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INTRODUCTION

Diabetes mellitus is a metabolic disease that occurs due 
to an increased level of blood glucose, which can cause 
microvascular and macrovascular complications. 1Failure 
of pancreatic beta cells to secrete an adequate amount of 
insulin can cause hyperglycemia, which influences genet-
ic and environmental factors.2 Hyperglycemia has toxic 
effects on almost all cells in the body.3 Ocular complica-

tions of hyperglycemia are most remarkable in the cornea 
and retina. 

Retinal impairment accounts for the majority of visual loss 
in diabetic patients Diabetic Retinopathy is the most com-
mon cause of blindness for people over the age of 50 years.4 
Neovascular glaucoma, refractive changes5 and various cor-
neal pathologies may be also seen. These include dysfunc-
tion in the corneal endothelium, desensitization,6 stromal 
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ABSTRACT
Introduction: Diabetes Mellitus is the leading cause of blindness as a result of complications due to diabetic retinopathy. The 
metabolic status of the cornea is affected by changes in blood glucose levels. Metabolic stress due to hyperglycemia can alter 
central corneal thickness.
Objective: To compares central corneal thickness (CCT) in diabetics and non-diabetic controls and evaluates the relation of 
CCT with glycemic status and severity of diabetic retinopathy.
Methods: 180 subjects(93 diabetics and 87 non-diabetics) attending or referred to the Department of Ophthalmology of a tertiary 
care hospital were included in the study.CCT was measured in all subjects using an ultrasonic pachymeter.
Results: 93 patients were diabetic(Type 1 four and type 2 eighty-nine) of which 35 patients had no diabetic retinopathy,44 
patients had non-proliferative diabetic retinopathy and 14 patients had proliferative diabetic retinopathy. Mean CCT in 
diabetics(563.11µm ±11.40µm)was found to be greater than non-diabetics (529.53±17.91µm)and the difference was statistically 
significant (p<0.0001). Mean CCT in type 1 and type 2 DM patients was 562±12.90µm and 562.59±9.44µm respectively. There 
were 35 diabetic patients with good metabolic control(HbA1C <7%) who had mean CCT 559.03±8.32µm.41 patients with poor 
metabolic control(HbA1C≥7) had a mean of CCT 565.04±9.94µm and the difference was statistically significant. Mean CCT in 
patients with no diabetic retinopathy, in patients with non-proliferative diabetic retinopathy and proliferative diabetic retinopathy 
was 558.81 ± 7.67um,563.81 ± 12.32 and 563.43 ± 9.70um respectively and the difference was not statistically significant.
Conclusions: A significant correlation was found between an increase in CCT and diabetes, with the positive correlation be-
tween thick cornea and duration of diabetes, indicating that patients with thick corneas are more likely to be found in the ad-
vanced stage of the disease. Measuring CCT in diabetic patients should be mandatory in the workup of refractive surgery, for 
donor tissue evaluation before keratoplasty, glaucoma suspects, contact lens users etc. This may help to identify patients at 
higher risk of developing severe complications, enabling ophthalmologists to treat their disease more accurately.
Key Words: Central corneal thickness, Complications, Diabetes Mellitus, Glycosylated Hemoglobin, Keratoplasty, Ultrasonic 
Pachymeter
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and subbasal nerve abnormalities,7 low endothelial cell den-
sity and hexagonality,8 increased corneal autofluorescence,9 
recurrent epithelial erosions, epithelial oedema, desensitiza-
tion and neurotrophic ulcers. 

Studies show that the eyes of patients with Diabetes Mellitus 
have a greater central corneal thickness (CCT) and that there 
is a positive correlation between CCT and the Grading of 
Diabetic Retinopathy.10 Control of corneal hydration appears 
to be compromised in corneas of diabetic patients.11 Corneal 
morphological evaluation is always very crucial in Ophthal-
mologists clinical practice. Ophthalmologists rely on cor-
neal parameters such as central corneal thickness, anterior 
and posterior corneal curvature, anterior chamber depth or 
endothelial cells counts to make the diagnosis, to follow up 
or to plan treatment for refractive errors or diseases such as 
glaucoma, keratoconus, corneal ectasia or cataract. 

