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ABSTRACT 

Background: Diabetes mellitus is a general disorder that changes the main metabolic processes that 

distressing the functions of systems in the body. Type 1 diabetes is the generally common metabolic disorder 

of adulthood. Around one in each 400–600 juveniles and adults has type 1 diabetes. Its incidence has risen 

over new years. 

Objective: To evaluate corneal endothelial alterations in type I diabetic patients with or without diabetic 

retinopathy. 

Patients and Methods: A prospective comparative study of 60 subjects divided into two equal groups: 

Group A: with type I DM with or without diabetic retinopathy and Group B: normal persons matched with 

age and sex. All patients were subjected to  full history and ophthalmic examination including  Uncorrected / 

best corrected visual acuity (UCVA/BCVA) expressed in LogMar scoring, refraction using automated 

refractometer (Topcon KR-800 Auto refractometer), intraocular pressure (IOP) measurement by Goldman 

Applanation tonometer, Slit lamp biomicroscopy to assess corneal clarity, depth of anterior chamber, state of 

pupil dilatation, lens morphology, state of diabetic retinopathy in dilated pupil fundus examination and non-

contact specular microscope (Topcon sp-1p, Topcon Medical Inc., Japan) to assess the corneal endothelium 

and patients were compared to normal persons as regard: endothelial cell density (ECD), coefficient of 

variation in cell size (CV), changes in percentage of hexagonal cells (HEX) and central corneal thickness 

(CCT). The study was done at Department of ophthalmology, Sayed Galal University Hospital, Cairo, Egypt 

and it was carried out from May 1ˢͭ, 2019 to April 30ͭ ͪ   2020. 

Results: Among patient group, twenty one (70%) patients were females while nine (30%) patients were 

males. Ten persons (20 eyes) in study group were diabetics with diabetic retinopathy. There was a significant 

decrease in ECD, and a significant increase in CCT, also there was a significant change in CV, and HEX an 

increase in CV (polymegathism) and decrease in hexagonality (pleomorphism) in type I diabetic patients. 

Diabetic retinopathy and duration of diabetes were factors that affect central corneal thickness. 

Conclusion: Cornea of a diabetic patient has lower ECD compared to normal and thicker cornea than non-

diabetics also with higher coefficient of variation and lower hexagonality. 

Keywords: Specular microscopy (SP), endothelial cell density, Coefficient of variation, percentage of 

hexagonal cells and central corneal thickness. 
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INTRODUCTION 

     Diabetes mellitus (DM) is a main 

worldwide human trouble, reflected by the 

international burden of disease study 2013 

as the 9th general reason of mortality, by 

an approximated incidence of 8.8 % in 

persons aged 20-79 years (Zheng et al., 

2017). 

     DM is a general disorder that changes 

the main metabolic processes in the body, 

disturbing all functions of systems. Insulin 

dependent diabetes mellitus (IDDM) is the 

widespread metabolic disorder of juvenile. 

Nearby one in every 400-600 kids and 

adolescences has type l DM. Its 

occurrence has risen around new years 

(Misra et al., 2016). 

     Long standing DM affects ocular 

metabolism and may lead to many 

complications as cataract, glaucoma, 

diabetic retinopathy. Early detection of 

corneal endothelial dysfunction is 

important as it affects young patients 

(Geloneck et al., 2015). 

     The endothelium of cornea is a distinct 

layer of homogenously sized hexagonal 

cells. The quantity of these endothelial 

cells reduces by around 0.5%-0.6% (100-

200 cells) each year (Anbar et al., 2016). 

     Several reviews have illustrated that 

the smallest alterations in the arrangement 

of the endothelial cells may evident in the 

distractions in the tautness of the 

endothelial blockade (Joyce and Harris, 

2010). 

     As endothelial power of the cornea 

reduces, corneal hydration occurs so; the 

CCT increases (Anbar et al., 2016). 

