
survey of ophthalmology 67 (2022) 1081–1098 

Available online at www.sciencedirect.com 

j o u r n a l h o m e p a g e : w w w . e l s e v i e r . c o m / l o c a t e / s u r v o p h t h a l 

Review article 

Nutritional supplementation in the prevention 

and treatment of glaucoma 

Sarah Chaudhry, BSc, MBBS 

a , ∗, Hamish Dunn, BLib Stud, MBBS(hons), 
FRANZCO 

a , b , d , e , Nicole Carnt, BOptom (Hons) PhD, GradCertOcTher, 
FAAO, FBCLA 

a , c , d , Andrew White, BMedSci(hons), MBBS, PhD, 
FRANZCO 

a , b , c , d , e 

a Westmead Hospital, Westmead, Sydney, New South Wales, Australia 
b Westmead and Central Clinical Schools, Discipline of Clinical Ophthalmology and Eye Health, The University of 
Sydney, Sydney, New South Wales, Australia 
c Westmead Institute of Medical Research, Westmead, New South Wales, Australia 
d The University of New South Wales, Sydney, New South Wales, Australia 
e Save Sight Institute, Sydney Medical School, University of Sydney, New South Wales, Australia 

a r t i c l e i n f o 

Article history: 

Received 1 July 2021 

Revised 4 December 2021 

Accepted 6 December 2021 

Available online 8 December 2021 

Keywords: 

Vitamins 

Nutrients 

Glaucoma 

Supplements 

Reactive Oxygen Species 

Open Angle Glaucoma 

Trabecular Meshwork 

Retinal Ganglion Cells 

Oxidative Stress 

a b s t r a c t 

Glaucoma is a chronic optic neuropathy that creates a significant burden on public health. 

Oxidative stress is hypothesized to play a role to glaucoma progression, and its reduction 

is being analyzed as a therapeutic target. Dietary antioxidants play a crucial role in help- 

ing provide insight into this hypothesis. We reviewed 71 trials, interventional, in-vivo and 

Iin vitro , including 11 randomized controlled trials, to determine if adjunctive nutritional 

supplementation could lead to a reduction in oxidative stress and prevent glaucomatous 

progression. Many laboratory findings show that vitamins and natural compounds contain 

an abundance of intrinsic antioxidative, neuroprotective and vasoprotective properties that 

show promise in the treatment and prevention of glaucoma. Although there is encouraging 

early evidence, most clinical findings are inconclusive. The group of B vitamins appear to 

have the greatest amount of evidence. Other compounds such as flavonoids, carotenoids, 

curcumin, saffron, CoQ10, gingko biloba, and resveratrol however warrant further investi- 

gation in glaucoma patients. Studies of these antioxidants and other nutrients could create 

adjunctive or alternative preventative and treatment modalities for glaucoma to those cur- 

rently available. 
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1. Introduction 

Glaucoma is one of the most prevalent causes of irreversible
blindness worldwide and evolves through a range of con-
tributing factors.5 , 109 It is often classified as primary or sec-
ondary glaucoma and provides an umbrella for a multitude
of disease processes that result in optic neuropathy. Pri-
mary open-angle glaucoma (POAG), the most common type,
is one such progressive optic neuropathy associated with
both higher intraocular pressures or normal to low pressure
levels.124 Primary angle closure follows closely and in cer-
tain demographics is equally common.122 , 151 Secondary glau-
coma arises from various precipitating factors that range from
pigment dispersion, pseudoexfoliation, post phacoemulsifica-
tion, as well as trauma and tumors. 

Ischemic and oxidative damage to the optic nerve head
(ONH) has been hypothesized to damage to the retinal gan-
glion cells (RGC), which are characteristically affected in
glaucomatous patients.61 , 69 , 108 , 131 , 140 , 147 Although the current
mainstay of treatment in glaucoma revolves around reduc-
ing raised intraocular pressure (IOP), antioxidative diets are
an alternative avenue that could provide a minimally invasive
effect in the progression of this disease. Studies such as the
Nurses’ Health Study highlighted the role of diet in relation
to glaucoma prevention showing how increased nitrate and
green vegetable were correlated intake slowed progression of
POAG in patients.54 These studies have helped facilitate many
other similar projects.54 We provide an updated review of the
research defining the properties in various vitamins and nutri-
ents and how these properties can influence ocular pathology
with respect to glaucoma and will also review the current lit-
erature translating these properties to practical applications
in glaucoma prevention and treatment. 

2. Glaucoma risk factors and pathogenesis 

Regardless of the classification of glaucoma, all patients ex-
hibit optic nerve head changes such as retinal nerve fibre layer
(RNFL) thinning and neuroretinal rim loss, that progress to vi-
sual field deficits. Although there is no consensus on the exact
pathophysiology of glaucoma, the favored clinical dogma cen-
ters on IOP changes contributing to RGC death and damage
to posterior structures such as the lamina cribosa, the range
of risk factors associated with glaucoma is consistently grow-
ing.66 , 67 , 102 Studies such as the Ocular Hypertension Treat-
ment Study highlighted that elevated IOP is only associated
with glaucomatous optic neuropathy in approximately 2% of
patients per year with untreated ocular hypertension IOP > 21
mmHg.55 

Integrity of the trabecular meshwork (TM) and Schlemm
canal (SC), the primary structures that facilitate aqueous hu-
mor drainage,2 has been shown to be increasingly important
in glaucoma. Increases in IOP, trauma, high cholesterol, ox-
idative damage, and advancing age have been hypothesized
to contribute to outflow restriction by causing changes to the
structure and integrity of these drainage tissues.2 , 65-67 Struc-
tural changes within the TM include accumulation of fibrillar
elements such as fibronectin and transglutaminase (TGM2),
tissue stiffness, and cell loss.2 

In patients with normal-tension glaucoma (NTG)–which
accounts for 40% of Caucasian and up to 90% of Asian cases of
glaucoma–the pathophysiology is considered to be multifac-
torial.7 , 56 In these patients impaired ocular blood flow to the
optic nerve head from both primary and secondary causes is
thought to contribute to primary vascular dysregulation and
subsequent damage.21 , 83 , 90 

RGC’s are rich in mitochondria and enable high levels
of energy production required for nerve conduction.50 Reac-
tive oxygen species (ROS) are compounds that cause oxida-
tive damage. Mitochondria in particular create the greatest
amount of ROS as a byproduct in the electron transport chain
in aerobic metabolism. This predominantly occurs through
complex I and II of the oxidative phosphorylation processes.9

As well as enabling energy metabolism, mitochondria are es-
sential for regulating cell death, a process heavily dependent
on ROS. Simultaneously an accumulation of calcium, free iron
(thereby hydroxyl), and hydrogen peroxide free radical sub-
strates damage cellular components and further increase ROS
levels.20 , 91 It is this increase in ROS that has been hypothe-
sized to contribute to RGC loss and eventual RNFL and visual
field changes noted in glaucoma. 

Although the presence of ROS in the body is essential for
normal physiological functioning, dysregulation of the nor-
mal ROS equilibrium in ocular mitochondria has been linked
to DNA mutation, aging, and cell death.9 The tipping of this
fine balance in glaucoma could result in damage to ocular
structures such as the RGCs. It has also been noted that re-
duced oxygen supply can induce a level of reperfusion injury,
often in correlation with higher levels of endothelin-1 (ET-
1), an important vasoconstrictive metabolite within the ocu-
lar tissues.33 , 38 Glutamate excitotoxicity, disruption of axonal
transport chains and activation of astrocytes have also been
found to contribute to apoptotic processes.61 , 95 , 135 , 139 This is
in turn is hypothesized to increase production of ROS, which
could damage crucial structures such as the optic nerve head,
a pathophysiological process associated with vascular dysreg-
ulation and NTG.84 , 90 

Identifying elements that can influence the aforemen-
tioned mechanisms of injury might create new avenues for
developing treatments for glaucoma that address the multi-
factorial nature of the disease. The current mainstay of phar-
macological glaucoma treatments revolves around lowering
IOP, and although this is a significant modifiable risk factor,
it does not encompass the entire pathogenesis of glaucoma.24

Antioxidants work by neutralizing the damage caused by their
oxidative counterparts through the donation of electrons (25).
Given the potential hypotheses linking oxidative damage to
RGC death, it is important to investigate this potential treat-
ment modality.77 The list of natural compounds that contain
intrinsic sources of antioxidants is extensive, and therefore
it is logical to investigate the effects of these compounds in
glaucoma patients. Other nutritional compounds are thought
to also provide various neuroprotective benefits that prevent
inflammation, mitochondrial dysfunction, and vascular dys-
regulation in RGCs and retinal axons could be used as ad-
junctive treatments.15 , 32 , 48 , 96 , 125 , 128 , 142 We shall examine the
current literature on nutrient properties associated with im-
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proved outcomes in ocular pathologies and to determine if
there are any clinical correlations between human usage of
nutritional compounds and glaucoma prevention and treat-
ment. 

