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Abstract

Introduction. Diabetes mellitus is a worldwide disease of high incidence and prevalence,
in addition, it is associated with a number of ocular complications, which threatens vision
if not identified and treated properly like retinopathy, neovascular glaucoma, vitreous
hemorrhage, and it is a suggested risk factor for other conditions like primary open angle
glaucoma.

Purpose. To study the correlation of intraocular pressure with HbA1c test results in a
sample of diabetic and non-diabetic patients.

Materials and methods. Case control study conducted on a total of 240 subjects,
120 type 2 diabetic patients and 120 non diabetic healthy subjects, the sample collected
from 1/5/2017 to 1/7/2018, permission obtained from each patient to participate in the
study, and complete ophthalmological examination, intraocular pressure measurement,
blood test for HbA1c was done, both eyes of each patient were included in the study,
equal numbers of males and females were included to avoid gender bias, the sample was
rearranged according to HbA1c levels into four groups which are: non diabetic group, pre
diabetic group, diabetic well control and poor control groups, their numbers respectively
were 102, 18, 40, 80.

Results. By comparing the mean age value between diabetic and control groups no major
difference was found, there was statistically significant difference in mean intraocular
pressure, HbA1c between diabetic and control groups. Pearson correlation showed
positive linear relationship between intraocular pressure and HbA1c in diabetic group,
r=0.60, P<0.05, while in control group there was no relationship between the variables,
r=0.06, age again was not significant among the four groups, while intraocular pressure
means was significantly different when we used analysis of variance, P<0.001, scatter plots
showed some linear scatter and uphill distribution only in group 2 (poor control diabetic
patients).

Conclusion. Diabetic patients showed high mean intraocular pressure compared to non-
Diabetic patients, with positive correlation between intraocular pressure and the level of
HbA1c exist in the Diabetic group and the strongest correlation was found among the
poor control diabetic group.

Keywords: intraocular pressure, Glycated haemoglobin A1c, DM, non-diabetic subjects,
primary open angle glaucoma, vitreous hemorrhage
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Pesiome

BBepeHue. CaxapHbiil ArabeT ABNAETCS BCEMVPHO PACcnpoCTpaHeHHbIM 3ab0ieBaHMEM C
BbICOKOW CTemneHblo 3a60/1eBaeMoCT 1 YaCTOTOM BCTpeYaemMocTu. Kpome Toro, oH cBsi3aH
C PAJOM OCITIOKHEHWIA, KOTOPbIE MPeACTaBAAT ONACHOCTb AJ1S 3PEHUS], €C/IV VX HE Bbl-
ABUTb U HE NeYNTb JOSIKHbIM 06pa30oM, HanprMep, PETUHONATVEN, HEOBACKYIAPHOW rna-
YKOMOW, KpOBOU3MINAHNEM B CTEKIIOBMAHOE TeNo. DTO TakKe npeanosiaraemblin pakTop
pUCKa APYrux COCTOAHUI, TaKMX Kak NepBrYHas OTKPbITOYrosibHas rnayKoma.

Lienb. /13yunTtb Koppenaumio BHYTPUIMa3HOro AaBneHuns ¢ pesynbratamm Tecta Ha HbA1c
y naymneHToB ¢ 1 6e3 anabeTa.

