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ABSTRACT
Purpose: To evaluate the correlation of glycosylated haemoglobin (HbA1c) with central corneal thickness (CCT)
and intraocular pressure (IOP) in type 2 Diabetes Mellitus (DM) patients. METHODS: Values were obtained from
85 healthy control subjects (Group 1) and 85 subjects with type 2 DM (Group 2) with similar age and sex. Cases
were further divided into two groups: Group 2A, diabetes patients with HbA1c <7%; and Group 2B, diabetes
patients with HbA1c ≥7%. IOP measurements were obtained using Non Contact Tonometer (NCT). Ultrasound
Pachymetry was used to measure CCT and corneal-compensated intraocular pressure (IOPcc). Results: There was
statistically significant difference between Groups 1 and 2 in terms of CCT (p=0.003), IOP (p=0.000) and IOPcc
(p=0.018). CCT, IOP, IOPcc were statistically significant between Group 1 and 2B (p=0.002, p=0.000, p=0.037)
but not between other groups. Conclusion: Type 2 DM subjects were found to have raised CCT, IOP and IOPcc as
compared to controls; of which subjects with HbA1c ≥ 7%(Group 2B) were maximally affected which indicates a
positive correlation of HbA1c with CCT and IOP.
KEYWORDS: Type 2 Diabetes Mellitus, HbA1c, Central Corneal Thickness, Intraocular Pressure, CornealCompensated Intraocular Pressure.
INTRODUCTION
Diabetes mellitus (DM) is a systemic disease that alters
the major metabolic pathway in the human body and
destroys major organ systems. Type 2 DM is the
commonest form of diabetes and constitutes nearly about
90% of the diabetic population in any country. In a
diabetic patient, visible lesions take years to develop.
However, functional abnormalities may be detected long
before anatomical changes are evident. Very early in the
disease an increased permeability of the capillary
endothelium to plasma proteins is found.[1] Like the
vascular endothelium, the function of corneal
endothelium is to act as a cellular barrier. If corneal
endothelial function is compromised, corneal hydration
and consequently the corneal thickness will increase.[2]
The range of intraocular pressure (IOP), among the
general population, varies from 8-22 mmHg.[3] This
variation can be explained by the numerous factors
affecting IOP. Previous studies have shown that the
factors associated with elevated IOP include smoking,[4]
older age,[5] gender,[4,5] blood pressure,[4–6] family history
of glaucoma,[4,5] pulse rate,[4,5] diabetes (elevated
glycosylated hemoglobin),[4,5] myopia,[7] alcohol usage,[4]
race (African),[6] nuclear sclerosis,[5,7] body mass index
(BMI)[4–6] and iris color.[7] In this study we aimed to
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evaluate the correlation of HbA1c with central corneal
thickness as well as intraocular pressure.
MATERIALS AND METHODS
This study included the study group (diabetic eyes) and
healthy controls. All the patients diagnosed with diabetes
mellitus as per ADA criteria 2015[8] were considered for
the study. A total of 170 subjects were included in the
study. 85 were included in the type 2 diabetes group
(group 2) and 85 were included in the control group
(group 1) i.e. individuals without diabetes. The cases
were further subdivided into two groups: Group 2A,
diabetes patients with HbA1c <7%; and Group 2B,
diabetes patients with HbA1c ≥7%. Of Group 2, 76.47%
belonged to Group2B (HbA1c ≥7%) and 23.53% to
Group 2A (HbA1c <7%). Patients with intraocular
inflammation, present active eye infection, corneal
opacity & scarring, corneal dystrophies and
degenerations, history of glaucoma, ophthalmic surgery,
ocular trauma, contact lens wear, laser treatment, using
topical ocular medications, diagnosed patients of
hypertension, proliferative diabetic retinopathy were
excluded. Both eyes of each patient were evaluated
separately, and anterior as well as posterior segment
examinations were included. The average of the readings
from both the eyes was taken. According to the principle
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of the Declaration of Helsinki, the study was explained
to the subjects and they were asked to sign a written
informed consent. The research was approved by local
ethics committee.
