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ABS TRACT Objective: To evaluate the meibomian gland (MG) mor-
phology and tear film parameters of patients with Type 2 diabetes mel-
litus (DM) and to compare them with healthy individuals. Material 
and Methods: Fifty-four eyes of 27 patients (DM group) with Type 2 
DM and 50 eyes of 25 healthy individuals (control group) in terms of 
Ocular Surface Disease Index (OSDI) score, Schirmer’s test, van Bi-
jsterveld score (vBs), non-invasive break-up time (NiBUT) and MG 
morphologies (by non-contact, non-invasive infrared meibography) 
were evaluated and analyzed. Results: DM and control groups were 
similar in terms of mean age (p=0.51) and gender (p=0.78). In DM and 
control groups, respectively; OSDI; 15.3±3.7-11.9±2.7 (p=0.03), 
Schirmer; 10.3±3.4-12.5±3.2 mm (p<0.001), first NiBUT; 7.47±4.38-
10.41±4.89 sec (p=0.002), mean NiBUT; 9.6±3.7 vs. 12.3±4.0 sec 
(p<0.001), meibo-degree; 1.59±1.20-0.82±1.04 units (p<0.001), meibo 
score 31.3±22.2%-18.5±16.9% (p<0.001) and vBs; were 3.8±2.4 and 
2.2±1.7 (p<0.001). In the DM group, a significant relationship was 
found between the presence of retinopathy and Schirmer (p<0.001), 
first NiBUT (p<0.001), average NiBUT (p<0.001), meibo score 
(p<0.001) and vBs (p<0.001). Conclusion: Type 2 DM, negatively af-
fects MG morphology and tear film layer. Evaluation of DM patients 
in terms of MG dysfunction and dry eye disease as well as retinopathy 
during routine examinations can ensure early diagnosis of MG dys-
function and dry eye disease, initiation of appropriate treatment and 
protection of the ocular surface. 
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ÖZET Amaç: Tip 2 diabetes mellitus (DM) hastalarının meibomian 
bez (MG) morfolojisi ve gözyaşı filmi parametrelerinin değerlendiril-
mesi ve sağlıklı bireylerle karşılaştırılması amaçlandı. Gereç ve Yön-
temler: Tip 2 DM’li 27 hastanın 54 gözü (DM grubu) ve 25 sağlıklı 
bireyin 50 gözü (kontrol grubu) çalışmaya alındı. Tüm olguların, Okü-
ler Yüzey Hastalık İndeksi [Ocular Surface Disease Index (OSDI)] 
skoru, Schirmer testi, van Bijsterveld skoru (vBs), non-invaziv gözyaşı 
kırılma zamanı [non-invasive break-up time (NiBUT)] ve MG morfo-
lojileri (temassız, non-invaziv kızılötesi meibografi cihazı ile) değer-
lendirildi ve analiz edildi. Bulgular: DM ve kontrol grubu, yaş 
ortalaması (p=0,51) ve cinsiyet (p=0,78) açısından benzerdi. DM ve 
kontrol gruplarında sırasıyla; OSDI; 15,3±3,7-11,9±2,7 (p=0,03), Schir-
mer; 10,3±3,4-12,5±3,2 mm (p<0,001), ilk NiBUT; 7,47±4,38-
10,41±4,89 sn (p=0,002), ortalama NiBUT; 9,6±3,7-12,3±4,0 sn 
(p<0,001), meibo-derece; 1,59±1,20-0,82±1,04 birim (p<0,001), meibo 
skoru %31,3±22,2-%18,5±16,9 (p<0,001) ve vBs; 3,8±2,4 ve 2,2±1,7 
(p<0,001) idi. DM grubunda retinopati varlığı ile Schirmer (p<0,001), ilk 
NiBUT (p<0,001), ortalama NiBUT (p<0,001), meibo skoru (p<0,001) 
ve vBs (p<0,001) arasında anlamlı ilişki saptandı. Sonuç: Tip 2 DM, MG 
morfolojisini ve gözyaşı filmi tabakasını olumsuz etkiler. DM hastaları-
nın rutin muayenelerinde retinopati yanı sıra MG disfonksiyonu ve kuru 
göz hastalığı yönünden de değerlendirmelerinin yapılması, MG dis-
fonksiyonu ve kuru göz hastalığının erken tanısı ile uygun tedavinin 
başlanmasını ve oküler yüzeyin korunmasını sağlayabilir. 
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Diabetes mellitus (DM) is a chronic metabolic 
disorder caused by a disturbance in insulin secretion 
and/or its effects and is characterized by hyper-
glycemia. It can cause various ocular complications 
such as retinopathy, cataract, keratopathy and dry eye 
disease (DED).1,2 

