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Purpose: The first-line treatment approach of Meibomian gland dysfunction (MGD) comprises conservative management, but 
antibiotics with anti-inflammatory properties are recommended in severe or persistent cases. Oral doxycycline and oral azithromycin 
are commonly used antibiotics for managing MGD. However, a systematic review and meta-analysis comparing their efficacy and 
safety is needed.
Patients and Methods: This study adhered to Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines and included randomized controlled trials (RCTs) focusing on patients with MGD. The primary outcomes assessed were 
symptom score, sign score, and overall clinical response. Adverse events were also evaluated. Multiple databases were comprehen
sively searched, and data extraction and quality assessment were performed by two independent authors.
Results: Four trials and a quasi-experimental study involving 612 participants/eyes were included. Meta-analysis showed 
a statistically significantly lower mean sign score in the oral azithromycin group than in the doxycycline group. However, one RCT 
reported a lower mean symptom score in the doxycycline group. No significant differences were found in the means of total scores 
between the two groups. Systemic adverse events such as nausea, abdominal cramps, decrease in appetite, and diarrhea were more 
prevalent in the doxycycline group.
Conclusion: The systematic review and meta-analysis suggest that oral azithromycin may be more effective in reducing signs of 
MGD than oral doxycycline. However, the results regarding symptom scores and total scores were inconclusive. Azithromycin also 
demonstrated a better safety profile with fewer gastrointestinal adverse events. Further research is needed to determine the optimal 
antibiotic treatment for MGD.
Keywords: Meibomian gland dysfunction, azithromycin, doxycycline

Introduction
Ocular surface disease (OSD) is defined by an insufficiency of tears, an unsteady tear film caused by inferior tear quality, 
damage to the surface of the eye, and/or symptoms such as discomfort, stinging, the feeling of a foreign object in the eye, 
and dryness. It is one of the most common reasons for visiting an ophthalmologist according to the American Academy 
of Ophthalmology (AAO).1 The meibomian gland plays a vital role in maintaining the health of the ocular surface, 
preventing the evaporation of the tear film by secreting a lipid and protein mixture.2,3 Meibomian gland dysfunction 
(MGD) is one of the most common causes of OSD. It is characterized by obstruction of the terminal duct and/or 
quantitative/qualitative changes in the secretions of the meibomian glands.4 The subsequent accumulation of meibum is 
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responsible for inflammation and increased bacterial colonization of the lid margins, resulting in both signs and 
symptoms of OSD.1

The first-line therapy in most MGD cases is conservative management, including the use of warm compresses to 
promote adequate meibum secretion, mechanical eyelid massage, cleansing with shampoo and cotton buds to 
remove excess debris, and the use of artificial tears to lubricate the ocular surface.5,6 However, in severe and 
refractory cases, antibiotics (topical and systemic) with anti-inflammatory properties are recommended as second- 
line therapy.7 Doxycycline, which is a longer-acting variant of tetracycline, is often recommended for its ability to 
reduce inflammation and suppress matrix metalloproteinases. However, poor adherence due to its longer duration of 
use and frequent gastrointestinal adverse effects are considered significant limitations.8 Azithromycin, on the other 
hand, works by inhibiting pro-inflammatory cytokines and is potent against gram-negative microorganisms. It has 
anti-inflammatory properties and has been reported to have a longer tissue half-life and lower frequency of 
gastrointestinal adverse events than doxycycline making it an excellent alternative to doxycycline for treating 
MGD.9

Although previous studies have compared the efficacy of oral doxycycline and oral azithromycin in managing MGD, 
to the best of our knowledge, the topic has not been systematically reviewed thus far. Therefore, this article aimed to 
systematically review and perform a meta-analysis of the available evidence comparing the efficacy and safety of oral 
doxycycline and oral azithromycin in managing MGD.

Materials and Methods
This systematic review and meta-analysis adhered to the Preferred Reporting Items for Systematic Reviews and Meta- 
Analyses (PRISMA) guidelines throughout its planning, conduct, and reporting (as shown in Supplementary file).10 

Additionally, the study protocol was registered in the International Prospective Register of Systematic Reviews 
(PROSPERO) with the identifier 447891.

