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Abstract: Although the pathophysiology of meibomian gland dysfunction (MGD) remains incom-
pletely understood, many treatment options have recently become available. According to an inter-
national workshop report, treatment selection for MGD should be based on a comprehensive stage
classification dependent on ocular symptoms, lid margin abnormalities, meibum grade, and ocular
surface staining. However, it is often difficult to evaluate all parameters required for such classifica-
tion in routine clinical practice. We have now retrospectively evaluated therapeutic efficacy in MGD
patients who received five types of treatment in the clinic setting: (1) meibocare (application of a
warm compress and practice of lid hygiene), (2) meibum expression plus meibocare, (3) azithromycin
eyedrops plus meibocare, (4) thermal pulsation therapy plus meibocare, or (5) intense pulsed light
(IPL) therapy plus meibocare. Patients in each treatment group were classified into three subsets
according to the meiboscore determined by noncontact meibography at baseline. Eyes in the IPL
group showed improvement even if the meiboscore was high (5 or 6), whereas meibocare tended to
be effective only if the meiboscore was low (1 or 2). The meiboscore may thus serve to guide selection
of the most appropriate treatment in MGD patients. Prospective studies are warranted to confirm
these outcomes.

Keywords: meibomian gland; meibography; meiboscore; meibomian gland dysfunction

1. Introduction

Meibomian gland dysfunction (MGD) is the leading cause of dry eye [1] and has a
prevalence that varies widely from 3.5% to 70% according to age, sex, and ethnicity [2].
A population-based study (Hirado-Takushima study) performed on Takushima island
in Japan found the prevalence of MGD to be 32.3% [3]. A survey of cataract surgery
patients found that 63% of such individuals showed signs of MGD, and MGD was found to
adversely affect visual acuity and patient satisfaction after such surgery [4]. According to
the European Society of Cataract and Refractive Surgeons (ESCRS) and American Society
of Cataract and Refractive Surgery (ASCRS) guidelines for cataract surgery, MGD should
be diagnosed and treated before such surgery [5].

MGD is a chronic condition of the meibomian glands that is characterized by terminal
duct obstruction or qualitative or quantitative changes in glandular secretion (meibum) [6].
In the obstructive form of MGD, hyperkeratinization of the ductal epithelium results
in a reduced availability of meibum to coat the aqueous layer of the tear film [7]. This
meibum deficiency thus gives rise to increased tear evaporation and consequent tear
hyperosmolarity [8].

MGD is diagnosed on the basis of subjective symptoms, lid margin abnormalities,
the condition of the gland orifices, and meibum grade [9]. Approaches such as conventional
meibography and confocal microscopy for observation of the morphology of meibomian
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glands as well as tear interferometry for evaluation of gland function are also available [9],
but they are not widely adopted in the clinic. Noncontact meibography is a recently devel-
oped noninvasive method that allows relatively rapid imaging of meibomian glands [10]
with high reproducibility and which yields images convincing to patients of the need for
treatment [11]. It is now widely adopted in clinical practice for evaluation of meibomian
gland–related diseases.

Treatment options for MGD have increased greatly—in particular, with the recent
advent of nonpharmaceutical treatments [12]—since the International Workshop on Meibo-
mian Gland Dysfunction in 2011 [8]. Selection of a treatment for MGD is currently based
on the stage classification proposed at the 2011 workshop [13]. Such stage classification
is itself based on a comprehensive evaluation of subjective symptoms, lid margin abnor-
malities (plugging, vascularity), meibum grade, and degree of ocular surface staining [13].
However, it is often difficult to select a treatment method according to this complicated
classification in the clinic. Moreover, it is unclear at what stage nonpharmaceutical treat-
ment options, such as intraductal probing [14], thermal pulsation therapy [15], and intense
pulsed light [16], should be performed.

We have therefore now conducted a retrospective examination of the characteristics
of MGD patients who visited Itoh Clinic and received one of five types of treatment. The
efficacy of each treatment was reevaluated from the viewpoint of noninvasive meibography
grading (meiboscore) at baseline [10].

2. Experimental Section

This retrospective randomized study was conducted at Itoh Clinic in Saitama, Japan,
adhered to the tenets of the Declaration of Helsinki, and was approved by the Institutional
Review Board of the Faculty of Medicine at Itoh Clinic (approval code: IRIN201302-05).
Written informed consent was obtained from all participants.

