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Abstract
● AIM: To compare anterior segment parameters between 
two groups of type 2 diabetic with and without diabetic 
retinopathy (DR) and non-diabetic elderly subjects based on 
hemoglobin A1c (HbA1c) levels and status of DR.
● METHODS: This study was conducted on 997 residents 
aged 60y or over in Tehran, Iran. Diabetic group had 
HbA1c level ≥6.4% with no other systemic problems. The 
non-diabetic participants had normal eye findings and 
no systemic diseases. K1, K2, mean K, Q-value, anterior, 
central, posterior, and total corneal densitometric findings, 
anterior chamber volume (ACV), anterior chamber depth 
(ACD), corneal volume (CV), and pachymetry were measured 
by Pentacam AXL.
● RESULTS: A total of 678 non-diabetic (39% male) 
and 319 diabetic (35% male) subjects with mean age of 
66.31±5.23 and 67.22±4.96y were examined, respectively. 
No statistically significant difference was found in anterior 
segment parameters between non-diabetic and diabetic 
groups (all P>0.05). However, middle, posterior, and total 
corneal densitometric values were statistically different 
between two groups after controlling the effects of 
confounders (P=0.014, 0.007, and 0.042, respectively). 
Corneal densitometric values in all layers, ACD, and 

ACV were different between diabetic subjects with and 
without DR (all P<0.05). In the diabetic group, only corneal 
densitometric values had a negative relationship with 
fasting blood sugar (P<0.001). ACD and ACV had a negative 
correlation with HbA1c levels (all P<0.05, r=-0.129 and 
-0.146, respectively). However, the relationships were not 
observed after controlling the confounders (P=0.938, 0.466, 
respectively).
● CONCLUSION: Considering the higher densitometric 
values of the cornea and lower ACD and ACV in diabetic 
subjects with DR, it is suggested that the examiners should 
perform comprehensive retinal examinations when faced 
with such conditions.
● KEYWORDS: anterior segment; diabetes; hyperglycemia; 
retinopathy; cornea
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INTRODUCTION

T ype 2 diabetes mellitus (DM) is a group of diseases 
characterized by persistent hyperglycemia and does affect 

many body organs including the eye[1]. Diabetic retinopathy 
(DR) is the most frequent complication of diabetes[2-3]. Since 
glucose enters the eye through the blood circulation of the 
retina and choroid following hyperglycemia, it reaches the 
crystalline lens and cornea via the vitreous and aqueous. Thus, 
hyperglycemia-related changes in the anterior segment of 
the eye also should be evaluated in addition to the retina[4]. 
It is necessary to dilate pupil of elderly diabetic patients for 
comprehensive fundus examinations using optical coherence 
tomography, fundus photography, etc. Sometimes, we could 
not use mydriatics in these people because of shallow anterior 
chamber depth (ACD)[5]. As a result, accurate evaluation of 
fundus areas has limitations. Furthermore, dilated fundus 



572

examinations are time-consuming and lead to patient fatigue. 
Studies showed that anterior segment parameters of the eye 
have prognostic value in other ocular diseases[6-7]. Therefore, 
it is supposed that evaluation of diabetic-related changes in 
the anterior segment of the eye could cause early diagnosis 
of diabetic complications in the retina. In addition, it could 
potentially save the time and cost of the examinations.
The cornea, the major refractive component of the eye, is the 
target structure in refractive surgeries. The refractive result of 
these surgeries depends on the preoperative measurement of 
corneal parameters[8]. Furthermore, clinicians rely on corneal 
parameters and ACD to make a diagnosis, to follow up, and 
to plan treatment of refractive problems such as corneal 
ectasia and cataract[9-11]. In addition, intraocular pressure (IOP) 
measurement which is the only causal and treatable risk factor 
for glaucoma also affected by corneal characteristics especially 
central corneal thickness (CCT)[12]. 
Several studies showed that some changes happen in the anterior 
segment of the eye following DM[13-17]. Han et al[15] compared 
the corneal nerve and ocular surface changes between healthy 
normal individuals and patients with type 2 DM in different 
stages of DR. They concluded that with the progression of 
DR, some ocular surface parameters such as break up time 
and corneal fiber length decreased, while total ocular surface 
disease index and Meibomian gland loss score increased. 
According to a study, anterior segment parameters like ACD, 
corneal volume (CV), K mean, CCT, and corneal asphericity 
except smallest radius of curvature in entire field measurement 
(Rmin) were similar between the non-diabetic and diabetic 
groups. Diabetic patients had higher keratometric findings 
than the non-diabetic group[13]. Although several studies stated 
that diabetic patients have thicker cornea than non-diabetic 
subjects[14,18-19], some studies did not report any difference 
between the two groups[13,20]. There are also contradictory 
results about hyperglycemia-related changes of corneal 
densitometry, asphericity, and keratometry[13,21-22]. 
In addition to the contradictory results of the studies and 
limited sample size, previous studies evaluated limited corneal 
parameters. Furthermore, several studies did not consider 
status of DR. An ageing population together with economic, 
social and lifestyle changes have caused significant increase 
in DM[23]. Hence, the present study compares the anterior 
segment parameters measured by Pentacam AXL between non-
diabetic and type 2 diabetic elderly groups as a population-
based study. Also, we compare these parameters among groups 
based on hemoglobin A1c (HbA1c) levels and status of DR. 
The correlation of anterior segment parameters with HbA1c 
and fasting blood sugar (FBS) is also evaluated.
SUBJECTS AND METHODS
Ethical Approval  This cross-sectional population-based 

