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Purpose. To investigate the impact of disease duration on the ocular surface during the course of type 2 diabetes mellitus compared
with nondiabetic controls. Methods. One hundred twenty diabetic patients were divided into three groups according to disease
duration: less than 5 years, 5-10 years, and over 10 years. All eyes were imaged using a corneal topographer (Oculus Keratograph
5M). Tear film measurements and meibography were also recorded. Meibomian gland changes were scored from 0 to 6
(meiboscore). Results. The noninvasive breakup time first (NIKBUT-1st) and noninvasive breakup time average (NIKBUT-avg)
were significantly shorter in the over 10 years diabetic group compared with the control group (P = 0.0056 and P = 0.010, resp.).
Tear meniscus height (TMH) was significantly lower in the over 10 years diabetic group compared with the control group
(P =0.0016) and the 5 years group (P = 0.0061). We also found that more patients in the over 10 years diabetic group showed
bulbar and limbal hyperemia compared with the control group (bulbar hyperemia: P = 0.049; limbal hyperemia: P = 0.026).
The meiboscore in the over 10 years diabetic group was significantly higher compared with the other three groups (P <0.05).
Bulbar hyperemia showed a significant negative correlation with NIKBUT-1st in the over 10 years diabetic group
(r = —0.35 and P <0.05). Conclusion. Ocular surface damage in long-term type 2 diabetes is more severe than that in patients with

shorter disease duration.

1. Introduction

Type 2 diabetes mellitus is one of the largest public health
problems worldwide, especially in developing nations such
as China [1], due to changes in lifestyle and diet preferences
in recent years. Diabetes is often associated with macro-
vascular abnormalities. Although retinal complications of
diabetes are well recognized and can act as a predictive index
for the disease course [2], the effects of diabetes on the ocular
surface are poorly understood.

However, according to a clinical study, up to 73.6% of
type 2 diabetic patients suffer from corneal complications,
such as punctate keratopathy, endothelial dystrophy, and
recurrent erosions [3]. In particular, diabetic patients often
complain of dry eye symptoms, including dryness, burning,

redness, pain, ocular irritation, and easily fatigued eyes. The
International Dry Eye Workshop 2017 classified diabetes as
a risk factor for aqueous-deficient dry eye [4]. During the
course of diabetes, microvascular damage to the lacrimal
gland due to hyperglycemia, reduced lacrimal innervation as
a result of autonomic neuropathy, reduced trophic support
to lacrimal tissue, and reduced reflex tearing due to im-
pairment of corneal sensitivity all contribute to the altered
tear film status in diabetic patients [4].

In contrast to aqueous-deficient dry eye, which is usually
caused by a lack of tear production, evaporative dry eye is
due to lid-related and ocular surface-related causes such as
meibomian gland dysfunction (MGD) and is more frequent
[5]. It is acknowledged that the clinical characteristics of
both aqueous-deficient and evaporative dry eye are present
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in patients as dry eye disease progresses. In addition, a large
epidemiologic study in Spain [6] suggested that diabetes was
associated with MGD, the major contributor to dry eye
according to clinical studies [7, 8].

Corneal changes usually depend on the type, duration,
and compensation of diabetes mellitus. In this study, we
aimed to analyze the tear film stability and morphological
changes in meibomian glands using keratography in diabetic
patients compared with nondiabetic controls and to better
understand the impact of disease duration on the ocular
surface during the course of type 2 diabetes mellitus.

2. Materials and Methods

2.1. Subjects. The study was approved by the Investigational
Review Board of Shanghai Ninth People’s Hospital,
Shanghai Jiaotong University School of Medicine, Shanghai,
China. All subjects enrolled were informed of the aims of
this study.

One hundred twenty patients diagnosed with type 2
diabetes mellitus met the inclusion criteria and were enrolled
in the study at the Shanghai Ninth People’s Hospital between
April 2016 and January 2017. Data were obtained from the
right eye of each subject unless this eye was excluded, in
which case data were collected from the left eye. The in-
clusion criteria were as follows: at least 40 years of age and
willingness to participate in the study. Patients were ex-
cluded if they used topical medications; wore contact lenses;
had undergone ocular surgery in the past year or had evi-
dence of other ocular surface diseases; had active ocular
infection, inflammation, or systemic disease; or were taking
medications that would alter the ocular surface. All diabetic
patients had a blood glucose level within the normal range.
Diabetic patients were divided into the following three
groups according to duration of diabetes since the first
diagnosis: less than 5 years, 5-10 years, or more than 10
years. Forty subjects were recruited as nondiabetic controls.
The exclusion criteria were similar to those of the control
group. Fasting blood glucose was measured to rule out
diabetes even in those without a history of diabetes. All
patients underwent noninvasive ocular surface examinations
in the following order: tear meniscus height (TMH), non-
invasive tear film breakup time, bulbar and limbal hyper-
emia, and grading of meibomian gland loss with the Oculus
Keratograph 5M (Wetzlar, Germany). All patients were
examined by the same physician (He FL).