It has been reported that Type 2 DM may be a 
risk factor for DED and that the symptoms are worse 
than in non-diabetics.3,4 The DED prevalence was 
documented as 54.3% in Type 2 DM, 7.7% in Type 
1 diabetic children, and 0.96% in healthy children.5 

There is no standard clinical evaluation method 
for meibomian gland dysfunction (MGD) and the epi-
demiological data are therefore limited with signifi-
cant variance in the reported prevalence in the 
literature. The prevalence has been reported as 3.5-
9.9% in Caucasians and 46.2-61.7% in Asians.6-9 

The diagnosis of MGD and DED is made by 
querying the symptoms, evaluating the lid morphol-
ogy, slit lamp examination of the ocular surface, de-
termining the tear film stability that reflects lipid 
layer functions, measuring the tear amount that re-
flects aqueous layer functions, and staining the ocu-
lar surface that reflects the mucin layer functions.10-12 
The introduction of imaging methods and devices 
such as infrared meibography, the Keratograph 5M 
(Oculus, Wetzlar, Germany), and anterior segment 
optic coherence tomography in recent years has en-
abled an increase in the accuracy of DED and MGD 
diagnoses and their standardization.13-17 

The aim of this study was to evaluate the effect 
of Type 2 DM on the meibomian gland (MG) mor-
phology and dry eye parameters, and to compare 
these parameters with those of age- and gender-
matched healthy subjects. 

 MATERIAL AND METHODS 
Approval was obtained from the Ethics Committee 
of Ankara Training and Research Hospital for the 
study (date: July 10, 2020; no: E-20, 287), and the 
study was conducted in accordance with the princi-
ples of the 2013 Helsinki Declaration. Informed con-
sent forms were obtained from all patients before the 
examinations. The 54 eyes of 27 patients who had 
presented to the eye outpatient department and re-

ceived a diagnosis of Type 2 DM at least 5 years ago 
(the DM group) and the 50 eyes of 25 age- and gen-
der-matched healthy subjects (the control group) 
were retrospectively evaluated. Exclusion criteria 
were being under 50 years old, the presence of an ac-
tive ocular infection or inflammation, a history of oc-
ular surgery, the use of eye drops containing 
preservatives or contact lenses, a history of rheuma-
toid disease, the use of medication that would affect 
tear production (antihistamines, tricyclic antidepres-
sants etc.), the presence of additional pathologies that 
could cause ocular surface irregularity (pterygium, 
symblepharon, entropium, lagophthalmos, corneal 
dystrophies, previous keratitis, corneal scars, corneal 
ectasias etc.), and nasolacrimal duct obstruction.  

All the participants were evaluated by the same 
investigator (SOU). An anterior and posterior seg-
ment examination with the slit lamp was performed 
first, followed by the administration of the Ocular 
Surface Disorders Index (OSDI) score. Then, the 
meiboscore (%) and meibograde (units), the non-in-
vasive tear film first break-up time (NiBUT-first) 
(seconds) and the non-invasive tear film mean break-
up time (NiBUT-mean) (seconds) were measured 
with a non-contact, non-invasive infrared meibogra-
phy device [the Phoenix-meibography imaging mod-
ule combined with the Sirius corneal topography 
device (CSO, Florence, Italy)]. Finally, Schirmer’s 
test and conjunctival staining with the van Bijsterveld 
score (vBs) were evaluated.18 

The OSDI was used to score the subject’s symp-
toms in the last 2 weeks as related to eye dryness, the 
duration of such symptoms, their severity, and the ef-
fect on daily activities. The score was between 0 and 
100 and a score above 13 was accepted to indicate 
dry eye.  

