Ocular Surface Changes and Discomfort in Patients
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Jun Shimazaki, MD; Miki Sakata, MD; Kazuo Tsubota, MD

Objective:
mian

To determine the

gland dysfunction (MGD)

importance of meibo-

time of the tear

on

tear

the ocular surface.

Design: Prospective study.
Setting: A university-based referral practice.
Patients: Patients with ocular discomfort (147 eyes) and
without ocular discomfort (54 eyes) were examined. In
the total 201 eyes, MGD was defined as the presence of
an obstruction of the meibomian orifices (obstruction
group [n=54]) or the absence of a gland structure (gland
dropout group [n=36], or both of these findings (combined group [n=38]). There were not any findings of MGD
in 73 eyes (non-MGD group).

Main Outcome Measures: Scores that were obtained
from fluorescein and rose bengal staining, the breakup
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Conclusion: Meibomian gland dysfunction is a major
cause of ocular surface abnormalities and ocular discomfort.
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Results: Of the 147 eyes with ocular discomfort, 95
(64.6%) had either an obstruction of an orifice or gland
dropout, or both. The combined group had higher scores
for staining with fluorescein (P=.002) and rose bengal
(P=.021) compared with that in the non-MGD group. The
rate of tear production was increased more in the gland
dropout group than in the non-MGD group (P=.002). The
rate of tear evaporation was significantly increased in the
gland dropout group (P=.017).

crete

From the

film, the

production, and meibography.

ward movement
make the eyelid margin hydrophobic, re¬
duce the evaporation of tears, and lubri¬
cate the ocular surface to provide a clear
optical image.12 Obstructive-type meibo¬
mian gland dysfunction (MGD), also called
meibomianitis, is characterized by the inspissation of meibomian lipids, resulting
in a hyposecretion of lipids in tears.3 From
clinical experiences, MGD has been be¬
lieved to be one of the major causes of ocu¬
lar discomfort and abnormalities of the
ocular surface. However, the incidence of
MGD in eyes with and without ocular dis¬
comfort is not known. Although tear de¬
ficiency has been a well-known cause of
ocular discomfort, MGD may be another
major cause of the symptom. Also, the na¬
ture of the changes in the ocular surface
and in the tear function of patients with
MGD is not fully understood.

To determine the importance of
MGD on the ocular surface, we prospectively studied the association of the
in the meibomian gland and
that in the ocular surface and tear func¬
tion. The involvement of the oily layer
of the tear film caused by MGD was
investigated by using measurements of

changes

tear

evaporation.

RESULTS

INCIDENCE OF MGD
AND ITS ASSOCIATION
WITH OCULAR DISCOMFORT
Severe obstruction of the meibomian

gland

orifice without

gland dropout

(obstruction group) was identified in 54
of 201 eyes (Table 1). Meibomian

See Patients and Methods
on next page
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PATIENTS AND METHODS
PATIENTS
One hundred forty-seven eyes in 82 patients with ocular
discomfort (14 men and 68 women; mean±SD age,
54.4± 14.2 years) and 54 eyes without ocular discomfort
in 29 patients (11 men and 18 women; mean±SD age,
61.2±14.2 years) were analyzed in this study. The rela¬
tion between meibomian gland function and changes in ocu¬
lar surface and tear function in the total 201 eyes in the
111 patients was studied. We excluded from the study any
patients with eyes with disorders that could have affected
the ocular surface (eg, patients with infectious conjuncti¬
vitis, diabetes mellitus, allergic diseases, autoimmune dis¬
eases, and collagen diseases, and users of preservativecontaining eyedrops). Patients whose eyes had excessive
meibomian lipid secretion (seborrheic MGD) were also
excluded, in that seborrheic MGD is a distinct clinical