study was performed on 997 residents aged 60y or over in 
Tehran between March to August 2021 in Noor Eye Hospital. 
Informed consent was obtained from all participants. The 
principles of the Helsinki Declaration were followed in all 
stages of this study. The protocol of the study was approved by 
the Ethics Committee of Iran University of Medical Sciences 
(ethics code: IR.IUMS.REC.1399.1321). 
Participants  Multistage cluster sampling was done from 22 
districts of Tehran on people aged 60y or over. The population 
was divided into two groups. The first and second group 
were type 2 diabetic and non-diabetic subjects, respectively. 
Our inclusion criteria for type 2 diabetic group were their 
self-report, use of diabetes medications, clinical evaluation, 
laboratory tests, and HbA1c≥6.4%. The inclusion criteria for 
second group were normal eye findings, HbA1c<6.4% and no 
systemic problems. Also, non-diabetic subjects had normal 
corneal tomographic findings based on curvature, elevation, 
pachymetry, and Belin/Ambrosio enhanced ectasia display 
(BAD)[24]. 
Exclusion criteria for diabetic group were the presence of 
other systemic diseases affecting the eye, use of topical and 
systemic drugs affecting the eye, contact lens wear, history of 
refractive surgery, and the presence of chronic, inflammatory, 
and infectious ocular diseases. In the non-diabetic group, we 
excluded the participants with a history of refractive surgery 
and contact lens wear.
HbA1c is a glycated protein and metabolic product of 
glucose binding to N-terminal valine residue in the β chain 
of hemoglobin which shows the average blood sugar over 
the past three months. The normal range of HbA1c is 4% 
to 6.4%[25]. HbA1c levels below 7% are generally accepted 
for the treatment of diabetes and a lower risk of long-term 
microvascular and macrovascular complications of diabetes. 
Hence, in the present study, participants with type 2 diabetes 
were classified into two subgroups based on HbA1c blood 
levels[26]. The subjects were classified into three groups based 
on metabolic status. Group 1 (HbA1c<6.4%, non-diabetic 
participants), group 2 (HbA1c between 6.4% and 7%, type 2 
diabetic participants with good metabolic control) and group 3 
(≥7% HbA1c, type 2 diabetic participants with poor metabolic 
control). Also, we classified diabetic group based on their 
status of DR[27-28].
Anterior Segment Examination  First, the posterior and 
anterior segments of the eye were examined with a Haag-Streit 
slit lamp and a +90 D lens by an experienced ophthalmologist 
to evaluate for any abnormalities in the ocular surface and 
posterior segment, respectively. At this stage, patients who had 
any of exclusion criteria were excluded from the study. 
Non-cycloplegic refraction was performed by a single and 
experienced optometrist with an ARK-510A auto refractometer 
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(Nidek, Japan). A Heine beta 200 retinoscope (HEINE 
Optotechnic, Germany) was used when needed. Then, the 
best corrected visual acuity (BCVA) was determined using the 
SMART LC 13 vision chart LED (Medizs, Korea) to determine 
whether the patient has a sufficient vision for accurate 
fixation during measurement. Then, the anterior segment 
of the eye was imaged using Pentacam AXL (Pentacam 
AXL, Oculus, Wetzlar, Germany) under faint ambient light. 
The device system uses a 180-degree rotating Scheimpflug 
camera to provide two-dimensional optical sections from the 
anterior segment of the eye. The software reconstructs three-
dimensional tomography of both surfaces of the cornea and 
other anterior segment parameters.
It should be mentioned that all examinations were performed 
in one day. The Pentacam measurements was performed 
between 10 a.m. and 4 p.m. because of diurnal variation. Both 
eyes were evaluated, and only right eye used for statistical 
analyses. 
Statistical Analysis  Statistical analyses were executed by 
Statistical Package for the Social Sciences version 23 (IBM 
Inc., Chicago, Illinois, USA). First, the results were reported 
as descriptive analysis. Kolmogorov-Smirnov test was used 
to check the normality of the data. To compare the number of 
men and women in the diabetic and non-diabetic groups Chi-
square was used. To test the difference between means taken 
from two groups independent sample t-test and Mann-Whitney 
U test was used for parameters with normal and non-normal 
distribution, respectively. Furthermore, Kruskal-Wallis test was 
used to compare measurements between three groups based on 
HbA1c level. To adjust the effects of confounders such as axial 
length, intraocular pressure, spherical equivalent, body mass 
index, age, and sex multiple regression and univariate analysis 
of variance was used to compare measurements between two 
and three groups, respectively. Also, Spearman was used to 
measure the degree of association between anterior segment 
parameters with HbA1c and FBS levels. P-value less than 0.05 
was statistically significant.
RESULTS
Of 997 participants (38% male), 319 diabetic (35% male) and 
678 non-diabetic (39% male) subjects entered the study. The 
demographic data are demonstrated in Table 1. 
In diabetic group, 267 (83.70%) did not have DR. While 36 
(11.28%), 6 (1.88%), 5 (1.57%), and 5 (1.57%) had mild non-
proliferative diabetic retinopathy (NPDR), moderate NPDR, 
severe NPDR, and proliferative diabetic retinopathy (PDR), 
respectively. In diabetic patients with DR, optical density of 
anterior, center, posterior and total layers of the cornea was 
significantly lower than those without DR (P=0.002, <0.001, 
<0.001, and <0.001, respectively). Furthermore, ACD and 
anterior chamber volume (ACV) values in diabetic subjects 

