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Abstract: The B vitamins are a varied family whose members are integral to metabolic pathways and cellular processes throughout 
the body. Unlike vitamins A, C, and E, the B complex has generally not been considered among the key ingredients of supplements 
intended to maintain eye health and prevent age-related disease and vision loss. This perspective may be shifting with the emergence 
of 3 elements: (1) a greater understanding of the pathogenic mechanisms involved in conditions such as age-related macular 
degeneration, diabetic retinopathy, glaucoma, cataracts, dry eye disease, and other ocular surface disorders; (2) observational studies 
linking B vitamins to risk of eye disease development or progression; and (3) preclinical and clinical evidence supporting supple
mentation with B vitamins to improve potential ocular outcomes. This review synthesizes the available data on the role of B vitamins 
in promoting healthy eye structure and function, highlighting connections between individual vitamins and disease, and discussing the 
clinical considerations for B vitamin supplementation. 
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Introduction
The realization that nutrition affects eye health came almost 100 years before the term “vitamine” was coined in 1912.1 

Indeed, corneal ulcers related to what would later be recognized as vitamin A deficiency were first described in 1816.1 Over 
the next 200 years, our understanding of the connection between nutrition and health would grow dramatically. It is now 
both possible and plausible to identify cellular processes and molecular pathways associated with disease and target 
vitamin-based interventions to counter pathogenic mechanisms. Ocular diseases that can lead to vision loss and for which 
disease risk is modifiable, including age-related macular degeneration (AMD), diabetic retinopathy, glaucoma, and cataract, 
are attractive targets for nutritional intervention.2 There is precedent for ocular disease prevention through improving 
beneficial micronutrient intake: the World Health Organization began recommending vitamin A supplementation in 1988 to 
combat vitamin A deficiency, a leading cause of blindness in children.2

Historically, vitamins and antioxidants strongly connected with ocular disease prevention included vitamins A, C, and 
E, and the carotenoids lutein and zeaxanthin.3,4 However, emerging evidence supports a key role for B vitamins in 
maintaining ocular health and reducing the risk of eye disease development and progression.5–7 Eight vitamins comprise 
the B complex: B1, B2, B3, B5, B6, B7, B9, and B12, several of which have alternate vitamer forms (molecularly similar 
organic compounds with shared basic vitamin functions) (Table 1).6,8,9 All B vitamins are water-soluble; therefore, they 
are not retained in the body to the extent of fat-soluble vitamins (eg, vitamins A, D, E, K) and require daily 
replenishment.9 Each member of the B vitamins act as coenzymes for essential enzymatic activities supporting diverse 
cellular and metabolic processes, from glucose metabolism and energy production to neurologic function and myelin 
synthesis.8,9 Although these functions are widely applicable to systems throughout the body, certain processes are 
particularly relevant to ocular health.
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With a growing body of literature driven by preclinical and clinical study data that regularly provide new insights into 
the connection between B vitamins and ocular functionality, there is a need to synthesize this wealth of information for 
clinicians and researchers. This narrative review discusses the role of B vitamins in eye health, from the cellular 
processes in which they participate to the evidence that they modify ocular disease risk. Recommendations for 
B vitamin supplementation are provided, and future research to fill existing knowledge gaps is discussed.

Methods
Data to inform this narrative review were obtained through a PubMed search of the MEDLINE database to identify 
publications relevant to the relationship between B vitamins and ocular health using the search terms: “age-related 
macular degeneration”, “AMD”, “diabetic retinopathy”, “cataract”, “glaucoma”, “intraocular pressure”, “dry eye dis
ease”, “dry eye syndrome”, “keratoconjunctivitis sicca”, “Sjogren’s syndrome”, “ocular rosacea”, “B vitamin”, “vitamin 
B1”, “vitamin B2”, “vitamin B3”, “vitamin B5”, “vitamin B6”, “vitamin B7”, “vitamin B9”, “vitamin B12”, “thiamin”, 
“thiamine”, “riboflavin”, “niacin”, “niacinamide”, “pantothenic acid”, “pyridoxine”, “biotin”, “folate”, “folic acid”, 
“cobalamin”, “cyanocobalamin”, “nicotinic acid”, and “nicotinamide”. The search was conducted in April 2025 and 
limited to articles published in English within the past 10 years. The titles and abstracts of potential articles were 
screened for relevance and full text articles of potentially eligible publications were then assessed for inclusion. 
Reference lists from articles identified through the literature search were used to capture additional relevant publications. 
Articles were selected based on their relevance and contribution to the understanding of B vitamins and ocular health. 
Articles were reviewed to identify trends and gaps in the literature, and inconsistencies across the studies. A qualitative 
evidence synthesis was conducted, highlighting connections between individual vitamins and ocular conditions, and 
discussing the clinical considerations for B vitamin supplementation.

