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Abstract

Background: Dry eye disease (DED) is a prevalent ocular surface disorder causing symptoms of watering, redness of eyes, ocular
discomfort, visual disturbance, and signs of congestion, reduced tear meniscus, particulate debris in the tear film, changes in the
meibomian gland number and morphology, and increased tear osmolarity. Conventional meibography offers detailed imaging of
Meibomian glands but remains costly and unavailable in routine practice. This study evaluated gland morphology using a
standard infra red autorefractor with an infra red imaging device and correlated findings with tear-film parameters. Methods: In
this cross-sectional study, 106 patients who met the inclusion, exclusion criteria with clinically diagnosed DED were examined
at a tertiary care center. Each participant underwent Schirmer’s I test and tear break-up time (TBUT) measurement. Meibomian
gland morphology was imaged using the infrared module of the AR-UNIQUE.RK auto-refractometer. Parameters such as acini
visibility, main duct exposure, orifice morphology, and lid margin irregularities were graded and correlated with tear-film indices
using Spearman’s correlation and non-parametric tests (p < 0.05 significant). Results: Poor or moderate acini visibility (Grades
2-3) was observed in 75.5% of patients, and orifice abnormalities in 68%. Mean Schirmer’s values were 7.7 + 1.9 mm (RE) and
7.4 £ 1.8 mm (LE), while mean TBUT was 6.4 + 1.6 s and 6.2 + 1.5 s, respectively. Acini visibility grade correlated negatively
with Schirmer’s (r = —0.42, p < 0.001) and TBUT (r = —0.39, p = 0.002). Increased morphological severity was significantly
associated with reduced tear-film stability (p < 0.001). Conclusion: Infrared imaging using an auto refractometer effectively
identified Meibomian gland abnormalities correlating with functional tear film deficits. This approach provides a practical, low
cost alternative for early detection of Meibomian gland dysfunction in resource limited ophthalmic settings.
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1. Introduction

Dry eye disease (DED) is a multifactorial ocular surface =~ mation and neurosensory abnormalities [1]. Recent system-
disorder characterized by tear-film instability, ocular inflam- atic reviews suggest it affects an estimated 11.6% of the
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global population, with regional variation from 42% in Af-
rica to 20.1% in Asia [2, 3]. Among Asian populations the
prevalence is even higher; a 2025 database analysis reported
23.9% DED prevalence, rising from 16.2% in people under
30 years to 26.7% in those over 70 years, with women af-
fected more frequently than men (28.1% vs 20.1%) and a
notable uptrend from 2016-2022 [4-6]. The economic bur-
den is substantial; a study estimated DED management costs
in the United States at approximately US$5.5 billion annu-
ally [7]. Indian data are sparse but concerning. 4 2023 hos-
pital-based study using DEWS II criteria found 29.5% prev-
alence, with evaporative and aqueous-deficient subtypes
contributing almost equally. Risk factors included older age,
female gender, urban residence, diabetes, smoking, cataract
surgery and increased use of video display terminals [8].
These figures highlight a common disease that is rising in
parallel with digital device use and aging population. Dry
Eye Disease significantly diminishes quality of life. In a
2024 cross-sectional survey of Thai medical students, 60.4%
reported DED symptoms, and those affected had signifi-
cantly worse scores on the Dry Eye related Quality of life
Score (DEQS) and the EQ-5D-5L utility index; they also re-
ported more mental health issues, indicating that DED com-
promises daily functioning, and psychological well-being
[9]. Another study of Saudi adults emphasised that DED
causes ocular discomfort, unstable tear film and visual dis-
turbances; severe disease may lead to corneal ulceration and
scarring [10]. It further noted that environmental factors
such as air pollution, digital screens and contact-lens use in-
crease the risk of DED. DED symptoms reduce work produc-
tivity and are associated with psychological stress, anxiety
and depression. Together these findings underscore the
broad societal impact of DED and the importance of timely
diagnosis and management [11, 12]. A normal tear film typ-
ically has low osmolarity levels and little variability between
different measurements. Values above 308 mosmol/ L or a
difference of 8 mosmol/L between the two eyes are good in-
dicators of a tear film osmolarity disorder. [13].