3. Preclinical nutrient literature 

3.1. Vitamin B3 

Nicotinamide (NAM) is a specific amide form of vitamin B3
that is a nontoxic precursor to NAD + , a substrate in complex 1
of the electron transport chain responsible for ATP generation.
This substrate has been associated with a reduction of oxida-
tive damage secondary to protein oxidation and lipid peroxi-
dation. It has also been found to contribute to axon neuropro-
tection and preventing neurodegenerative diseases.80 , 126 The
presence of NAD + appears to decrease with age and has been
linked specifically to RCG death.126 Nicotinamide reduces the
ischaemic and phototoxic injuries that occur in RGC’s in rats,
particularly those reperfusion injuries associated with poly-
ADP-ribose polymerase (PARP) activation, a notable apoptotic
mediator.50 , 121 

In vivo NAM trials in mice have also shown protection of
the retinal ganglion cells, giving preclinical support to trial
nicotinamide supplements for glaucoma patients (32). In ad-
dition to PARP inhibition, the neuroprotective effects of nicoti-
namide have also been associated with its ability to stabilize
blood flow, inhibit lipid peroxidation, and improve endothe-
lial function.40 , 50 , 144 Studies on DBA/2 mouse models illus-
trate that nicotinamide supplementation (orally and through
gene therapy) inhibits mitochondrial dysfunction in mouse
retinas, and even prevents RGC loss and optic nerve degenera-
tion in 93% of mice.143 Another in vivo study published by Ji and
coworkers reinforced the positive effects of intravitreal nicoti-
namide in rats, showing that the vitamin attenuated the is-
chemic/reperfusion injuries caused by induced elevated IOP.50 

3.2. Vitamin B12, B6, and B1 

Metabolism of methionine to homocysteine (Hcy) and then
to cysteine occurs via a pathway dependent on vitamins B12
and B6.25 Hcy is the toxic molecule in this pathway, and el-
evated levels have been hypothesized to contribute to reti-
nal vascular diseases such as vascular occlusion or optic
neuropathies such as POAG and pseudoexfoliation glaucoma
(PEXG).6 , 12 , 110 Numerous studies have tested the presence of
serum vitamin B12 and B6 in patients with NTG, POAG, and
PEXG.25 , 104 , 133 , 145 One prospective cohort study of 140 patients
with PEXG demonstrated significantly lower levels of both
serum B12 and B6 and elevated levels of Hcy when compared
to controls.115 Similarly, a prospective controlled trial of 120
patients by Turgut and coworkers reported increased serum
levels of Hcy in PEXG when compared to controls.133 Protective
effects of B12 on neurons may prevent optic atrophy and vi-
sual field changes.43 , 118 Although clinical evidence is limited,
one small prospective study analyzed oral B12 supplementa-
tion in NTG glaucoma patients, and showed that patients did
not experience a significant reduction in their visual fields at
a 4 year follow up.43 , 150 
Vitamin B1 or thiamine deficiency has been associated var-
ious neurodegenerative changes to microglia, astrocytes, en-
dothelial cells and mast cells, all resulting in neuronal cell
death.84 The Rotterdam Study analyzed a prospective popula-
tion of 3502 patients and noted that patients with lower serum
thiamine were more likely to progress to developing POAG 

110 ;
however, there are no other clinical trials to support this. 

3.3. Vitamin C 

Vitamin C, composed of the substrate ascorbic acid, is pre-
dominantly found in citrus or red peppers and is known for
its non-enzymatic antioxidant effects.14 Studies in vitro have
shown that ascorbate acts as a potent osmotic agent and
synthesizes a less viscous hyaluronic acid in the trabecular
meshwork.43 There is evidence supporting ascorbic acid in
the reduction of IOP, prevention of retinal damage, and slow-
ing cataract development and maculopathies.1 , 15 , 19 , 129 An in
vitro study by Xu and coworkers noted that reduced ascorbic
acid levels in aqueous humor compromised lysosomal degra-
dation of the outflow cells.148 In vivo animal trials suggest that
ascorbic acid reduced the loss of rhodopsin and photorecep-
tor cell nuclei, protecting the retina.94 Small prospective hu-
man studies with samples of 18 and 40 patients highlighted
that patients with exfoliation syndrome, a precursor to sec-
ondary glaucoma, had significantly lower levels of ascorbic
acid within their aqueous humour.59 , 63 

Nitric oxide (NO) is a molecule that works to increase
blood flow, induce vasodilation, and reduce vascular resis-
tance in the ocular circulation when released from the en-
dothelium. Lower quantities of NO can reduce IOP by decreas-
ing resistance in the outflow pathway through the trabecu-
lar meshwork.16 At least one randomized control trial (RCT) of
24 patients and another trial have established the effectivity
of NO donating prostanoid receptor agonist (latanoprostene
bunod) in reducing IOP.8 , 141 Recent studies have harnessed
these properties of NO to create potential treatment modal-
ities in the ongoing management of these patients.5 , 16 Vita-
min C has long been known to increase nitric oxide synthase
activity (NOS), and it is possible that this stimulation of NOS
decreases the resistance through the TM outflow tract result-
ing in positive impacts on glaucoma progression.27 , 59 , 63 , 117 

3.4. Vitamin E 

Vitamin E is a strong antioxidant, and one of its 8 active sub-
strate’s alpha-tocopherol has been associated with improv-
ing ocular pathology.88 , 112 Current reviews on the tocopherol
components have recognized the antioxidant effect vitamin
E exhibits as a combined group of tocopherols in compari-
son to an isolated substrate.46 Tocopherols additionally act
to protect cell membranes of photoreceptor cells, inhibit fi-
broblast proliferation, prolong endothelial cell survival time
in rabbits and serve as neuroprotective agents and vasoreg-
ulators.29 , 30 , 112 , 114 A more recent cross sectional in vitro study
used tissue culture reagents of vitamin E to examine its effects
directly on trabecular meshwork mitochondria.42 It showed
that vitamin E reduced the levels of ROS in the TM cells of glau-
comatous patients, a finding mirrored by other studies.20 , 42 , 103 

https://doi.org/10.1016/j.survophthal.2021.12.001
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Increased alpha tocopherol in ocular smooth muscles in
vitro has also been shown to exhibit anti-proliferative effects
through the inhibition of protein kinase c (PKC).30 Retinal vas-
cular dysfunction secondary to hyperglycemia is also mod-
ulated through the inhibitory effect of alpha-tocopherol on
this diachylglycerol-PKC pathway.29 Similarly another animal
study illustrated a greater RGC death rates in rats supple-
mented with oral vitamin E against controls.58 This preclinical
data makes illustrates the inconclusive nature of the benefits
of vitamin E in glaucomatous pathology. 

3.5. Vitamin A 

Vitamin A, sourced mostly from vegetables, is comprised
of compounds such as carotenoids and retinol.87 A small
prospective study of eight animals from 2003 shows that
carotenoids can create an intraocular antioxidant effect.89

Similarly, a cross sectional study of 379 patients analyzed lev-
els of serum carotenoids and vitamin C and noted an inverse
relationship to the levels of serum CRP and leukocytes indicat-
ing another link between antioxidants in reduced inflamma-
tion.134 Contrarily, there is also some in vitro research that has
shown that the retinol component increases fibroblast growth,
causing poor outflow filtration in turn increasing IOP.57 

4. Other compounds 

4.1. Flavonoids 

Flavonoids are naturally occurring polyphenols that are har-
nessed for their neuroprotective and antioxidative proper-
ties.101 Their main effects are exerted at the mitochondrial
level, encouraging increased levels of ocular blood flow in rab-
bit retinas.82 , 100 Interestingly, a randomized study on 30 glau-
coma patients illustrated the venous vasodilatory effects on
control patients after dark chocolate consumption, but not on
glaucoma patients, which they hypothesize to be secondary
to the underlying endothelial function in this group.130 An in
vitro study by Nakayama and coworkers examined the effects
of flavonoids on RGC survival after exposure to oxidative and
hypoxic damage.86 Flavonoids appeared to exhibit neuropro-
tective effects in cells exposed to them by extending RGC sur-
vival rates despite stress exposure.77 , 86 

Gingko biloba contains multiple flavonoid compounds
which have been investigated in their association to glau-
coma. Early literature shows that extracts from the fruit ex-
hibit potent antioxidant as well as neuroprotective and vaso-
protective effects successful in treating cognitive impairment,
hypoxia, and other vascular diseases.43 Currently there is lit-
erature suggesting gingko biloba can increase central and pe-
ripheral blood flow, reduce vasospasms and inhibit apopto-
sis.26 , 90 , 111 Some studies have also illustrated an overall neu-
roprotectant effect of gingko biloba in rat models.44 A study by
Park and coworkers also showed that gingko biloba improved
the peripapillary blood flow in patients with NTG.99 

4.2. Ubiquinone/Coenzyme Q10 
Ubiquinone or coenzyme Q10 (CoQ10) has been established
as a specific mitochondrial targeting antioxidant that exhibits
neuroprotective properties demonstrated by preventing lipid
peroxidation and DNA damage through gene expression mod-
ulation.23 , 84 , 116 Specifically, CoQ10 augments complex I in the
electron transport chain, inhibits the action of the inflamma-
tory transcription factor NF-kB, and also prevents the opening
of the mitochondrial transition pore.17 It’s been shown that by
inhibiting oxidative stress coenzyme Q10 can improve bioen-
ergetic function at the optic nerve head in rat astrocytes.116 

