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Purpose: To elucidate risk factors for meibomian gland disease (MGD) and understand associated changes in meibography and in
relation to ocular surface disease.

Patients and Methods: As part of the standard workup for ocular surface disease at a tertiary academic center, 203 patients received an
ocular history and lifestyle questionnaire. The questionnaire included detailed inquiries about ocular health and lifestyle, including makeup use,
cosmetic eyelid procedures, screen time, and contact lens habits. Subjects also took the standardized patient evaluation of eye dryness (SPEED)
IT questionnaire. Meibomian gland (MG) dropout and structural changes were evaluated on meibography and scored by three independent
graders using meiboscores. Statistical analysis was conducted to identify significant risk factors associated with MG loss.

Results: This retrospective, cross-sectional study included 189 patients (378 eyes) with high-quality images for grading, and the
average age was 67 years (77% female). Patients older than 45 years had significantly more dropout than younger patients (p < 0.01).
Self-reported eye makeup use did not significantly impact MG loss. Patients with a history of blepharoplasty trended toward higher
meiboscores, but the difference was not statistically significant. Self-reported screen time did not affect meiboscores. Contact lens use
over 20 years was associated with significant MG loss (p < 0.05). SPEED II scores had no relationship to meiboscores (p = 0.75).
Conclusion: Older age is a significant risk factor for MG loss. Any contact lens use over 20 years also impacted MG dropout.
Highlighting the incongruence of symptoms to signs, SPEED II scores showed no relationship to the structural integrity of MGs.
Keywords: dry eye, meibomian gland dropout, meiboscore, ocular surface disease

Introduction

Meibomian Gland Disease (MGD) is a chronic, diffuse abnormality of the meibomian glands, often characterized by
terminal duct obstruction and/or changes in glandular secretion. This may lead to alterations in the tear film, eye
irritation, inflammation, and ocular surface disease.! MGD is one of the most common reasons for ophthalmic visits,>
with an estimated 70% of Americans over the age of 60 living with this condition.?

Meibomian glands, found in the upper and lower eyelids, secrete meibum which constitutes the primary lipid
component of the outer layer of the tear film.* These lipids stabilize the tear film and protect against evaporation.’
Thus, any changes in meibum, whether due to deficient secretion or altered compositions of the lipids, have adverse
effects on the tear film and lead to evaporative eye disease.* Alterations in the morphology of meibomian glands, which
include shortening, dilation, distortion, and atrophy, are sensitive and early indicators of MGD.® Various risk factors for
MGD have been identified, including age,” female sex,’ topical medications,® contact lens wear,” and refractive surgery.’
Other environmental and social factors may contribute to the development of MGD but are yet to be clinically illustrated.
Screen time has increased dramatically with the rise in popularity of smartphones, tablets, and computers. Although
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increased screen exposure has been linked to evaporative dry eye disease,'” no study has looked at its impact on
structural MG changes.

Methods to visualize the meibomian glands effectively and with minimal patient discomfort have been developed over the past
decades.'' Meibography, an imaging technique that has been used for over 40 years, allows observation of morphologic changes
in the Meibomian glands in vivo.'? Several noninvasive meibography (NIM) devices are now available commercially. NIM
allows quantitative analysis of meibomian gland morphology, which can serve as a marker for severity or progression of disease. "'
A score of meibomian gland changes, or meiboscore, was created to quantify the partial or complete loss of meibomian glands.
The meiboscore has demonstrated good within reader and between reader reliability.'> Many prior studies on MGD risk factors
relied on clinical exam findings without using infrared meibography.”*

In this study, we aimed to use meibography to visualize changes in meibomian glands associated with common and
likely risk factors. A statistical analysis ran potential risk factors including age, contact lens usage, eye makeup usage,
cosmetic procedures, screen time, and SPEED 1I scores against the meiboscore values.

Materials and Methods

Study Design

This retrospective, cross-sectional, observational study was conducted on 203 patients at a tertiary academic center. This
study followed the tenets of the Declaration of Helsinki, was approved by the institutional review board (IRB) at the
University of California Irvine, and adhered to the Health Insurance Portability and Accountability Act. All subjects
provided written informed consent after receiving an explanation of the nature of the study.