Eligibility Criteria
The study selection process involved a comprehensive systematic review of relevant randomized controlled trials (RCTs) 
focusing on patients with MGD. The inclusion criteria encompassed RCTs that specifically investigated the use of oral 
azithromycin as an intervention in comparison to oral doxycycline in managing patients with MGD with no improvement 
on conservative or topical management. Conversely, studies employing topical azithromycin as the main intervention 
were excluded from consideration. The primary outcomes of interest in this review included symptom score, sign score, 
and total score of MGD. Participants in the studies answered a questioner to assess symptom score, subjective score, 
based on categorical scale from 0 to 3. The questioner evaluated the symptoms of itchiness, burning sensation, foreign 
body sensation, dryness, and swelling of eyelid. Sign score was evaluated objectively also on a 4-points categorical scale 
by the examiner. Seven signs were evaluated that include meibomian secretion, plugged gland orifices, injection of 
conjunctiva, redness of lid margin, debris of lid margin, tear break up time, and staining of corneal surface by fluorescein. 
The sum of the sign and symptom scores calculated to for the total score. These outcomes were evaluated to assess the 
efficacy of oral azithromycin versus oral doxycycline in managing MGD. Additionally, gastrointestinal adverse events 
were appraised as a secondary outcome of interest.

Search Strategy
A systematic search of relevant literature was performed using the following databases: PubMed, the Cochrane Library 
(including clinical trials in CENTRAL), Scopus, the Directory of Open Access Journals, and ClinicalTrials.gov. The 
search included the period from the inception of each database to 4 July 2023. The search terms used included 
“meibomian gland dysfunction”, “meibomian gland disease”, “blepharitis”, “meibomianitis”, “meibomitis”, “ocular 
rosacea”, “azithromycin”, “macrolides”, “doxycycline”, and “tetracyclines” to identify studies that met the inclusion 
criteria. In addition, the reference lists of included studies were manually checked to identify any additional relevant 
articles.
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Study Selection and Data Extraction
Two authors independently reviewed the identified articles for eligibility based on the predefined inclusion and 
exclusion criteria. Any disagreements were resolved through discussion and consensus. Following the study 
selection process, the two authors independently performed data extraction from the included studies. 
A standardized data extraction form was used to capture relevant information. The extracted data included study 
characteristics (author, year), participant demographics (sample size, age, gender), intervention details (dose, 
duration, frequency), outcomes measured (efficacy measures), and any reported adverse events. Any discrepancies 
in data extraction were resolved through discussion and consensus between the two authors.

Quality Assessment and Certainty of Evidence
The assessment of potential bias within the included studies was conducted using the Cochrane Risk of Bias 2 
(RoB2) tool for RCTs and the Joanna Briggs Institute (JBI) tool for quasi-experimental studies.11,12 Two 
independent authors, namely A.B. and Z.B., undertook the responsibility of assessing the risk of bias for each 
study. The process of evaluation of the quality of evidence for each outcome was based on the Grading of 
Recommendations Assessment, Development, and Evaluation (GRADE) criteria.13 The utilization of the GRADE 
instrument, a method endorsed by the Cochrane Collaboration, facilitated a comprehensive assessment of evidence 
quality and the grading of recommendation strength within the studies included in the meta-analysis.14 This 
systematic evaluation encompassed various crucial features, including research design, consistency, indirectness, 
heterogeneity, imprecision, publication bias, and other relevant characteristics of the papers incorporated into this 
systematic review. Subsequently, the quality of evidence was categorized into distinct levels, namely high, 
moderate, low, or very low, based on the overall assessment conducted in accordance with the GRADE 
framework.13,14

Meta-Analysis
The treatment effect was computed utilizing the Review Manager 5 (RevMan 5, version 5.3, Cochrane Collaboration) 
software. Statistical significance was set at a 95% confidence level, with a threshold P-value of 0.05. To evaluate the presence 
of statistical heterogeneity within the included studies, the I2 statistic was employed, which quantifies the proportion of total 
variation attributable to heterogeneity. Risk ratios were employed to express the effect of the intervention on dichotomous 
outcomes, while standardized mean difference was utilized to calculate the intervention effect for continuous outcomes. To 
account for potential variability across the included studies, a random effects model was employed.

