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Purpose: To compare corneal structure and endothelial morphological features between

patients with type 2 diabetes mellitus (DM) and non-diabetic patients; and determine if the

DM duration, glycated hemoglobin (HbA1c) levels, and diabetic retinopathy (DR) stage

affect corneal morphological properties.

Patients and Methods: Sixty diabetic patients and 47 age- and sex-matched controls were

enrolled in this cross-sectional study. DM group was analyzed according disease duration,

HbA1c levels, and presence of retinopathy. Endothelial cell density (ECD) and morphology

(average and coefficient of variation [CV] of cell size, percentage of hexagonal cells) were

recorded using non-contact specular microscopy. Central corneal thickness (CCT) and

corneal volume were measured by scheimpflug tomography. Univariate and multivariate

linear regression analyses were performed to evaluate the relationship between demographi-

cal, clinical, and ocular variables with CCT and ECD.

Results: There were no statistically significant differences in the endothelium cell density or

morphology between DM and non-DM groups (p>0.05). Also, there was no statistical

difference between groups for CCT or corneal volume (p>0.05). Multivariate linear regres-

sion analysis showed that older age (p=0.028) was significantly associated with lower ECD;

CCT was found to be significantly greater in males (p<0.001) and positively associated with

corneal volume (p<0.001).

Conclusion: The present study did not find any statistically significant differences between

the corneal structural and endothelial characteristics of diabetic and non-diabetic subjects;

other demographical parameters, such as age and gender, seem to be more determinant for

the corneal properties.
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Introduction
The relationship between corneal ultrastructural changes and elevated plasma

glucose concentrations in diabetes mellitus (DM) has been extensively studied in

the last decades. Advanced glycosylated end-products (AGEs) accumulation has

been shown to cause protein cross-linking and destruction of endothelial cellular

structures.1 In addition, the increased aqueous humor glucose levels are believed to

directly inhibit endothelial Na+/k+ ATPase activity2 resulting in corneal edema and

reduced transparency. Therefore, careful corneal endothelium evaluation of diabetic

patients is crucial to accurately plan and perform several ophthalmological proce-

dures, in particular cataract surgery.3,4
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Endothelial cell analysis plays an important role in

daily clinical practice as it gives valuable information on

corneal function and viability. Moreover, assessments of

the corneal thickness have been proposed as a surrogate

marker of endothelial barrier dysfunction in DM, due to

the direct physical effect of hyperglycemia on the corneal

hydration.5,6

Despite the larger number of studies addressing corneal

endothelial morphology and thickness changes in diabetic

patients, this relationship is far from being clarified. For

example, several studies reported that diabetic corneas had

lower endothelial cell density (ECD) with higher polyme-

gathism and pleomorphism7–10 and greater corneal

thickness,8,11 while others reported no differences compared

to non-diabetic subjects.3,12,13 Several reasons may have

contributed to contradictory conclusions, namely the differ-

ent designs used (eg, DM diagnosis, endothelial evaluation

method, sample size calculation7,11), subject’s characteristics

(eg, race, type, and severity of DM) and inadequate statistical

methodology (eg, paired eye data without statistically

accounting for it14–16).

The purpose of this study was to evaluate the differ-

ences in corneal structural and endothelial morphological

features between patients with and without type 2 DM. In

addition, it aimed to determine if the DM duration, HbA1c

levels, and diabetic retinopathy (DR) stage affect corneal

thickness and endothelial morphological properties.

Patients and Methods
Subjects and Protocol
This cross-sectional observational study was conducted at

the Department of Ophthalmology, Centro Hospitalar São

João, Porto, Portugal. The protocol adhered to the tenets of

the Declaration of Helsinki and was approved by the

Centro Hospitalar São João Institutional review board.

Written consent was obtained from each participant.

Caucasian type 2 diabetic patients and controls, aged 50

or older, scheduled for cataract surgery between September

2015 and March 2016 were invited to participate.

Full selection criteria are described elsewhere;17 but in

short, DM diagnosis was confirmed by medical history and

glycated hemoglobin (HbA1c) levels ≥ 6.5%. The exclu-

sion criteria included the presence of any ocular disease,

except cataract and DR (however, patients with eyes with

uncontrolled complications of proliferative DR and/or

white/brown cataracts were excluded); prior eye surgery

(except for intravitreal treatment > 120 days or laser

photocoagulation > 90 days before surgery of diabetics);

axial length [AL] > 26 mm or refractive error > 6 diopters

of spherical equivalent; wearing of contact lenses; pseu-

doexfoliation syndrome; systemic connective tissue dis-

eases; and current treatment with glucocorticoids.

