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Corneal Measurements in patients with 
Diabetes Mellitus

Purpose: To estimate the corneal measurements using Scheimpflug camera in pa-
tients with diabetes mellitus. 

Methods: Twenty five diabetic patients were prospectively recruited. Two groups 
were stratified, diabetic group and control group. Central corneal thickness (CCT), 
keratometry values (Kmean and Kmax), corneal volume (CV), anterior chamber depth 
(ACD), anterior chamber volume (ACV), Qvalue, frontal and back elevation, and the 
parameters of corneal variance indices, including minimum radius (Rmin) were mea-
sured using Pentacam Scheimpflug camera. Endothelial cell density (ECD) was also 
recorded. Findings were evaluated and compared between the 2 groups. 

Results:  Two groups were found to have different Kmax (P = 0.03, one-tailed) and 
Rmin (P = 0.04, one-tailed) parameters. There was no statistical significant difference 
between the 2 groups in CCT, Kmean, CV, ACD, ACV, frontal/back elevation, Qvalue, 
ECD, and parameters of corneal variance indices. 

Conclusions: Diabetes mellitus affects keratometry and radius values of the hu-
man cornea based on the corneal measurements from Scheimpflug camera.
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Corneal morphological evaluation is 
always very crucial in ophthalmologists’ 

clinical practice. In fact, physicians rely on 
corneal parameters such as central corneal 
thickness, anterior and posterior corneal 
curvature, anterior chamber depth or endo‑
thelial cells counts to make diagnosis, to fol‑
low up or to plan treatments for refractive 
defects or diseases such as glaucoma, kera‑
toconus, corneal ectasia or cataract [1‑6].
Even if last developments have supplied 
ophthalmologist with very reliable devices, 
it is always important to pay attention to 
the limitations of these instruments and to 
some clinical situations that could bias their 
precision in corneal power evaluation  [7-
13].

Hyperglycemia has toxic effects on al‑
most all cells in the body. [14] Ophthalmic 
complications of hyperglycemia are most 
remarkable in cornea and retina. Retinal 

impairment accounts for the majority of 
visual loss of diabetic patients [14]. Diabetic 
retinopathy is the most common cause of 
blindness for people over the age of 50 [1].

Diabetes mellitus has a significant 
detrimental effect on the morphology, 
physiology, and clinical appearance of the 
cornea. The diabetic tear film is composed 
of a 4-fold higher glucose level than that 
of normal tears. Changes also manifest in 
the corneal epithelium, epithelial basement 
membrane complexes, stroma, and endo‑
thelium [15-18]. Studies show that the eyes 
of patients with diabetes have a greater cen‑
tral corneal thickness (CCT) and that there 
is a positive correlation between CCT and 
the degree of diabetic retinopathy[19-21]. 
Corneal hydration control also appears to 
be compromised in corneas of diabetic pa‑
tients [22,23].

The purpose of this study is to analyze 
corneal morphological parameters 
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measured with Scheimpflug camera in DM type 2 patients and 
to compare them with those evaluated in healthy subjects (HS). 
According to our knowledge, this is one of the first papers about 
this topic.

 Materials and Methods
This is a preliminary prospective study. It enrolled patients 

from 27 to 79 years of age, who visited the clinic from August 
2014 to December 2014. Study population was divided into 
two groups: first group consisted of diabetes mellitus (type 2) 
patients and second group was considered as a control group 
of HS. Patients were excluded from the study if they had a his‑
tory of corneal pathology or any ocular surgery. None of the 
diabetic patients had any symptoms of diabetic retinopathy. 
Both eyes were examined at the same time in both groups. A 
complete medical history was taken, complete ophthalmic exam 
and Scheimpflug Camera scan (Pentacam, Oculus, Wetzlar, 
Germany) were performed. The central corneal thickness (CCT, 
μm), keratometry values (Kmean and Kmax, D), corneal volume 
(CV), anterior chamber depth (ACD), anterior chamber volume 
(ACV), Qvalue, frontal and back elevation, and the parameters 
of corneal variance indices, such as Index of Surface Variance 
(ISV), Index of Vertical Asymmetry (IVA), Central keratoconus  
Index (CKI), Index of Height Asymmetry (IHA) and Index of 
Height Decentration (IHD), minimum radius (Rmin) were re‑
corded and used for statistical analysis. Endothelial cell density 
(ECD) was also recorded using a noncontact specular micro‑
scope Topcon SP-3000P (Topcon Corp., Tokyo, Japan). Every 
participant underwent 3 measurements both with Pentacam 
and with Topcon SP-3000p and average values were taken for 
statistical analysis.