Neuroprotection through CoQ10 is now being acknowl-
edged in the multifaceted treatment of glaucoma and is un-
dergoing clinical trials to assess its practicality.17 , 68 An in vivo
study by Nucci and coworkers, showed that intraocular ad-
ministration of CoQ10 reduces synaptic glutamate, a precur-
sor to oxidative stress, and delays the apoptosis of RGC after
ischemic/reperfusion injuries.92 It has been noted that retinal
CoQ10 levels decrease by up to 40% with age, which may be rel-
evant for the treatment of ocular pathology.106 Early research
in mice shows that topical application of CoQ10 can improve
levels of ocular hypertension. In a recent prospective clinical
study of 43 patients with OAG, combination CoQ10 and vita-
min E eye drop administration elicited benefits in retinal func-
tion.97 

4.3. Lutein, zeaxanthin, resveratrol and magnesium 

Lutein and zeaxanthin are from the family of carotenoids, and
are often found in high concentrations in the macular lutea.113

There appears to be a direct relationship between the level
of lutein and zeaxanthin and levels of macular pigment, and
their notable properties include their function as antioxidants
and filters for high energy light wavelengths at the macula.113

The Age-related Eye Disease Studies (AREDS) illustrated the
relationship between these carotenoids and their anatomic
distribution with resulting positive impact on disease pro-
cesses in age-related macular degeneration (AMD).62 A small
experimental prospective animal study (n = 8) has shown a re-
duction in retinal ganglion cell loss in retinas supplemented
with lutein and zeaxanthin indicating a potential role in glau-
coma treatment.89 Another in vivo study has demonstrated
the neuroprotective effects of lutein. By examining rat reti-
nal cells they found that lutein protects against inner retinal
reperfusion/ischemic injury and creates anti-apoptotic effects
through its antioxidative properties.70 

In preclinical data, resveratrol has neuroprotective effects
such as neurogenic stimulation, and inhibiting neuroinflam-
mation.116 In vivo studies have shown that resveratrol pro-
tects rat RGC’s against retinal ischemia/reperfusion injuries
induced secondary to increased intraocular pressures.75 There
is also evidence that resveratrol is responsible for inhibiting
the formation of endothelin-1, which in turn creates vasopro-
tective effects.84 

Magnesium (Mg) is an intracellular cation used in various
enzymatic reactions, including inhibition of glutamate release
and serving as a non-competitive antagonist for NMDA recep-
tor activators.28 Magnesium has been known for its neuropro-
tective effects and its deficiency has shown necrosis of the
retinal pigment epithelium in rats.28 In these animal studies,
Mg appears to improve endothelial function, and ocular blood
flow, and protect RGCs through the inhibition of glutatmate
release, and endothelin 1 (ET-1).28 

https://doi.org/10.1016/j.survophthal.2021.12.001
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5. Saffron and curcumin (tumeric) 

Saffron is another alternative compound composed of crocin
and crocetin carotenoid derivatives, both of which are pow-
erful radical scavenging compounds as well as proangiogenic
and antiapoptotic.11 , 49 A study by Maccarone and coworkers
has also illustrated that dietary saffron supplementation in-
vivo protects rat photoreceptors against photooxidative dam-
age.76 Animal studies in vivo have established the ability of
crocin to improve retinal and choroidal blood flow, and other
studies have shown its effects in preventing RGC apoptosis
through the P13K/AKT pathway.105 , 149 

The active compound in curcumin exhibits ketoenoltau-
tomerism, an antioxidant property that serves as a neuropro-
tective agent in animal models in vivo.152 A 2014 in vivo study
showed that curcumin is also associated with neuroprotection
of retinal ganglion cells despite high intraocular pressures.152 

Curcumin has also been shown to prevent mitochondrial dys-
function by maintaining levels of mitofusin 2 (mfn2) proteins
and increasing levels of nuclear factor erythroid 2 related pro-
tein (Nrf2).74 Mfn2 has been shown to be reduced in raised
intraocular pressures and reperfusion injury. Nrf2 has been
shown to increase as it exhibits a protective effect in oxidative
stress.137 , 152 These protective effects in ocular pathology have
been shown in mouse models, but not in ophthalmic human
trials. 

Deficiencies in zinc have also been linked to a greater level
of oxidative stress and with low levels predisposing an in-
creased risk of glaucoma.4 , 78 Although prominent research
papers highlight the benefits of zinc given as a combination
treatment of patients with ocular pathologies such as AMD,
to our knowledge there is little research on glaucoma and
zinc.3 , 37 , 78 It appears that a homeostasis must be achieved
as too much zinc contributes to neuronal death.4 , 71 A recent
in vitro study examined the effects of zinc chelation on the
retinal ganglion cells and the optic nerve after intravitreal in-
jections into mice. Researchers imply that by facilitating the
chelation of zinc released post oxidative stress through intrav-
itreal injections they can stimulate the regeneration of RGCs
and axons.71 

6. Clinical applicability for nutrients in 

glaucoma 

We assessed 43 human studies that highlighted how prop-
erties of complementary nutrients and vitamins have the
potential to impact the treatment and progression of glau-
coma.35 , 138 . This has been highlighted in Table 1 . Firstly, there
are a number of research papers that have assessed the link
between deficiencies in various nutritional components and
risk of developing glaucomatous diseases. One cross sectional
study of 662 patients in the USA assessed general dietary in-
take and correlated this to their incidence of developing glau-
coma. Interestingly, patients with higher intakes of foods rich
in Vitamin A, C, and carotenoids had a reduced incidence
of developing glaucoma.34 , 35 This finding is at odds with an-
other cross sectional study of 2912 patients from the National
Health and Nutritional Survey that showed that there was no
correlation between glaucoma prevalence and serum vitamin
A, C, and E levels.138 

A large Korean survey of 16,770 people showed that in-
creased consumption of niacin (B3) and riboflavin (B2) were di-
rectly linked to lower risks of glaucoma 51 Similarly, a prospec-
tive study of 34 POAG patients revealed lower serum nicoti-
namide levels in patients with POAG over controls.60 One
prospective cross sectional study of 345 patients noted lower
serum retinol levels in patients with NTG and POAG as com-
pared to controls.97 A recent paper by Li and coworkers re-
vealed that aqueous humor zinc levels in 72 glaucoma pa-
tients was greater than in 66 control patients.72 Similarly, a
prospective trial of 33 patients suggests that higher zinc levels
are seen in patients with glaucomatous disease when com-
pared to control groups.45 A case control study of approxi-
mately 226 patients in New Zealand explored the correlation
between oral dietary intake and glaucoma risk. Increased in-
take of fruits, vegetables and diets rich in vitamin C and beta-
carotene was associated with a reduced risk of developing ox-
idative stress related diseases, including glaucoma. Similarly
higher intakes of meats and nuts were proportionally harm-
ful.13 

Using data from the Nurses’ Health Study and the Health
Professionals follow up study, one paper analyzed the dietary
intake of 474 glaucoma patients and found a notable inverse
relationship between the intake of lutein and zeaxanthin and
POAG risk over a 4 year period.53 Another paper sampled 399
cases from the Nurses’ Health Study population and found
that greater folate intake was associated with a reduced risk
of developing exfoliation glaucoma.52 Elevated Serum Hcy lev-
els have also been associated with increased risks of POAG, a
correlation hypothesized to be associated with the increased
risk of RGC death, and oxidative stress reactions seen with
Hcy.12 , 25 , 115 , 133 , 146 

A larger cross-sectional study conducted by Giaconi and
coworkers examined the effect of dietary intake in 584 African
American women over 65 and found that dietary intakes of
fruits and vegetables, particularly those higher in levels of vi-
tamin A and C, exhibited a statistically significant lower risk
of developing glaucoma.35 After analysis of optic discs and vi-
sual fields over a year, they noticed a lower odds ratio inci-
dence of developing glaucoma if greater levels of fruit and veg-
etables ( > 2 servings) were incorporated into the diet. The de-
mographic of these women also fell into standard representa-
tions with regards to co-morbidities such as diabetes and hy-
pertension. This paper also compared this evidence to another
study of theirs that looked at a predominantly Caucasian pop-
ulation of women from a similar sample and highlighted sim-
ilar findings in reference to vitamin B2 and vitamin A.22 They
thought that differences in the findings with reference to spe-
cific vitamin intakes not correlating to changes in glaucoma
risk between the two groups could be attributed to the dif-
ferences in food preparation, metabolism, and hormones or
genes. The important conclusion this study draws attention
to is the multifaceted considerations involved in tackling this
pathology and the complexity in creating treatments for indi-
viduals. 

A recently published Australian article referenced a retro-
spective sample of 1483 subjects within the Nurses’ Health
Study that found that a diet rich in nitrates and green leafy

https://doi.org/10.1016/j.survophthal.2021.12.001
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Table 1 – Vitamins and Nutrients: evidence for effects. 