with DR were lower than those without DR (P=0.024 and 
0.019, respectively). Other parameters were not different 
between two groups (Table 2).
Our results demonstrated no statistically significant difference 
in flat keratometry, steep keratometry, mean K, Q-value, 
anterior, central, posterior, and total corneal densitometric 
findings, ACV, ACD, CV, and pachymetry values between 
non-diabetic and diabetic groups. After controlling the effect of 
confounders central, posterior, and total corneal densitometric 
values were statistically significant between two groups 
(P=0.014, 0.007, and 0.042, respectively; Table 3).
Based on the HbA1c level, the number of people in the first, 
second, and third groups was 678 (68%), 102 (10.23%), and 
217 (21.77%), respectively. The amount of HbA1c in the first, 
second, and third groups was 5.47%±0.34% (4% to 6.3%), 
6.67%±0.14% (6.50% to 6.90%) and 8.51%±1.30% (7% to 
11.90%), respectively. The results of Table 4 demonstrate no 
statistically significant difference among the three groups in all 
parameters. After controlling the effect of confounders ACV 
and CV were statistically significant among the three groups. 
(P=0.019 and 0.021, respectively).
Table 5 shows that in the diabetic group, among different 
parameters, corneal densitometric values in the anterior, 
central, posterior, and total layers were statistically significant 
associated with FBS (all P<0.001). ACD and ACV were 
statistically significant associated with HbA1c levels (both 
P˂0.05, r=-0.129 and -0.146, respectively). Multiple linear 
regression showed that the relationships were not observed after 
controlling the confounders (P=0.938, 0.466, respectively). 
No statistically significant correlation among other parameters 
with HbA1c and FBS levels was observed.
DISCUSSION
DM as one of the most common metabolic diseases 
characterized by persistent hyperglycemia and affects different 
organs including the eye[16,29-31]. Our results showed no 
difference in pachymetry measurements in apex, pupil, and 
the thinnest point of the cornea, corneal asphericity, CV, K1, 
K2, mean K between the non-diabetic and diabetic groups. In 
agreement, Inoue et al[20] reported that in patients with type 
2 DM the corneal endothelium is damaged, the density of 
endothelial cells decreases, and the coefficient of variation of 
the cell area increases, but CCT does not increase in them. 
Lin et al[32] in a hospital-based study reported that CCT was 
higher in diabetic subjects but this difference is not significant. 
In another study, 200 diabetic patients with 200 non-diabetic 
individuals were evaluated. This study showed that CCT and 
corneal radius of curvature were similar in both group[33]. Other 
studies also reported that CCT, corneal curvature, and corneal 
asphericity in both types of diabetes were not different from 
the non-diabetic group[13,34-35]. 
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Table 3 Comparison of corneal and anterior segment parameters between diabetic and non-diabetic groups of patients          mean±SD (range)