Marepumanbl n meTtoapl. ViccnenoBaHve «ciydyail — KOHTPOMb» NPOBOAMNIOCH B 00LLeN
CNoXHoCTK 240 nayuneHTam, n3 Hux 120 — ¢ gnabetom 2-ro Tuna u 120 — 6e3 Anabera, Bbl-
6opkKa 6blna cobpaHa ¢ 01.05.2017 no 01.07.2018, oT KaXk4oro nauuneHTa 6bIs10 NOYyYeHo
pa3peLleHmne Ha yyacTme B NUCCNefOoBaHUN, NPOBEeLEH MOHbIN 0dTasbMOIOrNYECKUIA OC-
MOTp (U3MepeHUe BHYTPUIIa3HOro AaBrieHns, aHanu3 kposu Ha HbA1¢, B uccneposaHune
6bIN1 BKNIOUeHbl 00a rnasa Ka)kaoro nayueHTa). My»KUmH 1 XXeHLWMUH Obifio paBHOE KOu-
YecTBO, 3TO HeobXoAMMO 6blno, UTOObI N36eXaTb reHAepPHON NpeAB3ATOCTU. BbibopKa
6bla NnepepacnpepeneHa B COOTBETCTBUM C ypoBHeM HbA1c B ueTbipe rpynnbi: 1) rpynna
6e3 anabeTa, 2) rpynna npeaavabeTa, 3) AnabeTnyeckas rpynna «<XxopoLlero» KOHTPOs 1
4) nnabeTmuyeckas rpynmna «nnoxoro» KOHTponA. Konnyectso naumMeHToB COOTBETCTBEHHO
coctasuno 102, 18,40 n 80.

Pe3synbraTtbl. Mexay ArabeTnueckoi 1 KOHTPOSbHON rpynnamuv Npu CpaBHEHUN CpepHe-
ro 3HauYeHus Bo3pacTa He 6blfIo 06HaPY>KEHO 3HAUUTESNIbHOW Pa3HMLbl, HO Gbla CTaTUCTU-
Yecky 3HauMMasa pasHuLa B CpeaHem BHyTpurnasHom aasineHun n HbA1c. Koppenauus
MrpcoHa nokasana NonoXNUTENbHY JIMHENHYIO CBA3b MeXAY BHYTPUINa3HbIM JaBNeHU-
em 1 yposHem HbA1c¢ B rpynne anabetukos (r=0,60, P<0,05), B TO BpemaA Kak B KOHTPOJb-
HOW rpynrne He O6blI0 HUKAKOWM CBA3M Mexay nepemeHHbiMK (r=0,06). Bo3pacT cHoBa He
6bl71 3HAUYMMbIM CPEAN YETBIPEX FPYNH, B TO BPEMSA KaK CPeAHME 3HAYEHNA BHYTPUINA3HO-
ro faBfieHUs 3HaYNTENIbHO Pa3INYaNCh NPY UCMONb30BAHUN ANCNEPCUOHHOIO aHanmn3a
(P<0,001).

3aknioueHue. Y nauveHToB ¢ AMabETOM OTMEUYEHO BbICOKOE CpefiHee BHYTPUrIasHoe
[AaBNeHMe Mo CPaBHEHNIO C NauveHTamun 6e3 grabeTa, Mpu 3TOM NONoXKUTESIbHasA Koppe-
NAUUA MEXTY BHYTPUrNa3HbIM AasneHnem 1 yposHem HbA1c cywecTByeT B rpynne ava-
6GeTVKOB, @ CaMasn CU/IbHAA Koppensauus obHapy»keHa cpeay NauvMeHToB ¢ AnabeTom u3
rPYMMbl «MJIOXOr0» KOHTPONA.
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KnioueBble cnoBa: BHYTpurnasHoe fnaBneHue, rﬂVIKVIpOBaHHbIVI remornobuH Alc, Caxap-
HbIN ,u,|/|a6eT, nauyneHTbl 6e3 Ll,l/la6ETa, nepBnYHaA OTKPbITOYroJibHaA riiaykoma, KpoBowu3-
nnAaHne B CTEKNOBMAHOE TENO

B INTRODUCTION

Diabetes Mellitus is a common chronic disease with reported increase in incidence
in recent years, the prevalence of this chronic disease estimated to be 2.8% in 2000, and
expected to be 4.4% in 2030 [1]. The highest rates of diabetes are currently in the Eastern
Mediterranean and Middle East with North and South America close behind, and the most
affected age group is currently in the 40-59 year, tissue complications of diabetes can
be specific, microvascular damage to the eye, kidney or peripheral nerve, or non-specific
macro-vascular accelerated atherosclerosis, conclusive evidence now links the level of
hyperglycaemia to development of microvascular complications, by several potential
mechanisms Each of these processes results in the generation of reactive oxygen species,
so oxidative stress may represent the final common path towards complications [2].

