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Noninvasive ocular surface analyzer as an adjunct in diagnosis and estimating
prevalence of meibomian gland dysfunction: Hospital-based comparative

study

Saumya Yadav, Noopur Gupta, Tarjani Makwana, Murugesan Vanathi, Radhika Tandon

Purpose: To assess the role of noninvasive ocular surface analyzer (OSA) in workup of meibomian
gland dysfunction (MGD) and to estimate hospital-based prevalence of MGD using this objective device.
Methods: The study recruited 113 consecutive participants attending the ophthalmology outpatient
department of a tertiary care hospital. All participants were administered a symptom questionnaire.
Participants underwent a comprehensive ocular examination, including slit-lamp biomicroscopy and
meibomian gland expression. Lipid layer thickness (LLT), noninvasive tear breakup time (NIBUT), tear
meniscus height (TMH), and meibomian gland loss (MGL) were assessed using OSA. The presence of
either or both reduced/absent meibum secretion and cloudy to toothpaste-like secretion was diagnosed as
MGD. Results: Prevalence of total MGD was 57.52% (95% confidence interval [95% CI]: 48.3%—-66.8%) and
that of symptomatic MGD was 42.5% (95% CI: 33.2%-51.7%). Prevalence of total and symptomatic MGD
was highest in those aged >50 years (P < 0.001 and P = 0.004, respectively). Computer vision syndrome
increased the odds of symptomatic MGD (odds ratio [OR]: 4.3). NIBUT and MGL significantly differed
in MGD and non-MGD groups (P = 0.023 and P < 0.001, respectively). LLT significantly differed between
asymptomatic and symptomatic cases (P = 0.033). MGL >25% increased the odds of having MGD (OR:
19.1). Significant negative correlations were observed between MGL and NIBUT (P = 0.04) and between
MGL and LLT (P = 0.02). MGL demonstrated the highest diagnostic accuracy for MGD (AUC = 0.827,
sensitivity = 75.4%, specificity = 85.4%, cut-off value: 226%). Conclusion: MGD is a common disorder
in adults attending the ophthalmology outpatient services of a tertiary eye care hospital. Incorporating
noninvasive OSA in clinical practice can aid in rapid and reliable measurements of MGD-related
parameters.

Key words: Dry Eye, meibomian gland dysfunction, meibomian gland loss, meibomian glands, ocular

Access this article online

Website:

WWW.ijo.in

DOI:
10.4103/ijo.1JO_2245 21

Quick Response Code:

surface analyzer

Meibomian gland dysfunction (MGD) is a commonly
encountered disorder in clinical practice and an important
cause of evaporative dry eye disease (DED).!" Digital display
usage is an important contributor to this emerging public
health problem, particularly in younger age groups.!
The reported prevalence of MGD in the literature varies
from 3.5% to 70.3% across studies, with relatively higher
prevalence in Asians than in Caucasians.’'% Inconsistent
diagnostic criteria and varied study groups have been
partly held responsible for this disparity.57! Until recently,
there was no standardized definition of MGD."! Differing
study definitions and symptom questionnaires, along with
disruptive effects of clinical tests on subsequent test values,
make the diagnosis and workup of MGD cumbersome
in routine clinical practice. Lack of objectivity in clinical
assessment compounds the problem.
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Despite a high prevalence reported in Asians, the available
literature on MGD in the Indian population is limited, with
very few studies keeping MGD their primary focus.>¢12-1%
This lack of focused research in MGD could be attributed to
the reasons mentioned earlier. The current coronavirus disease
of 2019 (COVID-19) pandemic has also impacted the ocular
surface in multiple ways.['! Besides the increased occurrence
of DED reported following COVID-19 infection, attempts to
curb the pandemic have led to an increased screen time in all
age groups, whether in the domain of work, school, or leisure.
Mask-associated dry eye is a further concern. The situation
thus calls for heightened surveillance to look for MGD and
associated dry eye. Developing a comprehensive diagnostic
tool that provides noninvasive and objective evaluation of
meibomian glands, tear film, and ocular surface, along with
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quantifiable, repeatable, and reliable measurements that can
easily be adopted in clinical practice is imperative. The aim of
this study was to estimate the prevalence and study-associated
risk factors for MGD in a hospital-based population and to
evaluate the role of a noninvasive ocular surface analyzer (OSA)
in the diagnosis of MGD.