HbA1c is the product of a stable linkage of glucose to the
N-terminal valine of the beta-chain of haemoglobin. It
defines the average blood glucose level of the previous
2–3 months and reflects the success of diabetes therapy.
Thus, it is possible to assess the glucose metabolism of
the body more objectively and in long-term than with a
blood glucose sample, which reflects only the current
sugar level. Usually 4–6.4% of haemoglobin is
glycosylated. Higher values are a sign of insufficient
blood glucose control.[9] An HbA1c target of <7% for the
treatment of diabetes is generally accepted to lower the
risk of long term micro or macrovascular diabetes
complications.[10] For this reason, patients with type 2
DM were divided into 2 groups according to their HbA1c
levels. HbA1c was measured by NycoCard HbA1c kit. It
is a boronate affinity assay.
Central corneal thickness was taken from a seated patient
by ultrasound pachymetry (Huvitz Pachymetry SP1000AP by Huvitz Building 689-3, Geumjeong-Dong,
Gunpo- Si, Gyeonggi-Do, 435-862, Republic of Korea).
Mean of 5 readings was taken. IOPcc estimation was
done using the same machine.
Intra ocular pressure was assessed by using non contact
tonometer (Huvitz HNT-7000 by Huvitz Building 689-3,
Geumjeong-Dong, Gunpo-Si, Gyeonggi-Do, 435-862,
Republic of Korea). Mean of 3 readings was taken.
All the measurements were taken in the morning
(between the hours of 9:50 am to 10:20 am) and by the
same physician.
Statistical Analysis
Statistical analysis were performed by using
International Business Machines (IBM) Statistical
Product and Service Solutions software version 17(SPSS
Inc, Chicago, IL). Sex distribution between the groups
was investigated by a chi-square test. The distribution of
age and HbA1c values were evaluated by one-way
ANOVA. The group including all DM patients (Group
2A and Group 2B) and control group (Group 1) were
compared with independent-samples t-test. The
differences in terms of other variables (CCT, IOP,
IOPcc) between groups were evaluated by one-way
multivariate analysis of variance (MANOVA). Tukey’s
multiple comparison test was performed to compare two
groups at the same time. The level of significance was
set to p<0.05.
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RESULTS
The three groups were not significantly different in terms
of age and sex (Table 2, Table 4) distribution (for age p =
0.973, for sex p=0.361) mean age among the controls
was 57.96 ± 11.59yrs and among the cases was 57.88 ±
10.10yrs (Table 1).The mean age was 57.96 ± 11.59yrs,
58.40 ± 8.17yrs and 58.38 ± 13.01 yrs in group 1, 2A, 2B
respectively (Table 3).
The mean HbA1c among the controls was 5.83 ± 0.42%
and among the cases was 8.93 ± 2.22% (p
<0.001,statistically significant ,Table 1). The mean
HbA1c among the groups 1, 2A and 2B was 5.83 ±
0.42%, 6.65 ± 0.25% and 9.63 ± 2.08%
(p<0.001,statistically significant ,Table 3).
The mean CCT among the controls was 523.72 ±
32.62μm and among the cases was 538.35 ± 30.08μm
with a difference of 14.63 μm which was statistically
significant (p = 0.003, Table 1). The mean CCT was
523.72 ± 32.62μm, 527.05 ± 26.46μm and 541.83 ±
30.45 μm for groups 1, 2A, 2B respectively. Mean CCT
difference was statistically significant between Group1
and 2B (p=0.002) but not between Groups1 and 2A
(p=0.950) and Groups 2A and 2B (p=0.122), indicating a
significant increase of 18.11μm in CCT in the diabetes
group with poor metabolic control (Table 3).