     Corneal endothelial cell layer is 

sensible for sustaining the clarity of the 

cornea. There is restricted capacity of 

mitosis in corneal endothelium and once 

injured, residual cells expand to mask the 

lost region (Benetz, 2011). 

     Specular microscopy (SM) gives a 

non-invasive technique of morphological 

study of the corneal endothelium. The 

recent non-contact specular microscope to 

analysis corneal endothelium uses 

automated interfacing for gaining image 

via a discrete focusing technology 

(McCarey et al., 2010). 

     The present work aimed to evaluate 

corneal endothelial changes in type I 

diabetic patients and compare these 

changes to normal persons. 

PATIENTS AND METHODS 

This was a prospective comparative 

study for two groups: 

Group A: thirty patients with type I DM 

with or without diabetic retinopathy. 

Group B: thirty normal persons matched 

with age and sex. 

     It was carried out from 1st May 2019 to 

30th April 2020 at Al- Azhar University 

Hospitals. 

     Excluded patients were that with 

history of ocular trauma, intraocular 

surgeries, ocular diseases (corneal 

dystrophies, glaucoma, and uveitis), 

contact lens wearers, any systemic 

diseases that could affect the eye rather 

than type I DM. 

Ophthalmological examination 

included: 

1. Uncorrected / best corrected visual 

acuity (UCVA/BCVA) expressed in 

LogMar scoring. 
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2. Refraction using automated 

refractometer (Topcon KR-800 Auto 

refractometer). 

3. Intraocular pressure (IOP) 

measurement by Goldman Applanation 

tonometer. 

4. Slit lamp biomicroscopy to assess 

corneal transparency, depth of anterior 

chamber, condition of pupil dilatation, 

lens morphology. 

5. Slit lamp biomicroscopy using non-

contact Volk 90 Diopter lens to assess 

state of diabetic retinopathy in dilated 

pupil fundus examination. 

6. Non-contact specular microscope 

(Topcon sp-1p, Topcon Medical Inc., 

Japan) to assess the corneal 

endothelium. 

     Captured Images were analyzed by a 

built-in software where the corneal 

parameters were defined; ECD 

(cells/mm²), CV in cell size, HEX and 

CCC. 

 

 

Statistical methods: 

     Data were accumulated, reviewed, 

coded and inserted to the Statistical 

Package for the Social Science (IBM 

SPSS) version 23. The quantifiable 

statistics were presented as mean, standard 

deviations and ranges. Qualitative 

variables were showed as figures and 

ratios. The associations relating the both 

groups respect to normally distributed 

numeric variables were done using the 

independent t-test. Non normal distributed 

numeric variables were compared by 

Mann-Whitney test. Spearman correlation 

coefficients were employed to evaluate 

the association involving both quantifiable 

parameters in the same group. 

     Receiver operating characteristic curve 

(ROC) was applied in the quantifiable 

method to define sensitivity, specificity, 

positive predictive value (PPV), negative 

predictive value (NPV) and Area under 

curve (AUC) of CCT and CD between 

Control and study groups. The confidence 

interval was put to 95% and the border of 

mistake agreed was determined to 5%. So, 

P < 0.05 was considered significant. 

 

RESULTS 

 

     There was no statistically significant 

difference between normal group and 

diabetic patients as regard age and sex 

(Table 1). 

 

Table (1): A Comparison between Normal group and diabetic patients as regard age 

and sex 

Groups 

Parameters 

Normal group Patients group 
P-value 

No. = 30 No. = 30 

Age 

Mean ± 

SD 
33.00 ± 7.75 36.17 ± 8.70 

0.142 

Range 19 – 47 19 – 51 

Sex 
Female 15 (50.0%) 21 (70.0%) 

0.114 
Male 15 (50.0%) 9 (30.0%) 
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     There was a statistically significant 

difference between normal group and 

diabetic patients as regard visual acuity 

but no statistically significant difference 

between two groups as regard IOP 

 (Table 1). 