Methods

Study design and ethical approval

This observational, cross-sectional study was conducted at a
tertiary eye care hospital from January to December 2019. The
study was performed in accordance with the Declaration of
Helsinki and was commenced after obtaining approval from
our institute’s ethics committee.

Subject recruitment and screening

Consecutive participants, aged 18 years and above, attending
the ophthalmology outpatient department of our tertiary
eye care hospital and consenting to participate in the study
were included. Participants with acute ocular infection or
inflammation, history of ocular surgery within the past
3 months, ocular trauma, or globe abnormality; those
using ocular medication; contact lens users; and those with
uncontrolled systemic disease were excluded from the study.

The study was designed and powered to estimate the
prevalence of MGD in a hospital-based population. The sample
size of 113 adult subjects was considered assuming prevalence
of 47.7%,"%1 95% confidence level, absolute error of 10%, and
design effect of 1.2. The sample size calculation was conducted
using the Open Epi Statistical Calculator version 3.01.

The study participants were administered a standardized
sypmtom questionnaire specific to dry eye symptoms related
to MGD." The questionnaire has been previously used and
validated by studies to effectively differentiate between
subgroups of patients with MGD and controls.*>* Demographic
details, presence of computer vision syndrome (CVS;
prolonged use of visual display terminals with ocular
symptoms), presence of systemic illness, and use of systemic
medications were noted. Clinical evaluations and automated
measurements using OSA (ICP OSA; SBM Sistemi, Turin,
Italy) were performed in the following order to minimize
the disruptive effect of preceding tests on subsequent
measurements: lipid layer thickness (LLT), noninvasive tear
breakup time (NIBUT), tear meniscus height (TMH), slit-lamp
examination, corneal staining using 1% sodium fluorescein
strips, meibomian gland expression, and noncontact infrared
meibography.

Ocular surface analyzer

LLT and NIBUT were measured by interferometry using
ICP OSA (SBM Sistemi) [Fig. 1]. LLT was recorded after
asking the participants to blink thrice, which ensured an
even distribution of the lipid layer over the cornea. For
measurement of NIBUT, the median of three readings
on interferometry was taken. TMH was estimated along
the lower lid margin using magnification tools. Infrared
meibography of the everted upper lid was performed
using BG-4 M noncontact meibography system (SBM
Sistemi).'® Meibomian gland loss (MGL) was represented as
the percentage of the area of the missing glands in the region
of the upper tarsal plate.

Figure 1: Examination of the ocular surface through slit-lamp—mounted
ocular surface analyzer, an integrated platform for diagnosis of dry
eye disease

Clinical assessment

On slit-lamp examination, the presence of meibomian
orifice obstruction (MOO), lid margin telangiectasia, eyelash
contamination, and tear film signs was looked for. After
documenting corneal staining scores meibomian gland
expression was done. Details of the clinical test procedures
and grading are provided in Supplementary File 1. Meibum
quality was graded as 0 = clear, 1 = cloudy, 2 = granular, and
4 = toothpaste like, and meibum expressibility was graded as
0= all glands expressible, 1 = three or four glands expressible,
2=one or two glands expressible, and 3 =no glands expressible.
Diagnosis of MGD was based on the International Workshop
on Meibomian Gland Dysfunction 2010 criteria for gland
expression."! MGD was diagnosed in the presence of a score of
1 or more for both meibum quality and expressibility or a score
of more than 1 for either meibum quality or expressibility in
at least one eye. This was labeled as “total MGD” in the study.
A diagnosis of “symptomatic MGD” was made if a subject with
MGD reported one or more symptoms to be present often or all
the time. The remainder subsets of asymptomatic participants
with clinical features of MGD with no symptoms were labeled
as “asymptomatic MGD.”

Statistical analysis

Pearson Chi-square/Fischer’s exact test were used for
qualitative data. Mann-Whitney U test was applied for
nonparametric data and a two-sample t-test for normal
distribution data. The correlation between OSA parameters
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was performed using the Spearman correlation test. Receiver
operating characteristic (ROC) curves with calculations of the
area under the curve (AUC) were used to describe the accuracy
of each parameter for differentiating subjects with MGD and
without MGD. Results were considered statistically significant
for P <0.05.