Results
After conducting an extensive and systematic search, we identified a total of 2,209 reports from five different databases. 
Out of this initial pool, 2,199 reports were excluded as they did not meet the predetermined eligibility criteria. 
Subsequently, an additional five reports were excluded due to issues such as limited accessibility or variations in the 
route of administration. Eventually, our selection process led us to include five reports that were derived from four 
distinct trials and a quasi-experimental study, as visually depicted in Figure 1.9,15–18

Study Characteristics
The study encompassed a total of four trials and a quasi-experimental study, involving a cohort of 612 participants 
corresponding to 612 eyes.9,15–18 The mean age of the trial participants varied across the trials, spanning 40.25 years to 
61.45 years. A total of 297 participants were male, accounting for 48.52% of the entire participant pool. The treatment 
regimen for the oral azithromycin and doxycycline varied slightly among the included studies.9,15–18 For more compre
hensive information on the attributes and particulars of the included studies, as shown in Table 1.
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Risk of Bias Assessment
Two independent reviewers, namely A.B. and Z.B, systematically employed the RoB 2 tool11 and the JBI criteria12 to 
individually appraise the potential sources of bias in the eligible RCTs and quasi-experimental study.9,15–18 Any discre
pancies were solved by discussion till an agreement between reviewers was reached. Three of the four trials in this 

Figure 1 Study flow diagram. CENTRAL, Cochrane Central Register of Controlled Trial; DOAJ, Directory of Open Access Journals.
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investigation exhibited a discernibly high risk of bias, and one trial had low risk as visually depicted in Figures 2 and 3. 
Additionally, the quasi-experimental study assessed with the JBI criteria12 indicated a low risk of bias.

Efficacy Based on Sign Score
In terms of evaluating the efficacy outcomes, four studies incorporated sign scores as a measured parameter.15–18 Among 
these studies, two RCTs provided compelling evidence of a lower mean sign score within the oral azithromycin 
group.15,17 This finding yielded a statistically significant pooled estimate favoring the azithromycin group over the 
doxycycline group (standardized mean difference [SMD] = −0.47, 95% confidence interval [CI] −0.66 to −0.29, p < 
0.000001, I2 = 92%); see Figure 4. (Very low certainty of evidence; see Table 2).

To address the considerable heterogeneity observed, a sensitivity analysis was conducted, excluding the influence of the 
study by Benedetti & Vaiano. This resulted in a reduced but still statistically significant level of heterogeneity (I2 = 77%), as 

Table 1 Detailed Characteristics of the Included Studies

Author Type of 
Study

Participant 
Numbers N = 612

Dose 
(mg)

Duration 
(Days)

Frequency Last Follow-up 
(Months)

Pretreatment 
Mean Total Score

Kashkouli et al15 RCT

Doxycycline 50 200 30 Once per day 2 18.2

Azithromycin 50 250 5 Twice on day 1, then 
once per day

2 17.8

Yousuf et al18 Quasi-

Doxycycline experimental 86 100 NA NA 6 18.72

Azithromycin study 86 250 NA NA 6 17.37

Singh et al16 RCT

Doxycycline 50 200 30 Once per day 6 25.92

Azithromycin 50 500 5 Once per day 6 25.8

Benedetti & 
Vaiano17

RCT

Doxycycline 51 100 28 Twice in week 1, 
then once

3 22.3

Azithromycin 52 250 5 Twice on day 1, then 
once

3 23.6

Upaphong et al9 RCT

Doxycycline 63 200 42 Once per day 2 12.95

Azithromycin 64 1000 21 Once per week 2 12.94

Abbreviation: RCT, Randomized controlled trial.

Figure 2 Risk of bias graph.
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visually depicted in (Figure S1). Further efforts were made to investigate the underlying cause of the notable heterogeneity, 
leading to a subgroup analysis based on the duration of follow-up. The results of this analysis are presented in (Figure S2), 
revealing that at the 6-month follow-up, there was no significant difference (p = 0.59) in sign scores between the adminis
tration of doxycycline and azithromycin. However, when considering patients with a follow-up duration of less than 6 months, 
azithromycin demonstrated a statistically significant (p < 0.00001) advantage over doxycycline in terms of sign scores. The 
overall analysis showed a statistically significant (p < 0.0001) difference favoring azithromycin over doxycycline (Figure S2).