All diabetic patients were from the Department of En-
docrinology in our hospital. These patients had been fol-
lowed up over a long period, and disease duration was
confirmed by their professional endocrinologists. The data
in this article are reliable and were obtained from medical
files. The groups were matched by age.

2.2. Oculus Keratograph 5M. Oculus Keratograph 5M can
provide automated measurements of tear film dynamics
and meibographic images using infrared light without
topical anesthetic, fluorescein staining, cobalt blue light, or
manual timing. Measurements of noninvasive breakup time
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(NIKBUT) obtained with the advanced corneal topographer
provide a simple, noninvasive screening test for dry eyes
with acceptable sensitivity, specificity, and repeatability [9].
Meibography highlights a glandular architecture, which can
be used to analyze glandular density and glandular atrophy
[10].

2.3. Tear Film Measurements

2.3.1. TMH. TMH was measured twice in each eye using
infrared images obtained from the keratograph. The lower
tear film meniscus images were captured 5s after blinking,
and the values were graded perpendicular to the lower eyelid
margin at the central point.

2.3.2. NIKBUT. NIKBUT was measured twice in each eye
using the Oculus noninvasive Keratograph tear breakup
time (NIKBUT) tool. The participants were instructed to
blink twice before screening and to keep their eyes open to
the best of their ability when recording. The NIKBUT
was then determined by Keratograph 5M, which automat-
ically generated two measures for NIKBUT: NIKBUT first
(NIKBUT-1st) and NIKBUT average (NIKBUT-avg).
NIKBUT-1st represents the time point at which the tear
film starts to break up. NIKBUT-avg represents the average
time for the overall tear film to break up.

2.4. Bulbar and Limbal Hyperemia. Increased conjunctival
redness is often one of the first signs indicating abnormal
strain or pathological changes in the eye. Patients were
required to open their eyes as wide as possible and focus on
a point inside the camera while a keratograph image was
captured. The images were then analyzed by the R-SCAN
tool following the evaluation protocol. The software ana-
lyzed the image automatically and assigned a red eye index
(accurate to 0.1 unit).

2.5. Meibography. The upper and lower eyelids were
ectropionized, and their respective infrared images were
captured. Meibomian gland loss was graded as described by
Arita et al. [11]. The meiboscore was as follows: grade 0, no
dropout; grade 1, dropout of <1/3 of the lid area; grade 2,
dropout of 1/3-2/3 of the lid area; and grade 3, dropout of
>2/3 of the lid area. The sum of the upper and lower lid
scores was calculated, and the total meiboscore ranged from
0 to 6 [11].

2.6. Statistical Analysis. Pearson’s chi-squared test was ap-
plied to analyze sex and age differences between the groups.
The Shapiro-Wilk test or Kruskal-Wallis test was performed
accordingly. Normally distributed continuous parameters
were analyzed between the groups by one-way ANOVA and
Welch ANOVA tests. The Spearman correlation test was
used to calculate correlations. All analyses were performed
using the statistical software package GraphPad Prism
(version 6.00 for Mac). All P values less than 0.05 were
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TasLE 1: Clinical parameters of the four study groups.

Parameter Control <5 years 5-10 years >10 years
Age (yr) 64.88 +£7.04 64.75 £ 8.20 65.03+7.14 66.11+7.44
Sex ratio (male/female) 18/22 20/24 17/23 16/20
TMH (mm) 0.23 +£0.06 0.23 £0.05 0.21+£0.07 0.18 £ 0.06
NIKBUT-1st (s) 6.86+2.20 6.76 +2.24 6.25+2.53 513+1.77
NIKBUT-avg (s) 9.33+3.68 8.32+2.63 8.21 +2.60 7.30+1.63
Bulbar hyperemia 1.53+0.69 1.57 +0.69 1.56 +0.57 1.92 +0.66
Limbal hyperemia 1.52+0.67 1.57 +0.64 1.56 £0.55 1.93 +0.64
Meibography score 3.15+1.09 3.13+1.08 3.53+1.05 425+1.14

considered statistically significant. Data are presented as
mean + SD.

