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Aim: The aim of this study was to investigate the relationship between levels of glycosylated
hemoglobin (HbAlc) with meibomian gland dysfunction (MGD) in patients with type 2
diabetes mellitus (T2DM) and to further explore the related influencing factors.

Methods: Totally, 167 patients with T2DM and 68 non-diabetic subjects were selected.
Further, T2DM patients were divided into 2 groups based on 7% HbAlc. Standard patient
evaluation of eye dryness (SPEED), lipid layer thickness (LLT), partial blink (PB) ratio,
percentage of partial glands (MGP), meibomian gland yielding liquid secretion (MGYLS),
meibomian gland yielding secretion score (MGYSS), line of marx (LOM), tear break up time
(TBUT), tear meniscus height (TMH) and Schirmer I test (SIT) were applied to evaluate
meibomian gland function. Finally, the correlation between HbAlc and various indicators
was also analyzed.

Results: Between HbA1c>7% group and HbA1c<7% group, the differences in LLT
(P=0.003), MGP (P<0.001), MGYLS (P=0.014) and TBUT (P=0.015) were all statistically
significant. Compared with the non-diabetic group, LLT (P=0.020), MBP (P<0.001), MGYS
(P< 0.001), TBUT (P<0.001), SIT (P=0.001), TMH (P=0.017) and LOM (P<0.001) were
significantly different in HbA1c>7% group, while the differences of MBP (P=0.031),
MGYSS (P<0.001), SIT (P=0.001) and LOM (P<0.001) in HbA1c¢<7% group were statisti-
cally significant. Besides, the prevalence of MGD in HbA1¢>7% group was evidently higher
than that in non-diabetic group (P=0.002). Correlation analysis showed that HbAlc was
significantly associated with the LTT and MGP.

Conclusion: HbA1c>7% is likely to result in meibomian gland function dysfunctions in
T2DM patients, especially related to LLT and MGP.

Keywords: diabetes mellitus, type 2 diabetes mellitus, glycosylated hemoglobin, lipid layer
thickness, percentage of partial glands

Introduction

Diabetes mellitus (DM) is a chronic metabolic disease characterized by hypergly-
cemia and caused by multiple causes. It can lead to neuropathy, nephropathy,
microvascular disease and other complications, and is a major cause of death and
social and economic burden worldwide.'” According to reports, the number of
patients worldwide is expected to increase to 366 million by 2030, of which type 2
diabetes mellitus (T2DM) accounts for more than 90%.>* As the incidence of DM
is increasing year by year, ocular complications related to diabetes have gradually
attracted the attention of ophthalmologists, and ocular surface lesions caused by
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diabetes have become a new hot spot in ophthalmology
research.”’ Additionally, diabetes is one of the leading
causes of blindness worldwide.®

As we all know, T2DM and its complications are the
main causes of mortality and morbidity, and patients with
T2DM are more prone to abnormal tear film stability’ The
tear film is composed of a lipid layer, a water-like layer
and a mucin layer from the outside to the inside. Among
them, lipids are secreted by the largest sebaceous gland in
the human body-meibomian glands, and the lipids secreted
play an important role in the formation of the surface
tension of the tear film, the stability of the tear film, and
the prevention of tear evaporation. Therefore, the abnorm-
alities and dysfunction of the meibomian glands are likely
to cause ocular surface diseases, and in severe cases, it
may damage the cornea and affect visual function.'
Previously, it had confirmed that the morphological
changes and dysfunction of the meibomian glands in dia-
betic patients are more pronounced than those in non-
diabetic patients '' At present, a large number of studies
have discussed the relationship between diabetes and ocu-
lar surface abnormalities, for example, diabetic ocular sur-
face abnormalities are related to punctate keratitis on the
surface, abnormal corneal function and the severity of
diabetic retinopathy.'? Besides, data has also shown that
dry eye in diabetic patients is related to the course of
diabetes and the degree of blood sugar control” Lyu and
Baek et al conducted research on tear film function with
7.8% (HbAlc) as the
boundary.'*'* However, there are few reports on the

glycosylated hemoglobin

study of meibomian gland function based on the HbAlc
level of T2DM patients.