Participants underwent a complete ophthalmological

examination in a standardized fashion by the same

ophthalmologist (JNB), including DR classification based

in 7 standard ETDRS fundus photographs. Central corneal

thickness [CCT] and volume were evaluated with the

Pentacam® HR Scheimpflug tomographer (Oculus,

Wetzlar, Germany; software version 1.20r87) in the low

flash intensity automatic release mode. Corneal endothelial

morphological properties (central endothelial cell density

[cells ⁄ mm2], average cell size [mm2], coefficient of var-

iation [CV] of cell area, and the percentage of hexagonal

cells) were assessed using the non-contact specular micro-

scope Topcon® SP-3000P (Topcon, Tokyo, Japan) in the

automatic-mode. For each eye, three photographs were

taken and independently analyzed using a semi-automated

technique, in which the computer program (ImageNet

system, version 3.5.5) automatically outlines endothelial

cells that are reviewed and corrected manually if neces-

sary. The average of the three measurements was used for

each parameter. All measurements were performed in a

darkened room between 1 and 7 pm, without cycloplegia,

and the patients were told to blink immediately before

each examination.

At the end of the visit, all patients carried out vital

signs assessment and venous blood sampling for the eva-

luation of serum HbA1c.

Sample Size Calculation
We hypothesized that patients with longstanding DM

would have lower endothelial cell densities compared to

non-diabetic subjects. For a type I error of 0.05 and type II

error of 0.20 (80% power), considering a mean difference

of ECD ≥ 175 cells to be significant and assuming the SD

for non-DM group of 300 cells,7 the minimal required

sample size would be 47 subjects in each group. We

included additional patients in the DM group in order to

perform subgroup analysis.

Data and Statistical Analysis
Diabetic subjects were classified into subgroups according to

DM duration (<10 and ≥10 years); HbA1c levels (<7.0% and

≥7.0%) and DR (absence or presence of DR). According to

patient self-reports, smoking status was evaluated (never
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smokers and active/former smokers groups). Body mass

index (BMI, in kg/m2) was calculated as weight/height2

using measured weight and height.

Statistical analysis was performed using the SPSS®

statistical software (version 21.0 for Mac OS; SPSS Inc.,

Chicago, IL., USA). In the present study, only the fellow

non-scheduled eye of each patient undergoing monocular

cataract surgery was used for statistical analyses. The

Kolmogorov–Smirnov test and normal probability plots

were used to confirm the normal distribution of the data.

Parametric or non-parametric tests were used for contin-

uous variables comparison between the DM and non-DM

groups, according to the normality of data. Chi2 or Fisher´s

exact tests were performed for categorical variables com-

parison. Univariate and multivariate linear regression ana-

lyses, using generalized linear models, were performed to

identify the potential demographical/clinical (age, gender,

body mass index [BMI], DM duration, HbA1c levels,

smoking history, systemic hypertension, dyslipidemia)

and ocular variables (AL, intraocular pressure, CCT, cor-

neal volume, ECD, DR stage) associated with CCT and

ECD. Statistical significance for all the analyses was set at

a P value less than 0.05.

Results
Sixty diabetic patients and 47 non-diabetic controls were

enrolled in the study. Demographic and clinical character-

istics of the study population did not show any significant

differences between groups, except for the levels of

HbA1c and prevalence of dyslipidemia (Table 1).

In the DM group, duration of DM was significantly

associated with HbA1c levels (p=0.004, Chi2 test) and sever-

ity of DR (p=0.014, Fisher´s exact test), as well as, severity of

DR and HbA1c levels (p=0.028, Fisher´s exact test).

Comparison of Ocular Parameters

Between DM and Non-DM Groups
There were no significant differences between groups for any

of the studied variables (Table 2), although ECD (mean dif-

ference, −73.81 cells; 95% confidence interval [CI], −199.08
to +51.46 cells, p=0.245) was lower in the DM group.

Subgroup Analysis of CCT and ECD in

DM Group
Duration of Diabetes

There were no statistically significant differences between

groups (DM < or ≥10 years) for any of the corneal

variables evaluated (p>0.05, Independent samples t-test;

Table 3).

HbA1c Levels

There were no statistically significant differences between

groups (HbA1c < or ≥7%) for any of the corneal variables

evaluated (p>0.05, Independent samples t-test; Table 3).

DR Stage

There were no statistically significant differences between

groups (DM with or without retinopathy) for any of the

corneal variables evaluated (p>0.05, Independent samples

t-test; Table 3).

Factors Influencing the ECD
Multivariate linear regression analysis showed that older

age (p=0.028) was associated with lower ECD (Table 4).