2.1. Patients and Treatment

Patients with MGD who attended Itoh Clinic between April 2014 and September 2020
were eligible for enrollment. One clinician (R.A.) who is an expert on MGD diagnosed
the condition and enrolled MGD patients. The patients were consecutively enrolled in the
study, with their baseline characteristics being found not to differ significantly among the
treatment groups. Inclusion criteria were as follows: (1) an age of at least 20 years; (2) a
diagnosis of MGD according to Japanese diagnostic criteria [17] including ocular symptoms,
plugged gland orifices, vascularity and irregularity of lid margins, and decreased meibum
quality and quantity (Shimazaki grading) [18]. Exclusion criteria comprised active ocular
infection, ocular inflammatory disease, or aqueous-deficient dry eye (Schirmer test value
of ≤5 mm). All enrolled patients performed meibocare, defined as warming of eyelids
and the practice of lid hygiene twice a day. Five types of therapy were conducted during
the study period: (1) meibocare alone for 3 months (years 2014–2016), (2) four sessions of
meibum expression with an Arita meibomian gland compressor (Katena) 3 weeks apart
together with meibocare over 3 months (MGX group) (years 2015–2016), (3) instillation
of azithromycin eyedrops, Azimychin, Senju) for 2 weeks together with meibocare (AZM
group) (years 2019–2020), (4) one session of treatment with a LipiFlow thermal pulsation
system (Johnson & Johnson) together with meibocare for 1 month (years 2015–2017),
and (5) four sessions of treatment with intense pulsed light (M22, Lumenis) 3 weeks apart
together with meibocare over 3 months (IPL group) (years 2016–2019). All patients were
allowed to apply artificial tears four times a day. All patients were examined before and1
month after the end of the treatment period.

2.2. Clinical Examinations

Ocular symptoms were assessed with the Standardized Patient Evaluation of Eye
Dryness (SPEED) questionnaire [19]. The thickness of the lipid layer of the tear film (LLT)
was measured with a LipiView interferometer (Johnson & Johnson). Lid margin abnormali-
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ties [20]—including plugging (scale of 0–3) and vascularity (scale of 0–3)—as well as the
fluorescein-based breakup time of the tear film (FBUT), corneal-conjunctival fluorescein
staining (fluo) score (scale of 0–9) [21], and grade of meibum expressed with digital pressure
(scale of 0–3) [18] were evaluated by slitlamp microscopy. The meiboscore (0–3 for each
eyelid), which reflects the extent of meibomian gland loss, was determined with a noncon-
tact meibography system (Topcon) [10], and the meiboscore for both eyelids was summed
(total of 0–6) (Figure 1) [10]. The volume of tear fluid was measured by Schirmer’s test
performed without the administration of anesthetic [22]. Eyes were categorized as showing
an improvement (that is, treatment was effective) if the SPEED score had decreased by
≥4 points [23] and meibum grade had decreased by ≥1 point after treatment compared
with before treatment. Data for this study were obtained from the right eye of each subject
unless the right eye was excluded, in which case data from the left eye were used.
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Figure 1. Representative images obtained by noncontact meibography from upper (a) and lower (b) eyelids with a
meiboscore of 0 to 3. The lost area of meibomian glands was graded as 0 for no loss (upper left panels), 1 for a lost area of
less than one-third (upper right panels), 2 for a lost area of between one-third and two-thirds (lower left panels), or 3 for a
lost area of more than two-thirds (lower right panels).

2.3. Statistical Analysis

Data were found to be nonnormally distributed with the Shapiro-Wilk test (p < 0.05),
and nonparametric testing was therefore applied. Baseline variables were compared among
the treatment groups with Dunn’s multiple-comparison test. The Wilcoxon signed-rank
test was used to compare variables between baseline and after treatment. The outcome
variables of the study were the SPEED score and meibum grade before and after treatment.
We performed a statistical power analysis for both the SPEED score and meibum grade.
For the SPEED score, the mean difference between before after treatment was 5.3, with a
corresponding SD of 4.5; for meibum grade, the mean difference was 1.1 with an SD of
1.0. These changes were calculated from the results of all 165 eyes in the current study.
The average number of eyes in each group was 33. The power (1 − β) was 0.91 and 0.86
at the level of α = 0.05 for the SPEED score and meibum grade, respectively, and the
sample size was sufficient. Statistical analysis was performed with JMP Pro version 15
software (SAS). Statistical tests were two sided, and a p value of <0.05 was considered
statistically significant.

3. Results
3.1. Patient Characteristics

A total of 165 patients was enrolled in this study. The characteristics of the study sub-
jects before and after treatment are presented in Table 1. None of the measured parameters
at baseline differed significantly among the five treatment groups (Table 2).
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Table 1. Characteristics of the study subjects with meibomian gland dysfunction before and after treatment in the meibocare,
meibomian gland expression (MGX), azithromycin eyedrop (AZM), LipiFlow, and intense pulsed light (IPL) groups.

Pre- or
Posttreatment Meibocare MGX AZM LipiFlow IPL

Characteristic (n = 30 Eyes) (n = 30 Eyes) (n = 38 Eyes) (n = 30 Eyes) (n = 37 Eyes)