Results

Demographic and clinical characteristics

A total of 113 participants were recruited in the study, of
which 62 (54.9%) were males and 51 (45.1%) were females. The
mean age of the participants was 41.56 + 13.23 years (range:
17-65 years). Total MGD prevalence was 57.52% (95%
confidence interval [95% CI]: 48.3%—66.8%; n=65/113) [Table 1].
The MGD group had significantly older subjects than
the non-MGD group (46.5 = 13 vs. 34.8 = 10.3 years;
P < 0.001). MGD was identified in 58.1% (95% CI: 45.4%—
70.7%) of males and 56.9% (95% CI: 42.8%-70.9%) of
females (P =0.898). Symptomatic MGD was identified in 42.5%
of the participants (95% CI: 33.2%-51.7%; n =48/113), that s, in
38.7% of males and 47.1% of females (P =0.371). The prevalence
of both total MGD and symptomatic MGD was highest in those
aged 50 years and above (P <0.001 and P =0.004, respectively).
A similar trend was also noted in both males (P = 0.001
and P = 0.037, respectively) and females (P = 0.047 and
P = 0.057, respectively) [Table 1]. On multivariate analysis,
the adjusted odds ratio (OR) showed that total MGD was
associated with age [Table 2]. Those aged 50 years and above
had about 25 times higher risk of developing MGD than
those aged 29 years and below. Gender and prior cataract

surgery were not independent risk factors for MGD. Systemic
comorbidities (diabetes mellitus, hypertension, rheumatoid
arthritis, and coronary artery disease) were identified in 46
participants, but none were significantly associated with
total MGD. In participants diagnosed with CVS, the odds
of symptomatic MGD increased by a factor of 4.3 (95% ClI:
0.8-21.5; P = 0.02) [Table 2].

Lid margin telangiectasia (P < 0.001), eyelash
contamination (P = 0.001), MOO (P < 0.001), and tear film
signs (P = 0.002) were significantly higher in the MGD
group than in the non-MGD group [Table 3]. No difference
was observed in best corrected visual acuity (P = 0.291) and
corneal staining scores (P = 0.835) between the two groups.
The distribution of clinical signs did not differ between
symptomatic and asymptomatic MGD.

OSA parameters

Compared to the non-MGD group, NIBUT was significantly
lower (7.5+4vs.5.9 £3.3; P=0.023) and MGL was significantly
higher (15.9 = 9.8 vs. 31.2 = 16.7; P < 0.001) in the MGD
group [Table 3]. There was no difference in the values of
LLT (22.6+10.4 vs.19.3+10.9; P=0.107) and TMH (0.2 +0.1 vs.
0.2+0.1; P=0.982) between both groups. On subgroup analyses,
participants with symptomatic MGD had lower values of LLT
compared to those with asymptomatic MGD (17.6 + 7.8 vs.
24.1 + 16.2; P = 0.033). No difference was noted in the values
of NIBUT (P = 0.267), MGL (P = 0.075), and TMH (P = 0.805)
between symptomatic and asymptomatic MGD [Table 3].

Regression analysis comparing the association of MGD
with OSA variables is shown in Table 4. A significant positive