According to the 2018 American Diabetes Association
(ADA) criteria for the diagnosis and treatment of T2DM,
a reasonable HbAlc control index for adults is<7% '°
Therefore, in this study, T2DM patients with different
HbA 1c levels were grouped, and differences in meibomian
gland function were analyzed through different indicators,
and correlation analysis was also conducted on related
ocular surface parameters. This will provide a strong
basis for the early clinical diagnosis of T2DM with mei-
bomian gland dysfunction (MGD).

Patients and Methods

Experimental Design
A total of 167 patients with T2DM diagnosed in the Hebei

Provincial People’s Hospital from May 2018 to

December 2018 and 68 non-diabetic subjects recruited
during the same period were selected as the study subjects.
Among them, there are 107 T2DM patients with
HbA1c>7%, 62 males and 45 females; 60 T2DM patients
with HbA1c<7%, 36 males and 24 females. The mean
patient age was 57.79+11.14 (range from 20 to 80 years
old). This study was approved by the ethics committee of
our Hospital and consistent with the Declaration of
Helsinki. Written informed consent was obtained from
each patient. All evaluations were performed by the same
ophthalmologist.

The sample size of this study was estimated based on
previous studies. Currently, related studies on MGD in
Asia have reported that the incidence of MGD is 40—
68%,'®"'? and is based on the hypothesis that the incidence
of MGD is high in patients with type 2 diabetes."
Therefore, with a significance level of 0.05 and 80%
power (a=0.05; B=0.1), a sample size of at least 60
patients will be required for each group. Patients are not
involved in the problem of lost follow-up, and additional
sample size is not required. A total of 180 eligible parti-
cipants are therefore planned assuming.

The inclusion criteria were: 1) Age 20-80 years old, no
gender limit; 2) According to the 1999 World Health
Organization and ADA standards on diabetes, patients diag-
nosed with T2DM '° 3) No diabetic retinopathy. The exclu-
sion criteria were: 1) A recent history of topical or systemic
use of medications; 2) A recent history of wearing contact
lenses; 3) Eye surface abnormalities, including history of
eye allergy, eye acute inflammatory reaction, heat burn,
radiation injury, etc; 4) Eyelid abnormalities, such as entro-
pion, ectropion, eyelid tumor, eyelid edema, eyelid spasm,
etc; 5) Autoimmune system diseases and diseases affecting
tear film function testing; 6) A history of head nerve
injury; 7) Unable to complete related inspections.

Standard Patient Evaluation of Eye
Dryness (SPEED)

The SPEED questionnaire was used to evaluate and quantify
the symptoms of patients. All subjects completed the
SPEED questionnaire under the guidance of the same phy-
sician, which rated the frequency and severity of dry eye
symptoms, respectively. Symptoms of dry eye are to ask
patients whether they have “dry eyes or foreign body sensa-
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tion,” “eye pain or soreness,” “eyes feel burning or watery

eyes,” and “eye fatigue.” The frequency of dry eye symp-
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toms was graded from 0 to 3, which were “never”, “some of
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the time”, “most of the time” and “all of the time”, with
scores of 0, 1, 2 and 3, respectively. The severity of dry eye
symptoms was rated from 0 to 4, with scores of 0, 1, 2, 3 and

LERNT

4, respectively, as “not having any effect”, “temporarily
tolerable”, “uncomfortable and not affecting daily life”,
“tingling and affecting daily life” and “not functioning nor-
mally”. The total score of dry eye symptoms was calculated
with a score of 0-28 points. The criteria were: asymptomatic
(total score=0), mild to moderate symptoms (total score=1—

9), and severe symptoms (total score>10 points).?*?!

Measurement of Lipid Layer Thickness
(LLT) and Partial Blink (PB) Ratio by

Ocular Surface Interferometer Lipiview
The lower jaw and forehead are placed on the head frame
of the instrument, so that the outer canthus of the eyes and
the scale line on the instrument are at the same level.

During the examination process (about 20 s), there are
flashing light sources on both sides and patients were
instructed to look at the indicator point in front and blink
normally to adjust the focus. When the reflection of the
lower eyelid eyelash is clear (if there is no lower eyelid
eyelash, the tear film image is clear as the judgment
standard), the image is captured and stored. The results
are judged as follows: ICU value represents the amount of
grease distribution, the thicker the better and the unit of
measurement is 1nm. Confidence factor (CF) represents
the quality of the measured data. To ensure the accuracy of
the data, it needs to be re-measured when CF<0.8. The
normal value of LLT is>100nm, the probability of MGD
occurring at 60-100nm is 50%, and the probability of
MGD occurring at<60 nm is 90%. PB ratio>40% is regard
as abnormal®? (Figure 1).