The mean IOP among the controls was 11.97 ± 2.94mm
Hg and among the cases was 14.11 ± 3.66mm Hg with a
difference of 2.14 mm Hg (p <0.001, statistically
significant, Table 1). The mean IOP was 11.97 ± 2.94
mm Hg, 12.68 ± 3.42mm Hg and 14.55 ± 3.64 mm Hg
for groups 1, 2A, 2B respectively. Mean IOP difference
was statistically significant between Groups 1 and 2B
(p=0.000) but not between Groups 1 and 2A (p=0.787)
and Groups 2A and 2B (p=0.120), indicating a
significant increase in IOP of 2.58 mm Hg in the diabetes
group with poor metabolic control (Table 3).
The mean IOPcc among the controls was 13.47 ± 2.73
mm Hg and among the cases was 14.58 ± 3.30 mm Hg
with a difference of 1.11mm Hg (p =0.018, statistically
significant, Table 1). The mean IOPcc was 13.47 ±
2.73mm Hg, 13.93 ± 2.93 mm Hg and 14.77 ± 3.40mm
Hg for groups 1, 2A, 2B respectively. The mean IOPcc
difference was statistically significant between Groups 1
and 2B (p=0.037) but was insignificant between Groups
1 and 2A (p=0.890) and Groups 2A and 2B (p=0.638),
indicating a significant increase in IOPcc of 1.3mm Hg
in the diabetes group with poor metabolic control
(Table 3).
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Table. 1: Comparison between the cases and controls in terms of various parameters.

Notes: The distribution of age and HbA1c values were evaluated by one-way ANOVA. Rest of the parameters were
compared with independent-samples t-test. Abbreviations: SD-standard deviation, HbA1c-glycosylated haemoglobin,
OD-oculus dexter (right eye), OS-oculus sinister (left eye), CCT-central corneal thickness, IOPintraocular pressure,
IOPcc-corneal compensated intraocular pressure, Avg-average, ANOVA-analysis of variance.
Table. 2: Sex distribution between the two groups.

Notes: The distribution of sex was evaluated by Chi-square test.
Abbreviations: F-female, M-male.
Table. 3: Comparison among the three groups in terms of various parameters.

Notes: The distribution of age and HbA1c values were evaluated by one-way ANOVA. Rest of the parameters were
compared by MANOVA. Group 1 (control group); Group 2A (diabetes patients with HbA1c <7%); Group 2B (diabetes
patients with HbA1c ≥7%).
Abbreviations:
SD-standard
deviation,
HbA1cglycosylated haemoglobin, OD-oculus dexter (right eye),
OS-oculus sinister (left eye), CCT-central corneal
thickness, IOPintraocular pressure, IOPcc-corneal
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compensated
intraocular
pressure,
Avg-average,
ANOVA-analysis of variance, MANOVA-multivariate
analysis of variance.
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Table. 4: Sex distribution among the three groups.

Notes: The distribution of sex was evaluated by Chi-square test.
Abbreviations: F-female, M-male
DISCUSSION
On comparing the results of diabetes patients with good
metabolic control (Group 2A) and healthy control
subjects, there was no significant difference in the value
of CCT, IOP and IOPcc. So there is no change of CCT,
IOP and IOPcc in the well-regulated DM patient group.