Table 1: Prevalence of MGD by age and gender

Total study subjects Total MGD? Symptomatic MGD
n (%) 95% ClI n (%) 95% ClI
Overall 113 65 (57.5) (48.3-66.8) 48 (42.5) (33.2-51.7)
Age groups (years)
<29 25 10 (40) (19.4-60.6) 9 (36) (15.8-56.2)
30-39 20 6 (30) (8-52) 5 (25) (4.2-45.8)
40-49 40 23 (57.5) (41.5-73.5) 15 (37.5) (19.6-50.4)
=50 28 26 (92.9) (82.7-103) 19 (67.8) (53.6-89.3)
P<0.001 P=0.004
Male 62 36 (58.1) (45.4,70.7) 24 (38.7) (26.2-51.1)
Age groups (years)
<29 11 4 (36.4) (2.5,70.3) 3(27.3) (4.1-58.7)
30-39 13 4 (30.8) (1.7, 59.8) 4 (30.8) (1.7-59.8)
40-49 20 11 (55) (31.1,78.9) 6 (30) (4.2-45.8)
=50 18 17 (94.4) (82.8, 106.2) 11 (61.1) (42.5-90.8)
P=0.001 P=0.037
Female 51 37 (56.9) (42.8, 70.9) 24 (47.1) (32.9-61.2)
Age groups (years)
<29 14 8 (57.1) (43.2, 73.5) 6 (42.9) (13.2-72.5)
30-39 7 2 (28.6) (16.5, 73.7) 1(14.3) (20.6-49.2)
40-49 20 12 (60) (36.5, 83.5) 9 (45) (21.1-68.9)
=50 10 9 (90) (67.4,112.6) 8 (80) (49.8-110.1)
P=0.047 P=0.057

Cl=confidence interval, MGD=meibomian gland dysfunction #Total MGD included both asymptomatic and symptomatic MGD cases P<0.05 are in bold
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Table 2: Association of various risk factors with MGD

Total MGD Symptomatic MGD
Unadjusted P Adjusted OR P Unadjusted P Adjusted OR P
OR (95% Cl) (95% Cl) OR (95% Cl) (95% Cl)
Age group
<29 1 1 1
30-39 0.6 (0.2-2.2) 0.487 0.6 (0.2-2.3) 0.493 0.5(0.07,3.3) 0.464 0.4(0.06,3.1) 0.408
40-49 2.1 (0.7-5.6) 0.172 1.9 (0.6-6) 0.254 0.2(0.04,0.9) 0.085 0.3(0.05,1.6) 0.159
>50 19.5(3.8-101.1) <0.001 24.9(3.7-167.9) 0.001 0.3(0.05,1.4) 0.117 0.4 (0.06,2.3) 0.288
Gender, male versus female 0.9 (0.5-2) 0.898 1 (0.4-2.5) 0.987 1.3(0.5,3.2) 0.56 1.2 (0.4, 3.4) 0.693
Diabetes, no versus yes 1.6 (0.4-4.4) 0.586 1.2 (0.1-2.9) 0.265 0.2(0.05,0.5) 0.002 0.18(0.04,0.8) 0.02
Hypertension, no versus yes 2.3(0.8-6.4) 0.114 1.6 (0.4-6.6) 0.529 0.7 (0.2,2.04) 0.518 1.3(0.3,5.6) 0.684
Ischemic heart disease, no 0.9 (0.2-4.6) 0.983 0.6 (0.1-4.2) 0.592 0.7(0.1,38) 0.673 1.4(0.2,12.2) 0.776
Versus yes
Rheumatoid arthritis, no versus 1.5(0.1-16.9) 0.747 2.5(0.2-33.4) 0.5 0.6(0.056.4) 0.64 1.3(0.08,19.5) 0.858
yes
Computer vision syndrome, no 0.4 (0.2-0.9) 0.026 0.6 (0.2-1.5) 0.224 5.4 (1.2,24.4) 0.003 4.3(0.8,21.5) 0.02
Versus yes
Cataract surgery, no versus yes 1.8 (0.4-7.4) 0.409 0.4 (0.1-2.8) 0.379 2.7(0.3,22.6) 0.351 5.5(0.5,56.1) 0.147
Cl=confidence interval, MGD=meibomian gland dysfunction, OR=o0dds ratio P<0.05 are in bold
Table 3: Clinical and OSA parameters in study subjects
Overall Based on symptoms
Total MGD No MGD P Symptomatic Asymptomatic P
(n=65) (n=48) MGD (n=48) MGD (n=17)
BCVA, LogMAR 0.2 (0.1) 0.1 (0.1) 0.291 0.2 (0.2) 0.2 (0.2) 0.998
Mean (SD)?
Clinical signs
Lid telangiectasia® 1.62+0.84 0.23+0.42 <0.001 1.54+0.79 1.82+0.95 0.247
Eyelash contamination® 1.14+0.97 0.50+0.71 0.001 1.19+1 1.01+0.86 0.627
Meibomian orifice obstruction® 1.22+0.96 0.56+0.5 <0.001 1.23+0.9 1.18+1.13 0.605
Tear film signs® 1.22+0.8 0.73+0.81 0.002 1.23+0.75 1.18+0.95 0.182
Corneal staining score® 0.65+0.87 0.5+0.7 0.835 0.73+0.87 0.41+0.87 0.081
OSA parameters
NIBUT, mm? 5.9 (3.3) 7.5(4) 0.023 5.6 (2.9) 6.6 (4) 0.267
Mean (SD)
MGL, %? 31.2(16.7) 15.9 (9.8) <0.001 33.4(17.6) 25.1 (12.2) 0.075
Mean (SD)
LLT, nma 19.3 (10.9) 22.6(10.4) 0.107 17.6 (7.8) 24.1 (16.2) 0.033
Mean (SD)
TMH, mma 0.2 (0.1) 0.2 (0.1) 0.982 0.2 (0.1) 0.2 (0.1) 0.805
Mean (SD)