Efficacy Based on Symptom Score
Four articles were included in the analysis, with symptom score serving as one of the primary efficacy outcomes.15–18 Of 
particular interest, one of the RCTs17 reported a notably lower mean symptom score in the doxycycline group compared 
to the symptom scores observed in the remaining three studies. This discrepancy yielded a statistically significant pooled 
estimate that favored the doxycycline group (SMD = 0.24, 95% CI 0.05 to 0.42, p = 0.01, I2 = 91%) as evidenced by the 
data presented in Figure 5. (Very low certainty of evidence; see Table 1).

Figure 3 Risk of bias summary.

Figure 4 Forest plot of sign scores. Cl, confidence interval; SD, standard deviation.
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To address the observed heterogeneity, a sensitivity analysis was conducted, excluding the influence of the Benedetti 
& Vaiano study. Following the exclusion of this study and the subsequent sensitivity analysis, no significant difference in 
symptoms between the doxycycline and azithromycin groups was observed. However, it is important to note that 
a moderate level of heterogeneity (I2 = 69%) persisted in the results (Figure S3).

Efficacy Based on Total Score
The meta-analysis incorporated four RCTs that computed the total scores of MGD.9,15–17 The findings revealed no 
significant differences in the mean total scores between the two groups at the final follow-up assessment (SMD = −0.07, 
95% CI −0.26 to 0.12, p = 0.50, I2 = 73%); see (Figure S4). (Low certainty of evidence; see Table 1).

Adverse Events
In the present study, gastrointestinal adverse events were carefully monitored across the four studies throughout all 
follow-up periods.15–18 The most frequently reported gastrointestinal adverse event was nausea, which exhibited a higher 
incidence in the doxycycline groups. The pooled estimates consistently favored the azithromycin groups, with 
a statistically significant difference observed (SMD = 0.61, 95% CI 0.45 to 0.84, p = 0.002, I2 = 0%) as seen in 
Figure 6. Similarly, abdominal cramps (SMD = 0.51, 95% CI 0.36 to 0.72, p = 0.0001, I2 = 0%), decrease in appetite 
(SMD = 0.43, 95% CI 0.28 to 0.68, p = 0.0003, I2 = 0%), and diarrhea (SMD = 0.56, 95% CI 0.36 to 0.86, p = 0.008, I2 = 
0%) were also found to be more favorable towards the azithromycin groups (Figure 6). Overall, the pooled estimates 
demonstrated a consistent preference for the azithromycin group in terms of all gastrointestinal adverse events (SMD = 
0.54, 95% CI 0.45 to 0.65, p < 0.00001, I2 = 0%); see (Figure 6).

Discussion
MGD is a prevalent condition that contributes to OSD via obstruction and alterations in the meibomian gland 
secretions.19 While conservative management is the primary approach for MGD treatment, antibiotics with anti- 
inflammatory properties are recommended for severe cases.5 Oral doxycycline and oral azithromycin are commonly 
prescribed antibiotics for managing MGD.8,20 In this systematic review and meta-analysis, we aimed to compare the 

Table 2 Grading of Recommendations Assessment, Development, and Evaluation (GRADE) Evidence Profile

Certainty Assessment Certainty

Outcome Study Design Risk of 
Bias

Inconsistency Indirectness Imprecision Other 
Considerations

Signs Score Randomised 
trials

Very 
seriousa

Very seriousb Not serious Not serious None ⨁◯◯◯ 

Very Low

Symptoms 
Score

Randomised 
trials

Very 
seriousa

Very seriousb Not serious Not serious None ⨁◯◯◯ 

Very Low

Total Score Randomised 
trials

Very 
seriousa

Seriousb Not serious Not serious None ⨁⨁◯◯ 

Low

Notes: aHigh risk of bias. bHigh heterogeneity.