Class of 
Studies 

Reference Year and 
Location 

Vitamin/Nutrient 
Examined 

Type of study Sample 
size 

Treatment 
duration 

Outcome Measures Key Findings 

Animal Neac ̧s u et al 2003, 
Romania 

Lutein and 
Zeaxanthin 

Experimental animal 
prospective study 

8 3 months Lutein/zeaxanthin serum 

levels correlated with RGC loss 
and 

Lutein and zeaxanthin additions to 
guinea pig diet reduced the retinal 
ganglion cell loss. 

Animal Ji et al 2007, UK Nicotinamide Experimental 
prospective study 

N/A 5 days ERG function post ischemia 
and post nicotinamide 

Nicotinamide significantly blunted 
effects of ischemia/reperfusion injury 
in rat retina. 

Animal Williams 
et al 

2018, USA Nicotinamide Experimental 
prospective animal 
study 

N/A Not men- 
tioned 

Rates of glaucoma in DBA/2J 
mice administered 
nicotinamide orally 

Mice given nicotinamide had less 
likelihood of developing glaucoma. 

Animal Organisciak 
et al 

1990, USA Ascorbic acid. Experimental 
prospective animal 
study 

N/A Two 
weeks 

Rhodopsin, retinal light 
damage and retinal DNA levels 
after ascorbate oral 
supplementation. 

Ascorbic acid protects photoreceptors 
and RPE against oxidative damage. 

Animal Ko et al 2009, 
Taiwan 

Vitamin E Experimental 
prospective study 

N/A Five 
weeks 

RGC death rates in rats after 
oral supplementation with 
vitamin E versus controls 

Rats with vitamin E deficient diets had 
increased levels of RGC death 
compared to controls. 

Animal Robison et al 1979, USA Vitamin E Experimental 
prospective study 

N/A 8 months Retinal photoreceptor changes 
after supplementation with 
vitamin E 

Vitamin E protect photoreceptor 
membrane from oxidative damage. 

Animal Kawai et al 2002, USA Nitric Oxide 
Synthase 

Experimental 
prospective study 

N/A 7 months Retinal ganglion cell loss after 
supplementation with oral 
nitric oxide synthase. 

Nitric oxide synthase 
supplementation prevented RGC loss 
in eyes with elevated IOP although it 
didn’t effect intraocular pressure. 

Animal Mills et al 2016, USA Nicotinamide Experimental 
prospective animal 
study 

N/A 12 
months 

Oral administered 
Nicotinomide mononucleotide 
in mice effects on energy 
metabolism, insulin sensitivity, 
eye function, and lipid profile. 

Nicotinomide mononucleotide 
minimises age associated 
physiological decline. Improves 
insulin sensitivity, plasma lipid profile, 
and increases physical activity and 
energy metabolism. 

Animal Park et al 2004, 
Korea 

Flavonoids Experimental 
prospective animal 
study 

N/A N/A Determine ocular blood flow in 
rabbit eyes after flavonoid 
addition 

Flavonoids increased ocular blood 
flow 

Animal Liu et al 2013, 
China 

Resveratrol Experimental 
Prospective study 

N/A 60 mins ERG and real time PCR findings 
after resveratrol 
administration in rats 

Resveratrol can reduce oxidative 
damage after retinal ischaemic insult. 

Animal Xuan et al 1999, USA Crocin Experimental 
animal study 

N/A 120 mins ERG assess retinal function 
after retinal ischaemia in rats 
given oral Crocin 

Crocin analogues increase retinal 
blood flow in rat retina and could be 
used to treat ischaemic retinopathy 
and or ARMD. 

( continued on next page ) 
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Table 1 ( continued ) 

Class of 
Studies 

Reference Year and 
Location 

Vitamin/Nutrient 
Examined 

Type of study Sample 
size 

Treatment 
duration 

Outcome Measures Key Findings 

Animal Qi et al 2013, 
China 

Crocin Experimental 
prospective animal 
study 

N/A 24 hours Effect on RGC loss and retinal 
injury after intravitreal crocin 
injection. 

PI3KT/AKT pathway activated by 
crocin in ganglion cell layer after 
retinal injury. Crocin prevents retinal 
ischaemic/reperfusion apoptosis of 
RGCs by activating PI3k/AKT pathway. 

Animal 
Cell 
Based 

Li et al 2017, USA Zinc Cell culture study N/A 60mins Assess RGC survival rates after 
intravitreal zinc chelator 

Intravitreal injections with zinc 
chelators allow prolonged RGC 

lifespan. 
Cell 
Based 

Wang et al 2011, 
China 

Curcumin Experimental cell 
culture study 

N/A 60mins Assess inhibition in neuronal 
ischemia reperfusion injury 
after curcumin administered 
orally 

Dietary Curcumin inhibited 
degeneration of retinal neurons and 
capillaries and apoptotic cell death in 
ganglion cell layer. 

Cell 
Based 

Hirooka et al 2004, 
Japan 

Ginkgo Biloba Experimental cell 
culture study 

N/A 5 months RGC loss in eyes treated with 
ginkgo biloba oral 
supplementation against 
controls 

Ginkgo Biloba supplementation serves 
as a neuroprotective agent in RGCs of 
rats. 

Cell 
Based 

Nucci et al 2007, Italy CoEnzyme Q10 Experimental 
primary cell culture 

N/A 24 hours Intraocular administration of 
CoQ10 effects on retinal 
ischaemia/reperfusion injury. 

CoQ10 facilitates neuroprotection, 
delays apoptosis, and prevents 
oxidative mechanisms that contribute 
to RGC death. 

Cell 
Based 

Maccarone 
et al 

2008, Italy Saffron Experimental Cell 
culture 

N/A 1 week Assess retinal protein levels, 
fibroblast growth factors and 
photoreceptor analysis after 
oral saffron in rats 

Saffron protects photoreceptors from 

retinal stress. 

Cell 
Based 

Yue et al 2014, 
China 

Curcumin Experimental Cell 
culture 

N/A 6 weeks RGC loss quantification after 
intragastric administration of 
curcumin 

Cell viability of RGC increases and 
apoptosis decreases after curcumin 
administration intragastric. 

Cell 
Based 

Xu et al 2014, USA Ascorbic Acid Primary cell culture 
study 

N/A 10 days Monitor cell viability after 
ascorbic acid supplementation 
in porcine trabecular 
meshwork cells 

Reduced ascorbic acid in plasma and 
aqueous humour compromises 
outflow pathway and lysosomal 
degradation. 

Cell 
Based 

Nakayama 
et al 

2011, 
Japan 

Flavonoids Primary cell culture 
study 

N/A 3 hours Assess RGC survival rates after 
administration of hree 
flavonoids in hypoxic stress 

Flavonoids increase RGC survival rate 
in hypoxic conditions and enhance 
neuroprotective activity. 

Cell 
Based 

Suk-Yee Li 
et al 

2010, 
Hong 
Kong 

Lutein Primary cell culture 
study 

N/A N/A Lutein effect on retinal 
ischemia and oxidative stress 
in retinal rat cells 

Higher levels of RGC cells were present 
in cells supplemented with lutein. 

Cell 
Based 

Kamat et al 1999, 
India 

Nicotinamide, 
ascorbic acid, 
alpha tocopherol. 

Primary Cell culture 
Study 

N/A 30mins Assess oxidative changes in rat 
brain mitochondria after 
exposure to nicotinamide, 
ascorbate and alpha tocopherol 

Nicotinamide inhibits oxidative 
damage, protects against protein 
oxidation and lipid peroxidation in rat 
brain mitochondria. 

( continued on next page ) 
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Table 1 ( continued ) 

Class of 
Studies 

Reference Year and 
Location 

Vitamin/Nutrient 
Examined 

Type of study Sample 
size 

Treatment 
duration 

Outcome Measures Key Findings 

Cell 
Based 

Williams 
et al 

2017, USA Nicotinamide Primary Cell culture 
Study 

N/A 12 
months 

Assess glaucomatous 
neurodegeneration after oral 
nicotinamide administration. 
Assess retinal Nicotinamide 
expressed from the WLD 

S gene. 

Nicotinamide prevents axonal 
degeneration, prevents mitochondrial 
changes, and reduces synaptic 
degeneration WLD 

S increases Retinal 
Nicotinamide levels also. 

Cell 
Based 

Song et al 2005, USA Statins Primary Cell culture 
Study 

N/A 24 hours Cellular changes in porcine 
trabecular meshwork and 
ciliary body 

Lovastatin and compactin induce 
cellular and tissue relation and create 
ocular hypotension in Porcine 
trabecular meshwork and ciliary body 
after 24 hrs 

Cell 
Based 

Maher et al 2005, USA Flavonoids Primary cell culture 
study 

N/A 7 days Assess effect of flavonoids on 
retinal ganglion cell death rates 

Flavonoids protected RGC death 
despite exposure to oxidative stress. 