Sex (male/female) 17/13 16/14 20/18 16/14 22/15

Age (years) 59.1 ± 18.7 58.9 ± 15 60.2 ± 16 62.9 ± 14.2 60.5 ± 18

Duration of dry eye
(years) 4.4 ± 2.5 4.2 ± 2.3 4.4 ± 2.2 4.3 ± 3.5 4.3 ± 2.3

SPEED score (0–28) Pre 12.2 ± 3.9 12.5 ± 4.2 12.6 ± 4 11.3 ± 3 13.4 ± 3.2
Post 9.0 ± 3.6 8.9 ± 4.9 6.2 ± 4.5 8.7 ± 4.2 3.7 ± 2.8

p value <0.001 ** <0.001 ** <0.001 ** <0.001 ** <0.001 **

LLT (nm) Pre 54.8 ± 19.6 53.4 ± 11.6 57.9 ± 20.5 59.8 ± 17.9 56.2 ± 23.7
Post 53.0 ± 18.3 59.3 ± 14.8 61.7 ± 19.2 65.2 ± 27.8 65.4 ± 22.5

p value 0.11 0.031 * 0.36 0.015* 0.10

Plugging (0–3) Pre 2.1 ± 0.8 2.1 ± 0.8 2.0 ± 0.6 2.0 ± 0.8 2.3 ± 0.9
Post 1.9 ± 0.9 1.6 ± 0.9 0.9 ± 0.8 1.4 ± 0.9 0.2 ± 0.4

p value 0.057 <0.001 ** <0.001 ** <0.001 ** <0.001 **

Vascularity (0–3) Pre 1.3 ± 0.5 1.4 ± 0.9 1.6 ± 0.6 1.7 ± 1.0 1.4 ± 0.7
Post 1.3 ± 0.4 1.4 ± 0.9 0.6 ± 0.6 1.4 ± 1.0 0.2 ± 0.4

p value 0.33 1 0.006 * <0.001 ** <0.001 **

FBUT (s) Pre 3.1 ± 1.2 3.0 ± 1.1 3.2 ± 1.0 3.3 ± 0.7 3.1 ± 1.2
Post 3.4 ± 1.3 3.9 ± 0.6 5.8 ± 2.8 3.1 ± 1.7 6.7 ± 2.4

p value 0.030 * <0.001 ** 0.37 <0.001 ** <0.001 **

Fluo score (0–9) Pre 0.8 ± 0.6 0.8 ± 0.8 1.0 ± 1.2 0.9 ± 0.6 1.0 ± 1.1
Post 0.6 ± 0.6 0.5 ± 0.7 0.4 ± 1.0 0.8 ± 0.6 0.1 ± 0.3

p value 0.006 * 0.001 ** 0.043 * <0.001 ** <0.001 **

Meibum grade (0–3) Pre 2.3 ± 0.5 2.4 ± 0.5 2.3 ± 0.4 2.3 ± 0.4 2.6 ± 0.5
Post 1.8 ± 0.9 1.6 ± 0.9 1.2 ± 0.8 1.7 ± 1.0 0.1 ± 0.4

p value <0.001 ** <0.001 ** <0.001 ** <0.001 ** <0.001 **

Meiboscore (0–6) Pre 3.8 ± 1.7 3.8 ± 1.7 3.8 ± 1.6 3.8 ± 1.8 3.9 ± 1.5

Schirmer test value
(mm) Pre 10.9 ± 4.2 12.4 ± 9.1 10.6 ± 5.8 9.7 ± 5.6 11.0 ± 6.7

Post 10.3 ± 4.3 12.0 ± 9 8.5 ± 4.6 9.0 ± 7.3 10.6 ± 6.9
p value 0.056 0.169 0.16 0.11 0.003 *

Data are means ± SD. p values for comparisons between pre- and posttreatment were determined with the Wilcoxon signed-rank test
(* p < 0.05, ** p < 0.001). SPEED, Standardized Patient Evaluation of Eye Dryness; LLT, lipid layer thickness of the tear film; FBUT, tear film
breakup time with fluorescein; fluo, fluorescein staining.

Table 2. Comparison of the baseline characteristics of the study subjects with meibomian gland dysfunction in the meibocare,
meibomian gland expression (MGX), azithromycin eyedrop (AZM), LipiFlow, and intense pulsed light (IPL) groups.

Characteristic p Value

Age Treatment Meibocare MGX AZM LipiFlow

MGX 1
AZM 1 1

LipiFlow 1 1 1
IPL 1 1 1 1
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Table 2. Cont.

