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Abstract: Primary open-angle glaucoma is a progressive chronic optic neuropathy, typically bilateral, that occurs after the age
of 40 years. It is the second leading cause of irreversible blindness in the world. Primary open-angle glaucoma corresponds to a
progressive loss of retinal ganglion cell characterized by an excavation of the optic disc associated with typical visual field defects.
Objective of the study: To evaluate the impact of diabetes on the evolution of RNFL thickness and ganglion cell layer in patients
followed for primary open-angle glaucoma. Materiels and methods: Our 4-year retrospective study between 2017 and 2021
included 80 patients (160 eyes) with primary open-angle glaucoma divided into 2 comparable groups: the 1st group patients
primary open-angle glaucoma without type 2 diabetes mellitus (DM-) and the 2nd group patientsprimary open-angle
glaucomawith type 2 diabetes mellitus (DM+). Results: The average age was 59 years for the 1st group and 62 years for the 2nd
group, the sex ratio was 1.2 for the Ist group and 1 for the 2nd group, an average follow-up between 3 and 4 years. Concerning
the RNFL, the loss for the diabetic group was -3.33um/year and significantly slower than that in the group with glaucoma alone
which was 3.8 pm/year with a p less than 0.001. For ganglion cells, the loss for the diabetic group was 3.2 pm/year is significantly
faster than that in the group with glaucoma alone which was -1.56pm/year with a p less than 0.001. Conclusion: Diabetes
probably plays a confounding role in relation to RNFL prompting vigilance in the follow-up of primary open-angle glaucoma. A
larger longitudinal study with a larger sample size is needed to accurately quantify the impact on RNFL.
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disease, occurring in adulthood, most often after the age of
40. Its pathophysiology is imperfectly known.

The identification of the risk factors of progression is
essential to determine the therapeutic strategy and the
frequency of follow-up. [2]

Among these risk factors, we find diabetes with two
processes: elevation of intra ocular pressure and alteration of

1. Introduction

Primary open-angle glaucoma (POAG) is a chronic
progressive optic neuropathy corresponding to a loss of
retinal ganglion cells and characterized by morphological
changes of the optic nerve head (or papilla) associated with a
typical visual field impairment [1]. GPAO is a bilateral
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vascular supply that enter the pathophysiology of POAG. [3, 4]
Objective of the study: to evaluate the impact of diabetes

on the evolution of RNFL thickness and ganglion cell layer

(CGL) in patients followed for primary open angle glaucoma.

2. Patients and Methods

A 4-year retrospective case-control study was established
December 2017- December 2021 at the Ophthalmology
Department of Cheikh Khalifa Ibn Zaid Hospital in Casablanca.

The material used is the 3D OCT, the statistical study was
made by the SPSS version 20 software for the statistical study.

Our study was done on 100 patients (200 eyes) with
POAG divided into 2 comparable groups: the st group
POAG without diabetes (POAG /DM-) and the 2nd group
POAG with diabetes (POAG /DM+).

Our inclusion criteria were: POAG beginners with MD < 4
dB, known type 2 diabetes, under treatment and well
balanced (glycated hemoglobin HbAlc < 7%) and an average
follow-up between 3 and 4 years.

Our exclusion criteria were advanced glaucoma, secondary
glaucoma, proliferative diabetic retinopathy, macular edema,
or retinal laser.

All our patients were monitored every six months with a
complete  ophthalmological examination: slit lamp
examination, measurement of eye tone, fundus examination
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with photographs of the optic nerve head. A visual field and
OCT were performed at baseline and then every 6 months
during follow-up. Diabetes monitoring was checked during
each control.

Any diabetic retinopathy or other retinal disease that
appeared during follow-up and was diagnosed either by
fundus examination or OCT and any patient who received
retinal laser treatment were excluded from our study.

3. Results

The mean age was 59 years for the 1st group and 62 years
for the 2nd group.

The sex ratio was 1.2 for the Ist group and 1 for the 2nd
group.