Management is tailored to disease severity. First-line ther-
apy involves artificial tear drops and lubricating ointments,
while punctal occlusion (temporary or permanent) and scleral
contact lenses help retain tears. Tear-stimulating medications
such as Pilocarpine, omega-3 fatty acids may be recom-
mended, and surgery is considered for eyelid mal positions.
Self-care measures include avoiding environmental triggers,
using humidifiers, warm compresses and taking frequent
breaks from screens [14]. Despite these options, many patients
do not achieve sustained relief. Conventional meibo graphy
systems that could guide targeted therapy are costly and not
widely available yet. This creates a clear need gap, although
DED is common and treatment requires understanding of
meibo mian gland health, routine assessment of gland mor-
phology is rarely performed outside specialized clinics due to
lack of accessibility to equipment, high equipment cost, and
training requirements.
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To address this gap, this study uses a standard auto refractor,
ubiquitous in ophthalmic practice to capture infrared images
of the meibo mian glands. By correlating morphological grad-
ing of the meibo mian glands with functional tear tests, we aim
to provide a low-cost, accessible method for early detection of
meibo mian gland dysfunction, thereby improving screening
and enabling timely interventions.

2. Materials and Methods

2.1. Study Design and Setting

This study was designed as a hospital based, comparative
cross-sectional investigation conducted at the Department of
Ophthalmology, Vydehi Institute of Medical Sciences and Re-
search Centre (VIMS & RC), Bengaluru. The primary objec-
tive was to evaluate Meibo mian gland morphology in patients
with dry eye disease using autorefractor based infrared imag-
ing and to correlate morphological alterations in the meibo-
mian glands with tear film parameters. The study adhered to
the tenets of the Declaration of Helsinki and was approved by
the Institutional Ethics Committee of VIMS & RC. All partic-
ipants provided written informed consent before enrollment.

2.2. Study Duration and Population

The study was carried out over an 18 month period from
June 2023 to December 2024. Patients attending the outpatient
ophthalmology department with symptoms suggestive of dry
eye were screened for eligibility. A total of 106 participants
aged between 18 and 70 years, fulfilling the inclusion criteria,
were enrolled consecutively. The inclusion criteria comprised
individuals diagnosed with dry eye based on a Mc Monnies’
questionnaire score>20, Schirmer’s 2 test value <15 mm in at
least one eye, and tear break up time (TBUT) <10 seconds.
Participants were required to have a minimum daily video dis-
play terminal (VDT) exposure of two hours continuously to
ensure adequate environmental stress relevance. Patients with
active ocular infection, ocular surgery within the past six
months, chronic topical medication use, contact lens wear,
eyelid malposition, or ocular surface inflammatory disorders
were excluded from the study.

2.3. Clinical Assessment

After obtaining informed consent, each participant under-
went a comprehensive ophthalmic evaluation, including best
corrected visual acuity, slit lamp examination, and fundus
evaluation. The Mc Monnies’ Dry Eye Questionnaire was ad-
ministered to quantify subjective symptoms such as ocular
discomfort, burning sensation, and photo phobia. The tear film
was assessed using the Schirmer’s II test and TBUT, which
served as the primary functional indices of dry eye severity.
For the Schirmer’s II test, topical anesthesia (0.5% pro para-
caine) eye drops were instilled, and standardized filter paper
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strips (Whatman No. 41) were placed in the lower fornix of
each eye for five minutes. The wetting length was measured
in millimeters from the folded end. TBUT was evaluated by a
drop of 2% sodium fluorescein dye into the inferior conjunc-
tival sac. Under cobalt-blue illumination, the time interval be-
tween a complete blink and the first appearance of a dry spot
on the cornea was recorded in seconds, with three readings
averaged for analysis.

2.4. Infrared Autorefractor Based Meibomian
Gland Imaging

Infrared imaging of the Meibo mian glands was performed
using the AR-UNIQUE. RK auto refractor, equipped with an
inbuilt anterior-segment imaging module. After the clinical
assessments, participants were seated comfortably with the
chin and forehead stabilized. The upper eyelid was gently
everted, and three sequential high-resolution infrared images
of the tarsal plate were captured for each eye under standard-
ized ambient lighting.