Measurement of Percentage of Partial
Glands (MGP)

Briefly, the meibomian gland photography was used to
observe the morphology of the upper and lower meibomian
glands of subjects respectively. The images were captured
and stored, and the Image J software was used to semi-
automatically analyze the missing area and the total area of
the meibomian glands. The percentage of the missing area of
the meibomian glands in the total area of the meibomian
glands was named MGP, and the average value was calcu-
lated by repeated measurements three times (Figure 2).

Measurement of Meibomian Gland
Yielding Liquid Secretion (MGYLS) and
Meibomian Gland Yielding Secretion
Score (MGYYYS)

First, the palpebral edge of the examined eye was wiped with
a sterile cotton swab under a slit lamp, and the meibomian
glands on the nasal side, middle side and temporal side of the
lower eyelid was calculated by meibomian gland evaluator
(MGE) under constant pressure. The pressure position should
be 1-2mm below the eyelid margin. Meanwhile, the eyelid
margin is partially turned out from the inside to the outside so
that MGYLs can be clearly seen. Observe and record the
number of 15 MGYLS. Then the pressure was continued for
10 to 15 s, and the color and character of the grease secreted
from each opening in 3 locations (nasal, middle and tem-
poral) were recorded and evaluated. The scoring criteria are
as follows: liquid clear grease, 3 points; Sticky white or light
yellow grease, 2 points; Concentrated toothpaste-like grease,
1 point; No oil secretion of any character, 0 points.
MGYLS<6 or MGYSS<18 indicated the dysfunction of the
meibomian glands to secrete clear grease® (Figure 3).
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Figure | The LLT were performed by Lipiview® ocular surface interferometry. (A) Avg LLT=100 nm; (B) Avg LLT=43 nm.

Abbreviation: LLT, lipid layer thickness.

Therapeutics and Clinical Risk Management 2021:17

799

Dove:


https://www.dovepress.com
https://www.dovepress.com

Fan et al

Dove

Figure 2 Meibography of the upper eyelids and lower eye lids were performed by Lipiview® ocular surface interferometry. (A) MGP=0%; (B) MGP= 90%. MGP, percentage

of partial glands.

Figure 3 The meibomian gland yielding secretion was assessed by MGE. (A) Meibomian gland secretions are clear oils; (B) The opening of the meibomian glands is blocked.

Abbreviation: MGE, meibomian gland evaluator.

Evaluation of Line of Marx (LOM)

Position

The relative relationship between the position of LOM and
the opening of the meibomian glands is divided into four
grades. Grade 0, The entire LOM is completely behind the
meibomian gland opening; Grade 1, part of the LOM
touches the meibomian gland opening; Grade 2, LOM
passes through the meibomian gland opening; Grade 3,
LOM is in front of the meibomian gland opening; The
higher the grade, the worse it is.

Tear Break Up Time (TBUT)

TBUT were detected after instillation of 2 puL of 1%
fluorescein solution into the cornea using a micropipette
and observed by a cobalt blue filter (Chongqing Kanghua
Ruiming Technology Co., Ltd., China). TBUT was

recorded from the moment when the patient opened his
eyes and continued observation until the first black spot
(tear film defect) appeared on the cornea. TBUT was
measured for three consecutive times in each eye and the
mean value was recorded. A TBUT value less than 10
s was accepted as “abnormal”.

Tear Meniscus Height (TMH)

Optical Coherence Tomography (OCT) (Visante 1000,
Zeiss) was used to evaluate the TMH. Keep the eyes on
the target light ahead and adjust the fixation angle so that the
visual axis is consistent with the optical axis. The scanning
line was adjusted perpendicular to the lacrimal river below
the center of the cornea. When a highly reflective light
marking the center of the cornea appears on the screen, the
subjects were asked to blink their eyes. After the image was
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stable, the image were captured and stored immediately.
Measurement tools were used to measure the height of the
river of tears below the three images respectively, and the
average value was recorded. TMH is the straight-line dis-
tance between the two ends of the lacrimal river boundary
(the height of the lower eyelid lacrimal river is the distance
from the corneal starting point of the lower eyelid lacrimal
river to the palpebral border), and the distance<0.35 mm is
diagnosed as “dry eye” (Figure 4).

