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This literature review summarizes the clinical benefits
of nutritional supplements and medical foods for dia-
betes and DR, with emphasis on DR. We review the con-
siderable literature supporting the vitamin and
antioxidant interventions to reduce the risk and severity
of vision loss. We review which forms of vitamins are
optimal and the pitfalls of some synthetic vitamins. Fi-
nally, we distill these insights into simple, comprehensive
recommendations for clinical practice. Time, usage, and
future research will refine them, as clinicians gain ex-
perience with these new tools in their armamentarium
to reduce the risk and severity of DR.
Current literature referencing supplementation was

searched through PubMed using the search terms:
vitamins, DR, hypertensive retinopathy, L-methylfolate,
methylcobalamin, mitochondrial oxidative stress, MTHFR,
and other closely related terms.
Scientific Basis of Vitamin and Nutraceutical Therapy for
Diabetes and DR and Vision
Vitamins and nutraceuticals have effects that directly in-
crease the elasticity of blood vessels and metabolism
[12–14]. Antioxidants are postulated to protect the body
from free radicals and protect nitric oxide from inactiva-
tion [12, 13]. If the level of reactive oxidative species ex-
ceeds the capacity of antioxidant buffers, it creates
oxidative stress. Measurements of oxidative stress can be
an early indicator of hypertension, vascular disease, and
diabetes [15].
Normally, nitric oxide promotes vascular health by

controlling vascular tone (vasodilation), inhibiting
platelet function, and preventing adhesion of leuko-
cytes [16]. Reduced levels of nitric oxide result in
endothelial dysfunction, causing inflammation, vaso-
spasm, and thrombosis [17]. For example, vitamins C
and E are antioxidants that limit oxidative stress by
increasing nitric oxide. They also quench lipid peroxi-
dation byproducts that injure cell membranes [18].
DR is impacted by deficiencies and reduced func-

tion genetic polymorphisms of the B vitamin cofactors
of the One Carbon Cycle (Fig. 1) and the Citric Acid
Cycle (Fig. 2) [19–21]. Polymorphisms of the methy-
lenetetrahydrofolate reductase (MTHFR) gene lead to
reduced methylation, elevation of Hcy, reduction of
nitric oxide, microvascular disease- particularly capil-
lary endothelial injury and apoptosis, microaneurysms,
leakage, ischemia, retinal atrophy, neovascularization,
and vision loss [22].
Multiple studies have shown that vitamins C, D, E, B1,

folate, B12, lipoic acid, lutein, n-acetyl cysteine, and
betaine can improve endothelial function, protect neu-
rons, lower blood pressure, and improve visual acuity [8,
23–35]. The retina is the recipient of these benefits.
Main text
Vitamins
Vitamin A and Carotenoids
Vitamin A is a group of animal-derived fat-soluble reti-
noids essential for cell growth, cell differentiation, im-
munity, and vision. In the eye, vitamin A (aka retinol), is
a component of rhodopsin, the light-sensitive pigment.
It is also necessary for healthy corneal and conjunctival
membranes. Deficiency is common where there is gener-
alized malnutrition and is associated with night blind-
ness, conjunctival xerosis, and corneal ulceration,
particularly with concurrent measles infection [36, 37].
Vitamin A deficiency decreases maintenance levels of

nerve growth factor (NGF) and brain-derived neuro-
trophic factor (BDNF), which ordinarily protect the ret-
ina from oxidative stress injury and stimulate repair.
Repletion of vitamin A restores NGF and BDNF levels in
the brain [38].
Lutein and Zeaxanthin are water-soluble plant-based

carotenoids that easily cross the blood-brain and blood-
retina barriers [39]. They are essential for vision but can-
not be synthesized in the human body. Concentrated in
the macula lutea, they act as powerful antioxidants sta-
bilizing cell membranes and protecting from oxidative
stress. They are believed to protect against age-related
macular degeneration (AMD) and DR [40].
The Age-Related Eye Disease Studies (AREDS), are an

important series of studies conducted by the National
Eye Institute investigating how multi-vitamin antioxidant
complexes affect AMD and other eye diseases. The first
study, AREDS report 8, looked at the progression of
moderate AMD [5].
Seddon et al. found that AMD protection was linear

with lutein intake and that 6 mg/day or more of lutein
was required [41]. Subsequently, the AREDS 2 study re-
placed beta carotene of the AREDS formula with 10 mg
of lutein and 2 mg of zeaxanthin. AREDS2 found that
patients with the lowest baseline intakes benefited the
most [42].
These studies proved that optimal combinations of

crucial nutrients, including lutein and zeaxanthin, could
slow the progression of an inexorable degenerative dis-
ease like AMD. These findings were initially controver-
sial but are cost-effective and have stood the test of time
[43–45]. Evidence suggests that lutein supplementation
also increases BDNF, preventing neurodegeneration, and
preserving the electroretinograms [28, 46, 47].
Several studies extended the AREDS concepts to DR

[48–50]. Brazionis et al. reported that similar to AMD,
higher lutein, and zeaxanthin levels were associated with
significantly lower odds of DR [51]. A randomized trial
of several antioxidants showed lutein could delay the
progression of DR over five years [48]. An interventional
study reported that intake of 10 mg/day of lutein
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