Several studies demonstrated also an association between diabetes and high
intraocular pressure levels and thus high risk for glaucoma as compared to non-diabetic
controls [3-5].

Glaucoma is a progressive optic neuropathy associated with typical optic disc changes
and visual field defects, elevated intraocular pressure is the major risk factor for glaucoma
even though large proportion of glaucoma patients associated with normal intraocular
pressure, still controlling intraocular pressure is the treatment target in glaucoma,
many risk factors has been described in association with primary open angle glaucoma
including, old age, myopia, family history, worldwide, the incidence of glaucoma is around
2.5 million per year and the prevalence of blindness due to primary open angle glaucoma
is around 3 million [6].

One of the underlying mechanisms explained by in vitro study showed an association
between high glucose concentration in aqueous humor and excess extracellular matrix
synthesis of fibronectin in trabecular meshwork-characteristic feature of the outflow
system in POAG [7].

In addition to that, cultured HTMC when exposed to high glucose concentration
environment it was found that Nitric oxide production decreased accompanied with
increased superoxide production. Thus hyperglycemia induces oxidative stress in HTMC
and may cause cellular dysfunction and damage of the trabecular meshwork [8].

Abnormalities of retinal vascular and retrobulbar circulation has been identified in
both diabetes and glaucoma, this may help understand the relationship between the
two diseases, microvascular damage in diabetes with associated early increase in retinal
capillary blood flow (due to loss of autoregulation) this will creates mechanical stress that
leads to endothelial separation and more pericyte loss and will affect the blood supply to
anterior optic nerve and retina [12]. Disturbances in auto-regulation of posterior ciliary
circulation (mainly increase central retinal vein flow) has been found in diabetes [9].

For glaucoma, a study showed that retrobulbar blood flow velocities were lower and
resistivity indices were higher in all retrobulbar vessels in ocular hypertensive patients
than in normal subjects and in glaucoma patients than in normal subjects, Glaucoma
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patients had lower end-diastolic velocities and higher resistivity indices than did normal
subjects in the ophthalmic and posterior ciliary and central retinal arteries [10].

On another study, glaucoma subjects had a significantly lower retinal blood volume,
flow, and velocity than the control subjects at the two superior and inferior retinal locations
[11], so this compensatory vascular response found in early glaucoma contributes to optic
nerve damage through vasoconstriction.

One of the theories explaining the underlying mechanism of vascular dysregulation in
both diseases is based on nitric oxide and endothelin-1 role, NO produced by endothelial
cells nitric oxide synthase, because nitric oxide synthase activation is under insulin control
and is important vascular regulator, reduced sensitivity of endothelial cells in addition to
reduced synthesis of nitric oxide the important vascular dilator is found in type 2 diabetes
and vasoconstriction of retinal vasculature is the result of this, contributing to ischemic
changes in diabetes as the disease progress [12].

Many studies compared the levels of NO in aqueous humor of patients with and
without glaucoma and found levels to be significantly lower for glaucoma patients
[17], the association of endothelial nitric oxide synthase gene polymorphism with the
glaucoma disease pathogenesis also studied, this supports the theory of altered NO
signaling system in glaucoma and its importance as risk factor for POAG [13].

The effect of NO on Schlemm canal cells, trabecular meshwork cells explained in many
studies, one study showed that Inhibition of endogenous NO synthase resulted in a 7%
increase in Schlemm Canal cell volume and thus reduction in outflow facility [14]. NO
could increase trabecular outflow by increasing the permeability of trabecular cell layer
in addition to trabecular meshwork relaxation this was concluded by another study [15].

According to the vascular concept of glaucoma, glaucomatous ganglion cell damage
is at least in part caused by chronic impairment of blood supply to the optic nerve head
by dysregulation, and it related to an altered endothelial function in the supplying vessels
where the constant formation of NO provides the maintenance of a basal vasodilator tone
in the optic nerve head, in glaucoma Changes in NO synthesis might therefore shift the
delicate balance between vasoconstrictor and vasodilator endothelial agents resulting in
altered blood supply [16].