The meiboscore value was determined as a per-
centage (%) of loss by determining the ratio between 
the MG areas of the upper eyelid and the total area as 
obtained by a non-contact, non-invasive infrared mei-
bography device. A high meiboscore indicates more 
significant loss of the MGs. The meibograde was de-
termined by using the previously determined mei-
boscore value and distributing it into various 
percentage slices with the automatic grading system 
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as specified in the Phoenix software (Grade 0: 0-10%, 
Grade 1: 10-25%, Grade 2: 25-50%, Grade 3: 50-
75% Grade 4: ≥75%). 

The conjunctival staining score was evaluated 
with the van Bijsterveld method.18 The ocular surface 
was stained with fluorescein and then divided into 
three fields as the nasal conjunctiva, the cornea and 
the temporal conjunctiva, and each field was graded 
between 0 and 3 (0: no staining; 1: poor staining; 2: 
moderate staining; 3: diffuse staining). 

The subject waited 20 minutes and a Schirmer 
test was performed without topical anesthesia to 
measure basal and reflex tear secretion. Wetting 
length was measured and recorded. 

The fasting blood sugar (FBG, mg/dL) and he-
moglobin A1c (HbA1c) (%) values in the last month 
were recorded from the charts of the diabetic patients. 
Patients without any diabetic retinopathy changes on 
posterior segment examination were placed into the 
“retinopathy absent” group. According to the Early 
Treatment Diabetic Retinopathy Study classification, 
those with findings of non-proliferative diabetic 
retinopathy (NPDR) or proliferative diabetic 
retinopathy (PDR) were included in the “retinopathy 
present” group. Patients with glycemic control with 
diet were placed in the “diet-regulated” group and 
those regulated on oral anti-diabetics (OADs) and/or 
insulin in the “drug-regulated” group. 

STATISTICAL ANALYSIS 
The statistical analyses were performed with the 
SPSS for Windows 21.0 software (SPSS Inc. 
Chicago, USA). Normal distribution of the numerical 
data was checked with the Kolmogorov-Smirnov test. 
Descriptive statistics were expressed as mean±stan-
dard deviation when the numerical data showed a 
normal distribution and as median (minimum-maxi-
mum) when they did not. Student’s t-test was used to 
determine the significance of the difference between 
two means or medians. Correlation between the sub-
groups was checked with Pearson’s correlation analy-
sis and the difference between the subgroups with 
one-way analysis of variance and Bonferroni correc-
tion. A p value lower than 0.05 was considered to in-
dicate statistical significance.  

 RESULTS 
We included the 54 eyes of 27 Type 2 DM patients 
(the DM group) and the 50 eyes of 25 healthy sub-
jects (the control group) in this study. The mean age 
was 63.5±9.0 (50-86) years in the DM group with a 
female percentage of 51.9% while these values were 
61.9±8.1 (50-78) years and 48% in the control group 
(p=0.51 and p=0.78). 

In the DM group, the mean duration of DM was 
13.7±7.2 (5-26) years, the mean FBG 167±58.1 (95-
319) mg/dL, and the mean HbA1c value 8.3±1.7 (5.7-
11.5) %. The treatment was diet only in 6 patients 
(11.1%), oral antidiabetics in 28 patients (51.9%), 
and insulin in 20 patients (37%). Posterior segment 
examination showed absence of retinopathy in 24 
eyes (44.4%), NPDR in 20 eyes (37%), and PDR in 
10 eyes (18.5%). 

The OSDI scores, conjunctival staining scores, 
meibograde (units) and meiboscore (%) values were 
statistically significantly higher in the DM group 
while the mean NiBUT-first (sec), NiBUT-mean 
(sec) and Schirmer values were statistically signifi-
cantly lower (Table 1). 