Concerning the RNFL, for the 1st group POAG /DM- (100
eyes); the average of global RNFL of the 100 eyes was 99,
75 Vs. 88, 35 um after 3 years of evolution and thus a loss of
11.4 pm/3years and thus a loss of 3. 8 um/year with a
standard deviation of 5.2 um while for the POAG /DM+
group the mean RNFL was 90.95 VS 100.97um after 3 years
of evolution with a loss of -10pm/3 years and thus a loss of -
3.33 um/year and a standard deviation of 5.1 um. Thus, the
loss of RNFL for the diabetic group which was -3.33um/year
is significantly slower than that in the group with glaucoma
alone which was 3.8 um/year with a p less than 0.001.

Alean
Standard | ooanrd
diat N Average | deviation
DIFFRNFL 00 oo 43750 520087 BITAS
1,00 1) 50500 | 511884 ELeC]
Independent samples test
Levene's test for equality
G Mk t-test for equality of means
Difference 9304 confidence mrerval
.!hu.u ctandard of the differeace
F Sig ddi 840, {iwre-cadled) difference ETToT bower Higher
DIFFRNFL  hypothesis of equal se2 | B080 78 aoo §,42500 1,18500 7.10568 1174434
vAriances
ypothests of inequsl BO90 | 77.908 00 #,42500 116500 1058 11,74438
VATiAnCEs
Figure 1. Statistical study for the progression of the RNFL.
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Figure 2. Statistical study for the progression of the ganglion cells.
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For the ganglion cells, in the POAG /DM- group the
average ganglion cells of the 100 eyes was 100.5 Vs. 105.2
pum after 3 years of evolution and thus a loss of -4.7um/3
years and thus a loss of -1. 56pum/with a standard deviation of
3.2 while for the POAG /DM+ group the mean CG was 102.2
VS 92.6um after 3 years of evolution with a loss of
9.6um/3years and thus a loss of 3.2um/year and a standard
deviation of 6.8um. Thus, the loss of LMC in the diabetic
group, which was 3.2 pm/year, was significantly faster than
that in the group with glaucoma alone, which was -1.56
pm/year with a p value of less than 0.001.

4. Discussion

Primary open angle glaucoma (POAG) is an anterior optic
neuropathy of chronic and progressive course, characterized
by perimeter alteration and excavation of the specific optic
disc. [5] This neuropathy is usually accompanied by ocular
hypertension. The iridocorneal angle remains open in
gOnioscopy.

Its pathophysiology is imperfectly known with 2 theories:
mechanical compressive suggesting that ocular hypertonia
(HTO) would lead to the loss of retinal nerve fibers by
compression of the optic nerve head and the cribriform
lamina [6], and vascular hypoxic suggesting that a circulatory
insufficiency in the blood capillaries of the optic nerve head
would lead to a lack of nutritional supply to the retinal
ganglion cells and their axons. [7]

Its management has evolved with the development of
structural imaging of the optic nerve in optical coherence
tomography (OCT) with study of the RNFL and the CGL,
and with the improvement of the follow-up of the visual field
examinations thanks to automated tools of analysis of the
progression.

In our study, eyes in the POAG/DM group showed
slower RNFL thinning than those in the POAG/DM- group.
In a hypertensive glaucoma model, blockade of vascular
endothelial growth factor (VEGF) resulted in a significant
increase in neuronal cell death. [8].

Thus, the suggested protective mechanisms against
glaucomatous damage could be the overexpression of VEGF
factor in the diabetic retina, [4] which could be a strategy to
rescue and protect the retinal neurons. [9].

Several studies such as the Blue Mountains Study, the
Los Angeles Latino Study and the Rotterdam Eye Study have
found a significant association between glaucoma and
diabetes.

However, the role of diabetes in GPAO is still
controversial. The Ocular Hypertension Treatment Study
(OHTS) concluded that diabetes protected patients with
hypertension from developing or worsening glaucoma after
72 months of follow-up, [10]. In contrast, the Los Angeles
Latino Eye Study, a cross-sectional study, found a higher
prevalence of glaucoma in patients with diabetes (type 2)
[11]. Conflicting results are given by four large multicenter
randomized clinical trials [12-16]. This contradiction may be

due to diabetes itself; in none of these studies was the stage
of diabetic retinopathy or other complications of diabetes
studied.

