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ABSTRACT
Background and objectives. To compare the corneal endothelial morphology and anterior segment parameters
in type 1 diabetes mellitus children (T1DM) and healthy controls.
Methods. This cross-sectional prospective study included 56 patients with T1DM and 50 eyes of 50 age-matched
controls. Endothelial morphology was analyzed with EM-3000 specular microscopy, and anterior parameters
were analyzed with Sirius Scheimpflug topography. Endothelial cell density (ECD), coefficient of variation
(CV) of cell area, central corneal thickness (CCT), anterior chamber depth (ACD), iridocorneal angle (ICA), K1
and K2, pupillary diameter (PD), horizontal visible iris diameter (HVID), duration of T1DM, and HbA1c levels
were noted.
Results. The mean age of the T1DM group was 14.3 ± 3.2 years, compared to 13.2 ± 3.7 years in the healthy
group (p = 0.140). The mean duration of diabetes mellitus was 4.5 ± 3.5 years. The mean HbA1c was 9.5 ± 1.9%
(minimum 6%, maximum 14%). The mean values of CCT were 556 ± 30 µm and 536 ± 36 µm in T1DM and
healthy groups, respectively (p = 0.003). The mean values of ACD were 3.69 ± 0.31 mm and 3.83 ± 0.27 mm in
T1DM and healthy groups, respectively (p = 0.02). The mean values of PD were 4.29 ± 1.2 mm and 5.17 ± 1.36 mm
in T1DM and healthy groups, respectively (p = 0.001). There was no statistically significant difference between
groups in terms of ECD, CV, ICA, K1, K2, and HVID (p > 0.05).
Conclusion. Type 1 diabetes mellitus children have thicker corneas, shallower anterior chamber depth, and
smaller pupillary diameter than healthy subjects.
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Type 1 diabetes mellitus (T1DM) is the most
common metabolic disease in childhood. It is
a chronic illness characterized by high blood
glucose levels due to an inability to produce
insulin. This disease affects 500,000 patients
globally.1 The prevalence of T1DM in Turkey is
75/100000.2 T1DM is a systemic disease that can
affect all organ systems.3-5 Diabetic retinopathy
is the most common complication of T1DM.6
But it can also affect the anterior segment of the
patients.7-13 Some studies have demonstrated
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that patients with T1DM had greater central
corneal thickness (CCT) than non-diabetic
subjects.11 Anterior chamber depth (ACD) was
found to be shallower in DM patients due to
thickening of lens because of hyperglycemia.7-9
T1DM can also cause sympathetic autonomic
neuropathy. T1DM can affect response and
the duration time of the sympathomimetics.13
Because of these effects on sympathomimetics,
pupillary diameter was found to be smaller
in diabetic patients.13 The main outcomes of
these cited studies have addressed crystalline
lens and anterior chamber depth; however,
morphologic and functional changes in cornea
and anterior segment parameters have been
studied less frequently in diabetic children. This
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study aimed to compare corneal endothelial
morphology and anterior segment parameters
in diabetic children and healthy controls by
corneal topography and noncontact specular
microscopy.
Material and Methods
The eyes of 56 patients with T1DM and the eyes
of 50 age-sex matched healthy subjects were
examined in this study. T1DM patients were
referred to us through pediatric endocrinology
clinics between June 2018 and July 2018. Ethical
Committee approval for the study was obtained
(protocol number 09.2018.120). Written
informed consent was obtained from all the
parents of the children.
All participants underwent a total ophthalmic
examination. Best-corrected visual acuity,
slit-lamp examination, intraocular pressure
measurements
with
pneumotonometer,
fundus
examination,
and
refraction
measurements with autokeratorefractometer
were performed. Refraction measurements
and fundus examination were performed after
cycloplegia. The duration of DM, age, gender,
and Hemoglobin A1c (HbA1c) levels were
recorded for diabetic children. Patients with
any of the following criteria were excluded
from the study: > 18 years old, contact lens
users, previous ocular trauma, history of ocular
surgery, ocular inflammation, refractive errors >
± 1.00 (spherical or cylindrical), corneal disease,
and cataracts. Measurements of endothelial
morphology, such as endothelial cell density
(ECD) and coefficient of variation (CV) of cell
area were examined by noncontact specular
microscopy using an EM-3000 Specular
Microscope (CBD/Tomey, Phoenix, AZ, USA).
Anterior segment parameters, such as CCT,
ACD, iridocorneal angle (ICA), sim K1 and
K2, pupillary diameter (PD), and horizontal
visible iris diameter (HVID) were examined by
Sirius Scheimpflug topography (Costruzione
Strumenti Oftalmici, Florence, Italy). The Siruis
topography examination was performed 2 days
after cycloplegia by the same person. Because of
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the correlation between right and left eye, only
the right eyes of the participants were analyzed.
HbA1c levels were obtained from pediatric
clinic on the same day.
Statistical analyses were performed using the
SPSS software version 21. Descriptive analyses
were presented using means and standard
deviations for normally distributed variables.
An assessment of normality was done using the
Kolmogorov-Smirnov test. The independent
t, Man-Whitney U, Chi-squared, and Pearson
correlation tests were used for analyses. A
p-value of less than 0.05 was considered to
show a statistically significant result.
Results
In the T1DM group, the female/male ratio was
32/24, while it was 28/22 in the healthy group
(p = 0.454). The mean age was 14.3 ± 3.2 years
in the T1DM group and 13.2 ± 3.7 years in the
healthy group (p = 0.140). The mean duration of
diabetes mellitus was 4.5 ± 3.5 years. The mean
HbA1c was 9.5 ± 1.9% (minimum 6%, maximum
14%).
In terms of corneal endothelial morphology,
the mean ECD values were 2975 ± 248 cells/
mm2 and 3012 ± 257 cells/mm2 in the T1DM
and healthy groups, respectively. There was
no statistically significant difference between
groups (p = 0.458). The mean CV values were
0.36 ± 0.06 and 0.35 ± 0.08 in the T1DM and
healthy groups, respectively. Regarding CV,
there was no statistically significant difference
(p = 0.608). Regarding topographic anterior
segment parameters, the mean values of CCT
were 556 ± 30 µm and 536 ± 36 µm in T1DM and
healthy groups, respectively (p = 0.003) (Fig. 1).
The mean values of ACD were 3.69 ± 0.31 mm
and 3.83 ± 0.27 mm in T1DM and healthy groups,
respectively (p = 0.02) (Fig. 2). The mean values
of ICA were 44.1 ± 6.6 and 45.5 ± 7.3 in T1DM
and healthy groups, respectively (p = 0.297).
The mean values of HVID were 12.15 ± 0.53 mm
and 12.14 ± 0.44 mm in the T1DM and healthy
groups, respectively (p = 0.914). In the T1DM
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Fig. 1. Central corneal thickness values in groups.

