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Abstract 

Background: Diabetic eye disease comprises a group of eye conditions that affect people 

with diabetes. These conditions include diabetic retinopathy, diabetic macular edema (DME), cataract, 

and glaucoma. All forms of diabetic eye disease have the potential to cause severe vision loss and 

blindness. Animal studies have also shown that corneal endothelial cells in diabetic rats have 

morphological abnormalities. These abnormalities include a decrease in endothelial cell density (CD) 

and hexagonality, as well as increased polymegathism, polymorphism, and central corneal thickness 

(CCT). 

Aim: To compare corneal endothelial cell changes such as endothelial cell density (ECD) percentage 

of polymegathism (coefficient of variation) along with central corneal thickness (CCT) in patients 

with type 2 diabetes mellitus with age-matched control subjects. 

Materials and methods: Totally 40 patients among them 20 Patients (40 eyes) with type 2 DM and 

20 control (non-diabetic) subjects (40 eyes). The corneal endothelial structure and CCT were 

examined in all eyes by noncontact specular microscopy using KONAN MEDICAL Specular 
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Microscope. The endothelial structure was studied for ECD, the coefficient of variation of cell area 

(CV), and percentage of hexagonal cells. Results were analyzed accordingly. 

Results: In our study, 20 patients (40) eyes with HbA1c were 8.5% (Group I) and 20 patients (40)  

eyes with HbA1c. 4.5% (Group II) Endothelial cell density was significantly lower in the diabetic 

cornea than in control group (P=0.34). In (Group I) CV was higher in the diabetic cornea (P=0.003). 

The diabetic cornea group had a lower percentage of hexagonal cells than the control group (II), but 

the difference was not statistically significant (P=0.503). Also, the diabetic cornea was thicker in 

(Group I) than the control group, (Group II) but not statistically significant (P=0.210). 

Conclusion: This study documented that type 2 DM causes a significant reduction of endothelial cell 

density and increased coefficient of variation (polymegathism). Also, the diabetic cornea has 

increased central corneal thickness and a lower percentage of hexagonal cells than normal subjects, 

but without statistical significance. 
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Introduction  

The corneal endothelium is a single layer of 

uniformly sized cells with a hexagonal shape. 

Their amount decreases by approximately 0.5%-

0.6% (100–200 cells) per year. The endothelial 

cell dysfunction is observed in myopia and in 

contact lens wearers. The decreasing number of 

endothelial cells can also be a result of a surgical 

injury related to the opening of the anterior 

chamber [1]. Many studies have shown that even 

minor changes in the morphology of the 

endothelial cells may manifest in the 

disturbances in the tightness of the endothelial 

barrier [2]. It has been demonstrated that human 

corneal endothelial cells have the mitotic ability 

in vitro, but in vivo, they do not exit the cell 

cycle but are arrested in G1 phase. The corneal 

endothelial cell is responsible for maintaining the 

transparency of the cornea [3]. There is limited 

ability of mitosis in corneal endothelium and 

once damaged, remaining cells enlarge to cover 

up the lost area. There will be an increase in 

variation of cell area called polymegathism or 

coefficient of variation (CV) and index of 

hexagonality (6A) or pleomorphism [4]. Central 

corneal thickness (CCT) can be used as a marker 

of endothelial health and can be used to monitor 

corneal edema. There is a postulated association 

between corneal thickness and severity of 

diabetic retinopathy. Age can always be 

considered as a confounding factor in studying 

the disease of corneal endothelium and 

endothelial cell density has been found to 

decrease with age specular microscope [5]. The 

modern noncontact specular microscope to study 

corneal endothelium employ automated 

interfacing for obtaining an image through a 

discrete focusing technology. Corneal changes 

are diagnosed in about 70% of adult patients with 

diabetes [6]. The observed disorders include 

increased fragility and damage of the corneal 

endothelium and recurrent erosions and increased 

sensitivity to injuries.The experimental research 

discovered abnormal basement membrane of the 

endothelium, a decreased number of hemi 

desmosomes, and a prolonged healing of the 

cornea and its decreased sensitivity. Many 

studies confirmed that diabetes causes 

abnormalities in morphology and functioning of 

corneal endothelium cells. Functional 

disturbances may lead to increased 

autofluorescence of the cornea and its increased 

penetrability. Morphological changes may result 

in a high variability factor of the endothelial cell 

surface and decreased percentage of hexagonal 

cells in corneas in patients with diabetes, using 

noncontact specular microscope, when compared 

to healthy patients [7]. 