entity.3

ASSESSMENT OF OCULAR SURFACE CHANGES
To determine the presence of damage to the conjunctival
and corneal epithelia, we instilled 2 µ of mixtures (1:1)
of preservative-free-staining solutions that consisted of 1%
fluorescein (Fluorescite injection, Alcon Japan Co, To¬
kyojapan) and 1% rose bengal powder (Rose Bengal, Wako
Pure Chemical Industries Ltd, Osaka, Japan) dissolved in
saline solution.4 Results were assessed semiquantitatively
by using a grading scale for fluorescein staining in the cor¬
nea (range of grades, 0 to 3) and a scale for rose bengal stain¬
ing in both the cornea and conjunctiva (range of grades, 0
to 9), according to previously described methods.4'6 The
breakup time of the tear film was subsequently measured
three times. The average of these three measurements is
presented in the "Results" section. Subjective symptoms of
these patients were examined by a questionnaire as de¬
scribed previously.6

EXAMINATION OF TEAR FUNCTION

The rate of tear secretion was determined by using Schirmer's test after the application of a topical anesthetic agent (0.4%
benoxinate hydrochloride [oxybuprocaine hydrochloride]
[Benoxil], Santen Pharmaceutical Co, Osaka, Japan). Tear
deficiency was defined as a wet length (<5 mm) on a test
strip by using Schirmer's test. The tear clearance test was per¬
formed at the same time as Schirmer's test by evaluating the
dilution rate of fluorescein, which was instilled 5 minutes
before Schirmer's test was performed.7 Clearance was de-

finedaslX,2X,4X,8X,16X,32X,64X,128X,and256X.

The logarithm of the result was used as a parameter for tear
dynamics. We also performed the cotton thread test to mea¬
sure the amount of tears in the tear meniscus.8

gland dropout without obstruction of the orifice
(gland dropout group) was present in 36 eyes. Signifi¬
cant obstruction of the orifice and gland dropout were
both present in 38 eyes (combined group). No
obstruction of the orifice or gland dropout was present
in 73 eyes (non-MGD group). There were no differ-

The rate of tear evaporation was measured in se¬
lected patients by using a previously reported method.9 The
tear evaporation rate at 40% humidity was used as a rep¬
resentative number of the measurement.9
ASSESSMENT OF MEIBOMIAN GLAND FUNCTION
We used two

techniques for evaluating meibomian gland
function: (1) observation of meibomian gland orifices
by using biomicroscopy and (2) transillumination
observation techniques by using a light probe (meibo-

[molgraphy).10"16

We did not use the volume and viscosity scales of mei¬
bomian gland expression" because we found that lipid se¬
cretion varied among meibomian orifices and depended on
the day on which measurements were obtained. We there¬
fore used a simplified criterion to determine the decrease
in meibomian secretions. The lack of secretion following
the application of moderate digital pressure on the tarsus
of the upper eyelid was considered as a decrease in the se¬
cretion. The procedure was performed by a single investi¬
gator Q.S.), who attempted to apply a constant pressure dur¬
ing the study. Temperature and humidity of the examination
room were maintained at a range from 15°C to 20°C and
30% to 50%, respectively.
Meibography was performed by using a transillumi¬
nation device for vitrectomy with a fiberoptic light source
(L-3920, Inami Co, Tokyo japan) with a 20-gauge dispos¬
able fiber light guide.14 This device presents advantages over
a conventional transilluminator in that the fine tip of the
light guide can be hidden behind an everted eyelid, mak¬
ing it possible to observe gland structure without interfer¬
ence from a bright light. Loss of visible meibomian gland
structure ("gland dropout") has been observed in patients
with severe MGD.121416 Therefore, the presence of gland
dropout at the central two thirds of the lower tarsus indi¬
cated the presence of MGD in this study.
Observations and tests were conducted in the follow¬
ing order to avoid the influence of one procedure on
another: tear evaporation, rose bengal and fluorescein
staining, breakup time of the tear film, cotton thread test,
Schirmer's test, tear clearance test, meibography, and,
finally, evaluation of meibomian secretion. In some
patients, the evaporation of tears was determined on a dif¬
ferent day from that of the other examinations.

STATISTICAL ANALYSIS
Data

are

presented

as

mean±SE.