Characteristic p Value

Duration of dry eye Treatment Meibocare MGX AZM LipiFlow

MGX 1
AZM 1 1

LipiFlow 1 1 1
IPL 1 1 1 1

SPEED score Treatment Meibocare MGX AZM LipiFlow

MGX 1
AZM 1 1

LipiFlow 1 1 1
IPL 0.62 1 1 0.098

LLT Treatment Meibocare MGX AZM LipiFlow

MGX 1
AZM 1 1

LipiFlow 1 1 1
IPL 1 1 1 1

Plugging Treatment Meibocare MGX AZM LipiFlow

MGX 1
AZM 1 1

LipiFlow 1 1 1
IPL 1 1 0.50 0.99

Vascularity Treatment Meibocare MGX AZM LipiFlow

MGX 1
AZM 0.68 1

LipiFlow 0.44 1 1
IPL 1 1 1 1

FBUT Treatment Meibocare MGX AZM LipiFlow

MGX 1
AZM 1 1

LipiFlow 1 1 1
IPL 1 1 1 1

Fluo score Treatment Meibocare MGX AZM LipiFlow

MGX 1
AZM 1 1

LipiFlow 1 1 1
IPL 1 1 1 1

Meibum grade Treatment Meibocare MGX AZM LipiFlow

MGX 1
AZM 1 1

LipiFlow 1 1 1
IPL 0.24 0.90 0.062 0.11

Meiboscore Treatment Meibocare MGX AZM LipiFlow

MGX 1
AZM 1 1

LipiFlow 1 1 1
IPL 1 1 1 1

Schirmer test value Treatment Meibocare MGX AZM LipiFlow

MGX 1
AZM 1 1

LipiFlow 0.83 1 1
IPL 1 1 1 1

p values were determined with Dunn’s multiple-comparison test. SPEED, Standardized Patient Evaluation of Eye Dryness; LLT, lipid layer
thickness of the tear film; FBUT, tear film breakup time with fluorescein; fluo, fluorescein staining.
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Previous therapies for the enrolled patients are shown in Table 3, with most individuals
having been prescribed eyedrops including hyaluronic acid eyedrops, preservative-free
artificial tears, diquafosol eyedrops, topical steroid eyedrops, and rebamipide eyedrops.
About half of the patients had performed meibocare or undergone meibomian gland
expression. None of them had previously received azithromycin eyedrops, LipiFlow
treatment, or intense pulsed light therapy.

Table 3. Previous therapies for the study patients with meibomian gland dysfunction in the meibocare,
meibomian gland expression (MGX), azithromycin eyedrop (AZM), LipiFlow, and intense pulsed
light (IPL) groups.

No. (%) of Patients

Therapy Meibocare
(n = 30)

MGX
(n = 30)

AZM
(n = 38)

LipiFlow
(n = 30)

IPL
(n = 37)

Hyaluronic acid eyedrops 17
(56.7%)

20
(66.7%)

25
(65.8%)

25
(83.3%)

30
(81.1%)

Preservative-free artificial tears 15
(50.0%)

18
(60.0%)

15
(39.5%)

10
(33.3%)

14
(37.8%)

Diquafosol eyedrops 5
(16.7%)

7
(23.3%)

10
(26.3%)

15
(50.0%)

20
(54.1%)

Topical steroid eyedrops 8
(26.7%)

6
(20.0%)

10
(26.3%)

9
(30.0%)

10
(27.0%)

Rebamipide eyedrops 3
(10.0%)

5
(16.7%)

6
(15.8%)

8
(26.7%)

10
(27.0%)

Meibocare - 12
(40.0%)

16
(42.1%)

15
(50.0%)

20
(54.1%)

Meibomian gland expression 12
(40.0%) - 15

(39.4%)
15

(50.0%)
15

(40.5%)

Azithromycin eyedrops 0
(0.0%)

0
(0.0%) - 0

(0.0%)
0

(0.0%)

LipiFlow 0
(0.0%)

0
(0.0%)

0
(0.0%) - 0

(0.0%)

Intense pulsed light 0
(0.0%)

0
(0.0%)

0
(0.0%)

0
(0.0%) -

3.2. Treatment Efficacy

The SPEED score was significantly reduced at 1 month after the end of the treatment
period for all treatment groups (Table 1). LLT was significantly increased in the MGX
group and the LipiFlow group. Plugging was significantly improved in all groups with
the exception of the meibocare group. Vascularity was significantly improved in the AZM
group, the LipiFlow group, and the IPL group. FBUT was significantly prolonged in all
groups with the exception of the AZM group and the LipiFlow group. The fluo score was
significantly decreased in all groups. Meibum grade was significantly improved in all
groups.

3.3. Treatment Efficacy According to the Meiboscore

Eyes in each treatment group were graded on the basis of the meiboscore (1 or 2, mild
gland loss; 3 or 4, moderate gland loss; 5 or 6, severe gland loss) at baseline (Figure 1). Eyes
were also categorized as showing improvement (treatment was effective) if the SPEED
score decreased by ≥4 points and meibum grade decreased by ≥1 point compared with
the values before treatment. In the meibocare group, 100% of patients with mild gland
loss showed improvement (Table 4). However, none of those with moderate or severe
gland loss showed improvement. In the MGX group, 88% of patients with mild gland loss
improved, compared with 55% of those with moderate gland loss and none of those with
severe gland loss. In the AZM group, 92% of patients with mild gland loss and 100% of
those with moderate gland loss improved, whereas none of those with severe gland loss
did so. In the LipiFlow group, 75%, 10%, and 0% of patients with mild, moderate, or severe
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gland loss, respectively, showed improvement. Finally, in the IPL group, all patients with
mild to severe gland loss improved.

Table 4. Improvement of eyes with meibomian gland dysfunction after treatment in the meibocare, meibomian gland ex-
pression (MGX), azithromycin eyedrop (AZM), LipiFlow, and intense pulsed light (IPL) groups according to the meiboscore
at baseline.

Meibocare MGX AZM LipiFlow IPL

Meiboscore Improved/Total Improved/Total Improved/Total Improved/Total Improved/Total

1 or 2 8/8
(100%)

7/8
(88%)

11/12
(92%)

6/8
(75%)

10/10
(100%)

3 or 4 0/11
(0%)

6/11
(55%)

13/13
(100%)

1/10
(10%)

14/14
(100%)

5 or 6 0/11
(0%)

0/11
(0%)

0/13
(0%)

0/12
(0%)

13/13
(100%)

Eyes were categorized as showing improvement if the SPEED score decreased by ≥4 points and meibum grade decreased by ≥1 point
compared with the values before treatment.