Parameters Non-diabetic group Diabetic group Mean difference (95%CI) P Adjusted Pa

Q-value -0.42±0.15 (-1.15 to -0.01) -0.42±0.17 (-1.47 to 0.16) 0.03±0.24 (-0.01 to 0.06) 0.571 0.144

Dens-ant 29.36±6.47 (14.10 to 53.70) 29.93±6.93 (15.70 to 56.30) 0.46±8.90 (-0.82 to 1.74) 0.529 0.192

Dens-central 19.92±4.20 (11.30 to 36.90) 19.96±4.01 (12.80 to 39.20) 0.63±5.65 (-0.11 to 1.39) 0.862 0.014

Dens-post 17.77±3.20 (10.30 to 28.20) 17.82±2.97 (11.50 to 28.50) 0.43±5.65 (-0.20 to 0.89) 0.785 0.007

Dens-total 22.35±4.50 (11.90 to 39.20) 22.57±4.50 (13.50 to 41.30) 0.51±6.09 (-0.20 to 1.39) 0.681 0.042

K1 (D) 44.19±1.60 (37.90 to 49.90) 44.22±1.65 (38.70 to 52.40) 0.07±2.37 (-0.27 to 0.42) 0.649 0.427

K2 (D) 45.02±1.70 (39.20 to 51.10) 45.06±1.76 (40.70 to 57.10) 0.00±2.50 (-0.37 to 0.37) 0.741 0.481

Mean K (D) 44.60±1.61 (38.55 to 50.50) 44.64±1.67 (39.70 to 54.75) 0.04±2.39 (-0.31 to 0.38) 0.733 0.440

ACD (mm) 2.62±0.37 (1.72 to 4.76) 2.64±0.49 (1.73 to 4.72) -0.04±0.65 (-0.13 to 0.05) 0.601 0.895

ACV (mm3) 134.45±35.18 (58.00 to 266.00) 139.45±36.22 (70.00 to 243.00) 4.28±43.32 (-10.52 to 1.97) 0.052 0.094

CV (mm3) 32.11±9.04 (10.90 to 74.60) 33.28±10.36 (11.10 to 83.60) 0.52±11.50 (-1.14 to 2.18) 0.101 0.205

Pachymetry apex (μm) 528.19±32.63 (387.00 to 646.00) 526.65±31.95 (406.00 to 617.00) -0.07±50.69 (-7.38 to 7.24) 0.899 0.631

Pachymetry thinnest location (μm) 523.70±35.13 (386.00 to 642.00) 522.00±32.36 (398.00 to 614.00) -0.76±51.58 (-8.20 to 6.69) 0.947 0.718

Pachymetry pupil center (μm) 527.05±32.79 (387.00 to 645.00) 525.95±31.87 (412.00 to 620.00) -0.42±50.51 (-7.71 to 6.85) 0.514 0.509

Dens: Densitometry; ant: Anterior layer; post: Posterior layer; K1: Flat keratometry; K2: Steep keratometry; ACD: Anterior chamber depth; ACV: 

Anterior chamber volume; CV: Corneal volume; SD: Standard deviation; CI: Confidence interval. aAdjusted P-value after age, sex, axial length, 

body mass index, intraocular pressure, and spherical equivalent.