Aqueous ET-1 levels in patients with type 2 diabetes compared with controls
was elevated, additionally endothelial dysfunction with alteration in synthesis of
these regulatory substances may be responsible for the pathophysiology of diabetic
complication [17].

ET-1 is also associated with neuronal apoptosis in central nervous system, in a study it
was found that exposing cultured retinal ganglion cells to ET-1 resulted with apoptotic cell
death [18]. It was found that Increased ET-1 concentration in the aqueous humor of POAG
patients [19]. And their effect on HTMC contractility by a study conducted on glaucoma
patients: contraction and relaxation of these cells may influence intra-ocular pressure
in the sense that their relaxation makes a trabecular space enlargement and facilitates
outflow, while contraction produces the opposite effect [20]. This may provide common
mechanism for both diseases but still the full molecular pathology not well established.

Hemoglobin is the oxygen carrying pigment in blood, most hemoglobin is type A, and
this type A hemoglobin composed in part of many minor components HbA1a1, HbA1a2,
HbA1b, HbA1¢,HbA1cis the glucose binding hemoglobin and called glycated or glycosylated
hemoglobin, glucose bind to N-terminal amino acid of 3-chain of hemoglobin molecule

«O¢Tanbmonorusa BoctouHas EBpona», 2025, Tom 15, N2 1 63



The Correlation Between Intraocular Pressure and Glycated Haemoglobin A1c Test Results
in Diabetic and Nondiabetic Subjects

and forms a Schiff base, this binding is non-enzymatic and continue through the life cycle
of Red blood cells, thus testing HbA1c reflects mean glucose concentration over period
of 8-12 weeks, so it provides good measure of chronic glycemia and correlate well with long
term complications of diabetes than other blood and urinary glucose testing [21, 22].

The ADA recommended by 2010, HbA1c test to diagnose diabetes with cut-point of
6.5%, this cut-point based on analysis of data collected from several studies, levels above
8 % considered unfavorable, with risk of microvascular complications [23].

Advantages of using HbA1c test for diagnosing diabetes include:

assessment of chronic hyperglycemia over 2-3 months period;

no fasting is needed;

individual variability is very low [24].

HbA1c test levels are expressed either as percentage % according to DCCT units [25].
Oritis expressed as millimoles per mole, according to the IFCC units [26], all of these units
can be easily converted using one of the online calculators.

HbA1c Range presented as percentage:
= non-diabetes expected range between 4.0-5.6%;
®  pre-diabetes range 5.7-6.4%;
®m  while those with 6.5% or higher HbA1c levels have diabetes [27].

The aim is to study the correlation between intraocular pressure and HbA1c test results
in a sample of non-insulin dependent diabetic patients and a sample of non-diabetic
patients who visited Ibn Al-Haitham teaching eye hospital which is tertiary centre.

B MATERIALS AND METHODS

A cross sectional study conducted on a total of 240 subjects (480 eyes in total),
120 (240 eyes) was type 2 diabetic patients 60 females and 60 males and 120 (240 eyes)
was non diabetic healthy subjects of 60 females and 60 males, the age group for the
collected sample was between 45 years — 70 years.

All visited consultation clinics in Ibn Al Haitham teaching eye hospital which is tertiary
centre, for various complaints including ocular discomfort, blurring of vision, red eye
complain, during this time no differences in the numbers of examined males and females
among diabetic population was noted, these patients were consented and permission
obtained for complete ophthalmological examination, intraocular pressure measurement,
blood test for HbA1c.

Full examination of anterior segment, posterior segment fundus examination was
done, diabetic maculopathy, non-proliferative diabetic retinopathy was included in the
study, while proliferative diabetic retinopathy was excluded, other exclusion criteria
include history of glaucoma, ocular trauma (penetrating and blunt), pseudoexfoliation
syndrome in either eye, mature, intumescent cataract, cataract surgery, intravitreal
therapy for diabetic retinopathy and laser retinal photocoagulation.