There are varying reports on central corneal thickness (CCT) 
changes due to DM.12 To the best of our knowledge, there are 
only a few published studies on CCT in Diabetes Mellitus.13 

In our study, we aimed to measure the difference in the mean 
CCT between diabetes and age-matched non-diabetic con-
trols. Also, we evaluated the correlation between each of 
these values and the diabetic duration and hyperglycaemia 
assessed by HbA1C by measuring CCT using an ultrasonic 
pachymeter.

MATERIALS AND METHODS

Ethical clearance was obtained from the Institutional Ethical 
Committee ( Ethical clearance number – 138/ 03.06.2017) 
and an observational cross-sectional case-control study was 
designed in our tertiary eye care centre. A total of 180 sub-
jects (93 diabetics and 87 non-diabetics) who gave consent 
were included in the study. Eyes with corneal pathologies like 
pterygium, corneal dystrophies, contact lens users, receiv-
ing treatment for any topical or systemic diseases, any prior 
history of ocular surgeries or ocular trauma were excluded 
from the study. Age, gender, duration of diabetes, HbA1c 

levels, the status of DR, any medical illness and prescribed 
medical treatment were recorded. All subjects underwent a 
complete ophthalmological examination that included visual 
acuity assessment using the Snellen chart, refraction using 
auto-refractometer, intraocular pressure measurement using 
applanation tonometry, slit-lamp biomicroscopy, and fundus 
examination. Grading of Diabetic Retinopathy was done ac-
cording to the International clinical disease severity scale for 
DR. Central corneal thickness of all subjects was measured 
with an ultrasonic pachymeter. 

The diabetic eyes were classified into 3 groups according 
to the status of DR (group without DR, group with non-
proliferative DR [NPDR], and group with proliferative DR 
[PDR]). Also, they were divided into 2 groups according to 

DM duration (the group with a duration of fewer than 10 
years and group with a duration of ≥10 years) and according 
to HbA1c value (the group with HbA1c less than 7 % and group 
with HbA1c more than or equal to 7%).

Statistical Analysis
Data were analyzed using SPSS software for windows. The 
results were expressed as mean ± SD. An independent sam-
ple t-test was performed to compare the means of CCT in di-
abetic and control groups. The differences among 3 or more 
groups were analyzed by one way ANOVA. Pearson correla-
tion coefficient was done to find the relationship between 
corneal thickness and DM duration, HbA1c, and DR status. 
A value of P ≤ 0.05 was considered statistically significant.

RESULTS

The present cross-sectional study was conducted on 180 con-
secutive subjects in the Department of Ophthalmology in a 
tertiary care hospital. In this study 93 patients were diabetic 
(Type 1 four and type 2 eight nine), of which 35 patients 
had no diabetic retinopathy, 44 patients had non-proliferative 
diabetic retinopathy and 14 patients had proliferative dia-
betic retinopathy. Eighty-seven subjects were non-diabetic 
controls.

The age of all patients in the present study varied from 30 
years to 80 years with a mean age of 55.41±10.94 years. The 
maximum number of patients in the diabetic group were in 
the age group of 51–60 years (39.7%) and the mean age of 
diabetic patients was 55.45±10.79 years, while in the non-
diabetic control group it was in the age group of 51-60 years 
(35.6%) and the mean age of the non-diabetic group was 
53.48±10.99 years. No significant difference was found be-
tween the mean age of diabetics and non-diabetic controls 
(p=0.227; Figure 1).

In the diabetic group, 47 (50.53%) were males and 46 
(49.46%) were females while in the non-diabetic control 
group 50 (57.47%) were males and 37 (42.52%) were fe-
males. In this study, M: F ratio is 1.16:1 (Figure 2).