3. Results

3.1. Description of Enrolled Subjects. From April 2016 to
January 2017, 120 eyes of 120 type 2 diabetic patients and 40
eyes of 40 nondiabetic patients (22 women and 18 men; aged
64.88 +7.04 years) were included in this study. In the di-
abetic group, the duration of diabetes ranged from 1 to 25
years: in 44 eyes of 44 patients (24 women and 20 men; aged
64.75 + 8.20 years), the duration was less than 5 years; in 40
eyes of 40 patients (23 women and 17 men; aged 65.03 +
7.141 years), the duration was 5-10 years; and the duration
was more thanl0 years in 36 eyes of 36 patients (20 women
and 16 men; aged 66.11 + 7.44 years). Table 1 summarizes the
demographic and clinical characteristics of the participants.
Age and gender did not differ significantly between the
subject groups.

3.2. Clinical Parameters of the Ocular Surface. Medians and
ranges of clinical parameters in the control group and di-
abetic groups are shown in Figures 1(a)-(f), respectively.
Meibomian glands were almost intact in the control group
(Figure 2(a)), and only minimal meibomian gland changes
were observed in the 5 years and 5-10 years diabetic groups
(Figures 2(b) and 2(c)). In contrast, various meibomian
gland changes, including dropouts, shortening, distortion,
and dilation were apparent in the over 10 years diabetic
patients (Figure 2(d)).

3.3. Comparison of Tear Film Parameters and Meiboscore
between the Diabetic and Nondiabetic Groups. The results of
clinical parameters in each group and P values for pairwise
comparisons between the groups are presented in Tables 1
and 2. Significant differences were observed in TMH,
NIKBUT, bulbar and limbal hyperemia, and meiboscore
between the control group and the over 10 years diabetic
group.

The NIKBUT-1st was significantly shorter in the over 10
years diabetic group compared with the control group
(5.13+£1.77 versus 6.86+2.20, P<0.01) and the 5 years
group (5.13+1.77 versus 6.76+2.24, P<0.01). Similarly,
NIKBUT-avg was significantly shorter in the over 10 years
diabetic group compared with the control group (7.30 + 1.63
versus 9.33+3.68, P<0.05). The association between

NIKBUT-1st and time from diagnosis was calculated and
indicated a slightly negative Spearman correlation
(ry = —0.41 and P <0.0001; Figure 3). The TMH value was
significantly lower in the over 10 years diabetic group
compared with the control group (0.18 +0.06 versus 0.23 +
0.06, P<0.01) and the 5 years group (0.18+0.06
versus 0.23+0.05, P<0.01). The association between
TMH and time from diagnosis was also calculated and
indicated a slightly negative Spearman correlation
(ry =—0.26 and P <0.01; Figure 4).

The bulbar and limbal redness scan found that more
patients in the over 10 years diabetic group showed bulbar
and limbal hyperemia compared with the control group
(bulbar hyperemia: 1.92 +0.66 versus 1.53+0.69, P <0.05;
limbal hyperemia: 1.93 + 0.64 versus 1.53+0.69, P <0.05).

The over 10 years diabetic group showed more meibomian
gland changes including dropouts, shortening, distortion, and
dilation. The meiboscore in this group was significantly higher
compared with the other three groups (the control group
versus the over 10 years group, P = 0.0001; the 5 years group
versus the over 10 years group, P < 0.0001; and the 5-10 years
group versus the over 10 years group, P <0.05), which in-
dicated that the over 10 years diabetic patients suffered a loss of
meibomian glands.

In addition to the significant difference in tear film
parameters observed between the over 10 years diabetic
group and the control group, we also observed a tendency
for ocular surface damage in the three diabetic groups as
disease duration increased.

3.4. Correlations between Clinical Parameters. In addition to
higher bulbar hyperemia and shorter NIKBUT-1st in the
over 10 years diabetic group compared with the nondiabetic
group, we also found that bulbar hyperemia had a significant
negative correlation with NIKBUT-1st in the over 10 years
diabetic group (r = —0.35 and P < 0.05), which is shown in
Figure 5. Thus, the over 10 years diabetic patients who had
a less stable tear film were also likely to have higher bulbar
hyperemia.

