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Abstract
· AIM: To investigate the morphological changes of
meibomian glands in patients with type 2 diabetes
mellitus (DM).

·METHODS: Of 118 eyes (118 patients) with type 2 DM
(DM group) and 100 eyes of 100 control subjects (control
group) were enrolled. After completing an ocular surface
disease index (OSDI) questionnaire, the non -invasive
tear film break-up time (NI-BUT) and the structure of the
meibomian glands (MGs, meibography) were assessed by
the Keratograph 5M system. Partial or complete loss of
MG was scored for each eyelid from grade 0 (no loss) to
grade 3 (lost area was >2/3 of the total MG area), which
were also examined by laser scanning confocal
microscopy (LSCM). The primary outcomes were
meibomian gland acinar unit density (MGAUD),
meibomian gland acinar longest diameter (MGALD) and
meibomian gland acinar shortest diameter (MGASD).

·RESULTS: Compared with control group, the OSDI was
significantly higher in DM group ( =-5.916; <0.001),
while the NI-BUT was significantly lower ( =-7.765; <
0.001). Keratograph showed that there were more MGs
dropout in DM group than that in control group. The
meiboscore was significantly higher in DM group
compared with control group ( =-3.937; <0.001).
LSCM revealed that there were cytological alterations of
MGs in DM group compared with control group, which
included enlargement of MG acinar units and decreased
in density of MG acinar units. Specifically, there were
lower MGAUD, larger MGALD and MGASD in DM group
than control group ( =-10.120, -9.4442, -7.771; <0.001).

· CONCLUSION: Compared with the normal control
participants, the patients with type 2 DM had more
unstable tear films and severe symptoms of dry eye.
Using Keratograph 5M system and LSCM, we found that
the patients with type 2 DM had more significant
morphological and cytological changes and dysfunction
in MGs.
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INTRODUCTION

W ith the incidence of diabetes increased year by year,
diabetes-related eye complications have drawn the

attention of ophthalmologists increasingly, and the ocular
surface changes caused by diabetes become a new focus in
ophthalmology. Relevant research has shown that patients
with type 2 diabetes mellitus (DM) are more likely to have
abnormalities on stability of tear film[1].
The constituents of the tear film are mucins, water and lipids.
Lipids are secreted by the meibomian glands (MGs) that are
squeezed out when blinking[2]. As the largest sebaceous gland
in the body, MG secretes lipid which is the main component
of the lipid layer of tear film and plays a significant role in
the building of the surface tension, the stability of the tear
film and the prevention of evaporation [3]. The abnormalities
and dysfunction of MGs may lead to instability of tear film,
rapid evaporation of tear, increasing of tear osmolarity and
ultimately result in ocular surface disorders[4] .
Several studies have been conducted to investigate the ocular
surface disorder in patients with type 2 DM, however, we
know little about morphological and cytological changes of
MGs in these subjects. By observing the alterations of MGs
in patients with type 2 DM and analyzing its correlation with
ocular surface changes, this study was aimed to better
understand the pathogenesis and influencing factors of MGs
changes in diabetic patients, thus to avoid further damages to
ocular surface and to provide guidance for clinical diagnosis
and treatment.
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SUBJECTS AND METHODS
Subjects This was a comparative study which evaluated 118
eyes of 118 patients with type 2 DM and 100 eyes of 100
control participants seen in the Department of
Ophthalmology of Shandong Provincial Qianfoshan Hospital
during the period from October 2014 to November 2015. The
right eye was examined in each subject. Exclusion criteria
included contact lens wear, a history of eye surgery, ocular
inflammation, blepharitis, trauma, continuous eye drop,
Sj觟gren syndrome, and systemic diseases or treatments that
would affect the quality and stability of tear film. This study
was conducted in accordance with the ethical standards stated
in the Declaration of Helsinki and approved by the Ethics
Committee of Shandong Provincial Qianfoshan Hospital,
with informed consent obtained from all participants.
Methods
Symptom assessment For assessment of ocular surface
symptoms and the severity of dry eye, all subjects were
required to complete a symptom questionnaire [ocular
surface disease index (OSDI)] [5]. The questionnaire gives a
range of 0 (no symptoms) till 100 (severe symptoms), with
higher scores representing greater levels of symptoms. A
score 逸13 was considered dry eye[6].
Keratograph 5M evaluation All the subjects underwent
imaging with the Keratograph 5M (Oculus GmbH, Wetzlar,
Germany) equipped with a modified tear film scanning
function intended for the evaluation of the ocular surface.
Non-invasive tear film break-up time (NI-BUT) was
automatically detected with the Keratograph 5M, as
described previously [7]. For further analysis, the time of the
first tear film break-up was used and the value below 5 mm
was considered abnormal[8].
Using the infrared meibography model of the Keratograph
5M, the upper eyelids and lower eyelids were performed and
evaluated after eyelids eversion [9-11]. Partial or complete loss
of the MGs was scored according to the following grades for
each eyelid as meiboscore: grade 0 (no loss of MGs); grade 1
(less than one-third loss of MGs); grade 2 (less than
two-thirds loss of MGs); grade 3 (more than two-thirds loss
of MGs). The meiboscore of each eye was calculated as the
total meiboscore from both upper and lower eyelids, which
made the total meiboscore per eye to a range of 0-6 [12-13]. The
score greater than 1 was defined as abnormal[12].

