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Abstract

To examine the morphological changes in the meibomian gland (MG) of eyes of Chinese cataract
patients using a keratography 5M and to assess their relations with meibomian dropout, signs, and tear-
film function. A cross-sectional observation study of subjects (N=99) unmatched for sex and without a
significant difference in age was performed. Testing included administration of Ocular Surface Disease
Index (OSDI) questionnaire, followed by Keratograph 5M measurements of the noninvasive tear
breakup time (NIBUT), tear meniscus height (TMH), and the morphology of the MG (meibography).
Partial or complete loss of the MG was scored for each eyelid from grade 0 (no loss of MG) through
grade 3 (loss of >2/3 of the whole gland area). The average OSDI score was 27.80 ± 10.22, the average
NIBUT-first was 6.34 ± 4.93 s, NIBUT-average was 8.42 ± 5.51 s, and the average TMH was 0.20 ± 0.11
mm (normal: >0.20 m). In addition, the mean MG photographic score (meiboscore) was 3.07 ± 1.39. The
meiboscore demonstrated identical statistically significant Kendall’s correlations with OSDI scores
(r=0.431, P=0.000) and no statistically significant correlations with NTBUT-first, NTBUT-average and
TMH. The results suggest a large proportion of meibomian dropout cases in Chinese cataract patients.
The meiboscore tested by Keratograph 5M and OSDI score demonstrated a statistically significant
correlation. Meibography and OSDI questionnaire might be recommended as a routine test before
cataract surgery.
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Introduction
Cataract surgery is one of the most successful surgical
interventions performed today. In spite of excellent
postoperative distance visual acuity obtained for most patients,
some patients are distracted and dissatisfied because of dry-eye
syndrome. However, for the patients with extensive meibomian
gland dysfunction (MGD), only a lubricant supplement is
inappropriate during the anti-dry eye treatment [1-3]. Thus,
more attention should be paid to those cataract patients with
MG problems instead of concern only about tear-film function.

The meibomian glands, which synthesize and secrete lipids for
the superficial tear film layer, play an important role in
maintaining a healthy ocular surface through reducing tear
evaporation. MG dysfunction (MGD) was defined as the
presence of an obstruction of the meibomian orifices or the
absence of a gland structure, or both of these fingdings [4,5].
MG “dropout” or atrophy refers to the complete loss of acinar
tissue when detected by meibography [6-8]. Previous studies
have indicated that MG dropout increases with age in a normal
population, not necessarily in response to the presence of

obstructive MGD [6,9]. However, it has also been
demonstrated that extensive dropout is associated with
increasing evaporation of water from the eye [10]. Thus, it is
necessary to study the correlation between MG dropout and
dry eye disease in a large population to better understand their
association. It is also very important to determine the condition
of the MG in patients with cataract, particularly in those
without dry eye or with mild symptoms before cataract surgery.

The Keratograph 5M is a noncontact, Placido ring-based
corneal topographer that equipped with an infrared light (IR)
illumination system (880 nm) for pupillometry measurements
and with an onboard camera for shooting both video and still
images. It is easy to operate and accurately shows the number
and morphology of MG. This system allows for a shorter
examination time without much discomfort and is a good
inspection method for assessing MG function [11]. The
application of MG photography to assessing changes in the
structure of the MG will benefit ophthalmologists by providing
a better understanding of MG disease.
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In this study, we used the Keratograph 5M to investigated the
morphological changes of the MG in cataract patients who
without obvious lid margin changes which was quantified
using the score proposed by Arita et al. [9]. We aimed to verify
the incidence of MG dropout and to explore the relation
between MG dropout and subjective symptoms or tear-film
function, which will help ophthalmologists better understand
the underlying cause of dry eye disease and provide assistance
regarding the management of the MG condition during follow-
up to prevent or reduce damage to the ocular surface.

Materials and Methods

Subjects and examination
Ninety-nine consecutive patients (mean age 62.82 ± 9.32 years,
range 42-87; 47 female) who consulted for cataract surgery
were recruited form the department of cataract of Jinan
Mingshui Eye Hospital (Zhangqiu, China) between May and
August 2015. Written informed consent was obtained from all
subjects or authorized client before the examination. This study
was approved by the Ethics Committee of Jinan Mingshui Eye
Hospital (Zhangqiu, China) and adhered to the tenets of the
Declaration of Helsinki.

Exclusion criteria were as follows: (1) acute eye inflammatory
response or infection; (2) allergy; (3) abnormal limbal stem
cells or other causes of ocular surface diseases, such as
chemical or thermal burns; (4) ocular surgery or trauma; (5)
contact lens wearing and lubricant using in history; and (6)
MGD diagnosed by a slit-lamp microscope which indicating
significant changes in the eyelid or orifice.