The procedure was quick, non-invasive, and well tolerated,
requiring approximately two minutes per eye.

Each image was evaluated for the following morphological
parameters: number and visibility of acini, main duct exposure,
orifice characteristics, lid margin morphology, presence of
concretions, and evidence of chalazion. Acini visibility was
graded on a three-point scale, where grade 1 denoted clear vis-
ualization of clustered acini, grade 2 represented partial visu-
alization (yellowish stripe appearance), and grade 3 indicated
poor or absent visibility. Three point grading of acini visibilty
is established as “ meiboscore “by Arita et al, in normals 0-6
in one eye, 3 for each eyelid based on meibomian gland drop-
out. [15] Main duct exposure was categorized as <l mm, 1-2
mm, or >2 mm based on the visible ductal length. Orifice ab-
normalities, including capping, pouting, or obliteration, were
noted along with associated lid margin thickening, rounding,
or telangiectatic changes. The presence and depth of glandular
concretions were classified as deep, sub epithelial, or extrud-
ing.

2.5. Data Acquisition and Quality Control

All demographic and clinical data were entered into a pre-

validated Microsoft Excel sheet on the same day of examina-
tion. Of the three images captured per eye, the clearest image
with optimal focus and contrast was selected for grading. Two
independent, masked ophthalmologists graded all morpholog-
ical parameters to minimize observer bias. In cases of inter
observer disagreement exceeding one grade point, consensus
was achieved through joint review by a senior faculty member.
Calibration meetings and intra observer repeatability checks
were conducted periodically to ensure consistency across
evaluations.

2.6. Statistical Analysis

Data were analyzed using Statistical Package for the Social
Sciences (SPSS) version 22. Continuous variables, including
Schirmer’s 2 test and TBUT values were expressed as mean +
standard deviation (SD), while categorical data such as acini
visibility, duct exposure, orifice type, and lid margin abnor-
mality were expressed as frequencies and percentages. Nor-
mality of continuous data was verified using the Shapiro—Wilk
test. Correlations between morphological parameters and tear
film metrics were analyzed using Spearman’s rank correlation
coefficient. Comparative analyses of Schirmer’s and TBUT
values across morphological grades and demographic varia-
bles were performed using the Kruskal-Wallis and Mann—
Whitney U tests as appropriate. A two-tailed p-value <0.05
was considered statistically significant.

3. Results

Demographic and Clinical Profile

A total of 106 patients with dry eye disease were evaluated,
comprising 55 females (51.9%) and 51 males (48.1%), indicat-
ing a near-equal gender representation. The older adult group
(>50 years) accounted for the highest proportion (45.3%) and
demonstrated a higher frequency of Meibomian gland dysfunc-
tion (p = 0.021). Chalazia were observed in 14.2% of partici-
pants, and its presence was associated with significantly lower
Schirmer’s and TBUT values (p = 0.032). Over half of the sub-
jects (54.7%) had Meibomian gland concretions, predominantly
sub epithelial (22.6%), followed by deep (20.8%) and extruding
(11.3%) types (Table I).

Table 1. Demographic and Clinical Characteristics of the Study Population (n = 106).

Parameter Category Frequency (n) Percentage (%) p-value
Gender Male 51 48.1 —
Female 55 51.9 —
Age Group (years) 18-30 21 19.8
31-50 37 349
>50 48 453 0.021*
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Parameter Category Frequency (n) Percentage (%) p-value

Presence of Chalazion Yes 15 14.2 0.032%*
No 91 85.8

Concretion Type Deep 22 20.8 —
Subepithelial 24 22.6 —
Extruding 12 11.3 —

Significant at p < 0.05

Morphological Features of Meibomian Glands

Infra red based auto refactor imaging revealed that acini vis-
ibility was moderate to poor (Grades 2-3) in 75.5% of partici-
pants, reflecting advanced gland dysfunction. Main duct expo-
sure <] mm was noted in 34.9% of eyes and was associated with

lower tear-film stability (p = 0.018). Abnormal orifice morphol-
ogy—particularly capping and pouting—was seen in a majority
of eyes (68%), while lid margin irregularities were present in
47% (Table 2).