 

Table (2): A Comparison between Normal group and diabetic patients as regard age 

and sex 

Groups 

 

Parameters 

Normal group 

NO. = 60 eyes 

Diabetic group 

NO. = 60 eyes 

Mann-Whitney 

test 

Range Median Range Median P-value 

Visual acuity in 

Log Mar 
0 – 0.6 0.3 0 – 1.78 0.8 0.003 

IOP 9 – 17 13 10 - 22 16 0.141 

 

Figure (1): Sex distribution between studied groups 

     There was a statistically significant 

difference between normal group and 

patients group as regard CCT, CD, CV 

and HEX (Table 3). 

 

Table (3): A Comparison between Normal group and diabetic patients as regard 

CCT, CD, CV and HEX 

Groups 

Parameters 

Normal group Patients group 
P-value 

No. = 60 No. = 60 

CCT 
Mean ± SD 513.82 ± 34.39 543.55 ± 31.96 

0.001 
Range 440 – 584 457 – 611 

CD 
Mean ± SD 3322.12 ± 189.50 2755.98 ± 378.59 

0.001 
Range 2906 – 3686 2076 – 3498 

CV 
Mean ± SD 25 ± 2.6 33.6 ± 4.3 

0.001 
Range 20 – 32 24 – 43 

HEX 
Mean ± SD 47.9 ± 3.7 37.1 ± 8.1 

0.001 
Range 40 – 56 14 – 51 
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     ROC analysis for CCT. The best cut 

off point for CCT was > 545 with 0.50 

sensitivity and 0.86 specificity. AUC was 

0.733, with PPV =78.9 and NPV= 63.4 

and the confidence interval was put to 

95%. ROC analysis for CD. The best cut 

off point for CD was ≤ 3063 with 0.76 

sensitivity and 0.96 specificity. AUC was 

0.910 with   PPV = 95.8 and NPV= 80.6 

(Figure 2). 

     ROC analysis was done for CV. The 

best cut off point for CV was > 29.5 with 

0.83 sensitivity and 0.96 specificity. AUC 

was 0.96 with   PPV = 96.2 and NPV= 

85.27. ROC analysis was done for HEX. 

The best cut off point for HEX was > 45.5 

with 0.75 sensitivity and 0.81 specificity. 

AUC was 0.88 with PPV = 80.4 and 

NPV= 76.6 (Figure 3). 

 

Figure (2): Receiver operating characteristic (ROC) curve of CCT and CD as a 

predictor between diabetic patients and control 

 

Figure (3): Receiver operating characteristic (ROC) curve of CV and HEX as a 

predictor between diabetic patients and control 

     There was a statistically significant 

difference between patients with DR and 

patients without DR as regard CCT 

(Table 3). 
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Table (3): Comparison between patients with DR and patients without DR as regard 

specular parameters 

Groups 

Parameters 

No DR DR 
P-value 

No. = 40 No. = 20 

CCT 
Mean ± SD 535.95 ± 30.93 558.75 ± 29.05 

0.001> 
Range 457 – 606 524 – 611 

CD 
Mean ± SD 2819.58 ± 373.34 2628.80 ± 365.28 

0.065 
Range 2120 – 3498 2076 – 3100 

CV 
Mean ± SD 33.9 ± 4.3 32.9 ± 4.42 

0.403 
Range 26 – 43 24 – 42 

HEX 
Mean ± SD 36.3 ± 8.34 38.50 ± 7.70 

0.141 
Range 18 – 50 14 – 51 

 

     There was a statistically significant 

positive correlation between CCT Vs. 

duration of DM and statistically 

significant positive correlation between 

CCT vs. IOP (Table 4). 