Figure 5 Forest plot of symptom scores. Cl, confidence interval; SD, standard deviation.
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efficacy of these two antibiotics in the treatment of MGD. Our findings suggest that oral azithromycin may be more 
effective in reducing signs of MGD compared to oral doxycycline. However, the results regarding symptom scores and 
total scores were inconclusive. Furthermore, azithromycin demonstrated a better safety profile, with fewer gastrointest
inal adverse events. These results highlight the potential of azithromycin as a treatment option for MGD, but further 
research is needed to establish the optimal antibiotic therapy for this condition.

Our findings suggest that the use of azithromycin results in greater overall improvement in the signs of MGD compared to 
doxycycline, according to the sign scores presented in Figure 3. Specifically, studies by Kashkouli et al and Benedetti & Vaiano 
demonstrated that azithromycin led to greater improvement in conjunctival redness and corneal staining, in addition to MG 
secretion in the work by Benedetti & Vaiano. However, it is important to note the high heterogeneity in the results (I2 = 92%), 
indicating substantial variability among the studies. To address this heterogeneity, a sensitivity analysis was conducted by 
excluding the effect of the study by Benedetti & Vaiano, resulting in a lower but still significant level of heterogeneity (I2 = 77%) 
as shown in (Figure S1). Further efforts were made to explore the source of high heterogeneity, leading to a subgroup analysis 
based on the duration of follow-up. (Figure S2) depicts the results of this analysis, showing that at the 6-month follow-up, there 
was no significant difference in sign scores between doxycycline and azithromycin. However, when evaluating patients with 
a follow-up duration of less than 6 months, azithromycin demonstrated a statistically significant superiority over doxycycline in 
terms of sign scores (Figure S2). This early efficacy of azithromycin (< 6 months) was observed only by Benedetti & Vaiano 

Figure 6 Forest plot of adverse events. Cl, confidence interval; SD, standard deviation.
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(who assessed patients after 3 months of treatment) and Kashkouli et al (who assessed patients after 2 months). These findings 
suggest that azithromycin has an early and potentially more potent anti-inflammatory effect on the signs of MGD. Furthermore, 
this early effect appears to be maintained, and azithromycin remains as effective as doxycycline after 6 months of treatment.

In contrast, when examining the symptom score, our findings indicate a statistically significant preference for the 
doxycycline group. This result may be attributed to the influence of Benedetti & Vaiano’s RCT on the overall analysis. 
However, upon removing the effect of this RCT and conducting a sensitivity analysis (Figure S3), no significant 
difference between the doxycycline and azithromycin groups in terms of symptoms was observed. Nevertheless, 
a high level of heterogeneity remained in the results (I2 = 69%). This heterogeneity can be explained by variations in 
the mean symptom scores reported in the Kashkouli et al and Benedetti & Vaiano studies. Specifically, the symptom 
score for MGD was better in the azithromycin group in the Kashkouli study, while in the Benedetti & Vaiano study, 
doxycycline demonstrated superior symptom scores. However, it is important to note that these differences were not 
statistically significant in the original articles.

When considering the total score, which combines both the signs and symptoms of MGD, azithromycin and 
doxycycline were found to exhibit comparable effectiveness. However, it is important to note the high degree of 
heterogeneity in the results (I2 = 91%), which is likely due to the variations in the sign scores observed in the 
azithromycin group during the early follow-up periods.

Previous systematic reviews have also examined the efficacy of both oral and topical forms of azithromycin in the 
treatment of MGD.21,22 Specifically, topical azithromycin has been reported to potentially yield superior effects compared to 
oral azithromycin in improving tear break-up time and corneal staining. However, when considering the overall effects on 
MGD signs and symptoms, both oral and topical forms exhibit comparable efficacy and that topical azithromycin is not widely 
available in all health care institutions in comparison to the oral form.22,23 It should be noted, however, that oral doxycycline 
may require a longer therapeutic course to achieve a similar level of effectiveness.8,22 The treatment regimen for the oral 
azithromycin varied between 5 to 21 days among the included studies with a slightly different doses.9,15–18 However, the 
doxycycline groups were treated for longer duration compared to the azithromycin groups in all the included studies.9,15–18

Oral doxycycline has been documented to elicit systemic adverse events when administered for the treatment of 
MGD, including gastrointestinal, dermatological, and allergic events.23 Conversely, oral azithromycin has been reported 
as a well-tolerated medication with a lower incidence of systemic side effects.24 Consequently, it comes as no surprise 
that our study revealed a reduced occurrence of systemic adverse events in the azithromycin group compared to the 
doxycycline group, with consistent findings across the study population. Additionally, the subgroup analysis focusing on 
gastrointestinal side effects demonstrated a similarly diminished occurrence in the azithromycin group.