4. Discussion

Diagnosis of MGD is largely made on the basis of the combination of subjective
symptoms and the findings of slitlamp microscopy [9], but the guidelines for treatment
selection according to disease severity are not clear. Given that more than half of MGD
patients have no symptoms [20] and it is difficult to estimate the disease duration [20],
existing guidelines are insufficient for accurate determination of MGD severity. We have
now performed a retrospective assessment of the efficacy of five different types of treatment
based on the meiboscore for MGD patients who attended Itoh Clinic. Our findings suggest
that some treatment options can be selected according to the extent of disruption of
meibomian gland morphology apparent in images obtained by noncontact meibography.

Meibography has been improved substantially since its introduction by Tapie in
1977 [24], but it was originally invasive and was not widely applied clinically. The de-
velopment of noninvasive meibography based on infrared light [10] made it possible to
observe meibomian glands of patients in general clinical practice, and it has served as a
basis for many clinical studies [11,25]. It has thus not only revealed changes in meibomian
gland morphology associated with various ocular surface diseases and provided insight
into disease pathophysiology [25], but also highlighted the importance of diagnosis and
treatment of MGD in many types of ophthalmology patients, including those treated with
antiglaucoma eyedrops [26,27] or undergoing cataract surgery [4], as well as children
and adolescents [28,29]. The specificity and sensitivity for MGD diagnosis based on the
morphology of meibomian glands are high at 85% and 96.7%, respectively [30]. Meibog-
raphy images convince patients of the need for treatment and are useful for obtaining
informed consent in clinical studies. However, it is difficult to finely quantify meibomian
gland area in such images, and they are not suitable for monitoring because gland area is
not readily recovered by treatment. Tests of meibomian gland function such as meibum
grading are relatively subjective. Tear interferometry is quantitative, but the findings are
readily influenced by conditions such as humidity, room and body temperature, and eye
makeup. On the other hand, meibography is objective and highly reproducible and can
accurately diagnose MGD [31] and evaluate disease status [31,32]. Assessment of both
gland morphology and function would be the ideal way to evaluate the efficacy of MGD
treatment in the future. Given the retrospective nature of the present study, however,
the efficacy of MGD treatment was evaluated by one expert clinician according to the
meiboscore in order to minimize potential bias.

The five types of treatment performed at Itoh Clinic during the study period are
administered (prescribed) for MGD in Japan. Given that the times the various treatments
were launched in Japan differ, the times they were performed also differed. Patients were
consecutively enrolled in the study, and there was no significant difference in baseline
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characteristics among the treatment groups. All five treatment types significantly improved
subjective symptoms and objective tear parameters compared with baseline. However,
our analysis of treatment efficacy according to the meiboscore at baseline revealed that
meibocare tended to be effective only for eyes at the mild stage of MGD and that intense
pulsed light was effective at all stages and was the only effective treatment for eyes at
the severe stage of the disease characterized by many gland dropouts. The efficacies of
meibomian gland expression and the LipiFlow device tended to be similar, consistent
with the results of a previous study suggesting that LipiFlow is not effective in eyes with
many gland dropouts [33]. We defined improvement of eyes with MGD as a decrease in
the SPEED score of ≥4 points and a decrease in meibum grade of ≥1 point in our study.
Our results do not imply that intense pulsed light induced regeneration of meibomian
glands, however. The efficacy of intense pulsed light may depend on an anti-inflammatory
action as well as on melting of meibum, and it may therefore be more effective for severe
MGD associated with many gland dropouts than is the LipiFlow device, whose efficacy is
thought to rely on meibum melting and gland massage. In addition, the standard protocol
for intense pulsed light therapy applied in the present study consists of four sessions at
3-week intervals, whereas the standard protocol for LipiFlow is a single application. This
difference might have affected the results of our study. Moreover, MGD patients treated
with the LipiFlow device showed a significant improvement in symptoms and most signs.

In the present study, we summed the meiboscores for the upper and lower eyelids [10].
It remains controversial, however, whether the meiboscore should be evaluated for the
upper eyelid alone, the lower eyelid alone, or both eyelids [34]. Changes apparent in the
upper and lower eyelids are not always similar, and it is important to determine the reserve
capacity of both upper and lower meibomian glands from the viewpoint of the oil reservoir
for coating the entire ocular surface. With regard to assessment of the severity of MGD and
selection of a treatment method, it would be desirable to make a comprehensive judgment
based on the sum of the meiboscores of the upper and lower meibomian glands.

Tear film breakup time was measured with fluorescein in this study, which began be-
fore publication of the TFOS DEWS II report [35] that recommended the use of noninvasive
measures of tear film stability. The invasiveness of the procedure in the present study was
minimized by gently applying the fluorescein-stained paper to the conjunctival sac and
asking the patient to blink twice.