Intraocular pressure was measured with Goldmann applanation tonometry for all
subjects right and left eyes at time of visit. In hospital laboratory unit venous blood
obtained from each subject, glycosylated hemoglobin A1c was measured with compact
glycohemoglobin analyzer POCKETCHEM A1C machine and the result presented in
percentage. According to HbA1c levels we rearranged the sample into four groups which
are: non diabetic group, pre diabetic group, diabetic well control and poor control groups,
their numbers respectively were 102, 18, 40, 80.
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Statistical Analysis

The sample was arranged into diabetic and non-diabetic/control groups. Statistics was
done using student T test to compare the means among many variables where P value
<0.001 significant, and Pearson correlation coefficient used to find the linear correlation
between IOP and HbA1c, where value of r represent the strength of correlation as below:
1.0-0.5 strong positive correlation; 0.5-0.3 moderate positive correlation; 0.3-0.1 weak
positive correlation; 0 no correlation

Same goes for negative values and the correlation would be negative correlation.

P value was calculated representing the significance level of Pearson correlation r,
and values <0.05 considered significant. Then we rearranged the sample into four groups
based on values of HbA1C, and used Analysis of Variance to compare the four group
means for statistical significance, then Least Significant Difference was calculated. Scatter
plots was created for each of the four groups, in order to do that we needed the values of
r square, p value, r square values explain how much variation within the data is explained
by the created model and the higher the better, p value represented the significance.

B RESULTS

The sample was arranged into a group of diabetic patients (Table 1) and a group of
non-diabetic (control) (Table 2) subjects. The difference was found to be highly significant
(P<0.001) regarding IOP, HbA1c mean values between the two groups, on the other hand
age was non-significant.

P value result was <0.00001 and indicate strong significance and r value means strong
positive correlation. P value show no significant association, r value of 0.063 mean no
correlation in control group was found (Table 3).

We divided the sample into four groups (based on HbA1c value) of non-diabetic, pre
diabetic, diabetic (well control and poorly control) (Table 4). Descriptive data and means

Table 1
Descriptive data and means in DM group
DM Minimum Maximum Mean SE SD P-value
Age 45.00 70.00 57.30 0.59 6.55 0.805
0P 12.50 24.50 17.02 0.26 2.92 0.668
HbAlc 6.5 12.90 8.89 0.16 1.77 0.794
Table 2
Descriptive data and means in control group
Non-DM Minimum Maximum Mean SE SD P-value
Age 45.00 70.00 56.33 0.69 7.65 0.242
10P 9.00 20.50 13.72 0.16 1.83 0.0001
HbAlc 4.30 6.30 495 0.04 0.46 0.0001
Table 3
Show the correlation between IOP, HbA1c in DM and control groups
I0P HbA1c DM Control
Pearson Correlation (r) 0.60 0.063
P-value 0.0001 0.980

«OdTanbmonorua BoctouHas EBpona», 2025, Tom 15, N2 1

65



The Correlation Between Intraocular Pressure and Glycated Haemoglobin A1c Test Results
in Diabetic and Nondiabetic Subjects

Table 4
Shows the four groups according to HbA1c level
HbA1c % range Note
Group 1 6.5-8.0 Well control DM
Group 2 >8.0 Poor control DM
Group 3 5.7-6.4 Pre-DM
Group 4 <5.6 No-DM
Table 5
Descriptive data and means of the four groups according to sex
No. Male Female Mean age m:‘a:s;OP llzzean Ik
Group 1 40 17 23 56.35 14.55 7.38
Group 2 80 43 37 57.65 18.28 9.80
Group 3 18 9 9 58.50 16.94 5.78
Group 4 102 51 51 55.95 13,16 4.81

of the four groups according to sex (Table 5). The age and sex factor were non-significant
among the four groups.

P value indicate high significance, that means at least one of the four groups tested
differs from the others significantly, to find thatin detail, we applied the LSD test. According
to the LSD tests, mean IOP showed highly significant difference among all groups
(Table 6, 7).

The correlation between IOP and HbA1c is highestin group 2 poor control DM r=0.610,
P=0.000 and represented below in scatter plot (Figure).