 

Table (4): Correlation of specular parameters (CCT, CD, CV and HEX) with other 

parameters (age, visual acuity, IOP and duration of DM) 

Correlations 
Mean ± SD CCT CD CV HEX 

Range R P-value R P-value R P-value R P-value 

Age 
36.17 ± 8.70 

(19 – 51) 
0.286 0.126 -0.004 0.985 0.286 0.126 -0.004 0.985 

Visual 

acuity 

0.39 ± 0.38 

(0 – 1.78) 
0.195 0.136 -0.121 0.358 0.195 0.136 -0.121 0.358 

IOP 
13.30 ± 2.22 

(10 – 22) 
0.295* 0.022 -0.049 0.713 0.295* 0.022 -0.049 0.713 

Duration of 

DM 

11.87 ± 6.86 

(2 – 30) 
0.361** 0.005 -0.165 0.207 0.361** 0.005 -0.165 0.207 
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Figure (4): Specular photomicrograph of right eye to 22 years old type I diabetic male 

patient without retinopathy 

 

Figure (5): Specular photomicrograph of left eye to 40 years old type I diabetic 

female patient without retinopathy 
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Figure (6): Specular microscopy of left eye to 32 years old type I diabetic male patient 

with diabetic retinopathy 

 

Figure (7): Specular microscopy of right eye to 24 years old type I diabetic female 

patient with diabetic retinopathy with retinopathy 
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Figure (8): Specular photomicrograph of left eye to 30 years old normal male person 

 

Figure (9): Specular photomicrograph of left eye to 29 years old normal female 

person 

 

DISCUSSION 

     In the present study, there was a 

statistically significant decrease in 

endothelial cell density (ECD) and 

significant increase in central corneal 

thickness (CCT). Also, there was a 

statistically significant changes in 

coefficient of variation in cell size (CV) 
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and hexagonal cells percentage (HEX) as 

increase in CV (polymegathism) and 

decrease in hexagonality (pleomorphism) 

in type I diabetic patients compared to 

normal persons. The mean ECD in 

patients with type 1 diabetes was 

significantly lower than in the control 

group. Reduction of ECD in patients with 

type I diabetes was 20 % compared to 

normal persons, but in some normal 

persons ECD was lower than in some 

patients. 

     Several studies have been done to 

evaluate the corneal endothelial cells in 

type I diabetic patients. Most of these 

studies agreed that corneas in type I 

diabetic patients tend to be thicker and 

lower ECD and had more polymegathism 

and less hexagonality (Anbar et al., 2016). 

     In the present study, it was found that a 

statistically significant increase in CCT 

and decrease in ECD in patients with DR 

than patients without DR and a 

statistically significant positive correlation 

between CCT Vs. duration of DM. Urban 

et al, (2013) demonstrated a significant 

positive correlation between ECD and the 

duration of diabetes. Gao et al, (2016) 

confirmed that as the duration of diabetes 

extended, CCT increased while the 

corneal ECD decreased. 

     In the present study, CCT significantly 

increased in diabetic group compared to 

the normal group. Tiutiuca (2013) 

reported a significant increase in corneal 

thickness in diabetic children. Urban et 

al., (2013) demonstrated a significant 

increase in corneal thickness in diabetic 

children comparing to normal children. 

Possible explanations for increased 

corneal thickness in diabetic patients 

include (besides inhibition of the corneal 

endothelial pump) an increased 

endothelial permeability, which result 

from the metabolic effects of diabetes. 

     In the present study, CV significantly 

higher in diabetic group compared to 

normal persons and HEX was 

significantly lower in diabetic group 

compared to normal persons. 

     M`odis et al. (2010) found that Hb a1c 

was inversely correlated with ECD in type 

1 diabetes, they demonstrated a significant 

decrease in ECD in type I diabetics 

compared with normal subjects, increased 

corneal thickness, also they recorded 

significant correlation between the 

endothelial morphology and grade of 

diabetic retinopathy, while in type 2 

diabetes no changes occurred. 