The severity of glaucoma is also an influencing factor;
thus, severe glaucoma gives variable results and cannot be
followed by a visual field [17].

The visual field remains the most useful examination to
detect functional loss of glaucoma but sometimes anatomical
changes of the RNFL can be found despite the stability of the
visual field [18]. Thus, studies have shown that the RNFL is
thicker in POAG/DM patients than in POAG/DM- patients
[19]. But also, diabetes protected against glaucomatous optic
nerve damage [20]. Thus, the role of diabetes in
glaucomatous progression is still a matter of debate.

In a study published in May 2018 in the American Journal
of Ophthalmology, by Huiyuan Hou comparing the
progression of RNFL in diabetic and non-diabetic POAG
patients over 1 year of evolution on 197 eyes: 55 eyes of 32
POAG /DM+ and 142 eyes of 111 POAG /DM- showed the
association of type 2 diabetes with RNFL thickness change
based on uni-variate analysis thus, the mean rate of overall
RNFL loss in the POAG / DM+ group was significantly
slower (-0.40 pm / year) compared to the POAG / DM- group
(-0.83 um / year) with a P at 0, 01 which is consistent with our
study which leads us to believe that the presence of diabetes
can mask the loss of RNFL and is then a confounding factor
that must be taken into account in the interpretation of OCT in
the follow-up of POAG and this may be due to intra or
extracellular edema, exudates, hemorrhage, fibrinous reaction
surrounding the optic nerve head. [21]

Several hypotheses have been proposed to explain the
association between DM and POAG. Neuronal stress
secondary to hyperglycemia and chronic dyslipidemia [22],
dysfunction of retinal vascular endothelial cells with loss of
pericytes leading to blood flow dysregulation [23-25, 4],
remodeling of the connective tissue of the optic nerve head as
well as the trabeculum and lamina cribrosa; modification of
the latter two lead to an increase in ocular tone and thus to an
additional mechanical stress on the optic nerve head [24, 25].
In addition, disturbances in carbohydrate metabolism could
also be responsible [26]. Thus, all the factors mentioned
underline the importance of vascular risk factors in the
pathogenesis of POAG.

Earlier meta-analyses suggested that diabetic patients are
at a significantly increased risk of developing [27-29]. In a
study by Zhao et al. the risk of glaucoma increased by 5% for
each year since diabetes diagnosis; their pooled analysis
presented a 0.18 mmHg difference between IOP in patients
with diabetes, compared to those without diabetes [30]. Our
study identified no significant relationship between the
prevalence of POAG and diabetes mellitus; the high
heterogeneity among studies and, thus, the conclusion, must
be interpreted with caution. Results for case-control studies
could be different, e.g., in a Korean study, diabetes was
associated with POAG in all age groups (the HR was 1.2 for
individuals aged 40-59 years, and 1.18 for those aged 60—79
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years) [31]. However, it is known that case-control designs
are potentially viable to selection bias [32].

For ganglion cells, several studies such as the study by
Timothy S. Kern and Alistair J. Barber on neurodegenerative
mechanisms have shown that there is an additional loss of
ganglion cells caused by diabetes in glaucoma patients,
which supports our study [33]. This loss is explained by
additional hypoxic stress under hyperglycemic conditions
that results in vascular damage leading to dysfunction or
degeneration of certain neuronal cells and thus retinal
ganglion cells. But no study has compared CG loss in
diabetic and non-diabetic glaucoma patients.

5. Conclusion

Although studies have shown that diabetes may increase
the risk of glaucoma, this has been inconsistently
demonstrated. Diabetes may contribute indirectly to
glaucomatous optic neuropathy (either by increasing
intraocular pressure or vasculopathy) or through direct
damage to the optic nerve. However, some elements of
diabetes may slow the progression of glaucoma. While the
relationship between diabetes and glaucoma remains
controversial, prospective studies may be needed to establish
a risk-cause relationship.

Thus, vigilance in the follow-up of POAG is necessary,
hence the interest of new imaging techniques that are
increasingly precise and will allow for an analysis of the
anatomical progression but also a study of the function by the
visual field and the electroretinogram.