In a “fixed model”, patients older than 70 years of age had

less 140 endothelial cells compared to patients under 70.

Factors Influencing the CCT
In multivariate linear regression analysis, CCT was demon-

strated to be significantly greater in males (p<0.001) and

Table 1 Demographic and Clinical Characteristics of the Study

Population

Variable DM Group

(n= 60)

Non-DM Group

(n= 47)

P

Age, years 72 ± 6 70 ± 6 0.050A

Female, n (%) 38 (63%) 29 (62%) 0.863C

Right eyes, n (%) 30 (50%) 18 (38%) 0.227C

BMI, kg/m2 27.9 ± 4.0 28.1 ± 5.0 0.847A

Smoking history, n (%) 14 (23%) 18 (38%) 0.093C

Systemic

Hypertension, n (%)

49 (82%) 33 (70%) 0.165 C

Dyslipidemia, n (%) 50 (83%) 21 (45%) <0.001 C

HbA1c levels, % 7.0 ± 1.1 5.5 ± 0.4 <0.001*B

Duration of DM, years 11.0 ± 8.0 n/a n/a

DR stage, n (%)

No DR 42 (70%) n/a n/a

NPDR mild-

moderate

10 (17%)

NPDR Severe - PDR 8 (13%)

Oral antidiabetic

agents, n (%)

56 (93%) n/a n/a

Insulin treatment, n

(%)

15 (25%) n/a n/a

Notes: Data were derived from Independent samples t-testA, Mann–Whitney testB,

Chi-square testC. Continuous variables are reported as mean ± standard deviation.

*P <0.05, statistical significance.

Abbreviations: BMI, body mass index; DM, diabetes mellitus; DR, diabetic retino-

pathy; HbA1c, glycated hemoglobin; kg/m2, kilogram per meter square; NPDR, non-

proliferative DR; PDR, proliferative DR; n/a, not applicable.
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positively associated with corneal volume (p<0.001). In a

“fixed model”, the CCT was found to significantly increase

on average 7.6 μm for each increase of 1 mm3 of corneal

volume, whereas females are expected to have a significant

lower CCT, on average 13.4 μm, in comparison with males

(Table 4).

Discussion
This research evaluated the corneal structural and endothe-

lial differences between subjects with and without type 2

DM. The DM group was found to have lower ECD com-

pared to the control group; however, the difference was not

statistically significant. In our sample, the ECD was only

correlated with age; on the other hand, the CCT was

shown to be significantly greater in males and positively

associated with corneal volume.

Since the first studies conducted in the early 1980s,

extensive literature has been published on the endothelial

morphology and corneal thickness changes occurring in

diabetic patients (See Supplementary Table 1). However,

there have been contradictory results regarding the direct

comparisons between them. Since corneal endothelial cells

have a limited repair capacity, it is of utmost importance to

realize the physical and functional effects of chronic gly-

cemic dysregulation on this structure.

First of all, it is important to note that different defini-

tions of DM were used across studies. Most importantly,

the majority of studies relied solely on subjects’ interview

for the selection of controls. If this is not a problem in the

selection of young individuals for comparison with type 1

DM patients, it might have created an important selection

bias of controls for patients with type 2 DM. Additionally,

the glycemic status of diabetic patients was not evaluated

in several studies.7,14,18,19 In our study, all participants

performed HbA1c measurements to avoid patient´ misclas-

sification and allow subgroup analysis of DM patients.

The comparison between studies might be inadequate

if different instruments and image analysis techniques are

used. This is particularly pertinent in these studies where

both contact5,6,19-22 and non-contact8–11,13,16 methods were

used for both CCT and ECD measurements. Additionally,

automatic,15,19 semi-automatic,9,11,18 and manual8 methods

were performed for ECD assessment; with a variable

number of acquired images15,22 and counted cells per

image.8,11,19,23 In our study, ECD evaluation was per-

formed with a non-contact specular microscope using a

semi-automatic technique and a mean of 100 cells were

counted in each of the 3 acquired images, thus ensuring an

accurate analysis. In turn, CCT measurements were per-

formed with the Pentacam HR, a high reproducible device.