Biological Role of B Vitamins in Ocular Physiology and Ocular Health
To date, research supports important protective and/or restorative roles for B vitamins in a number of aspects of ocular 
health and physiology. B vitamins can help modulate the negative ocular consequences of mitochondrial dysfunction and 
oxidative stress, offer neurotropic and retinal protective benefits, and facilitate homocysteine homeostasis 
(Figure 1).6,9–19

Table 1 B Vitamin Overview

Vitamin Alternate Names/Vitamers Functions6,8,9

B1 Thiamin, thiamine Glucose metabolism, energy production, nerve function, free radical scavenger

B2 Riboflavin Synthesis of vitamins B3, B6, and B9; carbohydrate, protein, and fat metabolism; antioxidant

B3 Niacin, nicotinic acid, niacinamide, 
nicotinamide, nicotinamide riboside

DNA repair, cholesterol synthesis

B5 Pantothenic acid Synthesis of coenzyme A, cholesterol, fatty acids, and acetylcholine

B6 Pyridoxine, pyridoxal phosphate Homocysteine homeostasis; immune function; brain health; carbohydrate, protein, and fat metabolism

B7 Biotin Gene regulation; cell signaling; cell replication; fatty acid, glucose, and amino acid metabolism

B9 Folate, folic acid, folacin, methylfolate Homocysteine homeostasis, nucleic acid synthesis, protein metabolism, red blood cell production

B12 Cobalamin, cyanocobalamin, 
hydroxocobalamin,  
5ʹ-deoxyadenosylcobalamin, 
methylcobalamin, mecobalamin

Homocysteine homeostasis; red blood cell production; neurologic function; myelin synthesis; DNA and 
RNA synthesis; hormone, protein, and lipid synthesis/metabolism

Notes: Table created with data from Rondanelli M, et al, Front Med (Lausanne). 2023;10:1168560; Pereira A, et al, Clin Ophthalmol. 2023;17:2045–2062; and Hanna M, et al, 
Perm J. 2022;26(2):89–97.6,8,9
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Mitochondrial Dysfunction
The eye, specifically the retina and optic nerve, has a high metabolic demand, rendering it particularly susceptible to the 
effects of mitochondrial dysfunction.7,10,11 Mitochondrial dysfunction is a key driver of pathogenesis in multiple ocular 
diseases.10,11 For certain conditions, such as AMD and glaucoma, the aberrant cellular processes involved in disease 
pathogenesis, including oxidative stress and inflammation, are believed to be predominantly mediated by mitochondrial 
dysfunction.10 Indeed, preclinical data indicate mitochondrial abnormalities precede detectable optic nerve degeneration 
in glaucoma.20 Among the putative pathogenic changes are alterations in the metabolism of nicotinamide adenine 
dinucleotide (NAD), which is a central cofactor in a multitude of metabolic pathways.10,11 NAD+ is generated principally 
from nicotinamide (vitamin B3), but also can be derived from tryptophan and other vitamin B3 vitamers (eg, nicotinic 
acid, nicotinamide riboside).11 Aging and chronic oxidative stress deplete NAD+ stores, and reduced NAD+ bioavail
ability contributes to mitochondrial dysfunction in neurologic and ocular diseases of aging such as Alzheimer’s disease, 
Parkinson’s disease, AMD, and glaucoma.10,11 These mechanistic observations support the potential for therapeutic 
benefit from enhancing NAD+ availability in ocular diseases, potentially through vitamin B3 supplementation.10,11 As 
proof of this concept, increasing NAD+ bioavailability in retinal pigment epithelial cells in vitro through incubation with 
the vitamin B3 vitamer nicotinamide mononucleotide (NMN) was shown to improve mitochondrial function.21

Mitochondrial energy production also requires vitamin B1 (thiamine) and vitamin B2 (riboflavin).12,13 Vitamin B1 is 
involved in mitochondrial ATP production and in molecular oxygen homeostasis within mitochondria.13 Vitamin B2 is 
a precursor to the coenzymes flavin mononucleotide and flavin adenine dinucleotide, which are integral to the 
mitochondrial electron transport chain.12 Supplementation with vitamin B2 in conjunction with other medications has 
been used to accelerate visual recovery in Leber hereditary optic neuropathy, a condition in which mitochondrial 
dysfunction is caused by mutations in mitochondrial genes.12

• Vitamins B1, B2, B6, B9, and B12 have been shown to have protective effects 
on the retina and choroid in the context of diabetic retinopathy

• Vitamin B1 contributes to nerve regeneration
• Vitamin B6 is involved in neurotransmitter synthesis and 

also inhibits release of neurotoxic glutamate 
• Vitamin B12 demonstrates nerve-regenerating effects 

• An excess of homocysteine can produce inflammation 
and oxidative stress 

• Increasing vitamin B6, B9, and B12 levels lowers 
homocysteine levels

• Results from an imbalance between the accumulation of 
ROS and the supply of antioxidants to neutralize them

• Normal consequence of the increase in ROS production and 
the decrease in endogenous protections that occur with age 

• Vitamins B1 and B2 can mitigate oxidative stress through 
their antioxidant properties

