (4.8-8.3) 7 (6-8.8) 0.08
Treatments
SGLT2i 10/21 (48%) 14/14 (100%) <0.001
Metformin 19/21 (90%) 10/14 (71%) 0.19
Insulin 3/21 (9%) 5/14 (36%) 0.22
DPP4i 0/21 (0%) 9/14 (64%) <0.001
Sulfonylureas 1721 (5%) 1714 (7%) |

Notes: Continuous data are presented as median and range, categorical data as number and percentage of
patients. Statistically significant values are shown in bold.

Abbreviations: HbAlc, Glycated Hemoglobin; SGLT2i, Sodium-Glucose Transport Protein 2 Inhibitors;
DPP4i, Dipeptidyl peptidase 4 inhibitors.

median duration of T2DM was 4.05 years (range 2-9 years). Clinical, biochemical, and therapeutic features of included
patients are summarized in Table 1.

The median age of whole cohort was 73 years (range 42—85 years), with a male predominance (2.18 to 1). The entire
cohort median of the glycated hemoglobin was 6.6% (range 4.8-8.8%). Specifically, no differences were detected
between cases and controls groups in terms of age (p-value = 0.27), sex (p-value = 1) and median glycated hemoglobin
(p-value = 0.08).

Concomitant Treatments
Significant differences were observed in concomitant antidiabetic therapies between groups (Table 1). SGLT2 inhibitors
and DPP4 inhibitors were more frequently prescribed in the control group (100% and 64%, respectively) compared with
the GLP-1 RA group (48% and 0%; both p < 0.001). In contrast, metformin use was high in both groups (90% vs 71%,
p = 0.19). Insulin and sulfonylureas were prescribed less frequently, without significant differences between groups.
These differences may reflect distinct therapeutic strategies and could have influenced ocular surface outcomes.

These therapeutic imbalances represent potential confounders, as SGLT2 inhibitors and DPP4 inhibitors may
influence hydration status or inflammatory pathways, indirectly affecting ocular surface health. Although our sample
size did not allow multivariate adjustment, we acknowledge this as a limitation and emphasize the need for future

controlled studies to disentangle the effects of GLP-1 RAs from those of concomitant treatments.

Clinical Characteristics Ad Treatment Profiles

The clinical and biochemical characteristics of the study population are summarized in Table 1. Patients in the GLP-1 RA
group had a median age of 73 years (range: 42—83), compared to 76 years (range: 59—85) in the control group (p = 0.27).
The gender distribution was similar between groups (7 females / 14 males in the GLP-1 RA group vs 4 females / 10
males in the control group, p = 1.0). Median HbAlc was 6.1% (range: 4.8-8.3) in the GLP-1 RA group and 7.0% (range:
6.0-8.8) in controls, with a trend toward lower values in the GLP-1 RA group (p = 0.08).
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Schirmer Test TBUT Test

p value = 0.016

p value < 0.01

Cases Controls Cases Controls

Figure | Ocular surface parameters in patients receiving GLP-1 RAs (Cases) and not receiving GLP-1 RAs (Controls). (A) Schirmer | test; (B) TBUT (Tear film breakup
time) test.

Regarding concomitant treatments, SGLT?2 inhibitors were significantly more frequent in the control group (100% vs
48%, p < 0.001), as were DPP4 inhibitors (64% vs 0%, p < 0.001). Metformin was used in both groups with high
prevalence (90% vs 71%, p = 0.19), while insulin and sulfonylureas were less common and not significantly different.

Ocular Surface Parameters in Cases vs Controls (Figure )

Both Schirmer I test and TBUT resulted significantly different between cases and controls. Specifically, cases showed
higher Schirmer I test values (median 15 mm, range 1-33, 95% CI: 13.7-18.3) compared to controls (median 7.5 mm,
range 0—40; 95% CI: 8.5-19.0; p-value 0.016). A significant difference was found also in TBUT between the two groups
(median 10 sec, range 6.7-17, 95% CI: 10.2—11.7 vs median 5.85 sec, range 1-11, 95% CI: 4.6-7.2 respectively; p-value
<0.01). Moreover, a significant difference was found in the Schirmer I test between patients treated with GLP-1 RAs
alone (median 15 mm, range 1-25), SGLT2 inhibitors alone (median 7.5 mm, range 0—40) or both GLP-1 RAs and
SGLT?2 inhibitors (median 13 mm, range 2—-33; Kruskal-Wallis test, p-value=0.016).

Patient-Reported Outcomes (Table 2)

Ocular Surface Disease Index (OSDI) scores were evaluated at baseline (pre-treatment) and at 1 week, 1 month, and 3
months after treatment initiation. At baseline, OSDI scores were comparable between groups (median 30 in both, p =
0.88). Over follow-up, patients treated with GLP-1 RAs showed a trend toward lower OSDI values compared with
controls, although differences were not statistically significant at any timepoint (Table 2). At 3 months, the GLP-1 RA
group reported a median OSDI of 24 (95% CI: 17-28) versus 28 (95% CI: 25-45) in controls (p = 0.39).