Human 
Study 

Mutolo et al 2015, Italy Forskolin, 
Homotaurine, 
Carnosine, Folic 
Acid 

Randomised 
case-control 
prospective study 

22 12 
months 

Assess PERG changes, foveal 
sensitivity and IOP changes in 
POAG patients after oral 
supplementation 

Patients given supplementation 
showed improved PERG amplitudes, 
foveal sensitivity and reduced IOP in 
POAG patients compared to controls. 

Human 
Study 

Goldblum 

et al 
2009, 
Switzer- 
land 

Tocopherol Double Blind RCT 39 2 months Assess effect of oral tocopherol 
supplementation on IOP in 
patients post 
phaco-trabeculectomy 

Success rates and IOP reduction were 
comparable between the two groups. 
No significant difference was found. 

Human 
Study 

Kang et al 2014, USA Folate, B6, 
Vitamin B12 

Prospective Cohort 
study 

399 30 years Assess Exfoliation glaucoma 
incidence in patients with 
various levels of oral folate, 
B12, and B6 consumption 

Higher folate levels were associated 
with a lower risk of exfoliation 
glaucoma and vitamin B6 and B12 
intakes were not associated with 
exfolation glaucoma. 

Human 
Study 

Li et al 2020, 
China 

Zinc Prospective 
Case-Control Study 

138 N/A Assess aqueous humor levels 
of zinc in glaucoma patients 
versus age-matched controls 

Patients with glaucoma had 3.75-fold 
greater numbers of aqueous humor 
zinc compared to controls. 

Human 
Study 

Kang et al 2003, USA Dietary alpha 
carotene, beta 
cryptoxanthin, 
lutein/zeaxanthin, 
vitamin C, E, A. 

Cohort study 474 40 years Assess risk of POAG in context 
of dietary consumption of 
various antioxidants 

No significant associations between 
antioxidant consumption and the risk 
of POAG. 

Human 
Study 

Jabbarpoor 
et al 

2014, Iran Saffron Prospective 
Comparative 
Randomized 
Interventional Study 

34 4 weeks Assess IOP in POAG patients 
after oral aqueous saffron 
administration versus placebo. 

Oral saffron extract creates an 
antihypertensive effect in patients 
with POAG. 

Human 
Study 

Stark et al 1985, 
Germany 

Vitamin A + E Prospective cohort 
study 

114 5 months Assessment of visual field 
changes after supplementation 
of vitamin A + E 

Reduction of visual field changes in 
patients with POAG after oral 
supplementation with Vitamin A + E. 

Human 
Study 

Jung et al 2018, 
Korea 

Niacin Population cross 
sectional survey 

16 770 N/A Assessment of dietary niacin 
intake in relation of POAG 

diagnosis 

Lower intake of foods with niacin was 
linked to a greater risk of developing 
POAG and NTG in patients. 

( continued on next page ) 
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Table 1 ( continued ) 

Class of 
Studies 

Reference Year and 
Location 

Vitamin/Nutrient 
Examined 

Type of study Sample 
size 

Treatment 
duration 

Outcome Measures Key Findings 

Human 
Study 

Kouassi et al 2019, 
France 

Nicotinamide Semiquantitative 
case-control 
prospective study 

64 N/A Plasma levels of nicotinamide 
were measured between 
controls and patients with 
diagnosed POAG 

Plasma nicotinamide was significantly 
lower in POAG patients compared to 
control. 

Human 
Study 

Braakhuis 
et al 

2017, New 

Zealand 
Dietary 
antioxidants 

Case-Control study 226 18 
months 

Association between intakes of 
nutrients and risk of 
developing glaucoma 

High intake of fruits and vegetables 
reduces risk of glaucoma. Higher 
intakes of meats and nuts increases 
risk of oxidative stress related eye 
diseases. 

Human 
Study 

Wang et al 2012, USA Calcium and Iron Cross Sectional 
Study 

3833 2 years Incidence of being diagnosed 
with glaucoma after Calcium 

and iron oral supplementation. 

In higher doses Calcium and iron 
intake may increase risk of glaucoma. 

Human 
Study 

Park et al 2011, 
Korea 

Ginkgo Biloba Prospective 
Case-Control study 

30 4 Weeks Assess otpic nerve blood flow 

and neuroretinal rim changes 
after supplementation with 
oral Ginkgo Biloba or placebo. 

Ginkgo biloba patients had 
statistically significant increase in 
blood flow with good supply to the 
neuroretinal rim compared to 
controls. 

Human 
Study 

Garcia- 
Medina 
et al 

2015, 
Spain 

Oral antioxidant 
supplement 

Open label 
randomized 
controlled trial. 

117 2 years Assessment of visual field 
changes, and OCT changes 
after 2 years of 
supplementation with tablet 

Oral supplementation of antioxidants 
did not show any differences in visual 
fields or retinal nerve fibre changes 
between control and POAG patients 

Human 
Study 

Kang et al 2016, USA Dietary nitrate Prospective cohort 
study 

63 893 2 years Incidence of POAG Higher dietary nitrate intake was 
associated with lower risks of POAG. 

Human 
Study 

Hui et al 2020, 
Australia 

Nicotinamide Crossover, double 
masked Randomised 
clinical trial 

57 6 weeks Change in inner retinal 
function assessed after placebo 
or nicotinamide administered 
orally. 

Photopic parameters improved after 
nicotinamide compared to placebo. A 

trend for improved visual field mean 
deviation was seen in patients 
supplemented with nicotinamide. 

Human 
Study 

Cumurcu 
et al 

2006, 
Turkey 

Homocysteine, 
B12, Folic acid. 

Prospective cohort 
study. 

61 N/A Serum homocysteine, B12 and 
folic acid levels measured in 
patients with POAG, PEXG, NTG 

and control patients 

There were elevated levels of plasma 
homocysteine in patients with PEXG. 
No significant elevation seen in B12 or 
folic acid. 

Human 
Study 

Bleich et al 2002, 
Germany 

Homocysteine Prospective Case 
control study 

37 N/A Plasma homocysteine levels in 
patients with POAG and PEXG 

Homocysteine levels are increased in 
patients with POAG. 

Human 
Study 

Ramdas et al 2011, 
Nether- 
lands 

Carotenoids, 
vitamins E, C, 
B12, B1, 
flavonoids, 
omega acids, 
magnesium 

Prospective 
population cohort 
study 

3502 9.7 years Assess if dietary intake of 
nutrients is associated with 
incidence of POAG 

Low vitamin B1 and retinol intake and 
high magnesium intake appears to 
increase the risk of POAG. 

Human 
Study 

Puustjärvi 
et al 

2004, 
Finland 

Homocysteine, 
B6 and B12 

Cross sectional 
study 

72 N/A Plasma homocysteine levels in 
patients with pseudoexfolation 
syndrome versus control group 

High plasma homocysteine in 
patients with psuedoexfoliation 
syndrome patients than controls. 

( continued on next page ) 
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Table 1 ( continued ) 

Class of 
Studies 

Reference Year and 
Location 

Vitamin/Nutrient 
Examined 

Type of study Sample 
size 

Treatment 
duration 

Outcome Measures Key Findings 

Human 
Study 

Turgut et al 2010, 
Turkey 

Homocysteine, 
B6, B12 

Prospective 
controlled trial 

120 N/A Serum homocysteine, vitamin 
B6, B12 and folic acid were 
measured in patients with 
PEXG, POAG and NTG. 

Plasma homocysteine higher in PEXG 

patients and plasma B6 was higher in 
patients with NTG and POAG. 

Human 
Study 

Roedl et al 2007, 
Germany 

Homocysteine, 
B12 and B6 

Prospective 
Case-Control 

140 N/A Assess Serum B12, folate, B6 
levels and association with 
homocysteine in patients with 
PEXG versus control 

PEXG patients had reduced levels of 
folate, B12 and B6 which was 
associated with increased levels of 
homocysteine. 

Human 
Study 

Teikari et al 1998, 
Finland 

Alpha tocopherol 
and beta 
carotene 

Prospective 
controlled clinical 
cohort trial 

941 9 years Long term supplementation 
with beta-carotene or 
alpha-tocopherol in risk of 
developing ARM 

No link between alpha tocopherol and 
beta carotene intake in preventing 
ARMD 

Human 
Study 

Christen 
et al 

2014, USA Multivitamin, 
Vitamin E and 
Vitamin C 

Randomized double 
blinded Placebo 
controlled trial 

14 641 11.2 years Incident cataract and visually 
significant AMD after 
multivitamin or placebo. 

Long term vitamin use reduces risk of 
cataracts, no significant effect on 
ARMD. 

Human 
Study 

Koliakos et al 2002, 
Greece 

Ascorbic Acid Prospective Case 
control study 

80 N/A Ascorbic acid concentration in 
patients with PEXG and 
controls 

Reduced levels of ascorbic acid in 
aqueous humour of PEXG patients. 

Human 
Study 

Leite et al 2009, 
Brazil 

Ascorbic Acid Prospective case 
control study 

45 N/A Ascorbic acid levels in patients 
with POAG and controls. 

Aqueous humour in post-surgical 
glaucoma patients has lower levels of 
ascorbic acid compared to cataract 
patients. 