Assessments included gender, age, slit-lamp examination,
noninvasive tear breakup time (NIBUT)-first (time at which
the first breakup of tears occurs), NIBUT-average (average
time of all breakup incidents), tear meniscus height (TMH) and
meibography. Subjects were classified by severity based on
subjective symptoms, as reported on the Ocular Surface
Disease Index (OSDI) (Table 1) [12,13]. All data were
obtained by the same ophthalmologist and the same technician.

Table 1. Descriptive statistics of the subjects.

Parameter Descriptive statistic

Age (mean ± SD), years 62.82 ± 9.32 (range 42-87)

Gander

Males, n (%) 52 (52.52%)

Females, n (%) 47 (47.47%)

NIBUT-first (mean ± SD), second 6.34 ± 4.93 (range 1.34-23.90)

NIBUT-average (mean ± SD), second 8.42 ± 5.51 (range 1.78-23.90)

TMH (mean ± SD), mm 0.20 ± 0.11 (range 0.05-0.65)

OSDI (mean ± SD) 28.08 ± 9.82 (range 0-60.7)

Grade 1, n (%) 4 (4.04%)

Grade 2, n (%) 64 (64.64%)

Grade 3, n (%) 24 (24.24%)

Grade 4, n (%) 7 (7.07%)

Meiboscores (mean ± SD)

Upper eyelid 1.43 ± 0.84 (range 0-3)

Lower eyelid 1.64 ± 0.79 (range 0-3)

Upper and lower eyelids 3.07±1.39 (range 0-6)

DSDI: Ocular Surface Disease Index; NIBUT: Noninvasive Tear Breakup Time.

Examinations
Slit-lamp observation showed no blepharitis, corneal
fluorescein staining and MG orifices clogging. Cataract
diagnostic criteria were as follows: the lens became opaque
(degeneration and clouding) and affected vision, but corrected
visual acuity of 20/40 or less.

Subjective questionnaire
The OSDI questionnaire, developed by the Outcomes Research
Group at Allergan Inc (Irvine, Calif), is a 12-item
questionnaire designed to provide a rapid assessment of dry
eye [12]. In this study, all patients completed the OSDI
questionnaire, which was scored according to previous
describes [12,14]. The 12 items of the OSDI questionnaire
were graded on a scale 0 to 4, where 0 indicated none of the
time; 1, some of the time; 2, half of the time; 3, most of the
time; and 4, all of the time. The total OSDI score was then
calculated on the basis of the following formula: OSDI=[(sum
of scores for all questions answered) × 100]/[(total number of
questions answered) × 4]. Thus, the OSDI scoring is based on a
0 to 100 scale and higher scores indicate more severe
symptoms or discomfort.

Measurements using a keratograph 5M device
All the subjects underwent imaging with a keratography 5M
equipped with modified TF-scan software performed in dark
room conditions by the same operator. After 3 to 4 blinks, the
subjects were asked to keep his or her eyes open as long as
possible. From this moment on, the reflected projection surface
was observed closely. TBUT was measured twice for each eye
using IR video derived from the NIBUT tool, followed by the
standard fluorescein staining of the tear film. NIBUT-first
(time at which the first breakup of tears occurs) and NIBUT-
average (average time of all breakup incidents) measurements
were obtained [15]. After NIBUT measurements in each
subject, 3-4 seconds rest with eyes closed, lower tear film
meniscus images were captured.

The upper lid (UL) and lower lid (LL) was imaged with the
meibography technique respectively by the Meibo-scan
system. The MG dropout score of the UL and LL was scored
using a 4-grade scoring system (0-3) as Arita described as.
Briefly, MG loss was scored using the following rating for
each eyelid: Grade 0, no loss of MG; Grade 1, loss of area was
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less than 1/3 of the total MG area; Grade 2, loss of area was
between 1/3 and 2/3; Grade 3, loss of area was more than 2/3.
Meiboscores for the upper and lower eyelids were summed to
obtain the score for each eye (0-6). Due to the similar nature of
the two eyes, data from only right eyes were analysed to avoid
statistical bias [16].

Statistical analysis
Data were analyzed using SPSS 23.0 (SPSS Inc., Chicago,
US). Correlations among meiboscores, OSDI scores and ocular
surface examinations (TMH, NIBUT-first, NIBUT-average)
were evaluated by Kendall’s correlation. The difference in
meiboscores between the males and the females was
determined using the Mann-Whitney U-test. P values <0.05
was considered significant.