4. Discussion

Diabetic eye disease is well known due to its retinal mi-
crovascular disorder, diabetic retinopathy. However, di-
abetes also has an impact on tear film dynamics and can lead
to dry eye. The loss of tear film homeostasis in diabetes may
be involved and induce dry eye disease [12]. Given that
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FiGUure 1: (a) Tear meniscus height (mm) in each group (*P <0.05; **P <0.01). (b) Noninvasive breakup time first (s) in each group
(*P<0.05; **P<0.01). (c) Noninvasive breakup time average (s) in each group (*P <0.05). (d) Bulbar hyperemia score in each group
(*P <0.05). (e) Limbal hyperemia score in each group (*P < 0.05). (f) Meiboscore in each group (*P < 0.05; **P <0.01). For all, results are

presented as medians and ranges (min to max).

major attention is paid to retinopathy, tear stability changes
are merely diagnosed. Therefore, this study was conducted to
assess changes of tear film parameters during the course of
diabetes and found a shorter tear breakup time, greater
conjunctival redness, and severe meibomian gland changes
in long-term diabetic patients compared to healthy controls,
and a tendency for deterioration was observed with in-
creased disease duration.

Our study found that NIKBUT-1st and NIKBUT-avg in
the over 10 years diabetic group decreased significantly
compared with the normal control group, reflecting in-
stability of the tear film in these patients. These results
correlated with previous studies [13-15]. In addition, the
TMH value was significantly lower in the over 10 years
diabetic group compared with the control group. A de-
creasing tendency was also noted in the 5 years diabetic
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FIGURE 2: Noninvasive meibographic images of the upper and lower eyelids, respectively. (a) No morphologic changes of meibomian glands
in either eyelid were apparent (meiboscore of 0). (b) Minor morphologic changes of meibomian glands in both upper and lower eyelids were
apparent (meiboscore of 1). The arrow in the upper eyelid shows the partial absence of meibomian glands, and the arrow in the lower eyelid
shows a minor distortion of meibomian glands. (c) Less than 1/3 of the meibomian gland loss and minor morphologic changes in both upper
and lower eyelids were apparent (meiboscore of 2). The arrow in the upper eyelid shows partial distortion of meibomian glands, and the
arrow in the lower eyelid shows an obvious meibomian gland loss. (d) More than 2/3 of shortening, distortion, and dilation of meibomian
glands were observed in both eyelids (meiboscore of 5). The arrow in the upper eyelid shows a large area of meibomian gland loss, and the
arrow in the lower eyelid shows a significant distortion and dilatation of meibomian glands.

TaBLE 2: Statistical comparison (P values) of clinical parameters among the study groups using the ANOVA test.

Control versus ~ Control versus ~ Control versus <5 years versus <5 years versus  >10 years versus

Parameter <5 years 5-10 years >10 years 5-10 years >10 years 5-10 years
TMH (mm) 0.9617 0.3517 0.0016 0.6246 0.0061 0.1561
NIKBUT-1st (s) 0.9977 0.6299 0.0056 0.7274 0.0079 0.1327
NIKBUT-avg (s) 0.5321 0.4151 0.0100 0.9958 0.2234 0.3468
Bulbar hyperemia 0.9839 0.9937 0.0490 0.9997 0.0996 0.0912
Limbal hyperemia 0.9726 0.9888 0.0262 0.9995 0.0672 0.0595
Meibography score >0.9999 0.4259 0.0001 0.3725 <0.0001 0.0241

group and 5-10 years diabetic group compared with the
control group. Patients with longer duration of diabetes
showed reduced TMH and tear film breakup was quicker.
Considering that patients often have the disease for a vari-
able amount of time before it is diagnosed, it is really hard to
determine the exact disease duration of those patients. We
selected data of the two tear film parameters (NIKBUT-1st
and TMH) whose P value was less than 0.01, and the data of
the two parameters were analyzed with time from diagnosis
as a linear variable. It showed that the stability of tear film
was negatively correlated with the duration of disease in
diabetic patients. The result was consistent with the cate-
gorical results. Multiple factors in diabetes could contribute

to reduced tear film stability. It is possible that damage to the
lacrimal gland microvasculature together with autonomic
neuropathy may contribute to impaired gland function. In
particular, peripheral neuropathy in diabetes leads to ab-
normalities in corneal nerve density and function [16].
Reduced corneal innervation has been found to correlate
with a reduced number of goblet cells and reduced mucin
protein [15, 17], resulting in altered tear film.