• Key driver of pathogenesis in multiple ocular diseases
• Vitamin B1: involved in mitochondrial ATP production and molecular 

oxygen homeostasis
• Vitamin B2: precursor to 2 coenzymes integral to the mitochondrial 

electron transport chain
• Vitamin B3: can enhance NAD+ availability

Mitochondrial Dysfunction

Oxidative Stress

Homocysteine Homeostasis

Neurotropic Effects

Retinal Protection

Figure 1 Overview of the protective and/or restorative biological roles of B vitamins (bold text) in protecting and/or restoring ocular physiology and ocular health in 
settings of dysfunction or pathology.6,9–19 

Abbreviation: ROS, reactive oxygen species.
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Oxidative Stress
A consequence of mitochondrial energy generation is the production of reactive oxygen species (ROS).14 Oxidative 
stress results from an imbalance between the accumulation of ROS and the supply of antioxidants to neutralize them. 
Oxidative stress is a normal consequence of the increase in ROS production and the decrease in endogenous protections 
that occur with age.15 Oxidative stress is present in several conditions with ocular manifestations, including AMD, 
glaucoma, diabetic retinopathy, dry eye disease (DED), and Sjögren’s syndrome,5,22 and is damaging to structural 
proteins of the lens.23 Vitamins B1 and B2 can mitigate oxidative stress through their antioxidant properties, functioning 
directly or indirectly as free radical scavengers.6,9

Homocysteine Homeostasis
Oxidative stress related to inflammation can be induced by an excess of homocysteine (ie, hyperhomocysteinemia).16 The 
most common cause of hyperhomocysteinemia is vitamin B9 deficiency.24 In the eye, homocysteine and associated 
inflammatory processes are implicated in vascular endothelial cell injury, optic nerve damage, apoptosis of lens epithelial 
cells, and visual dysfunction.16,23,24 The metabolism of homocysteine involves multiple B vitamins: vitamins B9 and B12 
facilitate the conversion of homocysteine into methionine by methylenetetrahydrofolate reductase (MTHFR), and vitamin 
B6 is necessary for the metabolism of homocysteine to cysteine (Figure 2).16,23,25 Insufficient vitamin supply and certain 
mutations or polymorphisms in the MTHFR gene interfere with this process, resulting in abnormally high concentrations 
of homocysteine.16 The reverse is also true: increasing vitamins B6, B9, and B12 lowers homocysteine levels.15,18

Homocysteine elevation has been observed in a variety of ocular conditions, including AMD, diabetic retinopathy, 
glaucoma, cataracts, and retinal vascular occlusion.23,24,26–33 Higher circulating concentrations of homocysteine also 
have been linked to increased macular thickness in patients with diabetes and retinal nerve fiber thinning in patients with 
diabetic retinopathy.29,34

A meta-analysis of 11 case-control studies reported significantly higher plasma total homocysteine levels in patients 
with AMD versus controls (difference, 2.67 µmol/L [95% CI: 1.60–3.74]).26 Interestingly, in subgroup analyses, total 
plasma homocysteine concentration was greater for patients with exudative AMD (wet AMD) than the overall AMD 
population, whereas no such elevation was observed for atrophic AMD (dry AMD). Similarly, meta-analysis data have 

Dimethylglycine

Methionine
synthase

Vitamin
B12

Vitamin
B12

Vitamin
B6

Vitamin
B6

Methylenetetrahydrofolate
reductase

Betaine

Folate (Vitamin B9)

Tetrahydrofolate

5-10 Methylene
Tetrahydrofolate

5-methyl
Tetrahydrofolate

Homocysteine

Methionine

Cystathionine

Cysteine

Betaine homocysteine
methyltransferase

S-adenosyl
methionine

S-adenosyl
homocysteine

Cystathionine-β-synthase

Cystathionine-γ-ligase

Figure 2 Roles of folate (vitamin B9) and vitamins B6 and B12 in homocysteine metabolism. Figure adapted from: Yuan S et al. BMC Medicine 2021;19:97, via a Creative 
Commons Attribution 4.0 International License (https://creativecommons.org/licenses/by/4.0/).25
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shown an association between elevated plasma homocysteine and risk of primary open-angle glaucoma (POAG), but no 
such association was found for normal-tension glaucoma (NTG)33,35 or elevated intraocular pressure.36

There is uncertainty regarding the timing of homocysteine elevation and its effect on ocular health. For example, in AMD 
case-control studies wherein the measurement of homocysteine generally occurs once the disease process has progressed to 
a diagnosable level, homocysteine elevation is positively associated with the presence of AMD.26 However, in prospective 
studies, such as the Women’s Health Study and the Physicians’ Health Study II, where homocysteine was measured at baseline 
and disease presence was assessed during follow-up, higher plasma homocysteine concentration did not confer a significantly 
increased risk of developing AMD.37,38 Interestingly, the degree of homocysteine elevation has been shown to positively 
correlate with severity of disease in patients with diabetic retinopathy.28,29 Notably, metformin, a treatment commonly used in 
patients with diabetes, has been shown to cause vitamin B12 malabsorption9 and an increase in homocysteine.28 Overall, the 
temporal and causal relationships between homocysteine elevation and adverse effects on eye health remain to be determined.