Limitations of the present study include its retrospective nature, with the result that
there was no washout period for previous treatments prior to the selected treatment. All
patients also received meibocare in addition to the selected specific treatment option.
In addition, the treatment periods and applications were set according to the treatment
protocols and so differed among the patient groups. It should be considered in the future
whether these differences can be minimized.

In conclusion, our results suggest that the most appropriate treatment can be selected
for each MGD patient on the basis of the meiboscore. When meibomian gland loss is
early and mild or moderate, several treatment options are available. When meibomian
gland loss is severe, intense pulsed light treatment is recommended. Meibography may
thus predict the effectiveness of future treatment and thereby inform selection of the best
treatment option for each patient, especially for individuals with many gland dropouts.
Future prospective studies are needed to confirm the outcomes of the present study.

Author Contributions: Conceptualization, R.A.; formal analysis, S.F.; investigation, R.A.; writing—
original draft preparation, R.A.; writing—review and editing, S.F. and M.K.; supervision, R.A.; project
administration, R.A. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Review Board of Itoh Clinic (approval
code: IRIN201302-05, date of approval: 25 February 2013).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.



J. Clin. Med. 2021, 10, 65 9 of 10

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: R.A. has the patent of the non-invasive meibography system (JP Patent Registra-
tion No. 5281846, US Patent Publication No.2011-0273550A1, EP Patent Publication No. 2189108A1).
R.A. is a consultant for Inami Co., KOWA company and TOPCON Japan. No conflicting relationship
exists for the other authors.

References
1. Lemp, M.A.; Crews, L.A.; Bron, A.J.; Foulks, G.N.; Sullivan, B.D. Distribution of aqueous-deficient and evaporative dry eye in a

clinic-based patient cohort: A retrospective study. Cornea 2012, 31, 472–478. [CrossRef] [PubMed]
2. Schaumberg, D.A.; Nichols, J.J.; Papas, E.B.; Tong, L.; Uchino, M.; Nichols, K.K. The international workshop on meibomian gland

dysfunction: Report of the subcommittee on the epidemiology of, and associated risk factors for, MGD. Investig. Ophthalmol.
Vis. Sci. 2011, 52, 1994–2005. [CrossRef] [PubMed]

3. Arita, R.; Mizoguchi, T.; Kawashima, M.; Fukuoka, S.; Koh, S.; Shirakawa, R.; Suzuki, T.; Morishige, N. Meibomian Gland
Dysfunction and Dry Eye are Similar, but Different based on a Population-Based Study (Hirado-Takushima Study) in Japan.
Am. J. Ophthalmol. 2019, 207, 410–418. [CrossRef] [PubMed]

4. Cochener, B.; Cassan, A.; Omiel, L. Prevalence of meibomian gland dysfunction at the time of cataract surgery. J. Cataract.
Refract. Surg. 2018, 44, 144–148. [CrossRef] [PubMed]

5. Starr, C.E.; Gupta, P.K.; Farid, M.; Beckman, K.A.; Chan, C.C.; Yeu, E.; Gomes, J.A.P.; Ayers, B.D.; Berdahl, J.P.; Holland, E.J.; et al.
An algorithm for the preoperative diagnosis and treatment of ocular surface disorders. J. Cataract. Refract. Surg. 2019, 45, 669–684.
[CrossRef]

6. Nelson, J.D.; Shimazaki, J.; Benitez-del-Castillo, J.M.; Craig, J.P.; McCulley, J.P.; Den, S.; Foulks, G.N. The international workshop
on meibomian gland dysfunction: Report of the definition and classification subcommittee. Investig. Ophthalmol. Vis. Sci. 2011, 52,
1930–1937. [CrossRef]

7. Knop, E.; Knop, N.; Millar, T.; Obata, H.; Sullivan, D.A. The international workshop on meibomian gland dysfunction: Report of
the subcommittee on anatomy, physiology, and pathophysiology of the meibomian gland. Investig. Ophthalmol. Vis. Sci. 2011, 52,
1938–1978. [CrossRef]

8. Nichols, K.K.; Foulks, G.N.; Bron, A.J.; Glasgow, B.J.; Dogru, M.; Tsubota, K.; Lemp, M.A.; Sullivan, D.A. The international
workshop on meibomian gland dysfunction: Executive summary. Investig. Ophthalmol. Vis. Sci. 2011, 52, 1922–1929. [CrossRef]

9. Tomlinson, A.; Bron, A.J.; Korb, D.R.; Amano, S.; Paugh, J.R.; Pearce, E.I.; Yee, R.; Yokoi, N.; Arita, R.; Dogru, M. The international
workshop on meibomian gland dysfunction: Report of the diagnosis subcommittee. Investig. Ophthalmol. Vis. Sci. 2011, 52,
2006–2049. [CrossRef]

10. Arita, R.; Itoh, K.; Inoue, K.; Amano, S. Noncontact infrared meibography to document age-related changes of the meibomian
glands in a normal population. Ophthalmology 2008, 115, 911–915. [CrossRef]

11. Fineide, F.; Arita, R.; Utheim, T.P. The role of meibography in ocular surface diagnostics: A review. Ocul. Surf 2020, in press.
[CrossRef] [PubMed]