Every participant was informed about the purpose of the 
study and had to give informed consent before inclusion. The 
study was performed in adherence to the tenets of the declara‑
tion of Helsinki and Institutional Review Board approval was 
obtained.

The results were expressed as the mean ± standard deviation 
(SD). The normality of the data was tested with the Shapiro-Wilk 
test. The difference between the 2 groups was assessed using an 
unpaired t test; if the data was not distributed normally, the 
Mann-Whitney U test was performed instead. All calculations 
was performed using IBM SPSS statistical software (version 20, 
SAS Institute, Inc.). The level for statistical significance was set 
at P < 0.05 for one-tailed t-test.

 Results
Patient demographic data with some ocular parameters are 

presented in Table 1. A total of 50 subject eyes were included in 
the study: 25 eyes were in the diabetic and another 25 eyes were 
in the non-diabetic group. The mean age of the diabetic patients 
was 60.80 ± 10.07 year with a range from 28 to 79 years. There 
were 15 males and 10 females. The mean age of the control pop‑
ulation was 51.6 ± 10.78 year with a range from 27 to 73 years. 
There were 12 males and 13 females.

No statistically significant difference in ECD, CV, ACD, CCT, 
and ACV was found between two groups (p > 0.05 for all pa‑
rameters, Table 1). From the Pentacam parameters of corneal 

variance indices only Rmin and Kmax was found to be different 
between groups (p < 0.05, one-tailed t -test,  Table 2).

Discussion
Corneal changes are diagnosed in about 70% of adult patients 

with diabetes (24, 25). The purpose of this study was to estimate 
the effect of DM on the corneal measurements. We compared 
the corneal parameters between patients with DM with those of 
healthy subjects. The effect of hyperglycemia on refraction was 
explained with several studies, but the exact cause of refractive 
change due to unstable diabetes is still under debate. The chronic 
DM causes the alterations in the lens what lead to the refractive 
changes in patients [13-18]. However, the exact impact of the 
cornea to these refractive changes is still unknown. Sonmez et 
al. evaluated the corneal topographic measurements in patients 
which were under intensive treatment of acute severe hypergly‑
cemia [26]. It was concluded that knowledge of these changes in 
corneal topographic parameters is important, especially during 
the treatment period of acute hyperglycemia, as it may cause an 
error for refractive and cataract surgery.

Data of this preliminary study suggests that there are some 
differences in corneal parameters evaluated with  Scheimpflug 
camera between diabetic and non-diabetic patients. According 
to these results, the eyes in the diabetic patients displayed higher 
keratometry readings than the eyes of the non-diabetic ones. 

Many studies confirmed that diabetes causes abnormalities 
in morphology and functioning of corneal endothelial cells. 
Functional disturbances may lead to increased autofluorescence 
of the cornea and its increased penetrability [27,28].

Table 1. Patient characteristics and some ocular parameters 
for Control and Diabetic groups.

Parameters Control group Diabetic 
 group p value

n 25 25

M:F 12:13 15:10

Age, y.o 51.6 ± 10.78 
(27 to 73)

60.80 ± 10.07 
(28 to 79)

0.372

CCT, μm 532 ± 43.90 
(458 to 637)

536 ± 33.69 
(470 to 624)

0.261

Kmax, D 44.87 ± 2.09 
(40.50 to 49.50)

45.00 ± 1.34 
(42.20 to 47.70)

0.032

ECD 2454 ± 288.54 
(1842.20 to  

3146.80)

2486 ± 419.65 
(1398.70 to  

3150.60)

0.367*

CV 59.66 ± 4.83 
(51.60 to 71.90)

60.39 ± 3.93 
(54.90 to 69.40)

0.323

ACD 2.73 ± 0.40 
(2.02 to 3.46)

2.58 ± 0.37 
(1.69 to 3.22)