Out of 93 patients of DM, two patients of type 1 DM and 
33 patients of type 2 DM had no diabetic retinopathy. One 
patient of type 1 DM and 22 patients of type 2 DM had mild 
NPDR. None of the patients of type 1 DM had moderate 
NPDR, while 10 patients of type 2 DM had moderate NPDR. 
Eleven patients of type 2 DM had severe NPDR. One patient 
of type 1 DM and 13 patients of type 2 DM had PDR. No 
diabetic retinopathy was the most common grade seen in 35 
eyes and moderate NPDR was the least common grade found 
amongst diabetic patients (Figure 3).

Out of 93 patients of DM, three patients of ≥10 years du-
ration of diabetes and 32 patients of <10 years duration of 
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diabetes had NO DR. Four patients of ≥10 years duration 
of diabetes and 19 patients of <10 years duration of diabe-
tes had mild NPDR. Nine patients of ≥10 years duration of 
diabetes and 01 patient of <10 years duration of diabetes had 
moderate NPDR. 8 patients of ≥10 years duration of diabetes 
and 03 patients of <10 years duration of diabetes had severe 
NPDR. Fourteen patients of ≥10 years duration of diabetes 
and no patients of < 10 years duration of diabetes had PDR 
(Figure 4).

The mean CCT was measured in 93 diabetic patients and 
it was 563.11µm with a standard deviation of 11.40µm. 
The mean CCT was measured in 87 Non-diabetic con-
trols and it was 529.53µm with a standard deviation of 
17.91µm. The mean CCT in the diabetic group (563.11µm 
±11.40µm) was found to be thicker than non-diabetic con-
trols (529.53±17.91µm) and the difference was statistically 
significant (p<0.0001) using unpaired- t-test (Figure 5).

In our study, we compared mean CCT amongst type 1 and 
type 2 DM patients. There were four patients with type 1 
DM and their mean age was 39.5±9.29 years with a mean 
duration of diabetes was13.75±12.28 years, while in the 
type 2 DM group mean age and mean duration of diabetes 
was 55.63±10.79 years and 8.82±5.49 years respective-
ly. The mean CCT in type 1 and type 2 DM patients was 
562±12.90µm and 562.59±9.44µm respectively, and the dif-
ference was not statistically significant (p=0.90, Figure 6).

Out of 93 diabetic patients, eighty patients were investigated 
for glycosylated haemoglobin (HbA1C). There were 35 dia-
betic patients with good metabolic control (HbA1C <7%) 
and their mean CCT was 559.03±8.32µm. Forty-one patients 
with poor metabolic control(HbA1C≥7) had a mean CCT of 
565.04±9.94µm. The difference was statistically significant 
(P=0.026) using an unpaired t-test (Figure 7).

In our study, we compared the mean CCT according to the du-
ration of diabetes. Mean duration of diabetes was 8.82±5.48 
years. Out of 93 diabetic patients, fifty-five patients had dia-
betes of less than 10-year duration and the mean central cor-
neal thickness of these patients was 560.67±7.85µm. Thirty-
eight patients had diabetes of more than or equal to 10 years 
and the mean CCT of these patients was 565.55±11.74µm 
and the difference between them was statistically significant 
(P=0.02) using unpaired t-test (Figure 8). The mean CCT be-
tween male and female were comparable to each other and 
no statistical difference was observed (p=0.93, Figure 9).

Diabetic patients (Type 1 and type 2 DM) with or without 
retinopathy were divided into 3 sub groups

1)	 Subgroup 1 -: Having no diabetic retinopathy
2)	 Subgroup 2 -: Having any grade of non-proliferative 

diabetic retinopathy
3)	 Subgroup 3 -: Having proliferative diabetic retinopa-

thy.