Neurotropic Effects
Three of the B vitamins are considered to be neurotropic: vitamins B1, B6, and B12.19,39 Vitamin B1 contributes to nerve 
regeneration through its involvement in energy production via carbohydrate metabolism in nerve cells and by protecting nerve 
cells from oxidative stress.19 Through its role in amino acid metabolism, vitamin B6 is involved in neurotransmitter synthesis. 
Vitamin B6 also inhibits release of glutamate, which is neurotoxic, and has been shown to restore sensory nerve function. In 
addition to promoting nerve cell survival and participating in myelin synthesis, preclinical evidence indicates vitamin B12 
demonstrates nerve-regenerating effects. The importance of vitamin B12 in maintaining nerve function related to the cornea is 
illustrated in a study showing reversal of neurotrophic keratitis through vitamin B12 supplementation in a patient with vitamin 
B12 deficiency.40

Retinal Protection
B vitamins, including B1, B2, B6, B9, and B12, have been cited for their ability to protect the retina and choroid in the 
context of diabetic retinopathy.6 Hyperglycemia resulting from uncontrolled or inadequately controlled diabetes 
mellitus can lead to endothelial dysfunction in retinal capillaries, ultimately resulting in diabetic retinopathy marked 
by microvascular damage and retinal dysfunction.5 In vitro, vitamin B1 exposure has been shown to neutralize the 
effects of hyperglycemia on endothelial cells.41 Vitamin B1 normalizes metabolic pathways that are accelerated in 
a high-glucose environment, thereby reducing the accumulation of ROS and other metabolites such as pyruvate and 
lactate. Vitamin B1 also exerts protective effects against cell damage and apoptosis in retinal microvascular cells.

Evidence Linking B Vitamins with Specific Ocular Conditions
Ocular Manifestations of B Vitamin Deficiencies
The mechanistic connection between ocular health and B vitamins is perhaps most strongly illustrated clinically by the 
manifestations of vitamin deficiencies. Acute vitamin B1 deficiency, for example, may lead to ocular symptoms 
associated with Wernicke’s encephalopathy (eg, nystagmus, ophthalmoplegia, diplopia, papilledema), whereas deficiency 
in vitamin B2 can cause blurred vision and nyctalopia.8,42 Deficiencies in vitamins B9 and B12 are both associated with 
optic neuropathy and increased risk of AMD, but vitamin B12 deficiency may underlie neuropathic pain in patients with 
severe DED.8,42,43 Deficiency in biotinidase, an enzyme critical to biotin (vitamin B7) recycling, results in secondary 
biotin deficiency and is associated with visual loss, optic atrophy, conjunctivitis, and scotoma in a subset of patients.44 

However, clinical deficiency in B vitamins is not required to confer increased risk of ocular disease development and 
progression. The following sections will describe data linking vitamin intake or concentrations with ocular diseases and 
the effects of B vitamin supplementation.

Age-Related Macular Degeneration
A large body of evidence supports an association between dietary intake or circulating concentrations of B vitamins and risk of 
AMD, including meta-analyses, prospective and retrospective observational studies, and interventional clinical trials 
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(Table 2).26,38,45–55 Lower dietary intake in patients with AMD versus controls has been reported for all B vitamins except 
vitamin B7, with the strongest evidence for vitamins B6, B9, and B12.45–48 For example, in the Coimbra Eye Study, which 
enrolled patients over 55 years of age with AMD (n=768) and age- and sex-matched controls (n=1224), patients without AMD 

Table 2 Associations Between Dietary B Vitamin Intake or Circulating Concentration and Ocular Diseases

Finding Vitamin

B1 B2 B3 B5 B6 B7 B9 B12

Age-related macular degeneration (AMD)

Lower dietary intake in patients with AMD vs controls45–48 ☑ ☑ ☑ ☑ ☑ ☑ ☑

Inverse association between dietary intake and risk of AMD development or progression38,49–53,55 ☑ ☑ ☑ ☑ ☑

Normal serum concentration (≥10 nmol/L) decreased risk for advanced AMD52 ☑

Lower plasma concentration in patients with AMD vs controls26,54 ☑

Inverse association between serum concentration and risk of AMD49 ☑

Diabetic retinopathy (DR)

Lower dietary intake in patients with DR vs controls56 ☑ ☑

Inverse association between dietary intake and risk of DR56,57 ☑

Lower blood concentration in patients with DR vs controls28,32,58,59 ☑ ☑ ☑

Higher blood concentration in patients with DR vs controls60 ☑

Blood concentration correlates with severity of DR28,58 ☑ ☑

Glaucoma

Inverse association between dietary intake and risk of glaucoma61–64 ☑ ☑ ☑ ☑ ☑ ☑

Lower dietary intake in patients with glaucoma vs controls61,64–67 ☑a ☑a ☑a ☑

Lower plasma concentration in patients with glaucoma vs controls68 ☑

Higher dietary intake in patients with glaucoma vs controls69 ☑

Higher serum concentration associated with decreased glaucoma risk70 ☑

High-dose intake increased glaucoma risk71 ☑

Cataracts

Inverse association between dietary intake and cataract risk72–74 ☑ ☑ ☑ ☑ ☑

Higher dietary intake increased risk of developing cataracts72,73 ☑ ☑b

Lower serum concentration in patients with cataracts vs controls23 ☑ ☑ ☑

Dry eye disease (DED)