0.438

ACV 141.76 ± 39.43 
(80.00 to 218.00)

122.84 ± 32.21 
(75.00 to 202.00)

0.180

n - number; y.o. - years old; M - male; F - female; Kmax - maximal 
keratometry; ECD = endothelial cell density; CV - corneal volume; 
ACD - anterior chamber depth; ACV - anterior chamber volume;  
asterisk (*) – Mann-Whitney U test.
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Morphological changes, recorded by contact specular micro‑
scope, may result in a high variability factor of the endothelial 
cell surface and decreased percentage of hexagonal cells in cor‑
neas in patients with diabetes compared to healthy patients [14]. 
However, our calculations didn’t show any significant difference 
in ECD between diabetic and control groups. This is coincide 
with results published by Furuse et al. who could not demon‑
strate the significant changes in mean density of corneal endo‑
thelial cells in diabetic subjects of type 2 diabetes mellitus [25].

Although there is no overall concordance in the international 
literature, Lee et al. found that CCT was significantly increased 
(p = 0.001) in patients who had DM for 10 years (595.9 ± 6 4.2 
mm) compared to healthy group (567.8 ± 6 3.8 mm) whereas, 
other studies concluded that CCT was not increased in DM type 
1 or 2 [18, 29, 30].

Results of this study coincide with the those of Inoue et al,31 
who reported no significant differences in CCT between 99 sub‑
jects with DM type 2 and 97 healthy subjects. In smaller study 
groups, Keoleian et al. and Ziadi et al. also found no differences 
in CCT [29, 30].

In 81 subjects with DM type 1, Busted et al. no correlations 
were found between diabetes duration, blood glucose levels, 
use of insulin, and CCT, but an association between the level 
of retinopathy and CCT. [32] In DM patients with proliferative 
retinopathy, average CCT was 566 μm as compared to 544 μm 
and 527 μm in subjects with diabetes without retinopathy and 
healthy subjects, respectively. 

No diabetic retinopathy was observed in diabetic group of 
patients of our study. 

No diabetic retinopathy was observed in diabetic group of 
patients of this study. 

DM causes changes in corneal endothelial cell morphology 
similar to those induced by aging. [33,34] TThere is a hypothesis 
that DM causes premature aging of the eye what was determined 
by age dependence of corneal asphericity in healthy subjects 
[35].

Therefore in diabetic cornea the asphericity would be affected 
more than in healthy subjects. In our case, no significant changes 
were found in the asphericity of the anterior or the posterior 
corneal surface between groups. According to obtained results, 
we may consider influence of DM on the radius of the posterior 
corneal surface. This influence is too small to change the optical 
power of the diabetic cornea however, it may be clinically signif‑
icant in patients with not well-compensated DM.

Conclusion
In conclusion, even if data of this study need to be confirmed 

in further ones with larger population, the observed results has 
shown a possible influence of diabetes on corneal parameters. 
Therefore one should exercise careful attention facing diabetic 
patients, in whom we need precise measurements of corneal 
curvature.

Acknowledgement
The abstract of this paper was presented at the XXXIII Con‑

ference of the ESCRS, 5-9 September 2015, in Barcelona, Spain, 
as a poster presentation with interim findings. The actual paper, 
however, has never been published.

References
1.	 Price FW Jr, Koller DL, Price MO. Central corneal pachymetry 

in patients undergoing laser in situ keratomileusis. Ophthal‑
mology. 1999; 106:2216–2220.

2.	 Doughty MJ, Zaman ML. Human corneal thickness and its 
impact on intraocular pressure measures: a review and me‑
ta-analysis approach. Surv Ophthalmol. 2000; 44:367-408.

3.	 Randleman JB, Woodward M, Lynn MJ, Stulting RD. Risk as‑
sessment for ectasia after corneal refractive surgery. Ophthal‑
mology. 2008; 115:37-50. 

4.	 Gromacki SJ, Barr JT. Central and peripheral corneal thickness 
in keratoconus and normal patient groups. Optom Vis Sci. 
1994; 71:437–441.

5.	 Liu Z, Pflugfelder SC. The effects of long-term contact lens 
wear on corneal thickness, curvature, and surface regularity. 
Ophthalmology. 2000; 107:105–111.