Results

MG dropout grades
Meiboscore of the MG by Keratograph 5M: Clear images of
the MG were obtained using the Meibo-Scan system in all
subjects. The MG photographs displayed a variety of
morphological changes, such as shortened, tortuous, expanded,
and lost MG. Atrophy of the MG and depigmentation started
from the edge forward to the central area and from the
conjunctival fornix to the lid margin (Figure 1).

Figure 1. Meibography image showing meibomian glands shortened,
tortuous, expanded, acinar change and loss. Atrophy of the
meibomian gland and depigmentation started from the edge forward
to the central area and from the conjunctival fornix to the lid margin.
Area of loss was measured by outlining that MG lost area and the
total area was calculated and expressed as a percentage.

The average meiboscore was 3.07 ± 1.39. Among them, 1%
scored 0 (1 eye), 16.2% scored 1 (16 eyes), 17.2% scored 2 (17
eyes), 25.3% scored 3 (25eyes), 23.2% scored 4 (23 eyes),
15.2% scored 5 (15 eyes) and 2% scored 6 (2 eyes). A total of

65.7% (66 eyes) scored ≥ 3 on the MG photographic analysis
(Table 1 and Figure 2).

Correlation between meiboscore and gender/age: The
average meiboscore for 52 males was 3.04 ± 1.44 and that for
47 females was 3.11 ± 1.35 (Table 1). No significant difference
was observed between the meiboscores of the males and
females (Mann-Whitney U-test, P=0.940). The mean age of all
subjects was 62.82 ± 9.32 years. The mean age for males was
62.13 ± 8.82 years and that for females was 63.57 ± 9.88 years
(Table 1). The correlations between meiboscore and age is
significant (r=0.217, p=0.031) (Table 2).

Figure 2. The number of eyes of different meiboscore stratified by
severity based on subjective symptoms (OSDI score). This figure
showed the correlation between the meiboscores and the OSDI
groups.

Table 2. Correlation coefficients between subjective symptoms and
meinoscore.

Meiboscores

Correlation coefficient p

Age  0.217∆ 0.031

Ocular Surface Disease Index 0.431* 0

Noninvasive tear breakup time (first) 0.017* 0.821  

Noninvasive tear breakup time
(average) -0.24* 0.745  

Tear meniscus height -0.32* 0.676  

Spearman’s correlation test was used.

*Kendall’s correlation test was used.

Correlation between meiboscore and subjective symptoms:
Table 1 showed that there were ninety-five of the subjects fell
into the mild, moderate, to severe class (symptomatic),
whereas the remaining 4 subjects fell into the normal class
(asymptomatic) (Table 1). The average OSDI score was 28.08
± 9.82 (range 0-60.7) and a significant correlation was
observed between meiboscore and OSDI (Kendall’s r=0.431)
(Table 2).

Correlation between meiboscore and objective
examination: The average of TMH, NIBUT-first and NIBUT-
average was 0.20 ± 0.11 (range>0.20 mm), 6.34 ± 4.93 s and
8.42 ± 5.51 s, respectively (Table 1). The correlations between
the meiboscore and the various ocular surface examinations
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were evaluated by Kendall’s correlation. The correlations
among TMH, NIBUT-first, and NIBUT-average are not
significant (Table 2).

Discussion
Cataract surgery has given innumerable patients good visual
acuity, but many patients are beleaguered by dry eye, which
has become one of the most important factors influencing
quality of life (QOL) after the procedure. Dry eye is closely
related to the meibography, especially the extent of MG
dropout. However, in clinical work, ophthalmologists pay more
attention to patient’s cornea, lid margin, MG orifice than MG
dropout before cataract surgery. Traditional method to check
lid and lid margin is using slit-lamp biomicroscopy, however, it
does not allow visualize of morphological changes to the MG
in the tarsal plate. Meibography is the only method available
for the assessment of MG because it can visualize and
photograph the morphology of MG structures, although
confocal microscopy has also been used to assess the acinar
density recently [17-19]. In this study, we investigated the
morphological changes of the MG in patients with cataract
disease without obvious lid margin changes and fluorescein
corneal staining. We used a keratography 5M to obtain the data
of NIBUT-first, NIBUT-average, THM and to visualize MG
dropout. We also explore the relation between meiboscore and
tear-film function and OSDI score, which will help
ophthalmologists better understand the underlying cause of dry
eye after cataract surgery and provide assistance regarding the
management of the MG condition during follow-up to prevent
or reduce damage to the ocular surface.