Between-group

differ¬

in the mean age, breakup time of the tear film, Schir¬
mer's test, tear clearance test, cotton thread test, and tear
ences

evaporation rate were evaluated by using the one-way analy¬
sis of variance test. The Mann-Whitney U test was used to
evaluate differences in the results of the scores for the fluo¬
rescein and rose bengal staining. Differences in the inci¬

dence

was

evaluated

by using the 2 test.

in the mean age and sex distribution among
these groups (Table 1).
In 147 of the total 201 eyes, there were symptoms

enees

(eg, foreign-body sensation, conjunctival injection,

and photophobia) of ocular discomfort. In 54 eyes,
there were not any symptoms of ocular discomfort.
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147 eyes of patients with ocular discomfort,
there was tear deficiency in 53 (36.1%). In 95 (64.6%)
of these 147 eyes, there was either an obstruction of
the orifice or gland dropout (Table 2). In 94 eyes
with ocular discomfort that had normal tear secretion,
70 (74.5%) had either an obstruction of the orifice or
gland dropout, or both of these changes. The inci¬
dence of combined changes of obstruction of the ori¬
fice and gland dropout in eyes with ocular discomfort
was significantly higher than those without discomfort
(33 [22.4%] vs five [9.3%] eyes, P=.03).

Among

MEIBOMIAN GLAND FUNCTION
AND OCULAR SURFACE CHANGES

measured in 61
evaporation
eyes in 31 patients (eight men and 23 women;
mean±SD age, 52.3± 13.8 years) with and without
MGD. The mean±SE rate of tear production, mea¬
sured by using Schirmer's test, was 10.1 ±1.0 mm/5
min in these 61 eyes. The rates of tear evaporation
were significantly different among the groups (Table
3, P=.02). The rate in the gland dropout group was
The

rates

of tear

were

Table 1.

Age and Sex Distribution in the Non-MGD, Orifice
Obstruction, Gland Dropout, and Combined Groups*
Age, y
No. of
-1
Patients <40 41-60 ==61

Non-MGD
Obstruction
Gland

73
54

11
5

37
27

25
22

Mean+SE
Age, y
54.2±1.59
56.6+1.91

dropout

36
38

5
5

11
15

20
18

57.9±2.73
57.8±2.40

Group

Combined

*
Non-MGD indicates group in which there
meibomian gland dysfunction In the eyes.

were no

(P=.017). The rates of tear evaporation in
the obstruction group and combined group were not
different significantly with those in the non-MGD
group.
Meibography showed variations in gland destruc¬
tion that ranged from the dropout of a single gland struc¬
ture to a total destruction. In the present study, the score
for fluorescein staining was correlated with the degree
of gland dropout (Table 4, P=.003). The score for rose
bengal staining and the breakup time of the tear film also
changed as the severity of gland dropout increased, al¬
though they did not reach statistically significant levels
MGD group

(Table 4).

The score for fluorescein staining was correlated with the
presence of obstruction of the orifice and gland dropout
(Table 3, P=.01). Scores for fluorescein and rose ben¬
gal staining were higher in the combined group than in
the non-MGD group (P=.002 and P=.021, respectively).
There were no significant differences in the scores for the
fluorescein and rose bengal staining between the nonMGD and obstruction groups. Breakup times of the tear
film were shorter in the dropout and combined groups
than in the non-MGD group; however, the differences
were not statistically significant (P=.19 and P=.06, re¬

spectively).

significantly increased compared with that in the non-

No. (%)
of
Women

54(74.0)
41(75.9)

28(77.8)
32(84.2)

findings of

MEIBOMIAN GLAND AND TEAR FUNCTION

The
test,

production, as measured by using Schirmer's
significantly increased in the gland dropout
compared with that in the non-MGD group

tear

was

group

(P=.002). Results of the

ance tests

did

not

cotton thread and tear clear¬
differ among the groups (Table 5).