BCVA=best corrected visual acuity, LogMAR=Logarithm of the Minimum Angle of Resolution, LLT=lipid layer thickness, MGD=meibomian gland dysfunction,
MGL=meibomian gland loss, NIBUT=noninvasive tear breakup time, OSA=ocular surface analyzer, TMH=tear meniscus height aStudent’s t-test for continuous
data, "Mann—Whitney U test for ordinal data represented as average+SD P<0.05 are written in bold

association was seen between MGL values of >25% (OR: 19.1;
95% CI: 6.7-54.8) and the occurrence of MGD. No association
was found with NIBUT, LLT, and TMH. Also, no association
was noted between OSA parameters and symptomatic MGD.
On correlation analysis, negative correlation was found
between NIBUT and MGL (r = -0.25, P = 0.04) and MGL and
LLT (r=-0.28, P =0.02). No significant correlation was found
between MGL and TMH (r = -0.12, P = 0.78), NIBUT and

LLT (r = 0.03, P = 0.08), NIBUT and TMH (r = 0.15, P = 0.21),
and TMH and LLT (r = 0.03, P = 0.43). ROC curves of NIBUT,
MGL, LLT, and TMH are shown in Fig. 2. Highest AUC was
seen with MGL (AUC =0.827; 95% CI: 0.774-0.881) followed by
NIBUT (AUC=0.633; 95% CI: 0.576-0.672), TMH (AUC = 0.487;
95% CI: 0.441-0.528), and LLT (AUC = 0.483; 95% CI: 0.429—
0.511). The cut-off value of MGL was determined as >26%.
MGL showed a sensitivity of 75.4% and specificity of 85.4%.



May 2022

Yadav, et al.: Ocular surface analyzer in the diagnosis of meibomian gland dysfunction 1543

Table 4: Multi-logistic regression analyses showing association of MGD with ocular surface analyzer variables

Total MGD OR (95% Cl)

Symptomatic MGD OR (95% CI) P

NIBUT (s)

<10 1

>10 0.94 (0.29, 2.95)
MGL (%)

<25 1

>25 19.12 (6.67, 54.81)
LLT (nm)

<30 1

>30 0.87 (0.31, 2.42)
TMH (um)

<0.25 1

>0.25 2.03 (0.19, 22.48)

0.915

<0.001

0.791

0.561

1

0.67 (0.22, 2.05) 0.484
1

0.58 (0.22, 1.56) 0.284
1

0.72 (2.69, 1.92) 0.513
1

0.7 (0.06, 7.73) 0.632

Cl=confidence interval, LLT=lipid layer thickness, MGD=meibomian gland dysfunction, MGL=meibomian gland loss, NIBUT=noninvasive tear breakup time,

OR=0dds ratio, TMH=tear meniscus height P<0.05 are in bold
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Figure 2: ROC curves for NIBUT, MGL, LLT, and TMH. LLT = lipid
layer thickness, MGL = meibomian gland loss, NIBUT = noninvasive
tear breakup time, ROC = receiver operating characteristic, TMH = tear
meniscus height

Discussion

In this study, the prevalence of total and symptomatic MGD
was 57.5% and 42.5%, respectively. Furthermore, the role of
OSA in investigating MGD was evaluated, and we found that
MGL on OSA was a significant association of total MGD, while
symptomatic MGD was associated with CVS.