A larger longitudinal study with a larger sample size is
needed to accurately quantify the impact of diabetes on
glaucomatous progression.

Conflict of Interest

The authors declare that they have no competing interests.

References

[1] European Glaucoma Society Terminology and Guidelines for
Glaucoma. (2017). -Chapter 2: Classification and terminology
Supported by the EGS Foundation: Part 1: Foreword;
Introduction; Glossary; Chapter 2 Classification and
Terminology. Br J Ophthalmol, 101 (5), 73-127. Weinreb RN,
Khaw PT. Primary open-angle glaucoma. Lancet. 2004; 363:
1711-20.

[2] Weinreb RN, Khaw PT. Primary open-angle glaucoma.
Lancet. 2004; 363: 1711-20.

[3] Tham YC, Cheng CY. Associations between chronic systemic
diseases and primary open angle glaucoma: an
epidemiological perspective. Clin Exp Ophthalmol. 2017; 45:
24-32.

[4] Song BJ, Aiello LP, Pasquale LR. Presence and Risk Factors
for Glaucoma in Patients with Diabetes. Curr Diab Rep. 2016;
16: 124.

(3]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

109

Reusch JE, Manson JE. Management of Type 2 Diabetes in
2017: Getting to Goal. JAMA. 2017; 317: 1015-1016.

Quigley HA, Addicks EM, Green WR, Maumenee AE.
Lésions du nerf optique dans le glaucome humain, II: le site
de la blessure et la susceptibilité aux dommages. Arch
Ophtalmol. 1981; 99 (4): 635-649.

Almasieh M, Wilson AM, Morquette B, Cueva Vargas JL, Di
Polo A. La base moléculaire de la mort des cellules
ganglionnaires rétiniennes dans le glaucome. Prog Retin Eye
Res. 2012; 31 (2): 152-181.

Foxton RH, Finkelstein A, Vijay S, et al. VEGF-A is
necessary and sufficient for retinal neuroprotection in
models of experimental glaucoma. Am J Pathol. 2013; 182:
1379-90.

Hernandez C, Dal Monte M, Simo R, Casini G.
Neuroprotection as a Therapeutic Target for Diabetic
Retinopathy. J Diabetes Res. 2016; 2016: 9508541.

Gordon MO, Beiser JA, Brandt JD, et al. The Ocular
Hypertension Treatment Study: baseline factors that predict
the onset of primary open-angle glaucoma. Arch Ophthalmol.
2002; 120: 714-20. discussion 829-30.

Gordon MO, Beiser JA, Kass MA, Ocular Hypertension
Treatment Study G Is a history of diabetes mellitus protective
against developing primary open-angle glaucoma? Arch
Ophthalmol. 2008; 126: 280—1.

Chopra V, Varma R, Francis BA, et al. Type 2 diabetes
mellitus and the risk of open-angle glaucoma the Los
Angeles Latino Eye Study. Ophthalmology. 2008; 115: 227—
232 el.

Investigators A. The Advanced Glaucoma Intervention Study
(AGIS): 12. Baseline risk factors for sustained loss of visual
field and visual acuity in patients with advanced glaucoma.
Am J Ophthalmol. 2002; 134: 499-512.

Lichter PR, Musch DC, Gillespie BW, et al. Interim clinical
outcomes in the Collaborative Initial Glaucoma Treatment
Study comparing initial treatment randomized to medications
or surgery. Ophthalmology. 2001; 108: 1943-53.

Drance S, Anderson DR, Schulzer M, Collaborative Normal-
Tension Glaucoma Study G Risk factors for progression of
visual field abnormalities in normal-tension glaucoma. Am J
Ophthalmol. 2001; 131: 699-708.

Leske MC, Heijl A, Hyman L, Bengtsson B. Early Manifest
Glaucoma Trial: design and baseline data. Ophthalmology.
1999; 106: 2144-53.

Gardiner SK, Mansberger SL. Effect of Restricting
Perimetry Testing Algorithms to Reliable Sensitivities on
Test-Retest Variability. Invest Ophthalmol Vis Sci. 2016; 57:
5631-5636.