Table 2 presents the OSDI, Schirmer, NiBUT, 
meiboscore and vBs values of the DM group accord-
ing to the HbA1c levels, presence of retinopathy, 
medication use, and duration of DM. A statistically 
significant association was found between retinopa-
thy development and the OSDI, Schirmer, NiBUT, 
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DM group Control group 
(n=54) (n=50) p value 

OSDI 15.3±3.7 11.9±2.7 <0.001* 
Schirmer  (mm) 10.3±3.4 12.5±3.2 <0.001* 
NiBUT-first (sec) 7.4±4.3 10.4±4.8 0.002* 
NiBUT-mean (sec) 9.6±3.7 12.3±4.0 <0.001* 
Meibograde 1.5±1.2 0.8±1.0 <0.001* 
Meiboscore (%) 31.3±22.2 18.5±16.9 <0.001* 
vBs 3.8±2.4 2.2±1.7 <0.001* 

TABLE 1:  OSDI, Schirmer, NiBUT-first, NiBUT-mean,  
meibograde, meiboscore and vBs levels of the DM and  

control groups.

Student’s t-test, *p<0.05; OSDI: Ocular Surface Disease Index; NiBUT-first: Non-invasive 
tear film first break up time; NiBUT-mean: Non-invasive tear film mean break up time; 
vBs: van Bijsterveld score; DM: Diabetes mellitus.



meiboscore and vBs levels, and also between the DM 
duration and the Schirmer and NiBUT levels in the 
DM group (Table 2). 

Evaluation according to the presence of 
retinopathy revealed a difference between the OSDI 
(p<0.001), Schirmer (p<0.001), NiBUT-first 
(p<0.001), NiBUT-mean (p<0.001), meiboscore 
(p<0.001) and vBs (p<0.001) levels between the con-
trol group and the patients with and without retinopa-
thy. The reason for the difference between the three 
groups for OSD was the difference between the con-
trol group and the “retinopathy present” (p<0.001) 
and “retinopathy absent” (p=0.014) groups whereas 
the reason for the difference regarding the Schirmer, 
NiBUT-first, NiBUT-mean, meiboscore and vBs was 
the difference between the “retinopathy present” pa-
tients and the other groups [for the control group 
(p<0.001) and for the retinopathy absent patients 
(p<0.001)]. For all parameters, there was no differ-
ence between the control group and patients with no 
retinopathy, and also between patients with NPDR 
and patients with PDR. 

When evaluated according to medication use, 
the OSDI (p<0.001), Schirmer (p=0.006), NiBUT-
first (p=0.002), NiBUT-mean (p=0.002), meiboscore 
(p<0.001) and vBs levels (p<0.001) showed a statis-
tically significant difference between the control 

group, diet-regulated Type 2 DM patients and med-
ication-regulated Type 2 DM patients. The reason for 
this result was the difference found between the con-
trol group and the medication-regulated Type 2 DM 
patients (p<0.001 for OSDI, p=0.002 for the Schirmer 
value, p=0.009 for NiBUT-first, p=0.003 for NiBUT-
mean, p=0.003 for meiboscore, and p<0.001 for the 
vBs). There was no significant difference between the 
control group and the diet-regulated Type 2 DM pa-
tients and also between the OAD-regulated and in-
sulin-regulated Type 2 DM patients as concerns all 
the parameters.  

 DISCUSSION 
We found significantly worse MG and tear film pa-
rameters in the DM group compared to the control 
group in addition to more severe MGD and DED in 
patients with retinopathy in this study. 

“The International Meibomian Gland Dysfunc-
tion Workgroup Epidemiology and Risk Factor De-
termination Committee” report states that advanced 
age is one of the most important risk factors for 
MGD.19 Advanced age results in an almost 50% de-
crease in the number of MGs due to atrophy.11,19 The 
prevalence of MGD in subjects over 50 years of age 
has been reported to be more than 3 times that in 
younger subjects.6-9,20 Den et al. have reported that 
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Subgroup (n) OSDI (score) Schirmer (mm) NiBUT-first (sec) NiBUT-mean (sec) Meiboscore (%) vBs  
HbA1c (%) <6.5 (10) 15.6±4.1 9.9±3.6 8.6±4.9 10.7±3.9 20.4±14.0 3.9±2.6 

≥6.5 (44) 15.2±3.6 10.4±3.4 7.2±4.2 9.4±3.7 33.8±23.1 3.8±2.4 
p value 0.805 0.639 0.371 0.297 0.085 0.987 