Table 2 Comparison of corneal and anterior segment parameters between diabetic patients with and without diabetic retinopathy        mean±SD

Parameters With diabetic retinopathy (n=52) Without diabetic retinopathy (n=267) Mean difference P

Q-value -0.41±0.14 -0.42±0.16 0.06±0.22 0.974

Dens-ant 27.05±5.42 30.37±7.12 -3.34±8.26 0.002

Dens-central 18.03±2.78 20.26±4.16 -2.20±4.46 <0.001

Dens-post 16.21±2.33 18.08±3.04 -1.51±3.17 <0.001

Dens-total 20.43±3.41 22.89±4.64 -2.35±5.09 <0.001

K1 (D) 44.44±1.71 44.13±1.58 0.78±2.42 0.252

K2 (D) 45.23±1.77 44.95±1.58 0.65±2.49 0.449

Mean K (D) 44.83±1.72 44.54±1.55 0.72±2.42 0.338

ACD (mm) 2.49±0.31 2.66±0.52 -0.18±0.57 0.024

ACV (mm3) 127.08±33.82 141.24±36.52 -13.04±53.11 0.019

CV (mm3) 32.11±10.48 33.32±10.27 -3.61±17.41 0.151

Pachymetry apex (μm) 521.54±30.58 529.68±32.11 -5.96±43.32 0.052

Pachymetry thinnest location (μm) 516.89±30.01 525.16±32.37 -6.62±43.51 0.059

Pachymetry pupil center (μm) 521.04±30.16 528.85±32.48 -5.27±43.74 0.059

Dens: Densitometry; ant: Anterior layer; post: Posterior layer; K1: Flat keratometry; K2: Steep keratometry; ACD: Anterior chamber depth; ACV: 

Anterior chamber volume; CV: Corneal volume; SD: Standard deviation.

Table 1 Patient characteristics for non-diabetic and diabetic groups                                                        mean±SD (range)

Parameters Non-diabetic group (n=678) Diabetic group (n=319) P
F/M ratio 1.57 1.87 0.210
Age (y) 66.31±5.23 (60 to 87) 67.22±4.96 (60 to 83) 0.001
HbA1c (%) 5.47±0.34 (4 to 6.30) 7.92±1.38 (6.50 to 11.90) <0.001
FBS (mg/dL) 96.33±14.47 (58 to 212) 178.64±73.65 (60 to 438) <0.001
AL (mm) 23.11±0.89 (17.07 to 26.36) 23.06±1.20 (16.57 to 26.50) 0.528
IOP (mmHg) 15.28±2.37 (10 to 22) 15.26±2.10 (9 to 22) 0.852
BMI (Kg/m2) 28.42±4.54 (18.52 to 45.66) 28.58±3.87 (18.59 to 40.72) 0.862
SE (D) 0.27±1.64 (-9.50 to 10.00) 0.28±1.37 (-6.50 to 4.75) 0.469

M: Male; F: Female; HbA1c: Hemoglobin A1c; FBS: Fasting blood sugar; AL: Axial length; IOP: Intraocular pressure; 

BMI: Body mass index; SE: Spherical equivalent; D: Diopter; SD: Standard deviation.
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Inconsistent with our results, studies have shown that in 
diabetic patients the cornea is thicker than the non-diabetic 
group[14,36-37]. In a study, maximum keratometry was steeper in 
the diabetic group than the non-diabetic group, and Rmin was 
different between the two groups[13].
One of the reasons for the difference between the studies and 
also the current study can be measuring methods. In terms of 
corneal thickness measurement by ultrasound, the CCT may 

change due to using anesthesia drops. Furthermore, the CCT 
may be slightly underestimated due to the corneal indentation. 
Another reason can be attributed to differences in choosing 
diabetic subjects with different metabolic stages and some 
mixing type 1 and type 2 DM subjects. 
Our results showed that ACD and ACV of diabetic subjects 
are similar to non-diabetic individuals. Our findings are in 
line with some previous studies[13]. These findings are not 
similar with other studies[22,38-39]. Xiao et al[39] compared ocular 
biometric characteristics between type 1 diabetic and non-
diabetic children. They found that the ACD of the diabetic 
group was shallower than the non-diabetic group. 
According to the present study, the anterior, middle, posterior 
and total corneal densitometric values in type 2 diabetic group 
was higher than the non-diabetic group. However, the observed 
difference after controlling the effect of confounders was 
statistically significant for middle, posterior, and total corneal 
densitometric values. Also, the highest densitometric values in 
both groups were in the anterior layer of the cornea. Similar 
to our study, Tekin et al[40] observed that corneal densitometry 
in both non-diabetic and diabetic groups was higher in the 
anterior layer and lower in the posterior layer. Also, no 
statistically significant difference was not found in corneal 
densitometric values in all layers between two groups. This 
result may be contrary to previous researches using confocal 
microscopy which found a higher corneal optical density in 
patients with diabetes[41-42]. Gao et al[41] concluded that there 
is a positive relationship between CCT and optical density in 
the diabetic group. They concluded that with increasing CCT, 
corneal transparency decreases, and optical density increases. 