Schirmer Test | (SIT)

In SIT, a 35 mmx5 mm strip of filter paper (Tianjin
Ltd.,
China) was used to measure the amount of tears produced

Jingming New Technology Development Co.,

over a period of 5 min under ambient light. The strip was
placed at the junction of the middle and lateral thirds of
the lower eyelid without anesthetic eye drops. The eyes of
the patient remained closed throughout the test and the
wetting values less than Smm was accepted as “dry eye”.

Statistical Analysis

SPSS 21.0 (SPSS Inc, USA) was applied to analyze all
data. Kolmogorov—Smirnov test was used to verify the
normality of each indicator. The indicators conforming to
the normal distribution were represented by mean + stan-
dard deviation, while those with non-normal distribution
or uneven variance were represented by the median and
interquartile range (IQR). The Kruskal-Wallis H-test was
used for comparison between multiple groups. The preva-
lence of MGD was tested by Pearson’s chi-square test, and
the Bonferroni correction was used for pairwise compar-
ison. The correlation between the indicators used
Spearman rank correlation analysis. Values of P<0.05
were considered statistically significant.

Result

Demographic and Clinical Characteristics
Totally, 238 subjects who met the inclusion and exclusion
criteria were included in the study, with an average age of
57.79+11.14 years old. Among them, there were 131 males
with an average age of 55.45+11.25 years old and 104 females
with an average age of 60.73+£10.34 years old. According to
whether they have T2DM and the level of HbA1c, the subjects
were divided into non-diabetic group (68 cases), HbA1c>7%
group (107 cases) and HbA1c<7% group (60 -cases).
Statistically, there were no significant differences in gender
(P=0.353) and average age (P=0.242) in the non-diabetic group
(M/F: 33/35; 58.44+13.63), HbA1c>7% (M/F: 62/45; 56.76
+9.97) group and HbA1lc<7% (M/F: 36/24; 58.88+9.98)

group.

Standard Patient Evaluation of Eye

Dryness (SPEED)

The results of the SPEED showed that 59 subjects (25.11%)
had no dry eye symptoms and 176 subjects (74.89%) had dry
eye symptoms. Specifically, 86 cases (80.37%) of HbA1c>7%
group had dry eye symptoms, 44 cases (73.33%) of
HbA1c<7% group had dry eye symptoms, and 46 cases
(67.65%) of non-diabetic group had dry eye symptoms. In
addition, the SPEED score showed that the scores of
HbA1c>7% group, HbA1c<7% group and non-diabetic
group were 3, 2 and 2, respectively. Further statistical analysis
showed that there was no significant statistical difference
between the three groups (P=0.209, Table 1).

Lipid Layer Thickness (LLT) and Partial
Blink (PB) Ratio

As shown in Table 1, the LLT of the HbA1¢c>7% group
was 66.00 (52.00, 76.00) nm, that of the HbA1c<7%
group was 80.00 (60.50, 100.00) nm, and that of the

Figure 4 The anterior segment of OCT was used to scan the lower tear meniscus. < indicated lower eyelid; A indicated cornea; Two-way arrows indicated the TMH.

Abbreviation: TMH, tear meniscus height.
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Table | The Comparison of SPEED Score, LLT and PB Among Three Groups

Groups SPEED/Score LLT/nm PB/%
HbA|c27% 3.00 (1.00, 6.00) 66.00 (52.00, 76.00) 69.20 (40.00, 88.90)
HbA1c<7% 2.00 (0.00, 5.75) 80.00 (60.50, 100.00) 71.25 (40.00, 100.00)
Non-diabetic 2.00 (0.00, 5.00) 74.50 (57.25, 100.00) 69.60 (25.00, 97.75)
P value 0.209 0.001 0.527

Abbreviations: SPEED, standard patient evaluation of eye dryness; LLT, lipid layer thickness; PB, partial blink; HbAlc, glycosylated hemoglobin.