Higher dietary intake reduced risk of DED symptoms17 ☑ ☑ ☑ ☑

Vitamin deficiency linked to neuropathic ocular pain occurrence in severe DED43 ☑

Ocular Manifestations of B Vitamin Deficiencies

Ocular symptoms associated with Wernicke’s encephalopathy8,42 ☑ ☑

Blurred vision and nyctalopia8 ☑

Optic neuropathy8,42,43 ☑ ☑

Biotinidase deficiency: visual loss, optic atrophy, conjunctivitis, and scotoma44 ☑

Notes: aFor women with low (vitamins B1, B2) or normal body mass index (BMI; vitamins B1, B3), and for men with normal BMI (vitamin B1) in Lee et al 2020.66 

bFor patients who used a daily multivitamin.72
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had significantly higher dietary intake of vitamin B9 than those with AMD.46 Multiple studies revealed that dietary intake of 
B vitamins, including B1, B5, B6, B9, and B12, has an inverse association with both risk of AMD development and risk of AMD 
progression.38,49–53,55 In the Alienor Study, a prospective, population-based study of participants aged 73 years and older 
(N=861), risk for advanced AMD decreased with higher dietary intake of vitamins B5 and B6 and with a serum vitamin B9 
concentration in the normal range (≥10 nmol/L; vs vitamin B9 deficiency).52 In the multicenter, randomized Age-Related Eye 
Disease Study (AREDS), after adjustment for demographic, clinical, and other covariates, increased dietary intake of vitamin B9 
was significantly associated with reduced risk of progression to advanced nonexudative AMD with geographic atrophy (p = 
0.007) for patients aged 55 to 80 years who had at least 1 eye without advanced AMD at baseline (N=2525).50 Combined data 
from AREDS and AREDS2 (N=8130) further revealed a significant decrease in risk of progression to late AMD with increased 
dietary intake of vitamins B6 and B9.51 A subsequent analysis found higher dietary intake of vitamins B6, B9, and B12 to be 
protective against geographic atrophy area–based progression (AREDS: N=508; AREDS2: N=867).55 Over a mean follow-up of 
11.2 years in the prospective Physicians’ Health Study II cohort of male physicians aged 55 years and older (N=146), every 1-SD 
increase in dietary intake of vitamin B6 decreased the risk of AMD by 49%.38

Demographic and clinical factors appear to modify associations between B vitamins and AMD. In a meta-analysis 
conducted by Huang et al,26 serum vitamin B9 concentration was significantly lower in patients with exudative AMD versus 
controls, but this finding was not observed for the overall AMD population. Using data from the US-based National Health and 
Nutrition Examination Survey (NHANES 2005–2008; N=20497), Liu et al48 found that dietary intake of vitamins B1, B2, B6, 
B9, and B12 was lower in patients with versus without AMD for the overall study population. However, associations between 
vitamins B1, B2, and B6 and AMD were influenced by the presence of diabetes; the association between vitamin B9 and AMD 
was influenced by body mass index (BMI); and risk for AMD increased with low dietary intake of vitamin B12 for men but not 
women. Whereas data from NHANES uncovered a decrease in risk of late AMD with higher dietary intake of vitamin B1, no 
significant association was observed between dietary intake of vitamin B1 and risk for early AMD.53 In contrast, data from 
iterations of the Blue Mountains Eye Study (N=1390) found deficiencies in vitamin B9 or B12 increased the risk for early 
AMD and for any AMD, but only vitamin B12 deficiency increased the risk for late AMD.49 Importantly, vitamin B12 
supplementation reduced the risk for early AMD and for any AMD in this study.

B Vitamin Supplementation for the Prevention of AMD Development or Progression
Preclinical data support the potential for B vitamin supplementation as a means of preventing AMD. For example, 
in vitro exposure to nicotinamide (vitamin B3) ameliorated the development of AMD-related phenotypes in retinal 
pigment epithelial cells,75 treatment with NMN (vitamin B3) protected cultured retinal pigment epithelial cells from 
senescence and inflammation by reducing DNA damage and maintaining mitochondrial function,76 and vitamin B6 
supplementation suppressed retinal neovascularization in a murine model of AMD.77

Although there have been multiple clinical trials to evaluate whether supplementation is effective for the prevention of 
AMD development or progression, most of these studies used formulations containing an array of vitamins and minerals,78– 