12. Arita, R.; Fukuoka, S. Non-pharmaceutical treatment options for meibomian gland dysfunction. Clin. Exp. Optom. 2020, 103,
742–755. [CrossRef] [PubMed]

13. Geerling, G.; Tauber, J.; Baudouin, C.; Goto, E.; Matsumoto, Y.; O’Brien, T.; Rolando, M.; Tsubota, K.; Nichols, K.K. The
international workshop on meibomian gland dysfunction: Report of the subcommittee on management and treatment of
meibomian gland dysfunction. Investig. Ophthalmol. Vis. Sci. 2011, 52, 2050–2064. [CrossRef] [PubMed]

14. Maskin, S.L. Intraductal meibomian gland probing relieves symptoms of obstructive meibomian gland dysfunction. Cornea 2010,
29, 1145–1152. [CrossRef]

15. Greiner, J.V. A single LipiFlow(R) Thermal Pulsation System treatment improves meibomian gland function and reduces dry eye
symptoms for 9 months. Curr. Eye Res. 2012, 37, 272–278. [CrossRef]

16. Toyos, R.; McGill, W.; Briscoe, D. Intense pulsed light treatment for dry eye disease due to meibomian gland dysfunction; a 3-year
retrospective study. Photomed. Laser Surg. 2015, 33, 41–46. [CrossRef]

17. Amano, S.; Arita, R.; Kinoshita, S.; Japanese Dry Eye Society MGD Working Group. Definition and diagnostic criteria for
meibomian gland dysfunction. Atarashii Ganka (J. Eye). 2010, 27, 627–631.

18. Shimazaki, J.; Sakata, M.; Tsubota, K. Ocular surface changes and discomfort in patients with meibomian gland dysfunction.
Arch. Ophthalmol. 1995, 113, 1266–1270. [CrossRef]

19. Finis, D.; Pischel, N.; Konig, C.; Hayajneh, J.; Borrelli, M.; Schrader, S.; Geerling, G. Comparison of the OSDI and SPEED
questionnaires for the evaluation of dry eye disease in clinical routine. Ophthalmologe 2014, 111, 1050–1056. [CrossRef]

20. Arita, R.; Minoura, I.; Morishige, N.; Shirakawa, R.; Fukuoka, S.; Asai, K.; Goto, T.; Imanaka, T.; Nakamura, M. Development of
Definitive and Reliable Grading Scales for Meibomian Gland Dysfunction. Am. J. Ophthalmol. 2016, 169, 125–137. [CrossRef]

21. van Bijsterveld, O.P. Diagnostic tests in the Sicca syndrome. Arch. Ophthalmol. 1969, 82, 10–14. [CrossRef] [PubMed]
22. Schirmer, O. Studiun zur Physiologie und Pathologie der Tranenabsonderung und Tranenabfuhr. Albrecht Graefes Arch. Ophthalmol.

1903, 56, 197–291. [CrossRef]

http://dx.doi.org/10.1097/ICO.0b013e318225415a
http://www.ncbi.nlm.nih.gov/pubmed/22378109
http://dx.doi.org/10.1167/iovs.10-6997e
http://www.ncbi.nlm.nih.gov/pubmed/21450917
http://dx.doi.org/10.1016/j.ajo.2019.02.024
http://www.ncbi.nlm.nih.gov/pubmed/30851269
http://dx.doi.org/10.1016/j.jcrs.2017.10.050
http://www.ncbi.nlm.nih.gov/pubmed/29587971
http://dx.doi.org/10.1016/j.jcrs.2019.03.023
http://dx.doi.org/10.1167/iovs.10-6997b
http://dx.doi.org/10.1167/iovs.10-6997c
http://dx.doi.org/10.1167/iovs.10-6997a
http://dx.doi.org/10.1167/iovs.10-6997f
http://dx.doi.org/10.1016/j.ophtha.2007.06.031
http://dx.doi.org/10.1016/j.jtos.2020.05.004
http://www.ncbi.nlm.nih.gov/pubmed/32416235
http://dx.doi.org/10.1111/cxo.13035
http://www.ncbi.nlm.nih.gov/pubmed/31943385
http://dx.doi.org/10.1167/iovs.10-6997g
http://www.ncbi.nlm.nih.gov/pubmed/21450919
http://dx.doi.org/10.1097/ICO.0b013e3181d836f3
http://dx.doi.org/10.3109/02713683.2011.631721
http://dx.doi.org/10.1089/pho.2014.3819
http://dx.doi.org/10.1001/archopht.1995.01100100054027
http://dx.doi.org/10.1007/s00347-014-3042-z
http://dx.doi.org/10.1016/j.ajo.2016.06.025
http://dx.doi.org/10.1001/archopht.1969.00990020012003
http://www.ncbi.nlm.nih.gov/pubmed/4183019
http://dx.doi.org/10.1007/BF01946264


J. Clin. Med. 2021, 10, 65 10 of 10

23. Asiedu, K.; Kyei, S.; Mensah, S.N.; Ocansey, S.; Abu, L.S.; Kyere, E.A. Ocular Surface Disease Index (OSDI) Versus the Standard
Patient Evaluation of Eye Dryness (SPEED): A Study of a Nonclinical Sample. Cornea 2016, 35, 175–180. [CrossRef] [PubMed]