Subject Recruitment

Healthy individuals over 18 years of age and with the ability to consent were considered for the study. Consecutive
patients with dry eyes, determined by subjective symptoms including ocular discomfort, tearing, pain, redness, or
fluctuating vision were included in the study. Exclusion criteria included previous corneal disease (ie, herpetic eye
disease or neurotrophic keratitis) or corneal surgery. Subjects with a history of eye surgery, including cataract surgery
within the past three months, were also excluded from the study.

Survey Design

Subjects received an ocular history and lifestyle questionnaire detailing various factors contributing to MGD. The survey
included detailed questions about makeup use, cosmetic eyelid procedures, screen time, and contact lens habits (attached as
Supplementary Data). All subjects also completed the Standardized Patient Evaluation of Eye Dryness (SPEED) II questionnaire.

Meibography and Grading

Meibomian gland dropout and structural changes were evaluated on meibography with Lipiview II (Johnson & Johnson Vision,
Inc.) and scored using meiboscores by three independent graders based on a standardized scoring scale of 0 to 3 (Figure 1).
Changes in meibomian glands were scored using the following grades in each eyelid: grade 0, no loss of meibomian glands; grade
1, area loss was less than one-third of the total meibomian gland area; grade 2, area loss was between one-third and two-thirds;
grade 3, area loss was more than two-thirds."* For each subject, an average of the three graders’ scores were calculated for each
eye. Then, the average score of both eyes was calculated to yield one final meiboscore for each patient.

Statistical Analysis

All statistical analysis was conducted using the statistical package for the social sciences (SPSS) version 29 (IBM, Corp.,
Armonk, NY). Average meiboscores of each independent variable were compared using a students’ #-test or ANOVA
(analysis of variance). Independent variables were defined as risk factors included in the questionnaire. An independent
samples #-test was used to compare the mean meiboscores between variables that had two groups (age: <45 or >45,
length of contact lens wear: 0-20 or >20 years, eye makeup use: yes or no, blepharoplasty: yes or no). ANOVA was used
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Figure | Representative meiboscore images for grades 0-3.

Notes: (A) Grade 0, no gland loss. (B) Grade |, <33% gland loss. (C) Grade 2, 33—66% gland loss. (D) Grade 3, >66% gland loss.

to compare means for variables with three or more groups (contact lens type, eye makeup type, screen time, SPEED II
scores). Using a confidence interval of 95%, a p-value of <0.05 was considered statistically significant.

Results

Demographics

Of the 203 patients who completed the survey, 189 patients (N = 378 eyes) had images of high enough quality to grade.
One hundred and fifty-seven (77.3%) were female and 46 (22.6%) were male and had a mean age of 67 £+ 15.6 years (age
range: 17-89). This information is summarized in Table 1.

Age
Patients older than 45 years (n = 165, 136 female) demonstrated significantly more meibomian gland dropout than patients
younger than 45 (n = 24, 20 female), with average meiboscores 1.78 + 0.81 and 1.24 £ 0.76, respectively (p <0.01) (Figure 2A).

Contact Lens Usage

Patients with contact lens (CL) use over 20 years (n = 30, 26 female, mean age 68.33 = 10.97) showed greater meibomian
gland loss than those who used CL for 0-20 years (n = 157, 123 female, mean age 64.99 + 17.15), with average
meiboscores 1.98 £ 0.75 and 1.65 + 0.82, respectively (p < 0.05) (Figure 2B). The difference in mean age between these
two groups was not significant (p = 0.31). Patients who used CL for less than 20 years had average meiboscores 1.46 +
0.81 (n =42, 37 female, mean age 53.91 + 21.33), and those who never wore CL had average meiboscores 1.73 + 0.83 (n
= 115, 86 female, mean age 69.26 + 13.01). The difference in mean age between these two groups was significant (p <
0.05). Among CL wearers, those who used them for more than 20 years (n = 30, 26 female, mean age 68.33 + 10.97) had