Table 4 Comparison of anterior segment parameters in participants based on HbA1c level                                                               mean±SD

Parameters Group 1 Group 2 Group 3 P Adjusted Pa

Q-value -0.43±0.15 -0.45±0.20 -0.43±0.16 0.849 0.710
Dens-ant 29.08±6.15 29.29±4.33 29.01±7.03 0.418 0.357
Dens-central 19.72±3.95 19.44±2.84 19.57±4.39 0.562 0.910
Dens-post 17.65±3.00 17.66±2.47 17.44±3.16 0.446 0.738
Dens-total 22.15±4.25 22.13±3.06 22.00±4.75 0.471 0.607
K1 (D) 44.15±1.58 44.03±2.03 44.20±1.48 0.677 0.578
K2 (D) 44.92±1.63 44.98±2.38 44.96±1.46 0.927 0.358
Mean K (D) 44.53±1.57 44.51±2.18 44.58±1.44 0.829 0.438
ACD (mm) 2.62±0.37 2.62±0.40 2.66±0.54 0.868 0.761
ACV (mm3) 125.95±29.32 131.62±30.55 129.00±33.38 0.061 0.019
CV (mm3) 30.43±7.69 28.66±6.63 30.87±8.41 0.141 0.021
Pachymetry apex (μm) 528.79±32.89 526.03±36.02 526.09±32.69 0.690 0.398
Pachymetry thinnest location (μm) 524.37±33.46 521.30±36.38 521.48±32.93 0.684 0.373
Pachymetry pupil center (μm) 527.59±33.00 525.19±34.65 525.36±33.05 0.774 0.444

Dens: Densitometry; ant: Anterior layer; post: Posterior layer; K1: Flat keratometry; K2: Steep keratometry; ACD: Anterior chamber 

depth; ACV: Anterior chamber volume; CV: Corneal volume; SD: Standard deviation; HbA1c: Glycosylated hemoglobin. Group 1: 

HbA1c˂6.4%; Group 2: HbA1c up to 7%; Group 3: HbA1c˃7%. aP-value was calculated with univariate analysis of variance after 

controlling the effect of age, sex, axial length, body mass index, intraocular pressure, and spherical equivalent.

Table 5 The correlation coefficients among anterior segment parameters, 

HbA1c and fasting blood sugar levels in diabetic group

Parameters
FBS HbA1c

P r P r

Q-value 0.838 0.010 0.578 -0.031

Dens-ant ˂0.001 -0.237 0.233 -0.068

Dens-central ˂0.001 -0.235 0.250 -0.065

Dens-post ˂0.001 -0.235 0.133 -0.085

Dens-total ˂0.001 -0.241 0.201 -0.073

K1 (D) 0.148 0.071 0.703 0.021

K2 (D) 0.826 0.012 0.052 0.096

Mean K (D) 0.746 0.018 0.073 0.088

ACD (mm) 0.156 -0.091 0.025 -0.129

ACV (mm3) 0.062 -0.104 0.003 -0.146

CV (mm3) 0.635 0.027 0.211 -0.062

Pachymetry apex (μm) 0.778 0.016 0.705 0.019

Pachymetry thinnest location (μm) 0.741 0.019 0.757 0.015

Pachymetry pupil center (μm) 0.834 0.012 0.750 0.016

Dens: Densitometry; ant: Anterior layer; post: Posterior layer; K1: 

Flat keratometry; K2: Steep keratometry; ACD: Anterior chamber 

depth; ACV: Anterior chamber volume; CV: Corneal volume; HbA1c: 