Table 2 Ocular Surface Disease Index (OSDI) scores at baseline and during follow-up in patients with
type 2 diabetes treated with GLP-1 receptor agonists compared with non-GLP-1 receptor agonist

therapies
Time GLP-IRA Median | GLP-IRA | Non GLP-1RAs Median | Non GLPI-Ras | p-value
OSDI (Range) 95% CI OSDI (Range) 95% CI
Pre 30 (18-40) 26-34 30 (19-47) 27-48 0.88
I week 28 (15-45) 22-31 32 (18-48) 27-45 0.41
| month 30 (15-42) 21-35 29 (16—46) 26-45 0.67
3 months 24 (10-40) 17-28 28 (15—44) 25-45 0.39

Notes: Values are reported as median (range) with 95% confidence intervals (Cl). Differences between groups were not statistically
significant at any timepoint.
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Discussion

This retrospective study demonstrated that treatment with GLP-1 RAs has a beneficial impact on tear production and
stability in patients with T2DM, potentially reducing the risk of developing dry eye disease. Numerous studies have
already highlighted an association between T2DM and DED,'®?° attributing this relationship to factors such as
microvascular damage, corneal neuropathy, and chronic inflammation. Diabetes is known to alter meibomian gland
function, reduce goblet cell density, and impair corneal sensitivity, all of which contribute to tear film dysfunction.?'
However, evidence regarding the specific effects of different antidiabetic drugs on the ocular surface is still limited, with
most available data at the preclinical stage.

In addition to ocular surface outcomes, clinical and biochemical characteristics were considered to contextualize our
findings. Age and gender distributions were balanced between groups (median age 73 vs 76 years; female proportion
33% vs 29%), minimizing their potential as confounders. Glycemic control, assessed by HbAlc, showed a trend toward
lower values in the GLP-1 RA group (6.1% vs 7.0%, p = 0.08), which may have contributed to improved tear film
stability and production, although this difference was not statistically significant and cannot solely explain the ocular
surface differences. Importantly, significant imbalances in concomitant therapies were observed: SGLT2 inhibitors and
DPP4 inhibitors were more prevalent in the control group (100% and 64%, respectively) compared with the GLP-1 RA
group (48% and 0%; both p < 0.001), while metformin use was high in both groups (90% vs 71%, p = 0.19). These
therapeutic differences may reflect distinct metabolic profiles and could act as confounders, as some antidiabetic agents
might indirectly affect ocular surface homeostasis through hydration status or inflammatory pathways. Although our
sample size precluded multivariate adjustment, we acknowledge these differences as a study limitation.

From a clinical perspective, patient-reported outcomes add important context. The OSDI questionnaire revealed
a consistent, though non-significant, trend toward lower symptom burden in GLP-1 RA users. At baseline, OSDI scores
were comparable between groups (median 30 in both, p = 0.88). Over follow-up, the GLP-1 RA group reported slightly
lower scores at all timepoints, with the largest difference at 3 months (median 24 [95% CI: 17-28]) compared with
controls (median 28 [95% CI: 25-45], p = 0.39). The parallel between subjective OSDI improvement and objective
ocular surface parameters strengthens the plausibility of a protective effect of GLP-1 RAs. Incorporating patient-reported
outcomes in future prospective trials will be crucial to capture the full clinical impact of antidiabetic therapies on ocular
surface health.

Mechanistically, GLP-1 RAs such as dulaglutide and semaglutide are known for their anti-inflammatory effects and
their modulatory role in tear secretion.?” Preclinical studies have demonstrated the presence of GLP-1 receptors in the
lacrimal glands,'? supporting a direct biological mechanism that may explain the better outcomes observed in our GLP-1
RA group. In contrast, SGLT2 inhibitors, although effective for glycemic and cardiovascular risk reduction,® promote
renal excretion of glucose and sodium, potentially leading to mild systemic dehydration and reduced tear production.***
Our data support this hypothesis, showing higher Schirmer values in patients treated with GLP-1 RAs alone, intermediate
values in those treated with both GLP-1 RAs and SGLT2 inhibitors, and the lowest values in patients treated with SGLT2
inhibitors alone. These findings suggest that the detrimental ocular effects of SGLT2 inhibitors may be mitigated by the
protective influence of GLP-1 RAs.

This study has some limitations that must be acknowledged. The retrospective design and small sample size limit
generalizability and precluded formal power calculation or multivariate analysis. Differences in concomitant treatments
represent another potential confounder, as discussed above. Furthermore, OSDI data were not available for all patients.
These factors highlight the need for larger, prospective studies with standardized collection of both objective and patient-
reported outcomes to confirm and expand our findings.

Despite these limitations, this is, to our knowledge, the first study to suggest an association between GLP-1 RA
therapy and improved tear production and stability in patients with T2DM. If confirmed in larger trials, these results
could have relevant implications for personalized diabetes management, offering not only metabolic and cardiovascular

benefits but also potential protective effects on ocular surface health.
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Conclusion

In this retrospective case-control study, the use of GLP-1 receptor agonists in patients with type 2 diabetes mellitus was
associated with improved ocular surface parameters, including increased tear film stability and tear production, compared
to patients on other antidiabetic agents. These findings suggest that GLP-1 RAs may exert protective effects on the ocular
surface, potentially through anti-inflammatory or neurovascular mechanisms.

While these results are preliminary and hypothesis-generating, they open a new avenue for evaluating antidiabetic
therapies not only for systemic metabolic control but also for their ocular effects. Prospective studies with larger samples
and mechanistic insights are warranted to validate these findings and explore their clinical translation in the management
of diabetes-associated dry eye disease.
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