laser confocal microscopy laser confocal
microscopy (CM) was performed on all subjects with
Heidelberg Retina Tomograph III-Rostock Cornea Module
(Heidelberg Engineering GmbH, Dossenheim, Germany), as
described previously [13-15]. Briefly, after the eyelid was
everted, the central of the Tomo-Cap was applanated onto the
palpebral conjunctiva, and the MGs were scanned while
moving the applanating lens. Three randomized,
nonoverlapping, high-quality digital images of the nasal,

middle, and temporal lower eyelid (total of 9 images per
eyelid) were used for the CM-based assessments. We
measured the meibomian gland acinar unit density
(MGAUD), the meibomian gland acinar longest diameter
(MGALD) and the meibomian gland acinar shortest diameter
(MGASD) to evaluate the morphologic changes in the MGs
as described previously [16]. The MGAUD were manually
marked for each 400 伊400 滋m frame and automatically
calculated with the internal Cell Count software, while the
MGALD and MGASD were calculated by using the Image J
software (Java software program developed by the National
Institutes of Health; available: http://rsb.info.nih.gov/ij/).
Statistical Analysis Statistical analysis was performed by
using the Statistical Package for the Social Sciences version
17.0 (SPSS Inc, Chicago, USA, III). The 2 test was used to
compare gender differences between DM patients and normal
control patients. The Mann-Whitney test was used to
determine age and the examinations (OSDI, NI-BUT,
meibography score, MGAUD, MGALD, MGASD)
differences among DM patients and normal control subjects.
A value less than 0.05 was considered to be statistically
significant difference.
RESULTS
A total of 118 patients with type 2 DM (58 males, 60
females; mean age 59.68 依7.81y) and 100 normal control
subjects (52 males, 48 females; mean age 60.27依7.59y) were
recruited for the study. Table 1 showed that there was no
significant difference in gender and age distribution ( =
0.675; =-0.474, =0.636) between the 2 groups.
The OSDI results showed that 68.64% of people in DM
group had symptom of dry eye compared to 30% in the
control group. The OSDI was significantly higher in DM
group than that in control group ( =-5.916; <0.001)
(Table 1).
The NI-BUT measurements of DM group and control group
were 4.44 依2.40s (range 0.4-10.3s) and 8.42 依3.79s (range
1.7-17.5s) respectively ( =-7.765; <0.001) (Table 1,
Figure 1). Keratograph 5M showed more MGs dropout in
DM group than that in control group. And there was 57.63%
of people in DM group had MG dropout while it was only
33% in control group. The differences between the two

Table 1 Characteristics of the study subjects 

Parameters DM group 
(n=118) 

Control group 
(n=100) 

1P Z 

Gender (M:F) 58:60 52:48 0.675  
Age (a) 59.68±7.81 60.27±7.59 0.636 -0.474 
OSDI 23.02±13.13 12.11±6.48 0.000 -5.916 
NI-BUT 4.44±2.40 8.42±3.79 0.000 -7.765 
MGAUD 77.55±25.66 115.38±19.05 0.000 -10.120 
MGALD 89.30±21.99 58.01±14.99 0.000 -9.444 
MGASD 47.00±12.33 31.34±34.00 0.000 -7.771 

1The χ2 test (gender) and the Mann-Whitney test were performed to 
compare these parameters between the 2 groups. 
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Figure 1 Output of the NI-BUT measurement by Keratograph 5M system The NI-BUT is automatically marked with different colors
in the video. The bar chart on the right shows the corresponding relation between color and time. The first NI-BUT in a subject in DM group
was 2.29s (A), whereas that in control group was 8.79s (B).