The mean CCT of the sub-group-2 (563.81±9.12.32µm) was 
greater than sub-group-1 (558.71±7.67µm) and the differ-
ence was not statistically significant (p >0.05)	 A l s o , 
the mean CCT of the sub-group-2 (563.81±12.32µm) was 
greater than sub-group-3 (563.43±9.70µm) and the differ-
ence was not statistically significant (p >0.05). The mean 
CCT of sub-group-3 (563.43±9.70µm) was greater than sub-
group-1 (558.71±7.67µm) and the difference was not statisti-
cally significant (p >0.05) using one way ANOVA.

DISCUSSION

Diabetes is one of the world’s largest public health problems.  
The measurement of central corneal thickness has become 
a very important ocular parameter due to its importance as 
an indicator of corneal health status and decisions involving 
refractive surgeries and estimation of Intraocular Pressure. 
In glaucoma patients, central corneal thickness measurement 
is important to determine the true intraocular pressure which 
may be overestimated in diabetic patients with glaucoma due 
to increased CCT.

In the present study, the mean age of diabetics and non-di-
abetic controls was comparable and no statistical difference 
was found between them (p=0.227). Concerning the mean 
age of our diabetic patients (55.45±10.79 years), this was 
similar to Lee et al.14 (57.5±8.5years) and Ozdamar et al.15 

(57.3±4.7 years), and contrast to Busted et al.16   (34 years).

The mean CCT between male and female were comparable 
to each other (Male=539±26.40 and female=539.60±27.96, 
p=0.92). Our findings were similar to Storr-Paulsen et al..17 

They observed mean central corneal thickness were compa-
rable in both the sex (p=0.27).

Most studies like the present cross-sectional study show that 
the diabetic eye had an increase in CCT (563.11±11.40µm) 
as compared to non-diabetic controls. (529.53±17.91µm). 
This difference was statistically significant (p<0.0001). 
Busted et al.16 and Lee et al.14 reported that the mean CCT 
of diabetic patients was significantly (p<0.005) thicker than 
non-diabetic controls in a sample size of 81 insulin-depend-
ent juvenile-onset diabetics and concluded that increased 
CCT could be due to increased hydration of cornea and en-
dothelial dysfunction. Lee et al.14  and  Yasemin Ozdamar et 
al.15also drawn similar observations. However, in contrast 
to our study Larsson et al.18 and Schultz et al.19 did not find 
any increase in CCT in Type1 and Type 2 DM patients when 
compared to non-diabetic controls. They measured CCT with 
the specular microscope: therefore, the difference between 
these studies could be the measuring method. The corneal 
thickness of diabetic patients increases because the corneal 
endothelium pump deteriorates due to the reduction of Na+/
K+ ATPase activity which in turn causes an increase in stro-
mal hydration and morphological and permeability changes 
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in the cornea.14,16,18

The study by Sahin A20 suggests glaucore can act as a col-
lagen cross-linking agent with the help of advanced glyco-
sylation end products. Increased formation of covalent cross-
linking bonds in the corneal stroma may lead to increased 
corneal thickening and biochemical changes.

In the present study, we found that the mean CCT in sub-
groups of diabetic retinopathy were comparable, having 
mean CCT in subgroup 1, 2, and 3 was 558.71±7.67µm, 
563.81±9.12.32µm, and 563.43±9.70µm respectively. The 
difference between them was not statistically significant 
(p>0.05) using one way ANOVA. A similar conclusion was 
also drawn by Toygaro  et al.20 and Solani D et al. 21

About hyperglycaemia assessed by glycosylated haemoglo-
bin (HbA1C). In the present study, diabetic patients who had 
HbA1C level ≥7% has thicker mean CCT (565.65±9.94µm) 
as compared to those diabetic patients who had HbA1c level 
<7% (559.03±8.32µm) and this difference was statistically 
significant (p=0.026) using unpaired t-test. Similar con-
clusions were drawn by Prempal Kaur et al.22 and Mehmet 
Ozgur ZENZIN et al.23 In contrast to our study, Larsson et 
al.18 and Brownlee M et al.24 did not found any correlation 
between HbA1C and CCT.