Table 2. Distribution of Meibomian Gland Morphological Parameters.

Parameter Category Frequency (n) Percentage (%) p-value
Acini Visibility Grade 1 (clear) 26 24.5 —
Grade 2 (moderate) 48 453 —
Grade 3 (poor) 32 30.2 0.014%*
Main Duct Exposure <l mm 37 34.9 0.018*
-2 mm 38 35.8 —
>2 mm 31 29.2 —
Orifice Abnormalities Capping/Pouting 72 68.0 —
Obliteration 19 17.9 —
Lid Margin Abnormality =~ Present 50 47.2 —
Significant at p <0.05

Tear Film Parameters
The mean Schirmer’s test value was 7.70 + 1.9 mm (right
eye) and 7.42 £ 1.8 mm (left eye), while the mean TBUT was

6.43 £ 1.6 s (right) and 6.19 £ 1.5 s (left), indicating global
tear film instability in the study group. No significant inter eye
difference was observed (p > 0.05) (Table 3).

Table 3. Descriptive Statistics of Tear Film Function Tests.

Parameter Right Eye (Mean = SD)
Schirmer’s Test (mm) 7.70£1.9
TBUT (seconds) 6.43+£1.6

Correlation Between Morphological and Functional Pa-
rameters

Left Eye (Mean + SD) p-value
7.42 +1.8 0.287
6.19+1.5 0.334

Spearman’s correlation analysis demonstrated a strong pos-
itive correlation between the number of Meibomian glands
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and both Schirmer’s (r=0.46, p <0.001) and TBUT (r=0.42,
p < 0.001). In contrast, acini visibility grade correlated nega-
tively with Schirmer’s (r=-0.42, p <0.001) and TBUT (r=-—

0.39, p = 0.002), signifying that poorer gland visibility corre-
sponded to reduced tear film stability (Table 4).

Table 4. Spearman’s Correlation Between Meibomian Gland Morphology and Tear Film Parameters.

Morphological Variable Schirmer’s Test (r, p)

Number of Glands 0.46, <0.001*

Acini Visibility Grade —0.42, <0.001*

TBUT (r, p) Interpretation
0.42,<0.001* Positive correlation
—0.39, 0.002* Negative correlation

Table 5. One way ANOVA.

Descriptives: Age in Years and Number of glands Both eyes

Age

T Mean Std. Deviation  Std. Error
<40 37 19.919 2.8223 4640
41-50 21 16.381 2.4995 .5454
51-60 23 12.304 1.2223 2549
>60 25 9.400 1.1547 .2309
Total 106 15.085 4.7432 4607

95% Confidence Interval for

Table 6. ANOVA.

Number of glands Both Eyes

Sum of Squares df
Between Groups 1885.657 3
Within Groups 476.579 102
Total 2362.236 105

One-way ANOVA showed a statistically significant differ-
ence in the mean number of glands across different age groups
(F=134.526, p <0.001).

The mean number of glands decreased progressively with
increasing age, with the highest mean observed in individuals
aged <40 years (19.92) and the lowest in those aged >60 years
(9.40).

This indicates a strong negative association between age
and gland count.

39

Mean
Minimum  Maximum
Lower Bound Upper Bound
18.978 20.860 15.0 28.0
15.243 17.519 13.0 23.0
11.776 12.833 10.0 14.0
8.923 9.877 7.0 12.0
14.171 15.998 7.0 28.0
Mean Square F P value
628.552 134.526 .000*
4.672

1) Group-Wise Comparisons

On comparing tear-film indices across demographic and
clinical groups, older adults and females exhibited lower
Schirmer’s and TBUT values, though gender difference was
not statistically significant (p = 0.083). However, participants
with chalazia and concretions demonstrated markedly re-
duced values (p = 0.032 and p = 0.041, respectively). These
findings underscore the relationship between secondary lid
pathology and functional tear deficiency (Tables 3, 6, 7).


http://www.sciencepg.com/journal/ijovs

International Journal of Ophthalmology & Visual Science

http://www.sciencepg.com/journal/ijovs

Table 7. Comparison of Tear Film Parameters Across Demographic and Clinical Groups.