When the DM groups were compared with each other, in
Group 2B there was no significant increase in values of
CCT, IOP and IOPcc in comparison to Group 2A. When
Group 1 and Group2B were compared, significant
increase occurred with regard to CCT,IOP and IOPcc in
favor of Group 2B indicating a positive correlation with
HbA1c. Several studies conducted with specular
microscopy show that the corneal endothelium of DM
patients when compared with healthy individuals
consists of some morphological changes.[11] McNamara
et al have reported that hyperglycemia disrupts corneal
structure, impairing corneal hydration and therefore
affecting corneal thickness in diabetes patients.[12] In the
study by Schultz et al barrier and pump function of the
corneal endothelium were studied with fluorometric
methods and some inability was identified. As a result,
changes in corneal thickness in patients with DM has
been claimed.[11] According to the results of the
experimental study of Herse, the measured decrease in
diabetic rabbit endothelial homogenate Na+/K+ ATPase
activity strongly suggests that endothelial fluid pump
dysfunction is a major component in the abnormal
corneal hydration system found in the uncontrolled
diabetic rabbit.[13] Most of the studies emphasized that
the thickness of the cornea increases with diabetes owing
to the disruption of endothelial pump function.[14–16]
The biologic basis of corneal changes in the eyes of
diabetic patients has not yet been established and the
underlying mechanisms are still unknown. Although
CCT changes associated with DM have been reported in
various studies and there are different pathogenetic
hypotheses, any strong associations have not been
established so far between HbA1c and CCT.[14,15,17–21] In
the study by Yazgan et al., the biomechanical properties
of the cornea in DM patients were found to be
deteriorated; however the HbA1c levels were not closely
related to deterioration of the corneal biomechanical
properties.[22]
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Changes in the trabecular meshwork i.e. accumulation of
fibronectin, lead to increased IOP.[23] It is possible that
the disease diabetes, by activating an unknown
mechanism, disrupts the viscoelastic properties of the
cornea in the early period and in advanced stages leads to
an increase in IOP. Mechanisms, such as degradation
mechanisms that facilitate the flow of intraocular fluid or
hyperosmolar state due to increased glucose in the
anterior chamber may be responsible for higher IOP in
patients with poorly regulated diabetes.[22]
The gold standard for the measurement of IOP is the
Goldmann applanation tonometer. However, IOP by
noncontact tonometer is very popular and widely used
for routine ocular examination and correlates well with
the Goldmann applanation tonometer. Moreover it has
the advantages of not causing abrasion to the cornea,
being free from reactions to topical anaesthetics and
from spread of infection. Thus, we reviewed the IOP data
from those patients who were examined routinely with a
noncontact tonometer. The mean IOP among diabetics in
our study was lower than other studies.[4,24] When
compared to other races, the IOP in the Asian ethnicity is
lower.[25] Earlier studies have reported a similar
relationship between CCT and IOP among subjects with
diabetes.[26,27] A positive correlation of HbA1c with IOP
has also been reported.[22]
When Group 1 and Group2B (poor metabolic control)
were compared, significant increases occurred with
regard to IOPcc in favor of Group 2B. Recent studies
have shown that the IOPcc is not affected by corneal
properties and thus it provides true measurement of IOP.
And yet, these studies argue that IOPcc is a powerful
alternative to Goldmann applanation tonometry
measurement.[28,29] If the accuracy of this assumption is
accepted, this study can draw the following conclusion:
In the poorly regulated diabetes patients, IOP is elevated
independently from CCT. Also, the GAT gives an
accurate intraocular pressure reading for an eye with
average CCT, but tends to underestimate or overestimate
the true intraocular pressure for thinner and thicker
cornea, respectively.[26] Also glycation-induced corneal
collagen cross-links in diabetes can cause corneal
stiffening, which has also been shown to increase the
value of the measured IOP over the true IOP.[30] Hence
corneal-compensated IOP (IOPcc) values were taken.
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All these parameters were closely related to HbA1c
levels. In larger population groups, increased CCT may
alarm the observer towards poorly controlled diabetes
with raised HbA1c levels. Also HbA1c levels should be
done for predictable surgical outcomes Though IOP
values showed an increase of 2.58mm Hg in poorly
regulated diabetics as compared to controls, IOPcc
showed only an increase of 1.3 mm Hg. From this study,
it can be speculated that when greater CCT values are
considered, the true IOP may possibly be lower in
diabetic patients. This interpretation might explain why
diabetic eyes tend to have higher IOP values in large
population-based studies and why those with diabetes
and ocular hypertension have a reduced risk for
glaucoma progression.[30]
So, the possibility of a thick cornea should be taken into
consideration while obtaining IOP measurements in a
diabetic patient. Although present study is done with non
contact tonometer, after taking IOPcc, values can be
comparable with GAT. In our study, the findings were
cross-sectional and we found a positive correlation
between HbA1c and mean CCT, IOP as well as IOPcc.
In future, a cohort study may be undertaken in which
subjects have repeated estimation of all these parameters
to reveal the exact relationship between these and
HbA1c.
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