Table | Properties and Distribution of Patients Included in Our Study

Name Value
Number of patients 203
Age (years) 67 £ 15.6
Men (%)/Women (%) 46 (22.6%)/157 (77.3%)
Total number of Meibomian Gland Images 406
Number of Gradable Images 378
Color Channel Single/Grayscale
Imaging Device LipiView Il Ocular Surface Interferometer
Clinical Ophthalmology 2023:17 htps: 3333
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Figure 2 Bar graphs comparing average meiboscores for measured risk factors. (A) Average meiboscores for age <45 and 245. Meiboscore differences were significant (p =
0.0025). (B) Average meiboscores for years of any contact lens wear. Meiboscore differences were significant based on duration of contact lens use (p = 0.0363). (C)
Average meiboscores stratified by type of contact lens, including Rigid Gas Permeable (RGP), scleral, and soft lenses. No significant difference was observed between groups.
(D) Average meiboscores based on history of blepharoplasty (p=0.21). (E) Average meiboscores and SPEED Il Scores. No significant relationship was noted (p=0.75).

higher scores than those who used them for 1-20 years (n = 42, 37 female, mean age 53.91 + 21.33) (p < 0.05). The
difference in mean age between these two groups was significant (p < 0.05).

Meiboscores of those who never used CL were higher than those who used CL for 1-20 years (p < 0.05).

Among subjects <55 years old, those who used CL for >20 years (n = 4) had higher meiboscores than those who used
CL for 0-20 years (n = 36), with mean scores 1.958 + 0.89 and 1.484 + 0.90, respectively. However, this difference was
not statistically significant (p = 0.32).

There were no significant differences between the meiboscores of patients using different CL types, including Rigid
Gas Permeable (n = 24), scleral (n = 4), and soft lenses (n = 46) (Figure 2C).

Eye Makeup
Eye makeup use (self-reported) did not have any statistically significant correlation with meibomian gland loss. When broken
down by type of makeup, there was also no significant correlation in patients using eyeliner, mascara, or eyeshadow (Table 2).
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Table 2 Summary of Average Meiboscores Based on Eye Makeup Use

Eye Makeup Type Number of Average P value
Patients Meiboscore £ SD

Any Eye Makeup
Yes 129 1.69+0.84 0.74
No 6l 1.73£0.81

Eyeliner
Yes 108 1.68+0.82 0.63
No 82 1.74£0.82

Mascara
Yes 118 1.73£0.83 0.67
No 72 1.68+0.82

Eyeshadow
Yes 108 1.71+0.83 0.94
No 82 1.70+0.81

Abbreviation: SD, Standard Deviation.

Table 3 Summary of Average Meiboscores Based on Screen Time, Assessed by
Nature of Occupation and Hours per Day

Screen Time Number of Average P value
Patients Meiboscore £ SD
Occupation Requires Screen
Yes 76 1.57+0.86 0.10
No 114 1.80+0.78
Hours of Screen Time/Day
>6 57 1.58+0.86 0.16
0-6 133 1.76+0.80

Abbreviation: SD, Standard Deviation.

Blepharoplasty
Patients with a history of blepharoplasty (n = 40) trended toward higher meiboscores, but the difference was not
significant (p = 0.21) (Figure 2D).

Screen Time

Screen time, assessed by self-reported number of hours using a screen and the nature of the participant’s occupation, had
no impact on meiboscores (Table 3). Screen time was determined as the average time spent across the following devices:
cell phones, tablets, TV, and computers. Individual responses for time spent on each of these devices were collected.
None of the individual categories was statistically significant for hours spent per day.

SPEED Il Scores

Standardized Patient Evaluation of Eye Dryness (SPEED) II scores had no relationship to meiboscores (p = 0.75)
(Figure 2E).

Discussion

To the best of our knowledge, this is the first study to evaluate multiple potential risk factors for meibomian gland disease
using meibography as an objective tool. Our present study measured the effect of six different variables on MGD using
meiboscores. These variables included age, contact lens usage, eye makeup, cosmetic procedures, screen time, and
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SPEED 1I scores. Of these factors, age and years of contact lens wear demonstrated a significant relationship to
meibomian gland loss. Interestingly, dry eye symptom severity as assessed by SPEED II scores was not associated
with the structural integrity of the meibomian glands. Other variables, including contact lens type, eye makeup, and
cosmetic procedures, demonstrated trends that may be consistent with current literature.