The prevalence of MGD reported in the current study is
consistent with the high prevalence reported by other studies
from Asia and is higher than that reported in studies on the
western population.[+68131417l However, it must be noted that
the lack of a universally accepted definitive diagnostic criteria
for MGD has led to the use of nonuniform definitions. Also,
some of the reported studies have targeted specific study
groups, leading to variation in reported prevalence.”*?! These
factors render a comparative analysis between studies difficult.
Studies primarily investigating MGD prevalence in the Indian
population are sparse, and we found only two such reports in
the published literature.>** A high prevalence of MGD in this
region, as reported by previous publications and the current

study, especially in the younger population with increased
usage of digital devices, highlights the need to generate relevant
and up-to-date data on MGD and its risk factors.

An increasing prevalence of total and symptomatic MGD
with increasing age was observed in our study, consistent with
previous studies.*3 Those aged 50 years and above had
the highest prevalence of both total and symptomatic MGD.
A similar trend was also noted in both males and females,
although it was marginally insignificant in females (P =0.057)
for symptomatic cases. In symptomatic MGD, in contrast
to our results, Chatterjee et al.¥! observed a declining trend
with age and Amano et al."l observed no change. This
discrepancy can be explained by the lack of a questionnaire
specific to MGD and the use of nonuniform diagnostic
criteria. Development and adoption of standardized study
definitions and disease-specific questionnaire will help in
achieving reproducible results. Interestingly, we noted a
relatively higher prevalence of total and symptomatic MGD
in the <29 years age group than in the 30-39 years age group.
Adolescents and young adults have particularly high digital
display usage, which puts them at increased risk of associated
dry eye and meibomian gland changes. Kim et al.” reported
that lifetime exposure to smartphones increased the risk of
dry eye symptoms in adolescents and advised caution to this

age group.

In the current study, the MGD rates between males and
females were similar. While Amano et al.™ reported a similar
finding, other studies have reported higher prevalence in
males.*>" The role of sex hormones in regulating meibomian
gland function and a protective role of estrogen in females have
been identified, but the mechanism by which these hormones
affect MGD causation still needs to be defined.>*!

Digital device usage is associated with an increased
risk of MGD."™ Blink abnormalities and alterations in
the ocular surface milieu and tear film composition seen
in digital display users predispose them to experience
significant dry eye symptoms.?!1 We found an increased
likelihood of symptomatic MGD associated with CVS in the
current study. Increasing digitization in our daily life and
a shift to online mode for day-to-day workings due to the
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pandemic are expected to increase the health-related problems
of CVS. Studies with a larger sample size are required to
estimate the actual burden of this disorder in the Indian
population.

In an attempt to overcome the inherent biases and
limitations associated with clinical tests, automated and
noninvasive diagnostic modalities have been developed.'>*2!
These tests give repeatable and reproducible quantitative
values of ocular surface parameters and provide in vivo details
about the meibomian gland morphology. A comprehensive
tool that incorporates these modalities in a single instrument
and allows simultaneous measurements is ideal. OSA is one
such modality. We observed that NIBUT was significantly
reduced and MGL was significantly higher in subjects with
MGD as compared to those without MGD. Our findings were
consistent with those of a previous study.?! However, unlike
Giannaccare et al.,*! we found MGL to be the parameter
with the highest AUC on ROC analysis, indicating its better
diagnostic accuracy for MGD in this subset of the Indian
population. On regression analysis, we also found higher odds
of MGD with MGL values >25%, while no increased risk was
seen with NIBUT of <10 s. High diagnostic accuracy of MGL
has been previously established.”* As MGD is primarily a
disease of the meibomian glands and reduced tear breakup
time is secondary to the dysfunction, we feel that MGL,
represented as the percentage ratio of area of gland loss to
the total area, could be a better representative of the disease.