COMMENT

By using the criteria of obstruction of the orifice or gland

dropout, we identified MGD in 95 (64.6%) of 147 eyes
with symptoms of ocular discomfort (Table 2). In eyes
with normal tear secretion, abnormalities in the meibo¬
mian gland were attributed to more than two thirds
(74.5%) of the ocular discomfort. One of us (K.T.)17 de¬
fined "dry eye" as "a disorder which causes abnormali¬
ties of the ocular surface by changing the quality and/or
quantity of tears"; thus, MGD is the major cause of dry
eye as well as tear deficiency.
Disorders of the ocular surface were found to be
more severe in the eyes with significant obstruction of
the meibomian orifice and gland dropout compared
with those in the eyes without MGD (Table 3). Scores
for fluorescein and rose bengal staining reflected the
damage of the ocular surface, indicating that these
were appropriate parameters for evaluating MGDrelated ocular surface changes. We found the rate of
tear production to be higher in the gland dropout
group than in the non-MGD group (Table 5). This
finding is in contrast to that found in a previous report
that described tear deficiency as being often associated
with MGD.3 Although the reason for the difference is
unknown, increased rates of tear production were also

Table 2. Incidence of Tear Deficiency, Orifice Obstruction, Gland Dropout, and Combined Orifice Obstruction
and Gland Dropout in Patients With and Without Ocular Discomfort*
Ocular
Discomforts
Present
Present
Absent
Absent

Tear

Deficiency

No. of
Patients

Present
Absent
Present
Absent

53
94
12
42

*MGD indicates meibomian

gland dysfunction; non-MGD,

MGD, No. (%)
Non-MGD

Obstruction

24
28
8

(45.3)
(29.8)
(667)
13(29.3)

group in which there

13(24.5)
23 (24.5)

2(16.7)
16(39.0)
were no

findings of MGD in the eyes.
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Dropout
7(13.2)
19(20.2)
1 (8.3)
9 (22.0)

Gland

Combined

9(17.0)
(25.5)
(8.3)
(9.8)

24
1
4

Table 3. Scores for Fluorescein and Rose Bengal Staining, Tear
Orifice Obstruction, Gland Dropout, and Combined Groups*

Breakup Time, and Tear Evaporation

Rate in the Non-MGD,

Score

Tear

Evaporation
per Eye

Group

Fluorescein

Rose

Non-MGD

0.56±0.09

0.66±0.14

7.24±0.76

13.09±1.35

Obstruction

0.65±0.12

1.02±0.19

7.17±0.70

10.41 ±1.28

Gland

0.89±0.17

0.78±0.20

5.68±0.68

18.39± 1.43J

1.16±0.20

1.32±0.29§

5.17±0.42

14.43+1.87

.01

.09

.13

dropout

Combined

*

Bengal

Non-MGD indicates group in which there were no findings of meibomian
that for the non-MGD group.
that for the non-MGD group.
that for the non-MGD group.

\P=.017 compared with
\P=.002 compared with
§P=.ft?7 compared with

Table 4. Scores for Fluorescein and Rose Bengal Staining
and Tear Breakup Time in Eyes With Various Degrees
of Meibomian Gland Dropout*
Meibomian Gland

None

Measurement_(n=127)
Score
Fluorescein stain
Rose bengal stain

Breakup time,
'"Data

are

s

0.60±0.07
0.81+0.11
7.21 ±0.52

0.92±0.15
0.92±0.18
5.61 ±0.49

'

1.27±0.26
1.36±0.41
4.95±0.64

given as mean±SE.

noted in the obstruction and combined groups, suggest¬

ing that this finding is not incidental. This may be a com¬
pensation for the abnormality of the ocular surface, or a
result of increased reflex tearing. The fact that more se¬

(if13)

(n-15)

.02

Table 5. Tear Function in the Non-MGD, Orifice
Obstruction, Gland Dropout, and Combined Groups*

Dropout
.003
.22
.056

(n=9)

gland dysfunction in eyes. Data are given as mean±SE.