Human 
Study 

Wang et al 2013, USA Vitamin A, C and 
E 

Cross sectional 
study 

2912 12 
months 

Correlation of vitamin 
supplementation to increased 
odds of developing glaucoma 

Neither supplementary or serum 

levels of vitamin A and E were 
associated with glaucoma. Vitamin C 

in supplementation gave reduced 
odds of glaucoma + serum vitamin C 

had no correlation also. 
Human 
Study 

Sitorus et al 2017, 
India 

Vitamin C and E Pre-post 
experimental study 

26 30 days Free radical level post 
administration of vitamin C or 
E 

Reduction of free radicals noted in 
serum after administration of oral 
vitamin C and E 

Human 
Study 

Engin et al 2007, 
Turkey 

Alpha- 
tocopherol 

Prospective 
experimental study 

60 12 
months 

Blood tocopherol levels were 
monitored alongside Visual 
field changes and doppler flow 

of ophthalmic artery in 
glaucomatous patients 

Patients supplemented with alpha 
tocopherol has better vascular supply 
to the posterior ciliary + ophthalmic 
artery. 

Human 
Study 

Van Herpen- 
broekmans 
et al 

2004, 
Nether- 
lands 

Carotenoids and 
vitamins 

Prospective cross 
sectional study 

379 N/A Serum carotenoids and alpha 
tocopherol concentration in 
relation of inflammatory 
markers – CRP and fibrinogen 

Inverse relationship between serum 

carotenoids, vitamin C and CRP and 
leukocytes. 

Human 
Study 

Terai et al 2014, 
Germany 

Flavonoid Prospective 
randomised study 

30 2 hours Effect of flavonoids in 
chocolate on retinal vessel 
analysis, blood pressure. 

Venous vasodilation improved after 2 
hours of intake in control group but 
not in the glaucoma group. 

( continued on next page ) 
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Table 1 ( continued ) 

Class of 
Studies 

Reference Year and 
Location 

Vitamin/Nutrient 
Examined 

Type of study Sample 
size 

Treatment 
duration 

Outcome Measures Key Findings 

Human 
Study 

Harris et al 2018, USA Oral Gingko 
Biloba 
supplement 

Randomized, double 
blinded 
placebo-controlled 
cross over study 

45 4 weeks Assess intraocular pressure, 
ocular perfusion pressure, 
retrobulbar blood flow and 
retinal capillary flow with 
supplementation or placebo 

One month oral administration of 
antioxidants increases ocular blood 
flow in retinal + retrobulbar vascular 
beds. 

Human 
Study 

Quaranta 
et al 

2003, Italy Gingko biloba Prospective 
randomized 
placebo-controlled 
double masked cross 
over trial. 

27 4 weeks Assess visual field changes in 
NTG patients after oral 
supplementation with gingko 
biloba versus placebo. 

Ginkgo orally improves visual field 
damage in patients with NTG. 

Human 
Study 

Parisi et al 2014, Italy CoenzymeQ10 
and vitamin E 

Prospective case 
control study. 

43 12 
months 

IOP, PERG and VEP changes 
after oral CoQ10 and vitamin E 
topical eye drops given to POAG 

patients 

CoenzymeQ10 and vitamin E in POAG 

improved inner retinal functioning 
and consequent visual cortical 
enhancement on VEP. 

Human 
study Modrzejewska 

et al 

2015, 
Poland 

Cholesterol LDL, 
HDL 

Prospective 
case-control study 

110 N/A LDL and HDL levels in POAG 

patients. Correlation between 
these levels and blood flow 

velocity and vascular risk 
factors 

POAG patient had lower blood velocity 
and ocular perfusion than controls. 
This is also associated with higher 
levels of HDL and LDL in these 
patients. 

Human 
Study 

Nagaoka 
et al 

2006, 
Japan 

Simvastatin Prospective 
placebo-controlled 
double-masked trial 

12 7 days Assess retinal blood flow, IOP 
and plasma nitrate levels after 
simvastatin administration. 

After 7 days of simvastatin there was 
a significant increase in retinal blood 
flow velocity, reduction in IOP and 
increase in plasma nitrate levels. 

Human 
Study 

Akyol et al 1990, 
Turkey 

Zinc and Copper Cross sectional 
Study 

44 N/A Serum aqueous humour zinc 
and copper concentrations in 
patients with POAG. 

Serum levels of zinc and copper seen 
in aqueous humour samples of 
glaucoma patients were within 
normal range, however levels of 
copper were higher in patients with 
glaucoma. 

Human 
Study 

Giaconi et al 2013, USA Fruits and 
vegetables 

Cross sectional 
study 

662 N/A Rates of glaucoma prevalence 
in correlation to survey of fruit 
and veg intake in African 
American women 

Higher intake of vitamin A, C and 
carotenoids may be associated with 
reduced incidence of glaucoma in 
African American Women. 

Human 
Study 

Coleman 
et al 

2008, USA Fruits and 
vegetables 

Cross sectional 
cohort study 

1155 N/A Assess risk of glaucoma 
diagnosis in reference to 
nutrient consumption 

Higher intake of fruits and vegetables 
reduces risk of glaucoma. 

Human 
Study 

Moise et al 2012, DRC Carotenoids, 
Vitamin C and E 
and selenium 

Prospective 
cros-sectional study 

500 N/A Risks of developing glaucoma, 
cataract in patients with 
Mediterranean diet 

No individual substance has 
statistically significant protective 
effects. Combined diet has statistically 
significant effects in reducing risk of 
cataract and glaucoma development. 

( continued on next page ) 
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Table 1 ( continued ) 

Class of 
Studies 

Reference Year and 
Location 

Vitamin/Nutrient 
Examined 

Type of study Sample 
size 

Treatment 
duration 

Outcome Measures Key Findings 

Human 
Study 

Altinta ̧s et al 2005, 
Turkey 

Homocysteine, 
Nitric Oxide (NO) 

Cross Sectional 
Prospective Study 

79 N/A Plasma levels of Homocysteine 
and NO and risk factor for 
developing POAG/PXG 

Plasma Homocysteine and NO was 
elevated in Psuedoexfoliation 
syndrome and PXG patients. 

Human 
Study 

Kang et al 2014, USA Folate, vitamin 
B6, B12 

Cross sectional 
study 

399 N/A Association between nutrient 
intake and risk of PEXG 

High folate intake gave lower risk for 
PEXG. Intake of vitamin b6 and B12 
not associated with PEXG risk. 

Human 
Study 

Davari et al 2014, Iran Serum 

Cholesterol 
Cross sectional 
study 

80 N/A Association between serum 

cholesterol and rates of 
glaucoma 

Higher serum cholesterol and 
triglyceride levels were seen in POAG 

patients compared to controls. 
Human 
Study 

Ohguro et al 2012, 
Japan 

Flavanoids –
Black currant 
acanthcyanins 

Randomised placebo 
controlled double 
masked trial 

38 24 
months 

Change in HVF, IOP and ocular 
blood flow in POAG patients 
given black currant 
supplement versus placebo 

Patients receiving supplement had 
better HVF outcomes and ocular blood 
flow compared to placebo patients. 
There was no change in IOP. 

Human 
Study 

Falsini et al 2009, Italy Epigallocatechin- 
gallate 

Randomised placebo 
controlled double 
masked trial 

18 3 months Assess ERG changes and IOP 
changes in POAG patients with 
supplementation versus 
placebo 

Patients receiving supplementation 
had improved PERG compared to 
patients receiving placebo. 

Human 
Study 

Guo et al 2014, 
China 

Ginkgo Biloba Randomised placebo 
controlled crossover 
trial 

35 8 weeks Assess change in HVF in 
patients with NTG after oral 
supplementation with ginkgo 
biloba versus placebo 

Treatment with ginkgo biloba didn’t 
reveal any changes in HVF in patient’s 
with NTG. 

Human 
Study 

Pang et al 2021 Retinol Prospective Cross 
Sectional study 

345 N/A Assess serum retinol 
concentrations in NTG, POAG 

and controls 

Lower Serum retinol noted in patients 
with NTG. Serum retinol positively 
correlated to optic nerve sheath 
diameter in glaucoma patients. 

https://doi.org/10.1016/j.survophthal.2021.12.001
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vegetables is associated with a 20-30% reduction in POAG
risk.54 , 123 The study also noted that levels of paracentral vi-
sual field loss was reduced by up to 40% in patients who were
consuming greater levels of dietary nitrates, as well as green
vegetables.54 Another cross-sectional study of 500 patients ex-
amined the effects of a Mediterranean diet in preventing glau-
coma in diabetic African patients. 

Daily intake of three specific Mediterranean vegetables
high in antioxidants was found to reduce significantly the risk
of glaucoma and cataracts.81 Although there were no specific
nutrients and vitamins being investigated, the study high-
lighted the effects of overall increased antioxidant consump-
tion. Studies such as these provide the basis for considering
oral supplementation of these nutrients in patients to assess
if there is a change in their risk of developing glaucoma if they
are nutrient deficient. They also highlight the potential need
for individualized management based on the type of glau-
coma. 