6.	 Lanza M, Paolillo E, Gironi Carnevale UA, Lanza A, Irregolare 
C, Mele L, Bifani M. Central corneal thickness evaluation in 
healthy eyes with three different optical devices. Cont Lens 
Anterior Eye. 2015; 38:409-13.

7.	 Rosa N, Capasso L, Lanza M, Furgiuele D, Romano A. Reli‑
ability of the IOL Master in measuring corneal power changes 
after hotorefractive keratectomy. J Cataract Refract Surg. 2004; 
30:409-13.

8.	 Hersh PS, Schwartz-Goldstein BH. Corneal topography of 
phase III excimer laser photorefractive keratectomy. Char‑
acterization and clinical effects. Summit Photorefractive 
Keratectomy Topography Study Group. Ophthalmology. 1995; 
102:963-78.

9.	 Rosa N, Cennamo G, Rinaldi M. Correlation between refractive 

Table 2. Scheimpflug camera parameters of corneal variance 
indices for diabetic and control groups of patients.

Parameters Control group Diabetic 
 group p value

Qvalue -0.19 ± 0.13 
(-0.45 to 0.01)

-0.26 ± 0.14 
(-0.55 to 0.05)

0.784

ISV 14.28 ± 5.17 
(7.00 to 26.00)

18.60 ± 8.87 
(9.00 to 51.00)

0.058*

IVA 0.11 ± 0.06 
(0.04 to 0.32)

0.15 ± 0.09 
(0.05 to 0.46)

0.147*

IHA 2.92 ± 1.79 
(0.30 to 6.00)

3.69 ± 3.11 
(0.20 to 9.80)

0.741*

IHD 0.01 ± 0.004 
(0.003 to 0.02)

0.01 ± 0.01 
(0.002 to 0.04)

0.470*

Rmin 7.53 ± 0.35 
(6.82 to 8.33)

6.52 ± 0.38 
(6.08 to 8.00)

0.01

Qvalue -0.19 ± 0.13 
(-0.45 to 0.01)

-0.26 ± 0.14 
(-0.55 to 0.05)

0.784

ISV 14.28 ± 5.17 
(7.00 to 26.00)

18.60 ± 8.87 
(9.00 to 51.00)

0.058*

IVA 0.11 ± 0.06 
(0.04 to 0.32)

0.15 ± 0.09 
(0.05 to 0.46)

0.147*

ISV - index of surface variance; IVA - index of vertical asymmetry; IHA 
- index of height asymmetry; IHD - index of height decentration; Rmin - 
radius of minimum; asterisk (*) - Mann-Whitney U test.



62 Huseynova et al.
Corneal parameters in diabetes mellitus patients

AMAJ
2016; 2: 59-62

www.amaj.az

and corneal topographic changes after photorefractive keratec‑
tomy for myopia. J Refract Surg. 2001; 17:129-33.

10.	 Rosa N, De Bernardo M, Borrelli M, Filosa ML, Lanza M. Effect 
of oxybuprocaine eye drops on corneal volume and thickness 
measurements. Optom Vis Sci. 2011; 88:640-4.

11.	 Lanza M, Borrelli M, De Bernardo M, Filosa ML, Rosa N. Cor‑
neal parameters and difference between goldmann applanation 
tonometry and dynamic contour tonometry in normal eyes. J 
Glaucoma. 2008; 17:460-4. 

12.	 Brandt JD, Beiser JA, Kass MA, Gordon MO. Central corne‑
al thickness in the Ocular Hypertension Treatment Study 
(OHTS). Ophthalmology. 2001;108:1779-88.

13.	 Lanza M, Iaccarino S, Cennamo M, Irregolare C, Romano V, 
Carnevale UA. Comparison between Corvis and other tonom‑
eters in healthy eyes. Cont Lens Anterior Eye. 2015; 38:94-8.

14.	 Lutty GA. Effects of diabetes on the eye. Invest Ophthalmol Vis 
Sci. 2013; 54:81-7.

15.	 Azar DT, Spurr-Michaud SJ, Tisdale AS, Gipson IK. Altered ep‑
ithelial-basement membrane interactions in diabetic corneas. 
Arch Ophthalmol. 1992; 110:537–40.