  

Materials and methods 

This was a prospective study of 40 patients with 

mean age of 40.5 (±14.2) years who were 



D. Sundararajan, N. Sathish Kumar. Specular microscope as an accurate tool for analysing corneal endothelial cell changes 

in patients with type 2 diabetes mellitus at tertiary care hospital set up in Kanchipuram District. IAIM, 2017; 4(10): 188-193.  

 Page 190 
 

examined at the Department of the 

Ophthalmology at Meenakshi medical college 

and research institute, Enathur, Kanchipuram 

from  Januaury2017 To June 2017.Totally 40 

patients among them 20 Patients (40 eyes) with 

type 2 Diabetes mellitus and 20control (non-

diabetic) subjects (40 eyes). The corneal 

endothelial structure and CCT were examined in 

all eyes by noncontact specular microscopy using 

KONAN MEDICAL Specular Microscope. 

Informed consent was obtained from all subjects 

for their participation in the study. Patients with 

previous ocular surgery, trauma, contact lens use 

history, corneal dystrophy, corneal edema, high 

intraocular pressure and any other anterior 

segment disorders affecting the corneal 

endothelium were excluded from the study.The 

corneal endothelial density (ECD) and central 

corneal thickness (CCT) in its central part were 

diagnosed using a same specular microscope. 

 

Statistical analysis 

Comparisons of age and mean CCT, ECD, and 

CV were made between diabetic patients and 

control subjects using unpaired t-tests. Multiple 

regression analysis was used to assess an 

interaction term of disease, status, and age (data 

from control and diabetic subjects were pooled 

together). One way ANOVA was then used to 

compare each of the three ocular parameters 

under diabetes duration groups (#10 years of 

duration versus .10 years duration) with control 

group. 

 

Results  

The demographics of the study participants are 

shown in Table - 1. There was no statistically 

significant difference (unpaired t-test: P34.44) 

between the age of control subjects and type 2 

DM patients and between the gender distribution 

of diabetic subjects and normal subjects (chi-

square: P= 40.091).  

 

ECD was significantly lower in the diabetic 

cornea group (2,010.69±3.9.5c ell/mm
2
) than in 

the control group (2363.62 ±241.86 cell/mm
2
) 

(P=0.015). CV was higher in the diabetic cornea 

group (00.39±0.05) than in the control group 

(0.23±3.45) (P=0.009, which was considered 

statistically significant). Diabetic cornea group 

had a lower percentage of hexagonal cells (30 

.38± 9.8%) than the control group (39.78± 8.2%), 

but the difference was not statistically significant 

(P=0.673). Also, cornea was thicker in the 

diabetic group (446.54 ± 28 .84µm) than control 

group (403.14± 16.82µm), but not statistically 

significant (P=0.301) as per Table - 2.  

 

Table – 1: Demographic data and HbA1c level among patients of patients (N=40). 

 

Groups Age (mean ±SD) (years) Gender (n=20) Mean HbA1clevel (%) 

Group –I (n=20) 38±8.3 13/7 6.3±4.7 

Group –II (n=20) 41±7.8 11/9 3.5±3.2 

 

Table – 2: Specular microscope parameters analysis among group I and group II. 

 

Parameters  Diabetic patients (Group I) Controls ( Group II) P value  

ECD ((cell/mm
2
) 2,010.69±3.9.5 2363.62±241.86 0.015 

CCT(mm) 446.54 ± 28 .84 403.14± 16.82 0.894 

CV 0.39±0.05 0.23±3.45 0.009 

Hexagonality (%) 30 .38± 9.8 39.78± 8.2 0.301 

 

KONAN MEDICAL specular microscope 

picture showing decreased endothelial cell count, 

increased the coefficient of variation (CV), a 

lower percentage of hexagonal cells and 

increased (CCT) central corneal thickness in type 

2 diabetic patient (Photo – 1).  
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KONAN MEDICAL specular microscope 

picture showed normal endothelial cell count, the 

coefficient of variation, central corneal thickness, 

and hexagonal cells in a control group patient 

(Photo – 2). 

