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It has not been determined definitively whether there is a significant association between diabetes mellitus (DM) and glaucoma.
Some population-based studies have shown a positive association
between diabetes and glaucoma [1-3], and others have shown negative association between diabetes and glaucoma [4-6]. However
in many studies that showed a lack of a significant association
between diabetes and glaucoma, the diagnosis of DM was made
by self-presentation [4,5]. On the other hand, DM was diagnosed
by the serum glucose level or by glucose tolerance tests in the
Rotterdam Study. The study concluded that the risk of open angle
glaucoma was increased by more than three times in patients with
diabetes than without diabetes[1]. The results of a recent metaanalysis suggested that diabetes was a significant risk factor for
open angle glaucoma [7]. However, two of 12 studies included in
the meta-analysis used only high intraocular pressure (IOP) as a
definition of open angle glaucoma [7]. Thus, patients with normal
tension glaucoma were not included in the glaucoma group. More
exact definitions of DM and glaucoma should be used to determine more accurately the association between DM and glaucoma.
The results of these studies indicate that there is insufficient clinical evidence to conclude that there is a significant relationship
between diabetes mellitus and glaucoma.
There are animal studies that showed that diabetic stress enhances
retinal ganglion cell (RGC) death after mechanical injury or high
IOP [8,9]. The higher IOP may also impose a pressure-induced
stress on RGCs and their axons leading to a blockage of axonal
transport. This blockage can reduce the level of neurotrophic factors delivered to the RGC bodies which would make the RGCs
more susceptible to diabetic and oxidative stress.
There are population studies that showed that diabetic patients
have significantly higher IOPs than non-diabetic patients[10], and
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also that the RGC damage induced by the stress caused by higher
IOPs may be enhanced under severe diabetic conditions [8,9].
On the other hand, the results of the Ocular Hypertensions
Treatment Study showed that diabetes had a protective effect on
the progression of open angle glaucoma. However, patients with
diabetic retinopathy (DR) were excluded from this study, and the
definition of DM was based only on self-presentation [11,12]. Although these studies did not include a representative group of
patients with diabetes, some investigators cite this study as evidence that diabetes had a neuroprotective effect on RGCs. They
hypothesized that DM is neuroprotective because higher levels
of vascular endothelial growth factor (VEGF) are present in
eyes with DM, and the VEGF is involved in neuroprotection of
RGCs. Although VEGF is an endogenous neurotrophic factor,
high glucose [13] and accumulation of advanced glycation endproducts (AGEs) in diabetic patients are toxic for retinal neurons
[14]. Our recent study showed that low concentrations (10 μg/
ml) of AGEs enhanced retinal neuronal cell death and inhibited
neurite regeneration. Because approximately 1-120 μg/ml of
AGEs are circulating in diabetic patients, we suggested that the
imbalance between the endogenous neurotrophic factors and the
toxic factors causes retinal neuronal damage in eyes with DR [14].
Overall, the pathological mechanisms causing neuronal cell death
in DR is not as simple as we had expected.
We hypothesized that RGCs are under stress by the higher IOPs
in glaucomatous eyes, RGC death would be enhanced by diabetic
oxidative stress. If so, the visual field defects may progress faster
in glaucoma patients with DM than in glaucoma patients without
DM. In support of this, Kim et al. reported that systemic vascular factors including the severity of DM and IOP play significant
roles in the progression of normal tension glaucoma [15].
Taken together, there appears to be more significant associations
between DM and glaucoma especially in studies with more exact
diagnosis of DM. Further studies with the precise definition of
DM are needed to demonstrate the association of DM and glaucoma.

References
[1]. Stalmans P, Benz MS, Gandorfer A et al; MIVI-TRUST Dielemans I, de
Jong PT, Stolk R, Vingerling JR, Grobbee DE, et al (1996) Primary openangle glaucoma, intraocular pressure and diabetes mellitus in the general
elderly population The Rotterdam Study. Ophthalmology 103: 1271-1275.
[2]. Klein BE, Klein R, Jensen SC (1994) Open-angle glaucoma and older-onset
diabetes The Beaver Dam Eye Study. Ophthalmology 101: 1173-1177.
[3]. Mitchel P, Smith W, Chey T, Healey PR (1997) Open-angle glaucoma and
diabetes: the Blue Mountains Eye Study. Ophthalmology 104: 712-718.
[4]. Tielsch JM, Katz J, Quigley HA, Javitt JC, Sommer A (1995) Diabetes,
intraocular pressure, and primary open-angle glaucoma in the Baltimore Eye
Survey. Ophthalmology 102: 48-53.

1

Oshitari T. (2014). Association Between Diabetes Mellitus and Glaucoma, Int J Ophthalmol Eye Res, 02(1e), 01-02.

[5]. Suzuki Y, Iwase A, Araie M, Yamamoto T, Abe H, et al (2006) Tajimi Study
Group. Risk factors for open-angle glaucoma in a Japanese population: the
Tajimi Study. Ophthalmology 113: 1613-1617.
[6]. Ellis JD, Evans JM, Ruta DA, Baines PS, Leese G, et al (2000) Glaucoma
incidence in an unselected cohort of diabetic patient: is diabetes mellitus
a risk factor for glaucoma? DARTS/MEMO collaboration. Diabetes Audit
and Research in Tayside Stidy. Medicine Monitirung Unit. Br J Ophthalmol
84: 1217-1224.
[7]. Bonovas S, Peponis V, Filioussi K (2004) Diabetes mellitus as a risk factor
for primary open-angle glaucoma: a meta-analysis. Diabet Med 21: 609-614.
[8]. Oshitari T, Roy S (2005) Diabetes: a potential enhancer of retinal injury in
rat retinas. Neurosci Lett 390:25-30.
[9]. Kanamori A, Nakamura M, Mukuno H, Maeda H, Negi A (2004) Diabetes
has an additive effect on neuronal apoptosis in rat retina with chronically
elevated intraocular pressure. Curr Eye Res 28: 47-54.
[10]. Oshitari T, Fujimoto N, Hanawa K, Adachi-Usami E, Roy S (2007) Effect of
chronic hyperglycemia on intraocular pressure in patients with diabetes. Am
J Ophthalmol 143: 363-365.
[11]. Gordon MO, Beiser JA, Brandt JD, Heuer DK, Higginbotham EJ, et al

International Journal of Ophthalmology & Eye Science, 2014 ©

[12].

[13].
[14].
[15].

(2002) The Ocular Hypertensions Treatment Study: baseline factors that
predict the onset of primary open-angle glaucoma. Arch Ophthalmol 120:
714-720; discussion 829-830.
Kass MA, Heuer DK, Higginbotham EJ, Johnson CA, Keltner J, et al (2002)
The Ocular Hypertension Treatment Study: a randomized trial determines
that topical ocular hypotensive medication delays or prevent the onset of
primary open-angle glaucoma. Arch Ophthalmol 120: 701-713; discussion
829-830.
Oshitari T, Hata N, Yamamoto S (2010) Effect of neurotrophic factors on
neuronal apoptosis and neurite regeneration in cultured rat retinas exposed
to high glucose. Brain Res 1346: 43-51.
Bikbova G, Oshitari T, Yamamoto S (2013) Neurite regeneration in advanced glycation end-products exposed adult rat retinas and regenerative
effects of neurotrophin-4. Brain Res 1543: 33-45.
Kim C, Kim TW (2009) Comparison of Risk Factors for Bilateral and Unilateral Eye Involvement in Normal Tension Glaucoma. Invest Ophthalmol
Vis Sci 50: 1215-1220

2