Retinopathy absent (24) 14.2±3.3 13.0±1.8 10.5±4.4 12.1±3.8 19.9±17.6 2.3±1.6 
present (30) 16.2±3.8 8.2±2.9 5.0±2.3 7.6±2.2 40.5±21.5 5.1±2.3 
p value 0.055 <0.001* <0.001* <0.001* <0.001* <0.001* 

Treatment diet (6) 14.0±3.7 12.0±2.5 7.0±2.5 9.3±1.8 24.8±14.8 4.1±1.4 
drugs (48) 15.5±3.7 10.1±3.5 7.5±4.5 9.7±3.9 32.2±23.0 3.8±2.5 
p value 0.358 0.225 0.806 0.817 0.451 0.770 

Duration of DM ≤10 year (26) 15.3±4.0 11.5±3.4 8.9±4.3 10.9±3.7 32.2±24.4 3.3±2.5 
>10 year (28) 15.2±3.5 9.2±3.1 6.1±4.0 8.4±3.4 30.6±20.5 4.3±2.2 
p value 0.923 0.012* 0.016* 0.016* 0.115 0.145 

TABLE 2:  OSDI, Schirmer, NiBUT-first, NiBUT-mean, meiboscore and vBs levels of the DM group according to the HbA1c level,  
presence of retinopathy, drug use, and diabetes duration.

One way analysis of variance, *p<0.05; OSDI: Ocular Surface Disease Index; NiBUT-first: Non-invasive tear film first break up time (second); NiBUT-mean: Non-invasive tear film mean 
break up time; vBs: van Bijsterveld score; DM: Diabetes mellitus; HbA1c: Hemoglobin A1c.



significant MG and lid margin anomalies rarely de-
velop in patients aged 50 years or less while this in-
cidence shows a significant increase in older 
subjects.21 In addition to advanced age, female gender 
has also been shown to be an important risk factor for 
MGD development as androgens stimulate MG se-
cretion and estrogens inhibit it.22 We did not include 
patients aged 50 years or less in our study to eliminate 
such age- and gender-based changes mentioned in the 
literature, and our subjects in the DM and control 
groups had a similar mean age and gender distribu-
tion.  

The 2017 DEWS report has indicated that dia-
betes could be a risk factor for dry eye.3 Dogru et al. 
have found lower BUT and Schirmer scores in pa-
tients with poor blood sugar regulation, possibly due 
to the glycemic fluctuations and neuropathic dam-
age affecting lacrimal gland innervation and secre-
tory functions.23 However, there are only a few 
studies on the MG changes and ocular surface prob-
lems of Type 2 DM patients. These studies have re-
ported that MGD is more severe in Type 2 DM 
patients than normal subjects and that the diabetes 
duration is associated with the MG changes and dry 
eye symptoms.15,16,23-25 Similar to the other reports, 
we found that the OSDI symptom score, conjuncti-
val staining score, meiboscore, and meibograde val-
ues were statistically significantly higher in the Type 
2 DM group than the control group while the 
Schirmer test, NiBUT-first, and NiBUT-mean lev-
els were statistically significantly lower in the Type 
2 DM group compared to the control group.  

Inflammation of the MG ducti with inflamma-
tory cell infiltration and dilatation and atrophy of the 
acinar units has been shown in DM patients with the 
laser scanning confocal microscope.11,26 Ductal ob-
struction results in decreased ocular surface lipid, col-
lection of secretions within the gland, bacterial 
proliferation, increased lysosomal enzymes, and oc-
ular surface inflammation.11,27 The inflammatory re-
sponse cause by DM can also induce MGD. The 
changes in the lipid content of the MGs can result in 
disturbed tear film stability.24,25,27 The innervation ab-
normalities that develop in diabetic patients due to 
the common neuropathic damage can result in de-
creased tear production from the lacrimal gland and 

more severe evaporative dry eye symptoms.15,16,23-25 
The morphological and functional changes seen in 
the corneal nerves lead to decreased corneal sensitiv-
ity, decreasing the blinking frequency and disturbing 
the distribution of the tear fluid lipid layer.11 The pe-
ripheral neuropathy that develops in diabetes also 
leads to weakened periorbital muscles and difficulty 
in secreting lipid from the MGs, resulting in 
MGD.15,16,23 These changes reported in the literature 
could explain the underlying cause of the increased 
frequency of ocular discomfort symptoms and tear 
film abnormalities detected in the diabetic patient 
group in the current study. 