Fig. 2. Anterior chamber depth in groups.

group, the mean values of K1 and K2 were 42.75
± 1.41 mm 42.37 ± 1.5 mm, respectively, and
these values were 43.69 ± 1.64 mm and 44.03 ±
1.59 mm in the healthy group (p = 0.191 and p =
0.634, respectively). The mean PD values were
4.29 ± 1.2 mm and 5.17 ± 1.36 mm in the T1DM
and healthy groups, respectively (p = 0.001)
(Fig. 3).

(mean CV in females, 0.38 ± 0.06; mean CV in
males, 0.32 ± 0.04; p < 0.001).

A significant positive correlation was detected
when comparing the duration of diabetes and
CCT (r = 0.277 and p = 0.038). This correlation is
presented in Figure 4. No statistically significant
correlations were found between HbA1c
levels and PD, CCT, and ACD. No statistically
significant correlations were found between
the duration of DM, PD, and ACD. In T1DM
groups, females had higher CVs than males

Fig. 3. Pupillary diameter in groups.
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Discussion
The Diabetic Control and Complications
Trial (DCCT) has reported a lower risk for
microvascular complications of T1DM.14 Beside
microvascular complications, T1DM can also
affect anterior segment parameters. Multiple
studies have reported that T1DM affects the
lens.1,7,15 In this study, we report that T1DM
also affects corneal and anterior segment
parameters.
Anbar et al16. found that ECD and CV values
were lower in T1DM patients than the healthy
controls, but they did not find any correlation