We found that there was a massive loss of MG in almost
cataract patients, who without significant changes of the lid
margin and fluorescein corneal staining. The average
meiboscore was 3.07 ± 1.39 and the OSDI score was 28.08 ±
9.82. A significant correlation was observed between
meiboscore and OSDI score, which is in agreement with
previous studies [20]. In previous studies, inconsistent findings
have been reported on the correlation between MG and dry
eye. The United States and Japan accounted for 20%–55% of
MG abnormalities in normal populations [21] and up to 65%
abnormalities in dry eye patients [22]. Researchers in Spain
found that nearly half of the patients with dry eye disease
suffered from MGD [23]. MGD studies in China and Taiwan
found no correlation between the symptoms of MGD and those
of dry eye disease [9,11]; However, other studies have found
correlations between them [24]. The reason for these
inconsistencies in the published data is probably due to
different diagnostic criteria. No standard criterion for MGD
diagnosis was available until the recently published
international workshop diagnosis on MGD in 2011 [6].

We also found that no significant correlation was observed
between meiboscore and objective examination (NIBUT-first,
NIBUT-average and TMH), this finding is in accordance with a
previous report [9-11]. The TMH represents the aqueous
volume of tear film, it is reasonable that it did not correlate
with MG changes. Moreover, tear film BUT depends not only

on the oily layer of the tear film but also on the aqueous and
mucous layers, so it is not surprising that MG changes were not
correlated with tear film BUT. Taken together, various factors
including MG changes may be involved in the development of
dry eye syndrome and ocular surface disorders. The clinical
significance of these meibography finding in the diagnosis of
dry eye and MGD should be evaluated in future studies of
patients with dry eye and MGD. According to a recent
Japanese study [25], MG dropout is an important cause for dry
eye in patients. MG lipid abnormalities can lead to chronic eye
irritation and epithelial damage of the ocular surface and
photographic score ≥ 3 have clinical significance. In our study,
66.7% (65 eyes) of the patients with meiboscore ≥ 3 without
lid margin changes. This result confirms that MG dropout is a
very common and often overlooked problem related to dry eye
disease. Lipid abnormalities lead to the tear film that cannot be
sustained evenly on the surface, resulting in tear film excessive
evaporation and instability [6,22]. Early detection of
morphological changes in the cataract patients without lid
margin changes is very important, and ophthalmologist should
be aware of the possibility of MG changes at the follow-up.

MG dropout occurs as an age-related atrophic process [26].
Our study showed a correlation between age and the MG
photographic score (r=0.217, P=0.035), suggesting that MG
dropout becomes worse with age, as reported previously
[9,21]. Meibography has been studied for over three decades,
initially, meibography was done using a probe which is
invasive and discomfort. To overcome these difficulties, new
inspection equipment and techniques was invented [11].
Keratograph 5M is a non-invasive, non-contact device and it
provides a rapid and objective clinical method of capturing
images of the MG. Measurements of NIBUT obtained with this
newly developed corneal topography may provide a simple,
noninvasive screening test for dry eyes with acceptable
sensitivity, specificity and repeatability [15]. Meibography may
provide a simple and fast way for MG morphology evaluation
for patients with irritated eyes. In addition to its usage as a
diagnostic tool to help physicians, meibography may offer easy
demonstration regarding the MG disease for the patient’s
education. If meibography becomes a routine test before
cataract surgery, ophthalmologists will discover abnormal MG
disorder early and patients can be educated. Thus, the
dissatisfaction rate in patients with dry eye after cataract
surgery will be reduced. In this study, subjective digital grading
scales instead of Image J software was used to analyze the
meibography images, which was easy to undertake and was
consistent with the majority of the published literature on
meibography [9,17,22]. However, development of appropriate
cutoff values for these images requires further work.

This study had certain limitations. First, this study was
conducted in a relatively small number of subjects and a large
sample is needed to confirm our findings. Second, only
morphologic changes but no quality changes of the MG were
evaluated in this study. Sullivan et al. [27] reported that aging
is associated with alterations in the lipid profiles of MG
secretions. The relative significance of these quality changes in
the meibum and the morphologic changes of MG in the
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diagnosis and pathogenesis of MGD remain to be clarified.
Third, this study lacks the analysis of these subject’s ocular
parameters after cataract surgery, because some of patients
choose elective surgery, we will continue the further research.
In summary, our results provide important information
showing that a large proportion of MG dropout cases in
Chinese cataract patients without significant changes of the lid
margin and keratoconjunctiva, which maybe the underlying
cause of dry eye after cataract. In order to discover MG
disorder and educate patients early, we should make
meibography become a routine test before cataract surgery. The
keratography 5M is a useful and non-contact, non-invasive
inspection equipment to obtain information about the MG
structure.
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