The advances in imaging methods have enabled 
the use of non-invasive objective methods to detect 
MG changes and ensured a standard clinical evalua-
tion.11-17,26 Yu et al. have reported more severe dry eye 
symptoms and more prominent morphological, func-
tional, and cytological changes in the MG in their 
study on Type-2 DM patients conducted with the 
Keratograph 5M system and laser scanning confocal 
microscopy.15 The non-contact, non-invasive, in-
frared meibography device used in the current study 
together with the quantitatively determined mei-
boscore and NiBUT levels made it possible to objec-
tively evaluate MGD. 

The HbA1c level in DM has been reported to di-
rectly indicate the glycemic control within the last 
three months. It is not related to the diabetes duration 
while retinopathy is related to both the HbA1c level 
and the diabetes duration.28 Seifart and Strempel have 
reported that the DED prevalence increased in Type 
1 and Type 2 diabetics, and high Hb1Ac values and 
the presence of proliferative retinopathy were risk 
factors for increased DED severity.29 Comparison of 
the DM group patients without retinopathy and those 
with non-proliferative or proliferative retinopathy in 
our study showed a significant difference regarding 
tear fluid and MG parameters depending on the pres-
ence of retinopathy. This difference could be due to 
the microangiopathic and neuropathic damage that 
also plays an important role in the pathogenesis of di-
abetic retinopathy. This finding indicates that evalu-
ation of the ocular surface, MGs and tear film 
parameters in addition to the posterior segment is im-
portant during routine eye examination of DM pa-
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tients. There was a statistically significant relation-
ship between DM duration and the Schirmer test re-
sults and the NiBUT-first, NiBUT-mean and 
meiboscore values while the relationship with OSDI 
was not significant. The Schirmer test, NiBUT-first, 
NiBUT-mean and meiboscore values provide objec-
tive results but the OSDI results are subjective. The au-
tonomic dysfunction and decreased corneal sensitivity 
developing in diabetic patients may result in an asymp-
tomatic course of DED and MGD and therefore the in-
ability to detect an increase in the OSDI score. A 
difference we found in this study between the control 
group and the diet-regulated Type-2 diabetics and the 
OAD- or insulin-regulated Type-2 diabetics could be 
due to the improved MGD parameters provided by the 
medication used. However, we did not find a signifi-
cant correlation between the FBG and HbA1c levels 
and the DED and MGD parameters in the DM group. 
The reason could be the neutralization of the possible 
negative effects of the high FBG and HbA1c levels 
on the MG secretions by the OAD and insulin treat-
ment used by 88.8% of the study group patients.  

Our study has some limitations. First of all, our 
sample size was relatively small due to the rigid ex-
clusion criteria. Secondly, variables such as glycemic 
control, the medication used, and the severity of dia-
betic retinopathy differed among the DM group sub-
jects. Future studies could be planned with a larger 
number of diabetic patients grouped according to 
glycemic control, disease duration, drug use, and 
retinopathy severity.  

The study has demonstrated that DED and MGD 
symptoms and findings increase in Type 2 DM pa-
tients compared to healthy subjects. The global dia-
betes prevalence is approximately 9.3% and is 
increasing.30 This increases the possibility of a grad-
ually larger number of patients also suffering dia-
betes-related eye problems such as DED and MGD 
and requiring treatment. 

 CONCLUSION 
Type 2 DM results in a disturbed tear film layer and 
evaporative dry eye symptoms through its effect on 
the MG morphology function in correlation with 
disease duration and presence of retinopathy. The 
current advances in meibography technology have 
enabled detection of MG loss and tear film layer 
disturbances in a non-contact and objective man-
ner.  

Routine evaluation of the tear film layer and 
MGs, especially in patients with long DM duration 
and retinopathy, could be useful for early detection 
of DED and MGD, initiation of treatment, and ocular 
surface protection. 
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