Fig. 4. Correlation between CCT and duration of type
1 DM.
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between ECD with the following variables: the
age of the patients, gender, HbA1C level, Body
mass index and hemoglobin level. They only
found a correlation with duration of T1DM and
ECD. The duration of T1DM was also identified
as a risk factor for changes in the polymegathism
and pleomorphism in their study. These authors
have established an increase in polymegathism
and decrease in pleomorphism in T1DM
children.16 Unlike Anbar et al.16 we found no
difference in terms of endothelial parameters.
According to this study, there was no difference
in endothelial parameters when comparing the
T1DM and healthy groups. The same results
were obtained by Larsson et al.17 Their study
included 49 patients with T1DM and 60 patients
with T2DM, and their outcomes concluded that
type 1 and type 2 diabetes patients did not differ
from their controls in ECD. Also, Larsson et al.17
noticed a significant decrease in endothelial cell
hexagonality and abnormalities in endothelial
cell morphologic characteristics in T1DM
patients when compared to their controls.
As in this study, Ozdamar et al.18 also found that
CCT values were higher in diabetic patients than
the healthy group. These authors compared one
hundred diabetic patients with one hundredforty-five control subjects. In diabetic patients,
the mean CCT value was 564 ± 30 µm, compared
to 558 ± 35 µm in the healthy controls. Although
they compared adult diabetes patients, the
results were the same as the current study. In
another study with diabetic children, Urban
et al.19 compared 123 eyes of T1DM children
with 124 eyes of a control group. These authors
reported that T1DM children had a CCT value of
550 ± 30 µm, while control subjects had a value
of 530 ± 33 µm. Tiutiuca et al.20 found that T1DM
children had a CCT value of 541 ± 30 in their
right eye, and control subjects had a CCT value
of 528 ± 33. These studies supported our results.
Additionally, there is a positive correlation
between T1DM duration and CCT in our study.
Busted et al.21 also reported that thicker CCT
and lower ECD were correlated with duration
of DM. Lee et al.22 found a correlation between
duration of DM and thicker CCT; these authors
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also reported that there was no correlation
between duration of DM and ECD. Although
there is a pathogenic hypothesis for this, such
as corneal endothelial pump dysfunction and
swelling cornea, any strong associations have
not been established. The reasons for these
contracting findings must be investigated in
pathological studies.
Wiemer et al.7 investigated the effects of type 1
and type 2 DM on the cornea with scheimplug
topography. Subjects were investigated for
asphericity of anterior and posterior corneal
surfaces and corneal power. The authors did not
find a significant difference between diabetic
subjects and healthy subjects. Uzel et al.15 also
did not detect any difference in K1 or K2 when
comparing the T1DM and healthy groups. In
this current study, we also did not find any
statistically significant difference in K1 and K2.
Impaired glucose metabolism can cause swelling
of the lens. Decreased anterior chamber may
occur due to metabolic swelling of the lens.15
Multiple studies have investigated and found
shallower anterior chambers in T1DM patients
compared to a healthy group.10,15 As in those
studies, our T1DM patients had significantly
shallower ACD than our healthy group.
However, there was no correlation between
T1DM duration and ACD, as also reported by
Uzel et al.15 These authors also identify a thicker
lens as the reason for the decreased ACD in
T1DM patients.
T1DM can also cause sympathetic autonomic
neuropathy. Thus, T1DM can affect response and
the duration time of the sympathomimetics.13,15
Studies have reported smaller PD in T1DM
patients relative to healthy groups (e.g., like
Lei et al.13). These authors also report that
T1DM patients with diabetic retinopathy had a
smaller PD. It In the current study we could not
compare the effect of the diabetic retinopathy,
because none of our patients had developed
it. Uzel et al.15 reported that this smaller PD
also negatively correlated with HBA1c levels,
indicating a relation between pupil size and
poor diabetes control.15 In this study, there was
471
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no correlation between HBA1c, PD, CCT, and
ACD. We also could not detect any correlation
between T1DM duration and PD.

6. Geloneck MM, Forbes BJ, Shaffer CJ, Ying GS,
Binenbaum G. Ocular complications in children
with diabetes mellitus. Ophthalmology 2015; 122:
2457-2464.

In the T1DM group, females had a higher CV
than males, but the other parameters showed
no sex differences. The study by Saw et al.10
included 1453 healthy children between 7
and 9 years old. Males were found to have a
longer axial length, flatter corneal curvature
radius, deeper ACD, and vitreous chamber
than the females. They also reported a longer
axial length and a deeper vitreous chamber in
taller children.10 Therefore, different outcomes
of gender might also be related to body height
differences.

7. Wiemer NG, Dubbelman M, Kostense PJ, Ringens
PJ, Polak BC. The influence of diabetes mellitus
type 1 and 2 on the thickness, shape, and equivalent
refractive index of the human crystalline lens.
Ophthalmology 2008; 115: 1679-1686.

Consequently, T1DM was found to affect
anterior segment parameters. Diabetic children
have thicker cornea, lower ACD, and smaller
PD. Although the duration of DM affects CCT, it
does not affect PD or ACD. We recommend that
these factors should be taken into consideration
during the examination of patients with T1DM.
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