Among previous research on precipitating factors for MGD, age is a commonly accepted risk factor, with the severity
of MGD increasing with age.”® Changes in the lid margin and meibomian gland anatomy are related to age, demon-
strated through notable abnormalities in patients >50 years of age.'* MGD is an underlying cause of tear dysfunction in
many patients over the age of 40, especially in those with an unstable tear film but normal tear production and tear
volume.'”> Our results are consistent with these prior findings. Patients older than 45 years demonstrated greater
meibomian gland dropout than those younger than 45 (p < 0.01). This is attributed to age-related processes, including
decreased meibomian gland density and diameter and increased gland dropout and obstruction rate.'® The pathogenesis
of MGD in aging may involve mechanisms of PPARY, a fatty acid-activated nuclear transcription factor expressed mainly
in adipocytes and sebocytes, that regulate meibocyte differentiation and directly impact meibum quality, lipid synthesis,
and acinar atrophy.'”'® In conjunction with molecular changes, these factors result in MGD and tear film instability in
older patients.'®

The Standardized Patient Evaluation of Eye Dryness (SPEED) questionnaire is a survey that asks patients to rate the
frequency and severity of their symptoms on eight different categories, resulting in a total score out of 28. The SPEED
questionnaire is a repeatable and standardized tool for assessing dry eye symptoms.'® Our study utilized the SPEED II
questionnaire, which is an updated version with the same purpose and format. Interestingly, our study showed no
correlation between meiboscores and SPEED II scores. This is in concordance with studies that displayed no correlation
between SPEED II scores and meibomian gland morphology.?® More broadly, this is consistent with the lack of
correlation between objective dry eye findings and subjective symptoms of dry eye disease.”’ Previous studies have
demonstrated a poor correlation between the signs and symptoms of dry eye disease, especially when screening patients
for cataract surgery.”*** Our findings suggest that subjective patient-reported symptoms may not be reliable in assessing
the severity of MGD. The measurable clinical signs of dry eye frequently do not correlate with reported patient
symptoms, which makes dry eye challenging to approach.'® Additionally, questionnaires are subjective by nature, and
there is no current method to account for differences in perceptions of ocular dryness.'® Thus, it is crucial to incorporate
objective methods like meibography in conjunction with patients’ symptoms to determine the progression of MGD and
guide its treatment.

Present research on contact lens (CL) usage and MGD remains controversial. One study used a noncontact meibo-
graphic technique to demonstrate that CL wearers have a significantly greater degree of meibomian gland loss than non-
wearers, suggesting that meibomian gland loss is one mechanism underlying CL-related dry eye.”* Another study
demonstrated that 30% of lens wearers develop MGD after six months of wear, while only 20% of non-wearers develop
MGD.?* These results provide compelling data to support the relationship between CL usage and MGD. However,
considerable evidence also suggests a lack of an association between CL wear and MGD.?® Two distinct studies
demonstrated no significant difference between CL wearers and non-wearers in MGD prevalence’” and MG
secretion,”® respectively. Our study demonstrated greater meibomian gland loss in patients with CL use over 20 years
than those who used them for 0-20 years (p < 0.05). The mean difference in age between the two groups was not
significant, reducing the impact of age as a confounding variable.

Among CL wearers, those who used them for more than 20 years (n = 31) had higher scores than those who used
them for 1-20 years (n = 42) (p < 0.05). This corroborates the relationship between the duration of contact lens wear and
resulting meibomian gland loss. The mechanism is unknown but may include decreased blink rates or chronic subclinical
inflammation in CL wearers. Interestingly, the meiboscores of those who never used CL were higher than those who used
CL for 1-20 years (p < 0.05). This may be attributed to the higher sample size in the no CL wear group (n = 115)
compared to the 1-20 years group (n = 42). Confounding variables, like age, may have resulted in higher meiboscores in
the first group despite no history of CL wear. Among subjects <55 years old, there was no statistically significant
difference among those who used CL for >20 years and those who used CL for 0-20 years. This may be attributed to the
small sample size. A larger sample is needed to determine if contact lens wear is a true risk factor without age as
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a confounding variable. The type of CL wear may also affect these factors. However, our study revealed that the type of
CL, including Rigid Gas Permeable (RGP), scleral, and soft lenses, did not affect meibomian gland dropout. In this study,
the numbers of patients in these sub-categories were low and differences may be seen in a larger population of contact
lens users.