Glycosylated hemoglobin; FBS: Fasting blood sugar.
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Ramm et al[43] compared corneal optical density of almost all 
corneal layers and areas between diabetic and non-diabetic 
group and reported that they significantly reduced in diabetic 
group. The different study design might be a possible reason 
for the lack of considerable change in corneal densitometric 
values in the current study. The mammalian cornea is optically 
clear, which is considered an essential aspect of high-
resolution vision. Its transparency is affected by various factors 
including some diseases and contact lens wear[11,44]. There are 
several reasons for the clarity of the cornea. The first of them 
is the lack of blood vessels in the cornea. Second, the presence 
of high concentrations of intracytoplasmic crystalline enzyme 
in the corneal epithelium layer (similar to crystalline lens 
epithelial cells). Third, there are collagen fibers in different 
layers of the cornea with an organized orientation which are 
narrower than the collagen fibers of other connective tissues[45]. 
The epithelium usually has the highest optical density. The 
central corneal zone which essentially contains the corneal 
stroma with organized collagen fibrils and extracellular matrix, 
shows a minor optical density. The lowest backward light 
scattering is for deep stroma and corneal endothelium[46]. 
According to our results, no significant difference was found 
among the first, second, and third groups with different levels 
of HbA1c in all parameters. After controlling the effects of 
confounders CV and ACV were statistically different between 
3 groups. Similar to our study, the findings of Yazgan et al[47] and 
Scheler et al[48] concluded that there was not any significant 
difference in CCT values between the non-diabetic and diabetic 
groups with HbA1c levels less than 7%. However, contrary to 
our results, there was a difference between the first and third 
groups. In other studies, the diabetic group with HbA1c levels 
greater than 7% had a thicker cornea than those with HbA1c 
levels less than 7%[49-50]. 
Based on our results, anterior, central, posterior, and total 
corneal densitometric values had a weak negative correlation 
with FBS levels. Also, only ACD and ACV had a weak 
negative correlation with HbA1c levels. Similar to our results, 
other studies show no association between CCT and HbA1c 
levels[32,51-52]. In addition, studies found that HbA1c levels do 
not affect curvature, CV, and corneal asphericity[33,35,53]. Song 
et al[53] stated that there was no association between ACD and 
HbA1c levels. Furthermore, another study showed that none 
of the corneal densitometric values were statistically related to 
HbA1c levels[21,40]. 
We compared anterior segment parameters between diabetic 
subjects with and without DR. According to our results corneal 
densitometric values, ACD, and ACV in diabetic subjects with 
DR were lower than those without DR. Other parameters did 
not show any difference between two groups. Our results are 
similar to several studies[43,54]. Ramm et al[43] found negative 

correlation between optical density and stage of diabetic 
retinopathy. Lin et al[32] did not find any significant correlation 
between HbA1c levels and severity of DR. Senćanić et al[54] 
found no difference in CCT between diabetic subjects without 
DR and with NPDR, but CCT was thicker in those with PDR 
than in those without DR. In contrast, other studies reported 
that the light corneal optical density increased with each 
progressive stage of DR[42]. 
In the current study, number of diabetic subjects with progressive 
stages of DR was limited. So, we could not compare between 
different stages of DR. It may be due to excluding the diabetic 
subjects with other systemic problems. 
Limited sample size, different measuring methods, different 
age range, some combination of type 1 and type 2 diabetic 
subjects, and lack of attention to the status of DR in previous 
studies can be considered as possible reasons for the difference 
between the results of the present study and other studies. 
One of the strengths of the current study is evaluating more 
corneal and anterior segment parameters of the eye as 
population-based.
There are some limitations in the present study. First, there was 
a very small number of diabetic people with DR compared 
to the those without DR and also non-diabetic population in 
this study. Thus, we did not compare between different stages 
of DR. Second, we did not evaluate the corneal endothelium. 
Therefore, it is recommended that future studies be performed 
longitudinally, with regard to the status of different stages of 
DR and corneal endothelium.
In summary, considering the higher densitometric values 
of the cornea and lower ACD and ACV in diabetic subjects 
with DR, it is suggested that the examiners should perform 
comprehensive retinal examinations when faced with 
such conditions to rule out any complicated situations. 
Consequently, appropriate and immediate management should 
be adopted accordingly.
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