     Diabetic patients developed corneal 

endothelial cell polymegathism while still 

retaining normal cell density for their age 

(Sudhir et al., 2012). The research done 

by Mathew et al (2011) had shown that 

the removal of cataract is exceptionally 

traumatizing for the endothelium in eyes 

of diabetic patients. The diabetic 

endothelium was found to be under 

greater metabolic stress and had less 

functional reserve after manual small 

incision cataract surgery. 

     Evaluating the condition of the corneal 

endothelium is important since one of the 

most frequent reasons of corneal 

endothelium cells damage is cataract 

surgery, and cataract is one of the most 

common ophthalmic complications of 

diabetes (Urban et a, 2013). 

CONCLUSION 

     The consequences of the study may 

reinforce that the cornea in patients with 

type 1 DM had a reduction in endothelial 
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cell density and increase in central corneal 

thickness also with significant changes in 

CV and HEX as increase in CV and 

decrease in HEX. 

     Duration of diabetes is the reason that 

changes CCT and noticed alterations 

could prompt to corneal decompensating 

and dysfunction due to decrease of ECD 

in the future. Also diabetic retinopathy is a 

factor that affects CCT. 

     The Study recommends specular 

microscopy of the corneal endothelium for 

type I diabetic patients before any intra 

ocular surgery to avoid the risk of corneal 

decompensating. 
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دراسة الخلايا المبطنة للقرنية في مرضى البول السكري من 

النوع الأول والأشخاص الأصحاء بإستخدام 

 زالمجهرالبراقجها
 أحمد جمعه المهدى، عبدالمعز حداد أحمد، عبدالمهيمن محمد بسيونى

 جامعة الأزهر، كلية الطب، قسم طب وجراحة العيون

E-mail: basionymohimen@yahoo.com  

ات التمثيوووووو  داء البووووووول السووووووكري مووووووو اضووووووطرا   ووووووام ي يوووووور  مليوووووو خلفيةةةةةةة البحةةةةةة  

ال وووووولائي الرئيسووووووية التووووووى فووووووم   وءووووووائم الأجهووووووم  فووووووى الجسوووووو   داء السووووووكر  موووووون 

النووووووووع الأول موووووووو اضوووووووطرا  النمثيووووووو  ال ووووووولائي ال وووووووائ  ب وووووووك   وووووووام فوووووووى مر لوووووووة 

موووووون الأ وووووودام والبووووووال ين موووووون موووووور   ٠٤٤-٠٤٤البلووووووون  ياوووووواني وا وووووود موووووون  وووووو  

 ل السنوات الجديد  السكر  من النوع الأول  وقد ارفف  مادل  دوثه خلا

مقارنوووووة خلايوووووا بطانوووووة القرنيوووووة لمرضوووووي البوووووول السوووووكري مووووون  الهةةةةةدا مةةةةةن البحةةةةة  

النوووووووع الأول وسلووووووه بإسووووووتخدام جهوووووواز المجهوووووور البووووووراق ب شووووووخاص  صووووووحاء متوووووووافقين 

ماامووووو  التبووووواين  ،فوووووى الامووووور والجووووونث وسلوووووه مووووون  يووووو   ثافوووووة خلايوووووا بطانوووووة القرنيوووووة

سووووومه القرنيوووووة  ،يوووووا سات ال وووووك  السداسووووويالت ييرفوووووى نسوووووبة الخلا ،فوووووى  جووووو  الخلايوووووا

 المر م  

اشووووووووتملة الدراسووووووووة  لووووووووى مجمووووووووو تين  مجمو ووووووووة      المرضةةةةةةةةى وطةةةةةةةةر  البحةةةةةةةة  

ثلاثوووووووو  مري وووووووا بمووووووور  البوووووووول السوووووووكري مووووووون النووووووووع الأول سوووووووواء مووووووو  وجوووووووود 

    ثلاثوووووووو  شخ وووووووا  ومجمو وووووووة ،إ وووووووتلال ال وووووووبكيه السوووووووكري مووووووون  ووووووودم وجوووووووود 