16.	 Rehany U, Ishii Y, Lahav M, Rumelt S. Ultrastructural changes 
in corneas of diabetic patients; an electron-microscopy study. 
Cornea. 2000; 19:534–38.

17.	 Gekka M, Miyata K, Nagai Y, et al. Corneal epithelial barrier 
function in diabetic Patients. Cornea. 2004; 23:35–7.

18.	 Lee JS, Oum BS, Choi HY, Lee JE, Cho BM. Differences in cor‑
neal thickness and corneal endothelium related to duration in 
diabetes. Eye. 2006; 20:315–18. 

19.	 Weston BC, Bourne WM, Polse KA, Hodge DO. Corneal hy‑
dration control in diabetes mellitus. Invest Ophthalmol Vis Sci. 
1995; 36:586–95.

20.	 Su DH, Wong TY, Wong WL, et al. Diabetes, hyperglycemia, 
and central corneal thickness; the Singapore Malay Eye Study; 
the Singapore Maylay Eye Study Group. Ophthalmology. 2008; 
115:964–68.

21.	 Pierro L, Brancato V, Zaganelli E. Correlation of corneal 
thickness with blood glucose control in diabetes mellitus. Acta 
Ophthalmol. 1993; 71:169–72.

22.	 Saini JS, Mittal S. In vivo assessment of corneal endothe‑
lial function in diabetes mellitus. Arch Ophthalmol. 1996; 
114:649–65.

23.	 McNamara NA, Brand RJ, Polse KA, Bourne WM. Corneal 
function during normal and high serum glucose levels in dia‑
betes. Invest Ophthalmol Vis Sci. 1998; 39:3–17.

24.	 Didenko TN, Smoliakova GP, Sorokin EL, Egorov VV. Clinical 
and pathogenetic features of neurotrophic corneal disorders in 
diabetes. Vestn Oftalmol. 1999; 115:7-11.

25.	 Furuse N, Hayasaka S, Yamamoto Y, Setogawa T. Corneal 
endothelial changes after posterior chamber intraocular lens 
implantation in patients with or without diabetes mellitus. Br J 
Ophthalmol. 1990; 74:258–60.

26.	 Bunn HF, Gabbay KH, Gallop PM. The glycosylation of hemo‑
globin: relevance to diabetes mellitus. Science. 1978; 200:21–7.

27.	 Keoleian GM, Pach JM, Hodge DO, Trochme SD, Bourne WM. 
Structural and functional studies of the corneal endothelium 
in diabetes mellitus. Am J Ophthalmol. 1992; 113:64-70.

28.	 Larsson LI, Bourne WM, Pach JM, Brubaker RF. Structure and 
function of the corneal endothelium in diabetes mellitus type I 
and type II. Arch Ophthalmol. 1996; 114:9-14.

29.	 Kotecha A. What biomechanical properties of the cornea are 
relevant for the clinician? Surv Ophthalmol. 2007; 52:109–14.

30.	 Goldich Y, Barkana Y, Y. Gerber, et al. Effect of diabetes mellitus 
on biomechanical parameters of the cornea. J Cataract Refract 
Surg. 2009; 35:715–19.

31.	 Kotecha A, Crabb DP, Spratt A, Garway-Heath DF. The rela‑

tionship between diurnal variations in intraocular pressure 
measurements and central corneal thickness and corneal hys‑
teresis. Invest Ophthalmol Vis Sci. 2009; 50:4229–236.

32.	 Luce DA. Determining in vivo biomechanical properties of 
the cornea with an ocular response analyzer. J Cataract Refract 
Surg. 2005; 31:156–62.

33.	 Kilpatrick ES. Glycated haemoglobin in the year 2000. J Clin 
Pathol. 2000; 53:335–39.

34.	 Dielemans I, de Jong PTVM, Stolk R, Vingerling JR, Grobbee 
DE, Hofman A. Primary open-angle glaucoma, intraocular 
pressure, and diabetes mellitus in the general elderly popula‑
tion; the Rotterdam Study. Ophthalmology. 1996; 103:1271–
275.

35.	 Rochman H. Hemoglobin A1c and diabetes mellitus. Ann Clin 
Lab Sci. 1980; 10:111–15. 