81 thereby obscuring the attribution of clinical efficacy to any one agent or class of agents. In the context of B vitamins, 
a notable exception is the Women’s Antioxidant and Folic Acid Cardiovascular Study (WAFACS), a double-masked, 
placebo-controlled clinical trial in which women aged 40 years and older with preexisting cardiovascular disease (CVD) or 
3 or more CVD risk factors were randomized to treatment with a B vitamin supplement (n=2607) or placebo (n=2598) 
(Table 3).82 The supplement contained vitamin B6 (50 mg/day), vitamin B9 (2.5 mg/day; in the form of folic acid), and 
vitamin B12 (1 mg/day). Over an average follow-up duration of 7.3 years, daily B vitamin supplementation decreased the 
risk of developing AMD by 34% (relative risk [RR], 0.66 [95% CI: 0.47–0.93]; p = 0.02) and the risk of developing 
visually significant AMD by 41% (RR, 0.59 [95% CI: 0.36–0.95]; p = 0.03). A treatment effect was evident within 
approximately 2 years for AMD development and within approximately 4 years for visually significant AMD development. 
The authors speculated that the reduction in AMD risk may be related to homocysteine lowering, direct antioxidant effects, 
enhanced endothelial nitric oxide concentration and subsequent increase in vascular reactivity, or some combination thereof. 
Notably, a substudy from WAFACS demonstrated significant reductions from baseline in mean plasma homocysteine 
concentration for patients who received the B vitamin supplement (p = 0.001) but not for those in the placebo group.83 No 
serious adverse events linked to study treatment were reported and no ocular adverse events were noted.
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Taken together, the available evidence supports the continued exploration of B vitamin supplementation, particularly 
with vitamins B6, B9, and B12, for the prevention of AMD development and progression. It is worth noting that existing 
vitamin formulations for preventing AMD progression, AREDS and AREDS2, do not contain B vitamins. Given the 
evidence of benefit, augmenting an AREDS formulation with a B vitamin combination such as the one used in WAFACS 
(which includes higher doses of select B vitamins than typical over-the-counter B vitamin supplements) merits study.

Diabetic Retinopathy
Associations between dietary intake or serum concentrations of several B vitamins and diabetic retinopathy have been 
identified, although the data are, at times, conflicting (Table 2).28,32,56–60 Using data from a nationwide cohort of patients in 
Japan aged 40 to 70 years who had type 2 diabetes (N=978), Horikawa et al57 detected an inverse correlation between dietary 
intake of vitamin B6 and risk of diabetic retinopathy. The hazard ratio (HR) for developing diabetic retinopathy was 0.50 
(95% CI: 0.30–0.85; p = 0.010) for patients in the highest versus lowest quartile of vitamin B6. In subgroup analyses, the 
association of vitamin B6 intake and diabetic retinopathy was maintained for men and for patients with lower glycated 
hemoglobin (HbA1c) but not for women or younger patients. Significantly lower risk of diabetic retinopathy with higher 
dietary intake of vitamin B6 also was reported by Ruan et al56 using data from the US-based NHANES 2005–2008 
(N=5559). These data further revealed an association between higher dietary vitamin B6 intake and lower risk of all- 
cause and CVD-related death, as well as lower dietary intake of vitamin B12 in patients with versus without diabetic 
retinopathy. A meta-analysis that assessed only vitamin B12 reported that serum concentrations were significantly lower in 

Table 3 Studies Evaluating B Vitamin Supplementation in the Development or Progression of Ocular Diseases

Study Condition Supplement Findings

WAFACS (Christen 2009)82 AMD Vitamins B6 (50 mg/day), B9 (2.5 mg/day), and 
B12 (1 mg/day); average follow-up, 7.3 years

Daily B vitamin supplementation significantly decreased the 
risk of developing AMD (RR, 0.66 [95% CI: 0.47–0.93];  
p = 0.02) and visually significant AMD (RR, 0.59 [95% CI: 
0.36–0.95]; p = 0.03) compared with placebo

Pilot study (Smolek 2013)84 DR Pyridoxal-5ʹ-phosphate (B6) (70 mg/day), 
L-methylfolate calcium (B9) (6 mg/day), and 
methylcobalamin (B12) (4 mg) for 6 months

Treatment significantly improved mean threshold retinal 
sensitivity (p < 0.001) and mean central retinal thickness  
(p = 0.034) from baseline

Crossover RCT (Hui 2020)85 Glaucoma Nicotinamide (B3) (1.5 gm/day for 6 weeks, 
followed by 3.0 gm/day for 6 weeks)

Compared with placebo, high-dose nicotinamide 
supplementation improved inner retinal function for 
a greater proportion of patients with glaucoma.

WAFACS (Christen 2016)86 Cataracts Vitamins B6 (50 mg/day), B9 (2.5 mg/day), and 
B12 (1 mg/day); average follow-up, 7.3 years

Nonsignificant difference in cataract development with 
B vitamin supplementation vs placebo; however, the 
difference was significant for PSC (HR, 1.60 [95% CI: 
1.07–2.39]; p = 0.02) Higher risk of cataract extraction in 
the B vitamin supplement group vs placebo (HR, 1.28 [95% 
CI: 1.01–1.63]; p = 0.04)

Population-based study (Selin 2017)87 Cataracts High-dose B vitamins (~10x RDI) plus other 
supplements or alone (average follow-up, 11.6 
years)

For B vitamins plus other supplement, cataract risk 
increased by 9% (HR, 1.09 [95% CI: 1.02–1.17]) For 
B vitamins alone, cataract risk increased by 27% (HR, 1.27 
[95% CI: 1.12–1.43]). Cataract risk was highest for younger 
patients (aged <60 years).