There are various papers analyzing direct nutrient sup-
plementation. Wang and coworkers performed a cross sec-
tional study of 2912 patients that revealed that supplemen-
tation with Vitamin C was associated with decreased odds of
glaucoma prevalence.138 Similarly, a non-randomized trial of
60 glaucomatous patients illustrated a statistically significant
improvement in ocular blood flow, as well as subsequent pre-
vention of visual field changes, in patients supplemented with
oral tocopherol 29 A recent pilot study of 48 patients by Jab-
barpoor and coworkers showed that saffron supplementation
reduced intraocular pressures in patients with POAG.49 On a
larger scale, a prospective population based cohort study of
3502 patients assessed retinol equivalent intake and found a
lower risk of developing POAG in patients with higher retinol
equivalent consumption.110 

There are a number of RCTs that look at the ef-
fect of targeted nutrient supplementation in glaucoma pa-
tients. One randomized double-masked trial of 38 POAG
patients supplemented them with black currant antho-
cyanins, rich in flavonoids, over a 24-month period. It
showed an improvement in ocular blood flow and visual
field testing in the POAG patients supplemented with the
nutrients over patients receiving placebo.93 Another RCT
tested the flavonoid epigallocatechin-gallate in 18 POAG pa-
tients, and observed a slight improvement in electroretino-
grams after 3 months in patients receiving supplementa-
tion over placebo.31 Other RCTs provide inconclusive re-
sults; for example, Goldblum and coworkers found that 39
POAG and PXF patients post trabeculetomy supplemented
with oral tocophereol over 2 months revealed no signif-
icant difference in IOP between treatment and control
groups.36 

Similarly, in a recent prospective double-masked random-
ized crossover human trial in Melbourne,47 Hui and cowork-
ers examined 57 POAG participants supplemented with ei-
ther NAM orally or a placebo and noted positive inner reti-
nal function improvement and also a trend in visual field im-
provement in patients supplemented with nicotinamide over
placebo.47 

Other flavonoid supplementation assessed in RCTs include
ginkgo biloba that has been associated with an improvement
in visual field function, oxidative stress markers, and some
retinal nerve fibre layer changes after supplementation in
POAG and NTG patients.39 , 107 , 119 

Supplementation of antioxidants and nutrients in a com-
bined formulation has also been trialed in a few pharmaceuti-
cal company funded articles. A prospective study of 114 glau-
coma patients taking a specific combined oral supplement
of vitamin A, E, and nicotinic acid illustrated reduced visual
field defects after 5 months of treatment compared to con-
trols.127 Similarly, a randomized control trial of 22 glaucoma
patients treated with another formulated supplement con-
taining forskolin, homotaurine, carnosine, folic acid, vitamins
B1, B2, B6, and magnesium in POAG patients illustrated a re-
duction in IOP and improvement in foveal sensitivity over a
period of 12 months.85 

Similarly, at least one RCT of 24 patients and another
trial have established the effectiveness of a NO-donating
prostanoid receptor agonist (latanoprostene bunod) in reduc-
ing IOP.8 , 141 Another pharmaceutical company funded trial of
45 patients from the US found a reduction in vascular resis-
tance within the eye, as well as improving blood flow, in pa-
tients with POAG after oral gingko biloba supplementation.41 

This was supported by a randomized placebo-controlled dou-
ble masked cross-over trial of 27 patients showing visual field
improvements in patients with normal tension glaucoma af-
ter 4 weeks of oral supplementation.107 In a recent prospective
clinical study of 43 patients with OAG, combination CoQ10 and
vitamin E eye drop administration elicited benefits in retinal
function.79 , 98 , 120 

Another important consideration when research into nu-
tritional supplementation is being undertaken is the safety
of these complementary medications. The AREDS 1 trial pro-
vided the cautionary tale of a higher risk of lung cancer,
particularly amongst smoking patients, consuming the levels
of beta-carotene and zinc in their supplementation.18 Sim-
ilarly, excess doses of alpha tocopherol are associated with
increased subarachnoid bleeding risks, ascorbic acid is as-
sociated with kidney stones, and retinol can be associated
with raised intracranial pressure.10 , 64 , 73 , 132 Higher quantities
of certain nutrient compounds or anti-oxidants may have in-
advertent consequences on systemic health that we are yet
to fully understand. This caveat is one that could have po-
tentially substantial implications on the systemic wellbeing of
patients, and without definitive evidence to indicate a poten-
tial benefit in glaucoma management clinicians should con-
sider the advice provided carefully of the advice they provide.

These papers highlight the benefits of dietary intake of
vitamins, although evidence of clinical implementation is
still in early stages. There are promising findings for cer-
tain groups such as the B vitamins; however, we cannot vali-
date supplemental use in affecting glaucomatous outcomes.
All the Randomized control trials analyzed were limited by
both their sample sizes and also their duration of follow up.
Given the chronicity of glaucomatous damage, it is difficult to
draw conclusions from such early interventional data. Sim-
ilarly, bioavailability of supplementation and biomarker as-
sessments are difficult to quantify, and so correlating findings
could be a stretch. Although there is current research yielding
potentially significant findings in the treatment of glaucoma,
there are still a large number that leave inconclusive results.
Other reviews in the literature also appear to reach a similar
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conclusion… Moving forward, it will be invaluable for future
research to target those compounds in clinical settings that
will address the existing insufficiency. 

7. Conclusion 

Glaucoma is a multifactorial disease that continues to burden
health systems across the globe. In order to abate the ongo-
ing consequences of this disease, it is important to examine
what treatment and prevention potentials are available. Cur-
rently the mainstay treatment target in glaucoma is IOP reduc-
tion. Through the use of nutrients, treatments can directly tar-
get oxidative damage, RGC survival, axonal growth and vaso-
regulation and mitochondrial protection. Many of the natu-
ral compounds analyzed appear to facilitate at least one of
the aforementioned properties both in vivo, in vitro and clin-
ically. Simple compounds such as nicotinamide, carotenoids,
flavonoids, curcumin, saffron, CoQ10, gingko biloba, folic acid,
and resveratrol appear to show promise and deserve further
investigation; however, the data to translate these findings
into clinical treatments and support their clinical applicability
remains inconclusive. 

Wholesome dietary vitamin intake has been supported by
multiple studies in reducing the risk of POAG. Similarly, al-
though theoretical links have been made between nutrient in-
take and other types of glaucoma such as NTG or PEXG, there
have been no definitive findings to help guide clinical deci-
sion making. Owing to the complexity and variation seen in
pathophysiology under the umbrella of glaucoma it may be
worthwhile to assess each subset of glaucoma with different
potential treatments. The complex nature of the disease pro-
cess emphasizes the importance of a multifaceted approach
in both treatment and prevention. Furthermore, the process of
researching glaucoma relies on time and sample sizes, aspects
that require thorough study designs and strategic analyses to
overcome. 

Nutritional supplements and vitamins are an adjunct in
glaucoma intervention that is easily accessible, has minimal
costs associated, and has a relatively good safety profile. Al-
though the evidence at this stage is inconclusive, recommen-
dations by clinicians for their patients may not be unaccept-
able. In fact, a cross-sectional survey of over 1500 patients re-
vealed that 1 in 9 patients were already using nutritional sup-
plementation alongside their glaucoma treatment.136 Further
research into the underlying inflammatory processes associ-
ated with neurodegeneration in glaucoma may also provide
vital clues in determining effective regulatory processes or
treatment targets. Harnessing the use of nutritional supple-
mentation will provide important adjuncts in the treatment
and prevention of glaucoma and warrant ongoing research. 

8. Method of literature search 

A thorough electronic MEDLINE and PubMed search revealed
71 English print articles that were used for analysis. Search
terms used included “vitamins AND Glaucoma OR Open An-
gle Glaucoma OR Pseudoexfoliation OR Normal Tension Glau-
coma” and “Nutrient supplementation AND Glaucoma OR
Open Angle Glaucoma OR Pseudoexfoliation OR Normal Ten-
sion Glaucoma” and “Anti-oxidants supplementation AND
Glaucoma OR Open Angle Glaucoma OR Pseudoexfoliation OR
Normal Tension Glaucoma”. Although trials published since
1970 were included, the paper was based predominantly on ar-
ticles written ideally in the last decade. We included all forms
of literature including cell based, animal and human studies.
No minimal sample size was required for inclusion, however
case reports were excluded. The reference lists of each publi-
cation were also examined to find other articles not found in
the original searches. 

Financial Support 

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors. 

Declaration of Competing Interest 

The authors of this paper have no conflicts of interest to de-
clare. 

r e f e r e n c e s 

1. Antioxidant status and neovascular age-related macular 
degeneration. Arch Ophthalmol. 1993;111(1):104–9 .

2. Abu-Hassan DW , Acott TS , Kelley MJ . The trabecular 
meshwork: a basic review of form and function. J Ocul Biol. 
2014;2(1) .

3. Kassoff A , Kassoff J , Beuhler J , Eglow M , Kaufman F , Mehu M ,
et al. Age-Related Eye Disease Study Research G. A 

Randomized, Placebo-Controlled, Clinical Trial of High-Dose 
Supplementation With Vitamins C and E, Beta Carotene, and
Zinc for Age-Related Macular Degeneration and Vision Loss: 
AREDS Report No. 8. Arch of Ophthalmol. 
2001;119(10):1417–36 .