24. Tapie, R. Biomicroscopical study of Meibomian glands. Ann. Ocul. 1977, 210, 637–648.
25. Arita, R. Meibography: A Japanese Perspective. Investig. Ophthalmol. Vis. Sci. 2018, 59, DES48–DES55. [CrossRef] [PubMed]
26. Arita, R.; Itoh, K.; Maeda, S.; Maeda, K.; Furuta, A.; Tomidokoro, A.; Aihara, M.; Amano, S. Effects of long-term topical

anti-glaucoma medications on meibomian glands. Graefe’s Arch. Clin. Exp. Ophthalmol. 2012, 250, 1181–1185. [CrossRef]
27. Uzunosmanoglu, E.; Mocan, M.C.; Kocabeyoglu, S.; Karakaya, J.; Irkec, M. Meibomian Gland Dysfunction in Patients Receiving

Long-Term Glaucoma Medications. Cornea 2016, 35, 1112–1116. [CrossRef]
28. Mizoguchi, T.; Arita, R.; Fukuoka, S.; Morishige, N. Morphology and function of meibomian glands and other tear film parameters

in junior high school students. Cornea 2017, 36, 922–926. [CrossRef]
29. Gupta, P.K.; Stevens, M.N.; Kashyap, N.; Priestley, Y. Prevalence of meibomian gland atrophy in a pediatric population. Cornea

2018, 37, 426–430. [CrossRef]
30. Adil, M.Y.; Xiao, J.; Olafsson, J.; Chen, X.; Lagali, N.S.; Raeder, S.; Utheim, O.A.; Dartt, D.A.; Utheim, T.P. Meibomian gland

morphology is a sensitive early indicator of meibomian gland dysfunction. Am. J. Ophthalmol. 2019, 200, 16–25. [CrossRef]
31. Xiao, J.; Adil, M.Y.; Olafsson, J.; Chen, X.; Utheim, O.A.; Raeder, S.; Lagali, N.S.; Dartt, D.A.; Utheim, T.P. Diagnostic test efficacy

of meibomian gland morphology and function. Sci. Rep. 2019, 9, 17345. [CrossRef] [PubMed]
32. Xiao, J.; Adil, M.Y.; Chen, X.; Utheim, O.A.; Raeder, S.; Tonseth, K.A.; Lagali, N.S.; Dartt, D.A.; Utheim, T.P. Functional and

morphological evaluation of meibomian glands in the assessment of meibomian gland dysfunction subtype and severity.
Am. J. Ophthalmol. 2020, 209, 160–167. [CrossRef] [PubMed]

33. Greiner, J.V. Long-term (3 year) effects of a single thermal pulsation system treatment on meibomian gland function and dry eye
symptoms. Eye Contact Lens. 2016, 42, 99–107. [CrossRef] [PubMed]

34. Eom, Y.; Choi, K.E.; Kang, S.Y.; Lee, H.K.; Kim, H.M.; Song, J.S. Comparison of meibomian gland loss and expressed meibum
grade between the upper and lower eyelids in patients with obstructive meibomian gland dysfunction. Cornea 2014, 33, 448–452.
[CrossRef]

35. Wolffsohn, J.S.; Arita, R.; Chalmers, R.; Djalilian, A.; Dogru, M.; Dumbleton, K.; Gupta, P.K.; Karpecki, P.; Lazreg, S.; Pult, H.; et al.
TFOS DEWS II diagnostic methodology report. Ocul. Surf. 2017, 15, 539–574. [CrossRef]

http://dx.doi.org/10.1097/ICO.0000000000000712
http://www.ncbi.nlm.nih.gov/pubmed/26655485
http://dx.doi.org/10.1167/iovs.17-23631
http://www.ncbi.nlm.nih.gov/pubmed/30481806
http://dx.doi.org/10.1007/s00417-012-1943-6
http://dx.doi.org/10.1097/ICO.0000000000000838
http://dx.doi.org/10.1097/ICO.0000000000001252
http://dx.doi.org/10.1097/ICO.0000000000001476
http://dx.doi.org/10.1016/j.ajo.2018.12.006
http://dx.doi.org/10.1038/s41598-019-54013-4
http://www.ncbi.nlm.nih.gov/pubmed/31758085
http://dx.doi.org/10.1016/j.ajo.2019.09.005
http://www.ncbi.nlm.nih.gov/pubmed/31526799
http://dx.doi.org/10.1097/ICL.0000000000000166
http://www.ncbi.nlm.nih.gov/pubmed/26222095
http://dx.doi.org/10.1097/ICO.0000000000000092
http://dx.doi.org/10.1016/j.jtos.2017.05.001

	Introduction 
	Experimental Section 
	Patients and Treatment 
	Clinical Examinations 
	Statistical Analysis 

	Results 
	Patient Characteristics 
	Treatment Efficacy 
	Treatment Efficacy According to the Meiboscore 

	Discussion 
	References