In the current study, we divided the diabetic patients accord-
ing to the duration of diabetes into two groups, one with the 
duration of diabetes less than 10 years and the other had those 
with duration of diabetes more than or equal to 10 years. The 
mean CCT  in patients with diabetes ≥10 years was thicker 
than those of less than 10 years duration (565.67±11.74µm 
v/s 560±7.85µm) and the difference between them was sta-
tistically significant (p=0.02).

A similar conclusion was drawn by Lee et al. and Ruchi Dabas 
et al.25 In contrast to our study, Mehmet Ozgur et al.24  by us-
ing Orbscan II topography system measured CCT and found 
thicker mean CCT in patients who had diabetes of more than 
or equal to 10 years (565.78±39µm) as compared to those 
who had diabetes of fewer than 10 years (561.45±36.20 µm) 
but the difference was not statistically significant (p=0.522). 
The possible difference may be due to the application of dif-
ferent measuring method of CCT. Busted et al.16 also report-
ed no significant relationship between the central corneal 
thickness of diabetes and the diabetic duration. This differ-
ence is probably because the mean age of their subjects (34 
years) was lower than that (55.±10.79 years) of our diabetic 
subjects. The possible explanation of thicker cornea in those 
who had more than 10 year of diabetes compared to less than 
10-year duration is that as the duration of diabetes increases, 
there is a decrease in the ability of corneal endothelial pump 
to compensate for excess turnover of corneal hydration.

In the present study, we compared mean central corneal 
thickness amongst Type 1 and Type 2 DM patients. There 

were four patients of Type 1 DM and their mean age was 
39.5±9.29 years with mean duration of diabetes were 
13.75±12.28 years, while in Type 2 diabetic group mean 
age and mean duration of diabetes was 55.631 ±10.789 and 
8.817±5.49 years respectively.

The mean values were comparable in type 1 and type 2DM 
patients (562±12.9035µm and 562.593±9.43552µm respec-
tively) and the difference was not statistically significant 
(p=0.90).

A similar conclusion was drawn by Schultz et al.19 who found 
mean CCT was comparable in both Type 1 (540µm) and 
Type 2 DM patients (530-540µm). Larsson et al.18 also ob-
served similar result with no significant difference in mean 
CCT values when they were compared between Type 1 and 
Type 2 DM patients. Yasser et al.26, in their cross-sectional 
study on 160 subjects from different age groups were stud-
ied. They compared mean CCT in 42 patients of Type 1 and 
38 Patients of type 2 DM and observed no significant differ-
ence (p=0.77).

CONCLUSION

The present study suggests that diabetes mellitus patients 
show thick cornea as one of the unnoticed indicators of dura-
tion of disease and level of hyperglycemia. Thus considera-
tion of the corneal thickness in patients of DM is very impor-
tant for obtaining accurate IOP measurement and planning 
and performing refractive surgery.
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Figure 1: Age Distribution of Patients. Figure 2: Gender Distribution of Patients.
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Figure 3: Severity of Diabetic Retinopathy and Type of Diabe-
tes Mellitus.

Figure 4: Severity of Diabetic Retinopathy and Duration of 
Diabetes Mellitus.

Figure 5: Mean CCT in Diabetics and Non Diabetics.

Figure 6: Mean CCT in Type 1 Diabetics and Type II Diabet-
ics. 

Figure 7: Mean CCT of Diabetic Patients According to Glyco-
sylated Hemoglobin.

Figure 8: Mean CCT of Diabetic Patients According to Dura-
tion of Diabetes Mellitus.

Figure 9: Mean CCT of Diabetic Patients According to Dura-
tion of Diabetes Mellitus and Gender of Patients.