Interpretation difficulties may also arise if subjects´

characteristics, such as type of DM and severity of DR,

are not considered. Some of the authors separately ana-

lyzed type 1 and 2 DM patients,14,19,21,22 while other

studies did not specify6,13,24-26 or mixed type 1 and 2

Table 2 Ocular Characteristics of the Study Population

Variable DM Group

(n= 60)

Non-DM Group

(n= 47)

P

CCT §, μm 558 ± 35 559 ± 30 0.876A

Corneal volume, mm3 60.6 ± 4.0 60.0 ± 3.3 0.399A

ECD, cell/mm2 2375 ± 304 2449 ± 349 0.245A

Average cell size, mm2 428.3 ± 56.9 418.2 ± 69.3 0.410A

CV of cell size, % 35.4 ± 5.9 34.8 ± 6.3 0.566A

Hexagonal cells, % 55.8 ± 7.5 55.2 ± 8.7 0.712A

Counted cells per eye, n 102 ± 20 94 ± 266 0.088B

Notes: Data were derived from Independent samples t-testA and Chi-square testB.

Continuous variables are reported as mean ± standard deviation. § CCT (central

corneal thickness) measured by Pentacam at corneal vertex.

Abbreviations: CV, coefficient of variation of cell size; DM, diabetes mellitus;

ECD, endothelial cell density; mm, millimeter; mm2, square millimeter; mm3,

cubic millimeter; μm, micrometer.

Table 3 Subgroup Analysis of Diabetic Patients

Variable DM Duration,

Years

HbA1c, % DR, n (%) CCT §,

μm

Corneal

Volume, mm3

ECD, Cell/

mm2

CV of Cell

Size, %

Hexagonal

Cells, %

DM

Duration,

years

<10 (n=30) 4.9 ± 2.4 6.6 ± 0.8 4 (13%) 557 ± 38 60.4 ± 4.4 2404 ± 295 35.8 ± 5.2 55.8 ± 8.1

≥ 10 (n=30) 17.1 ± 7.0* 7.4 ± 1.3* 14 (47%) 559 ± 32 60.9 ± 3.6 2347 ± 314 35.1 ± 6.6 55.9 ± 7.0

HbA1c

Levels, %

< 7.0(n=31) 7.6 ± 5.8 6.2 ± 0.5 5 (16%) 554 ± 39 60.0 ± 4.2 2370 ± 329 35.6 ± 6.5 54.9 ± 8.7

≥ 7.0(n=29) 14.6 ± 8.6* 7.9 ± 1.0* 13 (45%) 562 ± 29 61.3 ± 3.8 2381 ± 279 35.3 ± 5.3 56.8 ± 5.8

DR No (n=42) 8.4 ± 6.1 6.8 ± 1.1 – 556 ± 36 60.4 ± 4.3 2395 ± 310 35.7 ± 5.6 54.8 ± 7.0

Yes (n=18) 17.1 ± 8.9* 7.4 ± 1.3* – 563 ± 32 61.3 ± 3.3 2330 ± 293 34.9 ± 6.7 58.2 ± 8.2

Notes: Continuous variables are reported as mean ± standard deviation. *P <0.05, statistical significance. § CCT measured by Pentacam at corneal vertex.

Abbreviations: CV, coefficient of variation of cell size; DM, diabetes mellitus; DR, diabetic retinopathy; ECD, endothelial cell density; CCT, central corneal thickness;

HbA1c, glycated hemoglobin; mm, millimeter; mm2, square millimeter; mm3, cubic millimeter; μm, micrometer.
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patients18,20,27 without accounting for the important differ-

ences between them, in particular age and DM duration.

On the other hand, the mean ages varied widely between

studies and this may have been another source of differ-

ences. Larsson et al21 and Inoue et al15 did not find

statistical differences on endothelial cell density or mor-

phology between type 2 DM subjects and controls and

hypothesized that aging could mask the effect of DM on

those parameters; however, the studies performed by

Sudhir et al7 and Schultz et al14 showed significant lower

ECD and greater morphologic abnormalities, respectively,

in type 2 DM patients of several age groups.

As in previous studies,10,11,14,21,22,28,29 our results

showed a tendency for reduced ECD in type 2 DM patients

compared to controls; however, it did not reach statistical

significance. The wide individual variation in the possible

endothelial structural damage caused by DM23 or a rela-

tively small sample size of the study populations7 could

explain the lack of statistical differences between groups.

Assuming the same ECD standard deviation of 300 cells,

251 subjects in each group would be required to detect a

difference of 75 cells, given a significance level of 5% and

a statistical power of 80%.

Selection of appropriate statistical methods is crucial to

interpret the effect of related variables on a particular biologi-

cal outcome, such as ECD and CCT. The use of simple

regression analysis may be misleading because it only mea-

sures the strength of the relationship between two isolated

variables and does not necessarily reflect the real association

between them. Using multiple regression analyses, Inoue et al

were not able to find any correlation between ECD and the

various systemic or ocular factors in a sample of type 2 DM;23

however, Sudhir and colleagues reported a statistically signifi-

cant reduction of ECD in type 2 DM subjects.7 More recently,

Calvo-Maroto et al described that longer duration of type 2

DM was significantly associated lower ECD8 and Storr-

Paulsen et al showed an inverse correlation between ECD

and HbA1c levels in type 2 DM patients, after controlling

for age.11 Unfortunately, this last study did not provide infor-

mation on disease duration of DM group.