Abe RY, Diniz-Filho A, Zangwill LM, et al. The Relative
Odds of Progressing by Structural and Functional Tests in
Glaucoma. Invest Ophthalmol Vis Sci. 2016 Oct; 57: 421-8.

Akkaya S, Can E, Ozturk F. Comparison of the corneal
biomechanical properties, optic nerve head topographic
parameters, and retinal nerve fiber layer thickness
measurements in diabetic and non-diabetic primary open-
angle glaucoma. Int Ophthalmol. 2016; 36: 727-36.



110

[20]

[21]

[22]

[25]

[26]

Soukaina Haddougui et al.: Diabete et Primary Open-Angle Glaucoma: Comparison of RNFL Progression and
Ganglion Cell Loss in Diabetic and Non-diabetic Primary Open-Angle Glaucoma Patients

Akkaya S, Can E, Ozturk F. Comparison of Optic Nerve Head
Topographic Parameters in Patients With Primary Open-
Angle Glaucoma With and Without Diabetes Mellitus. J
Glaucoma. 2016; 25: 49-53.

Huiyuan Hou, Takuhei Shoji, [...], and Robert N. Weinreb
Progression of Primary Open Angle Glaucoma in Diabetic and
Non-diabetic Patients Am J Ophthalmol. 2018 May; 189: 1-9.

Kong, G. Y. X.; Van Bergen, N. J.; Trounce, 1. A.; Crowston,
J. G. Mitochondrial dysfunction and glaucoma. J. Glaucoma
2009, 18, 93-100.

Clermont, A. C.; Bursell, S.-E. Retinal blood flow in diabetes.
Microcirculation 2007, 14, 49-61.

Roberts, M. D.; Grau, V.; Grimm, J.; Reynaud, J.; Bellezza, A.

J.; Burgoyne, C. F.; Downs, J. C. Remodeling of the
connective tissue microarchitecture of the lamina cribrosa in
early experimental glaucoma. Investig. Ophthalmol. Vis. Sci.
2009, 50, 681-690.

Francis-Sedlak, M. E.; Uriel, S.; Larson, J. C.; Greisler, H. P.;
Venerus, D. C.; Brey, E. M. Characterization of type I
collagen gels modified by glycation. Biomaterials 2009, 30,
1851-1856.

Elisaf, M.; Kitsos, G.; Bairaktari, E.; Kalaitzidis, R.;
Kalogeropoulos, C.; Psilas, K. Metabolic abnormalities in
patients with primary open-angle glaucoma. Acta Ophthalmol.
Scand. 2001, 79, 129-132.

[27]

[28]

[32]

[33]

Bonovas, S.; Peponis, V.; Filioussi, K. Diabetes mellitus as a
risk factor for primary open-angle glaucoma: A meta-analysis.
Diabet. Med. 2004, 21, 609-614.

Zhou, M.; Wang, W.; Huang, W.; Zhang, X. Diabetes
mellitus as a risk factor for open-angle glaucoma: A
systematic review and meta-analysis. PLoS ONE 2014, 9,
€102972.

Zhao, Y. X.; Chen, X. W. Diabetes and risk of glaucoma:
Systematic review and a Meta-analysis of prospective cohort
studies. Int. J. Ophthalmol. 2017, 10, 1430.

Zhao, D.; Cho, J.; Kim, M. H.; Friedman, D. S.; Guallar, E.
Diabetes, fasting glucose, and the risk of glaucoma: A meta-
analysis. Ophthalmology 2015, 122, 72-78.

Rim, T. H.; Lee, S. Y.; Bae, H. W.; Seong, G. J.; Kim, S. S;
Kim, C. Y. Increased risk of open-angle glaucoma among
patients with diabetes mellitus: A 10-year follow-up
nationwide cohort study. Acta Ophthalmol. 2018, 96, e1025—
¢1030.

Kopec, J. A.; Esdaile, J. M. Bias in case-control studies. A
review. J. Epidemiol. Community Health 1990, 44, 179—
186.

Kern, Timothy S, and Alistair J Barber. “Retinal ganglion
cells in diabetes.” The Journal of physiology vol. 586, 18
(2008): 4401-8. doi: 10.1113/jphysiol.2008.156695.