In the present study, tear film LLT was observed to be
similar in participants with and without MGD. This finding
is counterintuitive as MGD is associated with decreased
secretion of lipids into the tear film.**** However, on subgroup
analysis, we noted that LLT showed a significant difference
between symptomatic and asymptomatic MGD. Blackie
et al.?*! observed that LLT correlated better with symptoms
than other objective clinical tests of dry eye and concluded
that thinner LLT is associated with a higher likelihood of dry
eye symptoms. Nevertheless, on literature review, we found
inconsistent associations of LLT with symptoms and clinical
signs of MGD and dry eye across studies.[?#263= LLT values
are known to be affected by several factors, which could explain
the inconsistencies observed.!"* However, a comprehensive
noninvasive approach may yield more accurate results about
the relationship between different ocular surface parameters in
MGD. MGL s directly linked to a reduction of LLT in tear film,
which leads to an unstable tear film and shorter tear breakup
time. In our study, MGL demonstrated negative correlation
with both NIBUT and LLT, consistent with the results reported
previously.*]

TMH did not differ between subjects with and without MGD
and showed no correlation with any other measured parameter.
These findings are in accordance with previous studies.*!
Tear secretion increases as a compensatory response to unstable
tear film seen in MGD.P This compensatory phenomenon
can explain our finding of comparable TMH values in MGD
and non-MGD groups, despite a shorter NIBUT observed in
MGD cases.

Strengths of our study include the use of widely accepted
standardized definition for diagnosis of MGD and correlation of
the clinical diagnosis with objective, quantitative measurements
of OSA. Limitations include hospital-based settings and a

small sample size for subgroup analysis. A population-based
study with a larger sample size would help determine
community-based prevalence and assess the effect of
environmental and socioeconomic factors. It would also help
evaluate the feasibility of OSA in large population-based
studies.

Conclusion

In conclusion, we report a high hospital-based prevalence of
MGD in Indian subjects. We found notably higher prevalence
in younger age groups. Use of digital devices seems to be an
important contributor to symptomatic MGD. To the best of
our knowledge, this study also provides the first objective
assessment of MGD in the Indian population. MGL was the
OSA parameter with the highest predictive ability for MGD in
this study. Although the present study was conducted before
the COVID-19 emerged, we believe its usefulness is more so
now than before. We recommend that OSA can serve as a tool
to perform simultaneous and objective measurements of ocular
surface parameters and gland morphology in clinic-based
settings.
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Supplementary File 1: Clinical tests and grading scores

Clinical parameter

Grading scale

0 1 2 3 4
Lid margin telangiectasia 0 1 2 3-5 >5
Eyelash contamination Clear Slight Mild Moderate Severe
contamination
Meibum orifice obstruction None <25% of 25%-<50% of gland 50%-<75% of gland 75% or more of gland
gland orifices orifices orifices orifices
Tear film signs None Mild debris Mild tear debris, foaming Filamentary keratitis, Filamentary keratitis,

at the corners, and
decreased meniscus

mucus clumping, and
increased tear debris

mucus clumping, increased
tear debris, and ulceration

¢ Corneal surface staining was performed using 1% sodium fluorescein strips. Following instillation of the fluorescein dye in
the inferior conjunctival sac, the subject was asked to blink several times to ensure even distribution over the corneal surface.
Corneal staining scores: 0 =no staining, 0.5 = slight punctate staining, 1 = diffuse punctate staining, 2 = diffuse staining covering
less than one-third of the cornea, 3 = diffuse staining covering more than one-third of the cornea, and 4 = staining covering
more than two-thirds of the cornea.
® Meibomian gland expression: The assessment of meibomian gland dysfunction was done based on the definition by the
International Workshop on Meibomian Gland Dysfunction.™ Moderate digital pressure was applied over the central third
of the lower lids to assess the expressibility of the meibomian glands and the meibum quality.

The expressibility of the meibomian glands was graded on a scale of 0-3 based on the assessment of the central five glands
of the lower lid: 0- all glands expressible, 1- three or four glands expressible, 2- one or two glands expressible, and 3- no glands

expressible.

The meibum quality was assessed in the central eight glands of the lower lid, and the secretions of individual glands were
scored on a scale of 0-3 based on the appearance of meibum: 0- clear secretions, 1- cloudy secretions without debris, 2- cloudy
secretions with debris, and 3- thick/toothpaste-like secretions.