4. Akyol N , De ̆ger O , Keha E , Kiliç S . Aqueous humour and 

serum zinc and copper concentrations of patients with 

glaucoma and cataract. Br J Ophthalmol. 1990;74(11):661–2 .
5. Aliancy J , Stamer WD , Wirostko B . A Review of Nitric Oxide 

for the Treatment of Glaucomatous Disease. Ophthalmol 
Ther. 2017;6(2):221–32 .

6. Altinta ̧s Ö, Maral H , Yüksel N , Karaba ̧s VL , Dillio ̆glugil MÖ,
Ça ̆glar Y . Homocysteine and nitric oxide levels in plasma of 
patients with pseudoexfoliation syndrome, 
pseudoexfoliation glaucoma, and primary open-angle 
glaucoma. Graefes Arch Clin Exp Ophthalmol. 
2005;243(7):677–83 .

7. Anderson DR . Collaborative normal tension glaucoma study. 
Curr Opin Ophthalmol. 2003;14(2):86–90 .

8. Ashworth A , Bescos R . Dietary nitrate and blood pressure: 
evolution of a new nutrient? Nutr Res Rev. 2017;30(2):208–19 .

9. Babizhayev MA . Generation of reactive oxygen species in the
anterior eye segment. Synergistic codrugs of 
N-acetylcarnosine lubricant eye drops and 

mitochondria-targeted antioxidant act as a powerful 
therapeutic platform for the treatment of cataracts and 

primary open-angle glaucoma. BBA Clin. 2016;6:49–68 .
10. Bartlett H , Eperjesi F . Possible contraindications and adverse 

reactions associated with the use of ocular nutritional 
supplements. Ophthalmol Physiol Opt. 2005;25(3):179–94 .

https://doi.org/10.1016/j.survophthal.2021.12.001
http://refhub.elsevier.com/S0039-6257(21)00220-4/sbref0001
http://refhub.elsevier.com/S0039-6257(21)00220-4/sbref0002
http://refhub.elsevier.com/S0039-6257(21)00220-4/sbref0002
http://refhub.elsevier.com/S0039-6257(21)00220-4/sbref0002
http://refhub.elsevier.com/S0039-6257(21)00220-4/sbref0002
http://refhub.elsevier.com/S0039-6257(21)00220-4/sbref0003
http://refhub.elsevier.com/S0039-6257(21)00220-4/sbref0003
http://refhub.elsevier.com/S0039-6257(21)00220-4/sbref0003
http://refhub.elsevier.com/S0039-6257(21)00220-4/sbref0003
http://refhub.elsevier.com/S0039-6257(21)00220-4/sbref0003
http://refhub.elsevier.com/S0039-6257(21)00220-4/sbref0003
http://refhub.elsevier.com/S0039-6257(21)00220-4/sbref0003
http://refhub.elsevier.com/S0039-6257(21)00220-4/sbref0003
http://refhub.elsevier.com/S0039-6257(21)00220-4/sbref0004
http://refhub.elsevier.com/S0039-6257(21)00220-4/sbref0004
http://refhub.elsevier.com/S0039-6257(21)00220-4/sbref0004
http://refhub.elsevier.com/S0039-6257(21)00220-4/sbref0004
http://refhub.elsevier.com/S0039-6257(21)00220-4/sbref0004
http://refhub.elsevier.com/S0039-6257(21)00220-4/sbref0005
http://refhub.elsevier.com/S0039-6257(21)00220-4/sbref0005
http://refhub.elsevier.com/S0039-6257(21)00220-4/sbref0005
http://refhub.elsevier.com/S0039-6257(21)00220-4/sbref0005
http://refhub.elsevier.com/S0039-6257(21)00220-4/sbref0006
http://refhub.elsevier.com/S0039-6257(21)00220-4/sbref0006
http://refhub.elsevier.com/S0039-6257(21)00220-4/sbref0006
http://refhub.elsevier.com/S0039-6257(21)00220-4/sbref0006
http://refhub.elsevier.com/S0039-6257(21)00220-4/sbref0006
http://refhub.elsevier.com/S0039-6257(21)00220-4/sbref0006
http://refhub.elsevier.com/S0039-6257(21)00220-4/sbref0006
http://refhub.elsevier.com/S0039-6257(21)00220-4/sbref0007
http://refhub.elsevier.com/S0039-6257(21)00220-4/sbref0007
http://refhub.elsevier.com/S0039-6257(21)00220-4/sbref0008
http://refhub.elsevier.com/S0039-6257(21)00220-4/sbref0008
http://refhub.elsevier.com/S0039-6257(21)00220-4/sbref0008
http://refhub.elsevier.com/S0039-6257(21)00220-4/sbref0009
http://refhub.elsevier.com/S0039-6257(21)00220-4/sbref0009
http://refhub.elsevier.com/S0039-6257(21)00220-4/sbref0010
http://refhub.elsevier.com/S0039-6257(21)00220-4/sbref0010
http://refhub.elsevier.com/S0039-6257(21)00220-4/sbref0010


survey of ophthalmology 67 (2022) 1081–1098 1095 

 

 

 

 

 

 

11. Bie X , Chen Y , Zheng X , Dai H . The role of crocetin in 

protection following cerebral contusion and in the 
enhancement of angiogenesis in rats. Fitoterapia. 
2011;82(7):997–1002 .

12. Bleich S , Jünemann A , Von Ahsen N , Lausen B , Ritter K ,
Beck G , et al. Homocysteine and risk of open-angle 
glaucoma. J Neural Transm. 2002;109(12):1499–504 .

13. Braakhuis A , Raman R , Vaghefi E . The Association between 

Dietary Intake of Antioxidants and Ocular Disease. Diseases.
2017;5(1):3 .

14. Buettner G, Q Schafer, F. Albert Szent-Györgyi: Vitamin C 

Identified 2006.
15. Burdon KP , Macgregor S , Hewitt AW , Sharma S , Chidlow G ,

Mills RA , et al. Genome-wide association study identifies 
susceptibility loci for open angle glaucoma at TMCO1 and 

CDKN2B-AS1. Nat Genet. 2011;43:574 .
16. Chandrawati R , Chang Jason YH , Reina-Torres E , Jumeaux C ,

Sherwood Joseph M , Stamer WD , et al. Localized and 

controlled delivery of nitric oxide to the conventional 
outflow pathway via enzyme biocatalysis: toward therapy 
for glaucoma. Adv Mater. 2017;29(16):1604932 .

17. Cheung W , Guo LI , Cordeiro MF . Neuroprotection in 

Glaucoma: Drug-Based Approaches. Optometry and vision 

Sci. 2008;85(6):406–16 .
18. Chew EY , Clemons TE , SanGiovanni JP , Danis R , Ferris FL ,

Elman M , et al. Lutein + zeaxanthin and omega-3 fatty acids 
for age-related macular degeneration: the Age-Related Eye 
Disease Study 2 (AREDS2) randomized clinical trial. JAMA. 
2013;309(19):2005–15 .

19. Christen WG , Glynn RJ , Manson JE , MacFadyen J , Bubes V ,
Schvartz M , et al. A multivitamin supplement and cataract 
and age-related macular degeneration in a randomized trial 
of male physicians. Ophthalmol. 2014;121(2):525–34 .

20. Chrysostomou V , Rezania F , Trounce IA , Crowston JG . 
Oxidative stress and mitochondrial dysfunction in 

glaucoma. Curr Opin Pharmacol. 2013;13(1):12–15 .
21. Chung HS , Harris A , Kagemann L , Martin B . Peripapillary 

retinal blood flow in normal tension glaucoma. Br J 
Ophthalmol. 1999;83(4):466–9 .

22. Coleman AL , Stone KL , Kodjebacheva G , Yu F , Pedula KL ,
Ensrud KE , et al. Glaucoma Risk and the Consumption of 
Fruits and Vegetables Among Older Women in the Study of 
Osteoporotic Fractures. Am J Ophthalmol. 2008;145(6):1081–9 .

23. Crane FL . Biochemical functions of coenzyme Q10. J Am Coll 
Nutr. 2001;20(6):591–8 .

24. Crawley L , Zamir SM , Cordeiro MF , Guo L . Clinical options for
the reduction of elevated intraocular pressure. Ophthalmol 
Eye Dis. 2012;4:S4909 OED .

25. Cumurcu T , Sahin S , Aydin E . Serum homocysteine, vitamin 

B 12 and folic acid levels in different types of glaucoma. BMC
Ophthalmol. 2006;6:6 .

26. Cybulska-Heinrich AK , Mozaffarieh M , Flammer J . Ginkgo 
biloba: An adjuvant therapy for progressive normal and high
tension glaucoma. Mol Vis. 2012;18:390–402 .

27. d’Uscio LV , Milstien S , Richardson D , Smith L , Katusic ZS . 
Long-term vitamin C treatment increases vascular 
tetrahydrobiopterin levels and nitric oxide synthase activity. 
Circ Res. 2003;92(1):88–95 .
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