RCT (Ren 2020)88 DED Vitamin B1 and mecobalamin (B12) for 2 
months (doses not specified)

The combination of oral vitamin B1, oral mecobalamin, and 
artificial tears, with or without corticosteroid eye drops, 
significantly reduced multiple signs and symptoms of DED  
(p < 0.05)

RCT (Ren 2022)89 DED Vitamin B1 and mecobalamin (B12) for 3 
months (doses not specified)

The combination of oral vitamin B1, oral mecobalamin, and 
artificial tears significantly improved multiple signs and 
symptoms of DED compared with artificial tears alone  
(p < 0.05) Significant improvements from baseline in corneal 
subbasal nerve parameters also were observed with 
combination therapy (p < 0.05)

Abbreviations: AMD, age-related macular degeneration; DED, dry eye disease; DR, diabetic retinopathy; HR, hazard ratio; RCT, randomized controlled trial; RDI, 
recommended daily intake; RR, relative risk; PSC, posterior subcapsular cataract; WAFACS, Women’s Antioxidant and Folic Acid Cardiovascular Study.
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patients with diabetic retinopathy and type 2 diabetes than in patients with type 2 diabetes without retinopathy (p < 0.0001).59 

This finding was echoed in a subsequent case-control study (N=100), which additionally demonstrated a negative linear 
correlation between serum vitamin B12 and serum homocysteine concentrations.32 In a small study of consecutively 
recruited patients from a single center (N=231), concentrations of vitamin B9 from plasma and from red blood cells were 
significantly lower in patients with diabetic retinopathy compared with controls (p < 0.001), and there was an inverse 
correlation between diabetic retinopathy severity and vitamin B9 concentration.28 Similar findings were reported for thiamine 
pyrophosphate, a derivative of vitamin B1, in a small cross-sectional study (N=80).58

In contrast with the data above, a single-center, retrospective study (N=637) reported higher serum concentrations of 
vitamin B9 in patients with moderate nonproliferative diabetic retinopathy compared with controls and also indicated serum 
vitamin B12 concentrations did not differ between patients with versus without diabetic retinopathy.60 In addition, analysis of 
NHANES 2003–2018 data (N=4595) failed to detect a significant difference in dietary intake of any B vitamins in patients 
with self-reported, diabetes-related “eye affliction or retinopathy” and controls after adjustment for covariates.90

Evidence Supporting B Vitamin Supplementation in Diabetic Retinopathy
Oral B vitamin supplementation has not been widely studied in the prevention or treatment of diabetic retinopathy. 
However, data from preclinical studies have revealed multiple positive effects of B vitamin exposure/treatment. 
For example, vitamin B1 protected cells of the inner blood-retinal barrier from metabolic dysregulation resulting 
from a diabetes-like microenvironment,91 and the vitamin B1 derivative thiamine pyrophosphate ameliorated 
hyperglycemia-induced retinopathy in a murine model.92 Nicotinamide (vitamin B3) diminished retinal neurode
generation in an animal model of diabetes.93 Vitamin B9 prevented retinal thinning and reduced markers of 
angiogenesis, inflammation, and oxidative stress in a mouse model of diabetes94 and protected retinal vascular 
endothelial cells from damage generated by a high-glucose environment.95 Dietary vitamin B12 supplementation at 
least partially prevented retinal thinning; diabetic gliosis; overexpression of hypoxia, vascular permeability, and 
endoplasmic reticulum stress markers; and apoptosis in the retina in a rat model of diabetes.96

A small open-label, single-arm pilot study treated 10 patients with mild to moderate nonproliferative diabetic 
retinopathy with a supplement containing pyridoxal-5ʹ-phosphate (vitamin B6), L-methylfolate (vitamin B9), and 
methylcobalamin (vitamin B12) for 6 months (Table 3).84 Significant improvements from baseline were observed in 
mean threshold retinal sensitivity (p < 0.001) and mean central retinal thickness (p = 0.034). Although the study was 
small and uncontrolled, the positive outcomes warrant further study in a larger clinical trial.

Glaucoma
Although there have been individual studies connecting dietary intake or serum concentrations of B vitamins with 
glaucoma development,61–66,68–71,97 results from meta-analyses are generally equivocal or do not support an association 
(Table 2).33,35,67,98,99 However, the 2024 meta-analysis from Nicola et al67 reported significantly lower dietary intake of 
vitamin B3 in patients with glaucoma compared with controls. These data are consistent with findings reported by 
Kouassi Nzoughet et al68 of lower median vitamin B3 plasma concentration in patients with POAG (N=34) versus 
controls (N=30), and with data from NHANES 2005–2008 (N=5371) demonstrating that each 1-mg increase in dietary 
vitamin B3 intake decreased glaucoma risk by 6%.62 Nonetheless, a 2024 report from the Korean National Health and 
Nutrition Examination Survey (KNHANES) 2017–2018 (N=4195) found significantly higher dietary intake of vitamin 
B3 in adults aged 60 years and older with glaucoma compared with controls (p = 0.046).69 These discrepancies may 
indicate that factors within the population influence the determinative value of vitamin B3 for glaucoma risk.