Blepharoplasty has been associated with changes related to dry eye markers, including a significant decrease in
Schirmer test results at six months, decreased tear break-up time (TBUT) values, and changes in corneal topography.?’
Tear inflammatory cytokines and tear film instability were demonstrated to increase and contribute to the development
of postoperative dry eye.>® The impact on dry eye disease is usually attributed to post-operative lagophthalmos that
can exacerbate ocular surface exposure. However, there is a paucity in current literature on the impact of blephar-
oplasty on MGD dropout. Our study revealed that patients with a history of blepharoplasty trended toward higher
meiboscores, suggesting more gland dropout, but the difference was not significant. In this study however, the
numbers of patients with a history of blepharoplasty were low and a larger study in this population may reveal
a stronger correlation.

Eye cosmetics are widely used and have the potential to migrate onto the ocular surface and contaminate the tear
film.*' Eyeliner and mascara specifically may be agents of destabilizing the lipid layer.*? One study demonstrated
that regular use of eyeliner induces MG dysfunction, as demonstrated by higher meiboscores.’®> Another study
revealed that patients using eyeliner, mascara, or both eyeliner and mascara had significantly higher meiboscores
than those without eye makeup.** The hypothesis is that chronic inflammation from varying makeup ingredients or
physical obstruction of MG orifices by the makeup can cause long-term dysfunction and structural changes in the
MGs. In our present study, self-reported eye makeup use did not significantly impact meibomian gland loss. This
may be due to the subjective nature of the survey; detailed and accurate data regarding makeup usage may be
difficult to elicit with a questionnaire. Furthermore, varying brands and chemical compositions in makeup products
make studying the long-term relationship with MGD a challenge. It is important to note that both females and males
were given the opportunity to respond to questions regarding eye makeup use. In our study, all male subjects
responded with “no”, excluding them from this parameter. This may have reduced bias by isolating the effects of this
variable to the female population. Despite this, our study demonstrated no significant differences among eye makeup
users.

Increased digital screen exposure positively correlates with dry eye.>> The mechanism is understood to be due to
a reduction in blink rate and completeness.*® A study on screen time and meibomian gland morphology in children
demonstrated a weak and positive correlation between meiboscore for gland atrophy and screen time. The study also
demonstrated a weak but significantly positive correlation between meibomian gland tortuosity and screen time.’’
However, a different study looking at screen time during the COVID-19 pandemic found that the prevalence of
diagnosed dry eyes did not increase among first-visit patients, despite increased screen time.*® Current research on
screen time and MGD in adult patients is lacking. Our present study demonstrates a lack of relationship between self-
reported screen time and meiboscores. The effect of screen size was also investigated by requiring subjects to specify the
use of cell phones, tablets, TV, and/or computers. However, screen size showed no significant relationship to
meiboscores.

Study limitations include the use of a self-reported survey, which may have introduced response bias. Additionally,
age may be a confounding variable for other factors measured, including contact-lens usage, makeup use, and screen
time. The effects of age on these factors make it challenging to isolate our results into a single variable. Further studies
focusing on assessing these factors in the younger population may better demonstrate the impact of lifestyle variables
on MGD.

Conclusion

In conclusion, meibography is an effective instrument to visualize and quantify changes in meibomian glands associated
with various risk factors. Older age is a significant risk factor for meibomian gland loss. Contact lens usage for greater
than 20 years is another risk factor. Self-reported lifestyle habits including makeup usage and screen time, as well as
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symptom severity, assessed by SPEED II scores, showed no correlation to the structural integrity of the meibomian

glands.
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