In line with previous studies, older age7,9,15,30 was corre-

lated with greater endothelial loss; however, our analysis

failed to demonstrate any significant relationship between

ECD and duration of DM,8 HbA1c levels,11 or DR stage;-
26,27,30 which can be due to the cross-sectional nature of the

study, good glycemic control of DM subjects, and the low

number of patients included in the more advanced stages of

DR. Those patients with longer duration of DM frequently

have other ocular and systemic co-morbidities and for that

reason many did not meet the selection criteria.

Besides ECD, endothelial morphological parameters

might be affected by glycemic dysregulation. Few studies

reported lower hexagonality and higher CV of cell size in

subjects with type 2 DM compared to controls,14,19,27,31,32

but our study, like others, found them to be

comparable.7,11,15,25,26

Table 4 Multivariate Regression Analysis of the Relative Effects of Clinical and Ocular Characteristics on Endothelial Cell Density

(ECD) and Central Corneal Thickness (CCT)

Variable CCT, μm ECD, Cell/mm2

B (95% CI) P B (95% CI) P

Age, years

≤ 70 years – – – –

>70 years −1.21(−7.83 to +5.41) 0.721 −140.14(−264.85 to −15.43) 0.028*

Female −13.39 (−19.64 to −7.14) <0.001* −85.22 (−213.69 to +43.26) 0.194

CCT, μm – – −1.50 (−5.13 to +2.13) 0.417

Corneal volume, mm2 +7.61 (+6.73 to +8.48) <0.001* +25.60 (−6.39 to +57.59) 0.117

ECD, cell/mm2 −0.004 (−0.01 to +0.01) 0.421 – –

DM duration

Non-DM – – – –

No DR −5.27 (−11.94 to +1.39) 0.121 −41.02(−169.98 to +87.94) 0.533

DR present −6.31 (−15.03 to +2.40) 0.156 −142.20(−308.70 to +24.30) 0.094

Notes: Data were derived from generalized linear models. *P <0.05, statistical significance.

Abbreviations: B, beta coefficient; CI, confidence interval; CCT, central corneal thickness; DM, diabetes mellitus; ECD, endothelial cell density; CCT, central corneal

thickness; mm, millimeter; mm2, square millimeter; mm3, cubic millimeter; μm, micrometer. The remaining variables (smoking history, body mass index, systemic

hypertension, dyslipidemia, axial length, intraocular pressure, HbA1c levels, diabetic retinopathy stage) did not influence the model and were excluded.
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Regarding corneal structure, there is still no agreement on

the effect of DMonCCTmeasurements. Few authors reported

thicker corneas among diabetic patients,8,9,11,16,18,19 while

others showed similar values to controls.7,10,21-23,25,26,28,31,32

Some of the reasons for these variations have been pointed out

previously, but it should be stressed that only a limited number

of studies accounted for the overnight corneal swelling effect

or diurnal variation of CCT.8,9,16,22 In the current study, the

presence of type 2 DM was irrelevant to CCT measurements.

As previously discussed by Storr-Paulsen and colleagues, the

small differences found in most studies may not be clinically

relevant in well-controlled diabetics with ECD within normal

range and no corneal edema.11

Our multivariate analysis confirmed that CCT was

greater in males and positively correlated with corneal

volumes.33 Though, it was not possible to demonstrate

any significant relation with age,11 DM duration,8,18 or

HbA1c levels,8 probably for the same reasons discussed

above in ECD analysis.

The present study has several strengths but also some

limitations. Considering that only corneal anatomic fea-

tures were evaluated, it is not possible to conclude about

the endothelium functional differences between diabetic

subjects and controls. Another drawback is that the time

from onset to diagnosis of type 2 DM is unknown in most

patients. Nevertheless, that interval could have been mini-

mized in our study since all patients regularly attended

primary care physicians.

In summary, the present study did not find any statisti-

cally significant differences between the corneal structural

and endothelial characteristics of diabetic and non-diabetic

subjects. Other demographical variables, such as age and

gender, seem to be more determinant for the corneal proper-

ties. Further prospective studies with sufficient statistical

power and well-defined diabetic and control groups might

clarify the role of long-term poor glycemic control on the

corneal structural and endothelial changes.
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