non-diabetic group was 74.50 (57.25, 100.00) nm.
Obviously, we observed that the LLT of HbA1lc<7%
group was lower than HbA1c<7% and non-diabetic
groups. Further, the statistical analysis indicated that
the differences between the HbA1c>7% group and the
non-diabetic group or the HbA1lc<7% group were sta-
tistically significant (vs non-diabetic group, P=0.020; vs
HbA1c<7% group, P=0.003). However, there was no
significant difference in LLT between the HbA1c<7%
group and the non-diabetic group (P=0.505). For PB, the
PB of HbA1¢c>7% group, the HbA1¢<7% group and the
non-diabetic group were 69.20 (40.00, 88.90), 71.25
(40.00, 100.00) and 69.60 (25.00, 97.75), respectively.
There was no statistical difference in PB among the
three groups (P=0.527, Table 1).

Percentage of Partial Glands (MGP)

Table 2 showed the MGP data for each group. The
MGP in the HbA1c>7% group, HbA1c<7% group and
non-diabetic group were 26.26 (19.29, 32.90)%, 14.29
(9.45, 20.60)% and 9.45 (3.60, 15.83)%, respectively.
the MGP was the highest in the
HbA1c>7% group, and the lowest in the non-diabetic

Among them,

group, with significant statistical difference among the
three groups (P<0.001). Specifically, statistical analysis
showed that any pairwise comparison between the three
groups was statistically significant (HbA1c>7% vs
HbA1c<7%, P<0.001; HbA1c>7% vs non-diabetic,
P<0.001; HbA1c<7% vs non-diabetic, P=0.031).

Meibomian Gland Yielding Liquid
Secretion (MGYLS) and Meibomian Gland

Yielding Secretion Score (MGYSS)

As shown in Table 2, the MGYLS of the HbA1¢>7% group
was 10.00 (7.00, 13.00), the MGYLS of the HbA1c<7%
group was 11.50 (9.25, 14.00), and the non-diabetic group
was 12.5 (11.00, 15.00). Compared with HbA1c<7% group
and non-diabetic group, MGYLS was lower in HbA1¢>7%
group, and the difference was statistically significant (vs
HbA1c<7% group, P=0.014; vs non-diabetic group,
P<0.001). However, there was no statistically significant
difference between the HbAlc<7% group and the non-
diabetic group (P=0.152).

For MGYSS, the MGYSS of the HbA1c¢>7% group was
20.00 (14.00, 26.00), of the HbAlc<7% group was 24.00
(20.00, 28.00), and of the non-diabetic group was 32.00
(25.25, 39.75). Compared with the non-diabetic group,
MGYSS was lower in both HbA1c>7% group and
HbA1c<7% group, with a statistically significant difference
(P<0.001). However, there was no statistically significant
difference between HbA1c>7% group and HbA1c<7%
group (Table 2).

Line of Marx (LOM) Position

Compared with the non-diabetic group, the differences in
Marx position assessment of the HbA1c>7% group and the
HbA1c<7% group were statistically significant (P<0.001).
However, there was no significant difference between
HbA1c>7% group and HbA1c<7% group (P=0.545). The

Table 2 The Comparison of MGP, MGYLS and MGYSS Among Three Groups

Groups MGP/% MGYLS/Num. MGYSS/Score
HbA|c27% 26.26 (19.29, 32.90) 10.00 (7.00, 13.00) 20.00 (14.00, 26.00)
HbA1c<7% 14.29 (9.45, 20.60) 11.50 (9.25, 14.00) 24.00 (20.00, 28.00)
Non-diabetic 9.45 (3.60, 15.83) 12.50 (11.00, 15.00) 32.00 (25.25, 39.75)
P value <0.001 <0.001 <0.001

Abbreviations: MGP, percentage of partial glands; MGYLS, meibomian gland yielding liquid secretion; MGYSS, meibomian gland yielding secretion score; HbAlc,

glycosylated hemoglobin.

80 2 https:

Dove!

Therapeutics and Clinical Risk Management 2021:17


https://www.dovepress.com
https://www.dovepress.com

Dove

Fan et al

Marx position assessment is divided into four grades: Grade
0, Grade 1, Grade 2, and Grade 3. Except for “Grade 07, all
other grades are abnormal. As shown in Table 3, the abnor-
mal rate of HbA1¢>7% group was 87.85%, the abnormal
rate of HbA1c<7% group was 91.67%, with the highest
abnormal rate, and the abnormal rate of non-diabetic group
was 55.88%, with the lowest abnormal rate.