Group Schirmer’s (Mean = SD mm)
Age <50 yrs 8.15+1.7
Age > 50 yrs 7.06 £1.8
Male 7.83+1.8
Female 7.58+1.9
Chalazion present 6.92+1.6
Concretion present 7.01+£1.7

Significant at p < 0.05

Association Between Morphological Severity and Tear
Film Dysfunction

Kruskal Wallis tests demonstrated that increasing morpho-
logical severity, particularly poor acini visibility and orifice
obliteration was significantly associated with decreasing

TBUT (Mean + SD s) p-value
6.78 £ 1.4

589+1.3 0.021*
6.41+1.4 —
622+1.5 0.083
574+1.2 0.032*
598+1.4 0.041*

Schirmer’s and TBUT scores (p < 0.001). Participants with
Grade 3 acini visibility had mean Schirmer’s of 6.5 mm and
TBUT of 5.3 s, whereas those with Grade 1 acini visibility
showed 8.4 mm and 7.6 s, respectively (Table 8).

Table 8. Association of Morphological Severity Grades With Schirmer’s and TBUT Values.

Morphological Grade Schirmer’s (Mean £+ SD mm)
Acini Grade 1 842+1.5
Acini Grade 2 742 +1.7
Acini Grade 3 6.51+1.6
Orifice Normal 8.19+1.8
Orifice Abnormal 7.01+1.7

Significant at p < 0.05

4. Discussion

This cross-sectional study used a readily available auto re-
fractor to obtain infrared images of the Meibomian glands in
patients with DED. The rationale was to identify a low-cost,
point-of-care alternative to specialized meibo graphy systems
for evaluating gland morphology. The study systematically
graded acini visibility, duct exposure and orifice integrity,
then correlated these structural grades with Schirmer’s test
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TBUT (Mean = SD s) p-value (Kruskal-Wallis)

7.63£1.2

6.28+1.3

532+1.1 <0.001*
722+1.4

594+1.2 0.002*

and tear break-up time (TBUT). Unlike most meibography
studies, which rely on dedicated instruments, our approach
leveraged an instrument already present in general ophthalmic
practice;

This responds to the recognised need to broaden access to
meibography while avoiding the high costs and lengthy image
acquisition times reported for non contact infrared, in vivo
confocal or optical coherence tomography meibo graphy [16].
By combining structural assessment with functional tear tests,
the study aimed to clarify whether observable gland changes
translate into clinically relevant tear-film deficits.
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Figure 1. Meibomian gland - normal length and normal number of acini.

QOo— D) ORE——

Figure 2. Meibomian glands, shortened, tortutous, kinked glands with few acini.

Demographically, the study population was predominantly
middle-aged and older adults, with approximately half aged
>50 years and a near-equal gender distribution. We found that
older participants exhibited more frequent orifice abnormali-
ties, poor acini visibility and chalazia. These trends mirror
population based findings: a cross-sectional study of 236
healthy individuals using non contact infrared meibography
reported that gland dropout increases with age and is signifi-
cantly more pronounced in people over 50 years [17]. The
same study noted that dropout and severely shortened glands
were associated with lower non-invasive tear break-up times
(NIBUT), indicating that age-related structural loss compro-
mises tear-film stability. Systemic conditions also influence
morphology; patients with diabetes mellitus and non prolifer-
ative diabetic retino pathy showed higher meibo scores and
gland dropout (45% vs. 39%) than non diabetic controls, yet
there were no significant differences in TBUT or Schirmer
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scores [18]. Likewise, a non invasive ocular surface analysis
in adults with type 1 diabetes mellitus reported significantly
lower Schirmer’s values and TBUT compared with controls
(p < 0.001), and HbAlc levels correlated directly with
lower-eyelid Meibo mian gland loss (r=0.396, p<0.001) [19].
These external data support our observation that older age and
systemic disease predispose to structural Meibo mian gland
abnormalities, although the functional impact can vary.