The bulbar conjunctiva and anterior episclera are
nourished by vessels from the anterior and long posterior
ciliary arteries [18], and the limbal conjunctiva is supplied by
superficial arcades of the anterior ciliary vessels [19]. Our
study found that the over 10 years diabetic group showed
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FIGURE 4: Scatterplot graph showing a slight negative Spearman
correlation (r, = —0.26 and P <0.01) between TMH and time from
diagnosis.

significant conjunctival redness compared with the healthy
controls (P <0.05), and bulbar hyperemia had a significant
negative correlation with NIKBUT-1st in the over 10 years
diabetic group (r = —0.35 and P <0.05). Conjunctival in-
flammation is a hallmark of dry eyes [20, 21]. We deduced
that increased conjunctival redness may be compensatory to
conjunctival inflammation as vasodilation of these vessels
results in enhanced blood flow and edema with leakage of
fluid and protein from capillaries [22]. In addition, tear
evaporation may accelerate when the preconjunctival tear
layer temperature rises due to hyperemia. These disorders
are associated with signs and symptoms of ocular discomfort
such as irritation and foreign body sensation, which can also
lead to conjunctival redness.

We compared meibographic findings in the 4 groups,
and a significant difference in the meiboscore was found
between the control patients and the over 10 years diabetic
patients. This was consistent with previous findings [23, 24]
where diabetes was associated with MGD. Our data showed
that duration of diabetes was closely related to the sever-
ity of meibomian gland abnormality (as reflected by the
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FIGURE 5: Scatterplot graph showing a negative correlation be-
tween bulbar hyperemia and NIKBUT-1st (r = —0.36, r2 =0.12,
and P = 0.039) in the over 10 years group.

meiboscore, which indicates meibomian gland loss). Several
studies have reported that dry eye in diabetes was related to
the duration of diabetes [25, 26], but there have been few
clinical studies examining meibomian gland function. To the
best of our knowledge, the present investigation is the first
study to focus on duration of disease in diabetic patients and
provides additional evidence for the correlation between the
meibomian gland and type 2 diabetes mellitus.

The meibomian gland synthesizes and produces lipids
and proteins which form the outermost layer of the tear film.
These lipids decrease evaporation and promote stability of
the tear film. The International Workshop on Meibomian
Gland Dysfunction suggested that MGD is the most prev-
alent cause of evaporative dry eye and may play a role in
aqueous-deficient dry eye [27]. The meiboscore also in-
dicates the thickness of the lipidic layer of the tear film [28],
with a higher meiboscore corresponding to a thinner lipidic
layer and consequent tear film instability. Although our
study provides evidence that meibomian gland function was
impaired in long-term diabetic patients, the mechanism of
this impairment is unknown and requires further in-
vestigation. Recently, a study by Ding et al. demonstrated
that insulin stimulated the proliferation of immortalized
human meibomian gland epithelial cells (HMGECs),
whereas high glucose was found to be toxic to HMGECs
[29]. This suggests that insulin resistance/deficiency and
hyperglycemia are deleterious to HMGECs, which supports
our hypothesis that long-term duration of the disease and
insufficient control of blood glucose may be associated with
MGD. Moreover, the various medications prescribed to
diabetic patients may exacerbate the dry eye state, which
may have contributed to the association between duration of
diabetes and meibomian gland function in our study.
Furthermore, the concomitant inflammatory response in
diabetes may also induce MGD. Suzuki et al. suggested that
obstructive MGD is a precursor of meibomitis [30].

In addition, Oculus Keratograph 5M is a corneal to-
pographer with additional noninvasive imaging tools for the
assessment of tear film kinetics and meibography. It includes
the ability to capture clear images of the meibomian gland
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architecture using infrared light, eliminating the need for
instillation of sodium fluorescein into the tear film or the use
of white light that exacerbates photophobia in patients with
ocular surface disturbance. However, there is no consistent
method for meibographic analysis in clinical practice. Our
results provide an objective grading method to illustrate
complementary data of glandular density.

In summary, our data suggest that long-term type 2 di-
abetes predisposes to various changes on the ocular surface,
which should be noted at an early stage and treated appro-
priately in order to prevent more severe eye complications.
Therefore, close attention should be paid to the ocular surface,
especially in long-term diabetics. Further studies are needed
to expand the sample size and include fluctuations in blood
sugar as a key factor in studying the ocular surface.
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