Tear Break Up Time (TBUT)

The TBUT of the HbA1¢>7% group was 3.00 (2.00, 4.00),
of the HbAlc <7% group was 3.00 (3.00, 6.00), and of the
non-diabetic group was 3.50 (3.00, 6.00). The TBUT of the
HbA1c>7% group was significantly lower than that of the
HbA1c<7% group and the non-diabetic group, the differ-
ence was statistically significant (vs HbA1c<7% group,
P=0.015; vs non-diabetic group, P<0.001). However, there
was no significant difference between the HbAlc<7%
group and the non-diabetic group (P=0.399, Table 4).

Tear Meniscus Height (TMH)

The TMH of the HbA1c>7% group was 337.00 (265.00,
409.00) um, of the HbA1c<7% group was 374.40 (278.50,
476.00) pm, and of the non-diabetic group was 408.00
(316.50, 483.20) um. The TMH of the HbA1c>7% group
was significantly lower than that of the non-diabetic group,
with (P=0.017).
However, the HbA1c<7% group has no significant differ-

an obvious statistical differences

ence compared with the HbA1c>7% group and the non-
diabetic group (P=0.494, P=0.740, Table 4).

Table 3 The Comparison of LOM Among Three Groups

Schirmer Test | (SIT)

As shown in Table 4, the SIT results of HbA1c>7% group,
HbA1c¢<7% group and non-diabetic group were 5.00 (3.00,
9.00) mm, 4.50 (0.25, 10.75) mm and 10.00 (4.25, 14.75) mm,
respectively. Compared with the non-diabetic group, the SIT
results were lower both in the HbA1c>7% group and
HbA1c<7% group. Further, the statistical results revealed
that there were significant differences between the non-
diabetic group and HbA1c>7% (P=0.001) group, and between
non-diabetic group and HbAlc<7% group (P=0.001).
However, there was no statistically significant difference
between the HbA1c>7% group and the HbA1c<7% group
(P=0.558).

Prevalence of MGD

As shown in Table 5, there were 107 cases in the
HbA1¢>7% group, of which 82 cases (76.64%) developed
MGD. There were 60 cases in the HbA1c<7% group, of
which 42 cases (70.00%) developed MGD. There were 68
cases in the non-diabetic group, of which 37 cases (54.41%)
developed MGD. The difference between the three groups
was statistically significant (P=0.008). Paired comparison
results showed that the prevalence of MGD in the
HbA1c>7% group was significantly higher than that in the
non-diabetic group (P=0.002), while the prevalence of MGD
in the HbA1c>7% group was not significantly different from
that in the HbA1¢<7% group (P=0.347), and there was also
no significant difference between the HbA1c<7% group and
the non-diabetic group (P=0.070).

Groups Abnormal/% LOM/Eyes
Grade 0 Grade | Grade 2 Grade 3
HbAIc27% 87.85 13 34 52 8
HbA1c<7% 91.67 5 29 18 8
Non-diabetic 55.88 30 27 11 0
Abbreviations: LOM, line of marx; HbAlc, glycosylated hemoglobin.
Table 4 The Comparison of TBUT, SIT and TMH Among Three Groups
Groups TBUTIs SIT/ mm TMH/pm
HbAIc27% 3.00 (2.00, 4.00) 5.00 (3.00, 9.00) 337.00 (265.00, 409.00)
HbAIc<7% 3.00 (3.00, 6.00) 4.50 (0.25, 10.75) 374.40 (278.50, 476.00)
Non-diabetic 3.50 (3.00, 6.00) 10.00 (4.25, 14.75) 408.00 (316.50, 483.20)
P value <0.001 0.02 <0.001

Abbreviations: TBUT, tear break up time; SIT, Schirmer | test; TMH, tear meniscus height; HbAlc, glycosylated hemoglobin.