  بموووووور  البووووووول السووووووكري موووووون النوووووووع طبيايووووووا   باوووووود اختيووووووار المرضووووووي الم ووووووابو

الأول وباوووووود فطبيووووووت ماووووووايير ا سووووووتبااد موووووون الدراسووووووة وباوووووود    فوووووو  شوووووور  إجووووووراءات 

الدراسوووووة فووووو  اخفوووووى       خووووول التووووواريص المرضوووووي للحوووووا ت      الفحووووو  مووووون  يووووو   

 -٠قيوووووووالإ ضووووووو   الاوووووووين  -٣قيوووووووالإ إنكسوووووووار الاوووووووين  -٢قيوووووووالإ  ووووووود  ا ب وووووووار  -١

  البوووووراق لخلايوووووا بطانوووووة القرنيوووووة   جريوووووة الفحووووو  المجهووووور -٥فحووووو  قووووواع الاوووووين 

mailto:basionymohimen@yahoo.com
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 ٢٤١٢الدراسوووووة فوووووي مست وووووفيات جاماوووووة الأزمووووور بالقوووووامر  فوووووى الفتووووور  موووووا بوووووين موووووايو 

  ٢٤٢٤إلى  بري  

ة الخلايوووووا سداسوووووية ال وووووك  المبطنوووووة للقرنيوووووة بنسوووووبة فووووومنوووووا  نقووووو  فوووووى  ثا النتةةةةةا   

فوووووووووى مرضوووووووووى البوووووووووول السوووووووووكري مووووووووون النووووووووووع الأول مقارنوووووووووة بالأشوووووووووخاص  %٦٠

و ي وووووووا زيووووووواد  فوووووووى سووووووومه القرنيوووووووة المر ووووووومي فوووووووى مرضوووووووي البوووووووول  ،نالطبيايوووووووي

واي ووووووا زيوووووواد  مااموووووو   ،السووووووكري موووووون النوووووووع الأول مقارنووووووة بالأشووووووخاص الطبياووووووين

 التباين فى الخلايا ونق  فى نسبة ال ك  السداسي للخلايا 

القرنيووووووة فووووووى مرضووووووى البووووووول السووووووكري موووووون النوووووووع الأول فاوووووواني موووووون  الاسةةةةةةتنتا  

 موووووا يوجووووود  ،لمبطنوووووة للقرنيوووووة وزيووووواد  سووووومه القرنيوووووة المر وووووم نقووووو   ثافوووووة الخلايوووووا ا

ف يووووورات فوووووى ماامووووو  التبووووواين فوووووى الخلايوووووا ونسوووووبة ال وووووك  السداسوووووي وجووووود زيووووواد  فوووووى 

وموووووود   ،مااموووووو  التبوووووواين فووووووى الخلايووووووا ونقوووووو  فووووووى نسووووووبة ال ووووووك  السداسووووووي للخلايووووووا

موووووور  السووووووكر مووووووو الااموووووو  فووووووى ف يوووووور سوووووومه القرنيووووووة المر وووووومي و وووووولله وجووووووود 

 وووووو  موووووول  الت يوووووورات فووووووةدي الووووووى نقوووووو   فوووووواء  القرنيووووووة  ،كيه السووووووكريا ووووووتلال ال ووووووب

 وا تلال وءيفتها بسبب نق   ثافة الخلايا المبطنة للقرنية مستقبلا 

مااموووووو   ، ثافووووووة خلايووووووا بطانووووووة القرنيووووووة ،جهوووووواز المجهوووووور البووووووراق الكلمةةةةةةال الدالةةةةةةة 

سوووووومه القرنيووووووة  ،نسووووووبة الخلايووووووا سات ال ووووووك  السداسووووووي ،التبوووووواين فووووووى  جوووووو  الخلايووووووا

 المر م  