Despite the high heterogeneity observed in this meta-analysis, it is important to note that all the studies included in 
the analysis exhibited comparable baseline characteristics and low risk of bias and employed similar assessment tools and 
scores for measuring the impact of the intervention on MGD. The underlying causes of this observed heterogeneity in the 
assessment scores remain incompletely understood; however, it is plausible that variations in therapeutic dosage, 
frequency, and duration across the included studies may have contributed to the pooled results being influenced. 
Furthermore, another factor that could have potentially influenced the results of our analysis is the early effect of 
azithromycin on the sign score in the initial 2–3 months, as demonstrated in studies by Kashkouli et al and Bendeti et al. 
These studies provide evidence of a potential temporal variation in the efficacy of azithromycin treatment for MGD.

As mentioned before, MGD is a chronic disease that is usually managed with conservative treatment such as lid hygiene, 
lubrication, or warm compressors as first line therapy.5 There are multiple treatment options that can be used as an adjunctive 
treatment if the oral administration of antibiotics is contraindicated such as intraductal meibomian gland probing, topical 
N-acetyl-cysteine, omega-3 essential fatty acids, or topical cyclosporine A.25 A new treatment approach that worth mentioning 
is the intense pulsed light (IPL), which work as adjunctive treatment to improve the signs and symptoms of MGD, and can be 
used if oral antibiotics are contraindicated.26 IPL can also be combined with the oral doxycycline to decrease the recurrence of 
chalazion and improve the MGD.27 However, no studies have mentioned the use of oral azithromycin with IPL treatment.

Several limitations of our study should be acknowledged. First, the inclusion of a limited number of studies is 
a notable constraint. This arises from the fact that antibiotic use is not considered a first-line treatment in the management 
of MGD and is not widely adopted in clinical practice. Consequently, the availability of eligible studies meeting our 
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inclusion criteria was limited, potentially limiting the generalizability of our findings. Furthermore, a significant limita
tion is the high level of heterogeneity observed among the included studies. This heterogeneity may be attributed to 
methodological disparities and variations in the study design, intervention protocols, and outcome measures employed 
across the studies. The resulting inconsistency in the pooled results necessitates caution when interpreting and extra
polating the findings. However, it is important to note that we conducted a thorough investigation to identify potential 
sources of heterogeneity and explore their underlying causes. Despite these limitations, our study provides valuable 
insights into the efficacy of antibiotics in the management of MGD. Nevertheless, future research endeavors should aim 
to address these limitations by conducting larger-scale studies with a more diverse range of participants, standardized 
protocols, and consistent outcome measures. Such efforts would contribute to the robustness and generalizability of the 
findings, thereby enhancing our understanding of the role of antibiotics in the treatment of MGD.

Conclusion
This systematic review and meta-analysis sought to evaluate the efficacy and safety of oral azithromycin in comparison 
to those of oral doxycycline for the treatment of MGD. The findings of this study indicate that oral azithromycin exhibits 
promise in managing the signs and symptoms associated with MGD. While no statistically significant difference was 
observed in final efficacy between the two treatments, oral azithromycin demonstrated a shorter duration of treatment and 
a more favorable adverse effects profile, which could improve patient compliance. However, it is imperative to conduct 
further investigations with larger sample sizes to obtain a more comprehensive understanding of the long-term outcomes 
pertaining to the use of oral azithromycin in MGD. In conclusion, this study contributes valuable evidence to the existing 
literature, providing insights that help optimize the treatment approach for MGD patients.

Approval Date of Registry and the Registration No. of the Study/Trial
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