Therapeutics and Clinical Risk Management 2021:17

803

Dove!


https://www.dovepress.com
https://www.dovepress.com

Fan et al

Dove

Table 5 The Comparison of MGD Prevalence Among Three Groups

Groups x? P Bonferroni Correction
HbAc27% vs HbA1c<7% 0.885 0.347

HbA|c27% vs non-diabetic 9.437 0.002 0.0167
HbA1c<7% vs non-diabetic 3.278 0.070

Correlation Analysis of HbAIc and Other

Index

As shown in Table 6, the correlation analysis results indi-
cated that among the indicators related to MGD, HbA 1¢ was
significantly correlated with LLT (P<0.0001) and the MGP
(P<0.0001), respectively, but not significantly correlated with
SPEED score (P=0.492), PB (P=0.463), MGYLS (P=0.256),
MGYSS (P=0. 656), LOM (P=0.761), TBUT (P=0.205), SIT
(P=0.866) and TMH (P=0.100).

Discussion

Viso et al showed that although patients with diabetes often
had uncomfortable symptoms such as eye surface burning or
foreign body sensation, there was no significant difference as
comparison to non-diabetic patients.** In this study, the
SPEED score revealed no statistically significant difference
between the three groups, suggesting that the ocular discom-
fort symptoms of patients with T2DM were not significantly
increased or reduced compared with the non-diabetic group,
which may be related to the increased neurosensory threshold
and decreased corneal sensitivity of patients with diabetes. In
addition, we found that there was no statistical difference in

Table 6 Correlation Analysis of HbAlc and Various Indicators

Indicators R P value
SPEED score 0.054 04918
LLT —0.328 <0.0001
PB —0.057 0.4626
MGYLS —0.088 0.2562
MGYSS —0.035 0.6561
LOM —0.024 0.7605
BUT -0.099 0.2049
SIT 0.013 0.8658
TMH —0.128 0.0996
GMP 0.396 <0.0001

Abbreviations: SPEED, standard patient evaluation of eye dryness; LLT, lipid layer
thickness; PB, partial blink; MGP, percentage of partial glands; MGYLS, meibomian
gland yielding liquid secretion; MGYSS, meibomian gland yielding secretion score;
LOM, line of marx; TBUT, tear break up time; SIT, Schirmer | test; TMH, tear
meniscus height; HbA ¢, glycosylated hemoglobin.

PB among all groups, and there was no significant correlation
between the HbA 1c level and PB, which was consistent with

the results of Yu et al.?

For the above results, we speculated
that blinking may be affected by multiple factors such as eye
diseases, systemic diseases, and even psychological and
environmental factors.

Lipid is secreted by the meibomian gland, which can keep
the eye surface lubricate, block the infection of microorgan-
ism and sebaceous gland secretions, delay the evaporation of
tear water on the eye surface and maintain the stability of tear
film. Meanwhile, it also has the functions of refractive,
maintaining optical interface and preventing tear overflow*®
Lipid layer is the outermost layer of tear film, and the MGD
could cause the destruction of the structure and function of
lipids, leading to changes in the quality and quantity of the
secretion of the meibomian gland*” Yu et al found that the
LLT of diabetic patients was significantly lower than that of
non-diabetic patients” Consistently, out data indicted the
LLT of HbA1c>7% group was significantly lower than that
of HbA1c<7% group, and with the gradual increase of
HbAlc, LLT gradually thinned, indicating that the degree
of HbA ¢ control had a significant impact on the distribution
of the tear film lipid layer. Of note, correlation analysis
showed a significant correlation between HbAlc and LLT.

Meibomian glands are the main source of human tear
film lipids and the secretions are composed of a complex
mixture of various polar and non-polar lipids. The eyelid
esters that spread to the eye surface can slow down the
evaporation of tears, maintain a transparent optical sur-
face, and protect the eyes from microorganisms, dust,
pollen and other organic matter®® In the study of
Baudouin et al, the obstruction and the secretions of the
meibomian glands in the diabetic group were significantly
worse than those in the non-diabetic group.?® Besides, Lin
et al also found that compared with non-diabetic patients,
the secretion of meibomian glands was worse, the
MGYLS was less, and the abnormalities of eyelid edge
were more obvious.'' In the current study, the meibomian
gland secretion of T2DM patients was significantly worse
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than that of the non-diabetic patients, and the MGYLS in
the HbA1c>7% group was evidently less than that in the
MGYLS in the
HbA1c>7% group was significantly less than that in the
HbA1c<7% group, indicating that diabetes can lead to the
injury of the meibomian glands, and long-term high level

non-diabetic group. Moreover, the

of HbAlc will accelerate the atrophy and injury of the
meibomian glands. However, correlation analysis data
represented that there was no significant correlation
between HbAlc and MGYLS and MGYSS, suggesting
that HbAlc affected dysfunction not directly by affecting
secretions.