Igllo)I::test the difference/significance in mean IOP of the four groups

Groups 1, 2,3,4 Mean Difference SE P-value Sig
2 -3.73750-" 36334 .000 HS

1 3 -2.39444-" 53253 .000 HS
4 1.38824" .35003 .000 HS

) 3 1.34306" 48947 0.007 S
4 5.12574" .28021 .000 HS

3 4 3.78268" 47968 .000 HS

Table 7

Contains the values needed to create scatter plot between IOP and HbA1c for each group

r/correlation R square P value Significance p<0.05

Group 1 0.014 0.000 0.931 NS

Group 2 0.610 0.372 0.000 HS

Group 3 0.090- 0.008 0.360 NS

Group 4 0.282 0.079 0.004 S
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Scatter plot of group 2 shows uphill distribution and linear scatter

B DISCUSSION

In our study, we proved that HbA1c level correlated with IOP linear correlation in
diabetic group only, mean IOP was higher in diabetic group 17.02 mmHg compared to
control group 13.72 mmHg, and was statistically significant, no significant difference
regarding age was found, and after including equal numbers of males and females in both
groups to avoid bias related to numbers, still there was no significant difference regarding
gender, which is the similar to Khalaj et al. [28] (2014) study that showed mean IOP in
diabetic group (16.71) was higher compared to nondiabetic group (12.86), and no relation
between age, gender and IOP was found.

Another two studies, the Beaver Dam eye study [3] and the Rotter dam study [4], that
suggested diabetes mellitus associated with higher intraocular pressure and higher risk
of glaucoma.

Another similar result from Matsuoka et al. [29], study conducted on a sample of
diabetic patients and nondiabetic controls showed. The mean IOP was 14.0 mmHg in the
nondiabetic group and 15.5 mmHg in the diabetic group, and was significantly higher
than that in the nondiabetic patients, no significant difference for age or gender was
found.

On the other hand, a study by Kaimbo et al. [30] on Congo population showed the
relation between diabetes mellitus and intraocular pressure was statistically non-
significant, which can result from the relatively low number of diabetic patients included
in that study. A study by Quigley et al. [31] on Hispanic population showed that age factor
was statistically significant with open angle glaucoma, which differs from our study while
diabetes mellitus did not show correlation with intraocular pressure when adjusted for
age factor, HbA1c was not used in the study which differs from our study, another study
by Voogd et al. [6], showed no association between diabetes mellitus and intraocular
pressure, There was variation in the diagnostic criteria for diabetes from our study, such
as medication use, fasting, non-fasting or post load blood glucose, which is not included
in our study.
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In our study, we divided diabetic group according to HbA1c level into well control

(group 1 <8%) and poor control (group 2 >8%), mean IOP, HbA1c respectively for group 1
(14.55, 7.38%), group 2 (18.28, 9.80%),correlation between IOP, HbA1c was positive and

significant only in group 2 (r=0.610, P=0.000), proving that the worse the glycemic control
the higher IOP levels, pre diabetic group 3 (<6.5)% mean for IOP, HbA1c respectively was
(16.94, 5.78%), there was statistically significant difference in IOP of the three groups, but
the correlation between IOP and HbA1c in group 3 was negative, probably to the fact that
the sample number of pre diabetic patients was small in that group.

Similar to our result was Oshitari et al. [32], they divided their sample according to
HbA1c level into three groups: good control diabetic group (<8%), poor control diabetic
group (>8%) pre diabetic group (<6.5%) and there was significant difference in IOP
between pre diabetic and poor control groups, t test P value =0.015.

At Boston, according to Hymowitz et al. [33], sample of diabetic patients was divided
into two groups, one group with mean HbA1c 8.1, the other 9.0 and IOP range for each
group was: 10-14 for the first group, 14.5-22 for the second group, proving that the higher
HbA1c levels the more likely the higher IOP levels to be expected.

B CONCLUSION

Diabetic patients showed high mean intraocular pressure compared to the non-
diabetics, with positive correlation between intraocular pressure and the level of HbA1c
exist in the Diabetic group, and the strongest correlation was found among the poor
control diabetic group.
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