Non-MGD
Obstruction

More Than
Half (n=22)

Rate,7g/s

s

(n=24)

Group

Dropout

Less Than
Half (n=52)

Breakup Time,

Combined

Schirmer's Test,
mm/5 min

Tear
Clearance Testf

6.51 ±0.64
8.24±0.85

4.40±0.49
3.54±0.21
4.03+0.43
5.03±0.71
.19

10.75±1.40
8.26±0.95
.015

Cotton Thread

Test, mm/15

s

20.9+1.56
20.8±1.39
21.2±2.00
20.3+1.31
.98

*
Non-MGD indicates group in which there were no findings of
meibomian gland dysfunction in the eyes. Data are given as mean±SE.
t Values Indicate the dilution rate of fluorescein.
$P=.002 compared with that for the non-MGD group.

face, as indicated by the results of Schirmer's test. This
appeared to be unlikely, however, since the values of
cotton thread test, which reflects the amount of
tears in the inferior cul-de-sac, were not different in

the

vere

the

meibomian function, rather than an abnormality in tear
function, was responsible for the changes that were ob¬
served. Although the effects of MGD on the ocular sur¬
face have been recognized clinically, no previous re¬
port, to our knowledge, has shown that MGD produces
changes in the ocular surface.
We found that the rate of tear evaporation was
increased in the gland dropout group (Table 3). This
suggests that changes in the oily layer of the tear film
occurs in MGD. This finding is in good accordance
with that found in the study by Mathers,15 who
reported that the numbers of gland dropout were cor¬
related with the increase in the rate of tear evapora¬
tion. The absolute value for tear evaporation in the
MGD group was considerably smaller in our study
than in that of Mathers,15 perhaps because of the dif¬
ferences in the methods that were used. Another
explanation for the increased rate of tear evaporation
in the gland dropout group could have been that these
eyes had more of a tear reservoir on their ocular sur-

of meibomian secretion. Obstruction of a meibomian
duct is caused by either keratinization of the
duct or qualitative changes in the meibomian lipids.18
A previous histological study of MGD has revealed an
obstruction and dilatation of the ducts, enlargement of
acini, foreign reactions, and, in an advanced stage, a
total destruction of the gland structure.19 The gland
dropout that was detected by using meibography was
believed to show a destruction of the meibomian gland
structure.19 Therefore, gland dropout is more likely to
represent more severe changes in the meibomian
gland than in the obstruction of the orifice. The score
for fluorescein staining and the rate of tear evapora¬
tion were higher in the gland dropout group than in
the obstruction group in the present study; these find¬
ings are consistent with this theory. These changes in
the ocular surface were more severe in the eyes with
gland dropout in more than half of the tarsus of the
inferior eyelid than in those with the gland dropout in
less than half of that region (Table 4). It is likely that
at some critical point the other vital glands are unable

changes were seen in the ocular surface in the ob¬
struction, gland dropout, and combined groups, despite
an increase in tear secretion, indicated that a change in

gland dropout and non-MGD groups (Table 5).
Clinically, MGD is characterized by a stagnation

gland
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compensate for the impairment of meibomian gland
function. Although both biomicroscopy and meibogra¬
phy are useful for assessing MGD, meibography
appears to be more appropriate because it is more
stable, is less subject to interobserver variation, and
allows for a semiquantitative assessment.
In summary, our results showed that MGD is one
of the major causes of ocular discomfort and abnor¬
mality in the ocular surface. Tear deficiency may or
may not be accompanied with the disorder. An exces¬
sive evaporation of tears may have been responsible
for the changes that were observed. The results of the
meibomian orifice observation and meibography were
associated with the severity of the changes in the ocu¬
lar surface. The procedures that were used in the pres¬
ent study are convenient for clinical use and provide
reproducible results without requiring expensive
to

instruments

or

special techniques.
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Error in Text. In the article "Abnormal Disc Vessels After Diabetic Papillopathy" in the February issue of the Archives (1995;113:245-246), on page 245,
the last complete sentence in the second column should have read "Two months

after their appearance, the abnormal disc vessels regressed spontaneously, leaving a thin rim of white fibrous tissue anterior to the optic nerve head (Figure
4)." We regret the error.
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