Previous study on the effect of hyperglycemia on
human meibomian gland epithelial cells suggested that
hyperglycemia has a toxic effect on human meibomian
gland epithelial cells. Long-term high glucose levels
caused significant morphological changes and gradual
loss of human blepharoidal epithelial cells, suggesting
that high blood glucose is the cause of MGD in diabetic
patients.* For example, Lin et al found that patients with
diabetes had more obvious loss of meibomian glands, and
worse lipid layer thickness and color structure.'!
Interestingly, our data also revealed serious loss of meibo-
in T2DM patients,
HbA1c>7% group. In the comparison of the prevalence
of MGD, the prevalence of MGD was the highest in the

HbA1c>7% group and the lowest in the non-diabetic

mian glands especially in the

group, showing a significant statistical difference. In addi-
tion, the prevalence of MGD in HbA1c>7% group was
significantly higher than that of HbA1c<7% although there
was no significant statistical difference, indicating that
HbAlc has a significant impact on the function of the
meibomian glands. Further correlation analysis confirmed
this conclusion.

A number of studies have shown that the TUBT of
diabetic patients was abnormal, and lower than that of
non-diabetic patients.'"'* In this study, we also found that
the TBUT of HbA1c>7% group was significantly lower
than that of non-diabetic group and HbA1c<7% group.
However, there was no significant difference in TBUT
between HbA1c¢<7% group and non-diabetic group. We
speculated that the possible reason was that long-term
high blood glucose level lead to oxidative stress and
changes in glycation metabolites, thereby causing periph-
eral neuropathy. Further, peripheral neuropathy lead to
decreased sensitivity of the cornea and blocked nerve
conduction, resulting in lacrimal gland secretion disorders.
Similarly, we observed that the SIT of patients with T2DM

decreased sharply compared with the non-diabetic group,
which was highly consistent with the previous findings.*’
In the study of Ozdemir et al, they showed that the degree
of blood glucose in diabetic patients was related to tear
function,** and the results of SIT in diabetic patients with
poor blood glucose control were worse. However, our data
showed no statistically significant difference in SIT
between HbA1c>7% group and HbA1c<7% group. Of
note, Baek previous compared the HbAlc of T2DM
patients at 7.8%, and also found that HbAlc level had no
significant effect on the SIT.'® These results suggested that
multiple mechanisms may simultaneously influence tear
secretion. In the detection of TMH, it was found that the
TMH of HbA1c>7% group was significantly lower than
those in the non-diabetic group, while TMH in the
HbA1c<7% group was not significantly different from
those in the non-diabetic group. For this, we speculated
that the possible reason is that long-term hyperglycemia
causes peripheral neuropathy, which causes lacrimal gland
secretion disorders, resulting in a decrease in tear film
stability, which in turn leads to a decrease in TMH. In
addition, the correlation analysis results showed that there
was no significant correlation between HbAlc and TUBT,
STI and TMH in patients with T2DM, which may be due
to a variety of mechanisms affecting the secretion of tears,
of which HbAlc is only one factor.

Conclusion

Compared with T2DM patients with HbA1c<7%, T2DM
patients with HbA1¢>7% have more serious meibomian
gland loss, and are more likely to show signs of deteriora-
tion of meibomian gland function, such as reduced
MGYLS, decreased LTT, tear film instability, etc., even-
tually leading to MGD and even dry eyes. Correlation
analysis showed that HbAlc was significantly associated
with the LTT and MGP. There are some limitations to this
study. First, the sample size of this study is small, which
may have a certain impact on the research results. Second,
although we have found the relevant factors of HbAlc
affecting eyelid function, how they affect meibomian
gland function through HbAlc still needs further study.

Abbreviations

T2DM, Type 2 diabetes mellitus; HbAlc, hemoglobin;
SPEED, standard patient evaluation of eye dryness; LLT,
lipid layer thickness; PB, partial blink; MGP, percentage of
partial glands; MGYLS, meibomian gland yielding liquid
secretion; MGYSS, meibomian gland yielding secretion
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