Figure 2 Infrared meibography of the upper eyelids and lower eyelids were performed by Keratograph 5M system The MG
dropout was scored in a subject in DM group was 4 (A), whereas that in control group was 0 (B).

groups were significant ( =-3.937; <0.001) (Table 2,
Figure 2).
Laser scanning confocal microscopy (LSCM) revealed
cytological alterations of MGs in patients with diabetes,
including the enlargement of MG acinar units and the
decreases in density of MG acinar units (Figure 3A)
compared with control subjects (Figure 3B). Compared with
the control group, the MGAUD mean value was significantly
lower in DM group (77.55 依25.66 U/mm2 115.38 依
19.05 U/mm2; =-10.120; <0.001), while the MGALD
mean value was significantly longer (89.30 依21.99 滋m
89.30依21.99 滋m; =-9.444; <0.001) and the MGASD
mean value was significantly shorter (47.00 依12.33 滋m
31.34依34 滋m; =-7.771; <0.001) (Table 1) .
DISCUSSION
Previous research has proved that the abnormal surface
diseases in diabetes were associated with the superficial

punctate keratitis, functional abnormalities of corneal
innervation and severity of diabetic retinopathy, [17].
However, there was scarce report investigating the
morphological and structural alterations of MGs and their
impact on the ocular surface disease in patients with type 2
DM. The recent technological progress of keratograph and
LSCM provide us a noninvasive method to elucidate the

Table 2 Characteristics of the study subjects 
Group 

Parameters Stage DM  
(n=118) 

Control 
(n=100) 

1P Z 

0 50 67 
1 26 18 
2 21 10 
3 18 5 

MD score 

4 3 0 

0.000082 -3.937 

1The the Mann-Whitney test were performed to compare this parameter 
between the 2 groups. 
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Figure 3 The morphologic changes in the MGs were evaluated by LSCM DM group (A) revealed more decrease in density of MG acinar
units and more enlargement acinar units compared with control subjects (B).

structural and functional changes in the ocular surface. In this
study, the MGs and its acinus units were observed directly
from the eyelid by using the two devices to evaluate the lipid
secretions of MGs.
Our result showed that 57.63% of people in DM group had
MG dropout, while it was 33% in control group. Compared
with the control subjects, patients with type 2 DM had
significantly higher meiboscores. LSCM revealed that a large
proportion of the people with DM appeared alterations of
MGs, including enlargement of acinar units, irregular shape
with acinus and decrease in density of acinar units. Thus we
speculated that there may be a certain degree of obstruction
of the MG ductal in patients with type 2 DM. The obstruction
of the MG ductal lead to accumulation of meibum, thus
causing the cystic dilatation and the irregular morphology of
the acini, and further causing the atrophy of the acini and
decrease of the acinar density. In the meantime it was found
that there was a lot of high density shadows in the acini and
gland bubble wall of DM patients, which was different from
normal people and suggested there was abnormality in the
acini. Besides that, inflammatory cells infiltration were seen
around acini, which suggesting inflammation factors might
also play role in the development of pathological changes.
Also, the results showed that the DM group suffered more
severe ocular discomfort and tear film abnormal than the
control group, which was consistent with the previous
studies [18]. These findings supported that these alterations in
MGs might account for the discomfort and the tear film
instability in diabetes patients.
The mechanism underlying the above changes in the MGs
was still unclear. It has been demonstrated that the MG was
an androgen target organ. There were androgen receptor
protein expressed in acinar epithelial cell nuclei [19]. Sullivan

[20] indicated that androgens could regulate the function
of MGs, enhanced the quality and/or quantity of lipids
produced by this tissue, and promoted the formation of the

tear film's lipid layer. It was found that androgen levels in
diabetic patients were significantly lower than those in
non-diabetic population [21]. This deficiency of androgen in
diabetes patients might lead to the dysfunction of MG.
The alterations of MGs might be adversely affected by a
neuropathic mechanism. Studies proved that MGs were
innervated by parasympathetic fibres with a smaller
contribution from sympathetic and sensory neurons [22].
Disease or any damage of these neurons could result in dry
eye in the animal model [23]. The neuropathy, a frequent
complication of diabetes, might result in dysfunction of the
MGs their innervation.
In addition, the secretion of meibum mainly relies on blink
movements. During the process of blink, the mechanical
action of the lid muscles can deliver and disperse lipid onto
the ocular surface and subsequently form the tear film lipid
layer[24]. Thus, blink movements play an important role in the
secretion of meibum. However, the patients with DM
previously exhibited reduction of corneal sensitivity and
blinks movements [25], which would lead to less secretion of
lipid, obstruction of gland duct, secretion stasis of meibum
and further dysfunctions of MGs.
However, our study had several limitations. Firstly, MGs
changes related with diabetes were complicated, and we
think there may be more factors, such as blood sugar and
severity of diabetic retinopathy. Future research with larger
study populations may be grouped by blood sugar level and
severity of diabetic retinopathy. Secondly, we only evaluated
morphologic changes in the MGs and had not involved MG
expressibility and eyelid evaluation.
In summary, we have completed the first study elucidating
the alterations of MGs in the patients with type 2 DM by
Keratograph 5M system and LSCM. Our study found that
diabetes patients had more significant morphological changes
and dysfunction in MGs when compared with normal control
participants.
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