Our primary endpoint was the association between gland
morphology and tear-film parameters. In our cohort, poor ac-
ini visibility and orifice obstruction correlated negatively with
Schirmer’s and TBUT, whereas the number of intact glands
correlated positively. These findings align with evidence that
structural changes translate into functional impairment. For
example, an in-vivo con-focal microscopy study comparing
patients with liquid versus solid meibum showed that non in-
vasive TBUT was significantly shorter in the solid meibum
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group (6.73 £ 3.69 s) than in those with liquid meibum (9.3 +
4.83 s), with overall differences across groups reaching statis-
tical significance (F=11.87,p <0.001) [20]. In the same study,
patients with solid meibum had keratinized, deformed orifices
and dilated ducts, whereas patients with liquid meibum re-
tained round or oval openings. These microscopic changes
mirror our macroscopic grading of poor acini visibility and or-
ifice obliteration, suggesting that structural deterioration im-
pedes lipid secretion and destabilizes the tear film. Conversely,
some studies have reported weak or absent correlations; in di-
abetic patients, gland dropout did not correlate with TBUT,
implying that structural loss may precede detectable func-
tional deficits [18]. Nevertheless, the overall pattern across
multiple datasets including ours and a Lipi Scan based study
where morphological imaging identified early MGD more
sensitively than Schirmer’s (and showed strong agreement
with TBUT) supports the view that morphological assess-
ments are clinically meaningful and can flag sub clinical dys-
function.

The clinical implications of our findings are two fold. First,
integrating infrared auto refractor based meibography into
routine dry eye evaluations could enable early identification
of patients at risk of evaporative DED without the expense or
complexity of dedicated meibography systems. Second, the
strong associations we observed between acinar dropout, duct
exposure and functional tear metrics, underscore the potential
for morphological grading to guide targeted therapies such as
gland expression, lid hygiene, or anti-inflammatory treatments.

However, several limitations must be acknowledged. This
study as a hospital based cross-sectional study, cannot infer
causality or track the progression of structural changes; our
sample size was modest and drawn from a single centre, which
may limit generalization. The resolution of images is not com-
parable to those obtained from costlier meibography machines,
but serves as an estimate of the meibomian glands which
would otherwise be invisible to the naked eye. The study also
did not assess meibum quality or lipid layer thickness, varia-
bles that have been shown to influence the relationship be-
tween gland morphology and tear film stability [21]. The
LipiView II Ocular Surface Interferometer (manufactured by
Johnson & Johnson Vision/Tear Science) is a specialized oph-
thalmic imaging device used primarily to evaluate the tear
film and meibomian glands. It measures Lipid Layer Thick-
ness (LLT) Blink Dynamics, Dynamic Meibomian Imaging
(DMI): It uses near-infrared (NIR) illumination to image the
meibo mian gland structure in high definition, allowing for the
accurate assessment of gland atrophy or dropout. Another
such device is the OCULUS Keratograph 5M is a high-reso-
lution corneal topographer with a built-in keratometer and
specialized software for dry eye analysis [22] Our not for
profit department is yet to acquire these specialised instru-
ments. Hence modern tests such as noninvasive tear film beak
up time, tear film os molarity, tear meniscometry, lipid metrics
were not possible.
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Future multi centre longitudinal studies incorporating quan-
titative lipid metrics and systemic risk factors, larger sample
size and age, gender matched controls are needed to determine
whether infrared auto refractor based imaging of the eyelids
can reliably monitor meibomian gland disease progression
and response to treatment.

5. Conclusion

Infrared auto refractor imaging effectively detects morpho-
logical alterations of the Meibomian glands that correlate with
tear film instability. This low cost, rapid technique can sup-
plement conventional diagnostic modalities and facilitate
early identification of Meibomian gland dysfunction, access
to ocular surface evaluation, thus improving dry eye manage-
ment in routine ophthalmic practice.
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