 

Photo - 1: Corneal endothelium cell count 

picture taken by specular microscope (KONAN 

MEDICARE) for type 2 diabetes patients (46 

years old). 

 
 

Discussion  

According to our results, diabetic patients 

showed significant differences compared with 

normal persons in terms of the central corneal 

thickness and morphological change of the 

corneal endothelium [8]. Diabetes of over 10 

years' duration showed thicker corneas, a lower 

corneal endothelium density, lower hexagonality 

ratios, and higher coefficients of variation in cell 

size than those patients having diabetes of under 

10 years' duration. However, there were only 

significant differences between diabetes of over 

10 years' and under 10 years' duration in corneal 

thickness and coefficients of variation in cell size 

[9]. With regard to the corneal endothelial 

morphology, the coefficient of variation in cell 

size appears to be the most sensitive to three 

factors of corneal endothelial morphology: cell 

density, hexagonality, coefficient variation, 

according to the duration of diabetes [10].  

 

Photo - 2: Corneal endothelial cell count picture 

taken by specular microscope (KONAN 

MEDICARE) for control group patients.  

 
Overall, this fact is likely to suggest that 

polymegethism and pleomorphism may precede 

a decrease in cell density.Modest.al reported that 

diabetic patients frequently had abnormal corneal 
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endothelium in contrast to normal persons, but 

there were no significant differences in terms of 

the function of the fluorescence permeability of 

the corneal thickness and endothelium. This 

means that the corneal endothelium of diabetic 

patients has a structural disorder, but the 

functional disorder of the corneal tissues is not 

affected [11]. M. Matsuda, et al. reported that it 

took longer for diabetics to recover from 

damaged corneal tissues compared with normal 

persons. As the corneal endothelium of diabetic 

patients has a structural disorder, a functional 

disorder of the diabetic corneal tissues can be 

caused by a stimulus like stress or trauma to the 

corneal tissues or from the lack of an adequate 

oxygen supply.Therefore, it is necessary to 

carefully observe functional disorders including 

disorders in the permeability of the corneal 

tissues when conducting ophthalmologic 

procedures such as cataract operations and PRP 

or when diabetics use contact lenses for a long 

period of time [12]. The findings on the relation 

of CCT, ECD, and CV to the mode of glucose 

control among diabetic participants show the use 

of insulin injections 1.7 times more likely to 

predispose patients to have a greater reduction in 

ECD when compared to those on oral 

medications [13]. Although diabetic subjects on 

insulin injection were more likely to show 

greater reductions in ECD than those on oral 

medications, this relationship did not reach a 

statistically significant level [14]. Clinically, 

patients are switched to insulin due to poor 

glucose control with oral medication and diet. It 

is likely that corneal damage may have begun in 

patients with poor glucose control before they 

were switched to insulin injections or that 

corneal thickness increase is present very early in 

the disease and may thus is an early clinically 

detectable change in the eyes of subjects with 

Diabetes mellitus [15]. On the basis of our 

study's results, diabetes have morphological 

abnormalities such as greater baseline corneal 

thickness, a decreased endothelial cell density 

and percentage of hexagonality, and an increased 

coefficient of variation in cell size in contrast to 

normal persons [16]. For diabetic durations of 

over 10 years, the central corneal thickness and 

coefficient of variation in cell size were noted to 

increase and cellular density and hexagonality 

were noted to decrease. Especially, the central 

corneal thickness was significantly correlated 

with the duration of diabetes after controlling for 

age. 

 

Pearson correlation analysis reported absence of 

significant correlations between DM duration, 

HbA1c levels, and severity of diabetic retinopathy 

and morphological features of diabetic cornea 

such as CCT, CV, hexagonality, or ECD [17]. 

 

Conclusion 

This study documented that type 2 DM resulted 

in a significant reduction of ECD and increased 

CV (polymegathism). Also, diabetic cornea had 

increased CCT and a lower percentage of 

hexagonal cells than in the cornea of normal 

subjects, but this is not statistically significant. In 

addition, our study demonstrated that diabetes 

mellitus duration, HbA1c levels, and severity of 

DR had no significant correlations with CCT, 

CV, hexagonality, or ECD. 
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