Interestingly, studies have reported differences in associations between B vitamins and glaucoma according to sex, 
age, and/or BMI.62,63,65,66,70 Using data from KNHANES 2008–2012 data (N=16,770), Jung et al65 detected lower 
dietary intake of vitamin B1 in patients with glaucoma versus controls for women, but not for men. Associations between 
low dietary intake of vitamins B1, B2, and B3 and POAG were found to be influenced by BMI and sex, and significant 
associations between serum vitamin B9 concentration and glaucoma risk were apparent for women and for patients aged 
<60 years, but not men or older patients.66,70 Similarly, data from the US-based NHANES 2005–2008 (N=5371) revealed 
that with every 1-mg increase in dietary vitamin B3 intake, an 11% decrease in glaucoma risk in women was observed, 
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but the risk of glaucoma in men was not lowered.62 A subsequent NHANES 2005–2008 analysis found lower self- 
reported glaucoma prevalence with relatively higher reported vitamin B1 and B12 intake in the overall study population, 
and with higher vitamin B1 and B2 intake for men.63 Based on International Society Geographical and Epidemiological 
Ophthalmology (ISGEO) glaucoma criteria, the risk in men was significantly reduced among those in the third quartile of 
B6 intake. For women, a nonlinear relationship was observed between vitamins B2 and B9 intake and glaucoma risk. 
These differences based on patient demographics may have influenced the ability to detect overall associations between 
B vitamins and glaucoma risk, which is reflected in the meta-analysis outcomes.

One study observed increased risk of glaucoma with high-dose intake of vitamin B12. The 2023 analysis of data from 
NHANES conducted by Liu et al71 assessed dietary intake of vitamin B12 in participants aged 40 years and older who 
had undergone retinal imaging (N=594). Significant differences in vitamin B12 intake between patients with and without 
glaucoma (mean vitamin B12 intake: 5.9 vs 4.8 mg; p = 0.033) were observed. After parsing participants by glaucoma 
presence or absence and dividing patients into quartiles of vitamin B12 intake, low or normal vitamin B12 intake was not 
associated with glaucoma. However, patients in the highest quartile of dietary vitamin B12 intake, which was considered 
high-dose intake, were at increased risk for developing glaucoma. As an outlier compared with results from the other 
studies, replication of these findings is important to determining whether vitamin B12 truly has an adverse effect on 
glaucoma risk.

B Vitamin Supplementation for Prevention of Glaucoma Development or Progression
Nicotinamide (vitamin B3) exerts multiple beneficial effects that may be neuroprotective in glaucoma, including 
replenishing NAD+ (which supports mitochondrial function), regulating calcium homeostasis, and reducing oxidative 
stress.100,101 Interest in nicotinamide for the prevention and treatment of glaucoma was energized by preclinical evidence 
demonstrating that treatment with nicotinamide protected glaucoma-prone mice from retinal ganglion cell soma or axonal 
loss, retinal nerve fiber layer thinning, optic nerve degeneration, and early molecular signs of glaucoma.20,102 

Nicotinamide was effective when administered either at an age prior to when intraocular pressure elevation was likely 
to be present or once chronic intraocular pressure elevation was established, and prevented age-related decline in RNA 
transcripts for NAD-producing enzymes in retinal ganglion cells.20,103

The clinical proof-of-concept came from a crossover, randomized, double-masked clinical trial that assessed the effect 
of high-dose nicotinamide (vitamin B3) versus placebo on inner retinal function in patients with glaucoma (N=57) 
(Table 3).85 Nicotinamide treatment was initiated at 1.5 g/day for the first 6 weeks, then increased to 3 g/day for another 
6 weeks. After 12 weeks of treatment, a greater proportion of patients in the nicotinamide group experienced improve
ment in inner retinal functioning compared with placebo. Although high-dose nicotinamide was well tolerated in this 
study, concerns regarding hepatotoxicity and painful flushing with high-dose nicotinamide led investigators in 
a subsequent study to treat patients with nicotinamide riboside rather than nicotinamide.104 Outcomes from this study 
have yet to be published.

Multiple ongoing clinical trials are evaluating nicotinamide, nicotinamide riboside, or nicotinamide and pyruvate for 
neuroprotection in glaucoma (ClinicalTrials.gov identifiers: NCT05275738, NCT05405868, NCT05695027, 
NCT06078605, NCT06333236).105,106 The results from these studies will provide more definitive evidence regarding 
the role of vitamin B3 supplementation for preventing disease progression in glaucoma.

Cataracts
Dietary intake and circulating concentrations of B vitamins have not been as well studied in cataract as they have in 
AMD and glaucoma. Nonetheless, inverse associations between dietary intake or serum concentrations and cataract risk 
have been observed for vitamins B1, B2, B3, B6, B9, and B12 (Table 2).23,72–74 There are a couple notable exceptions in 
which high dietary B vitamin intake was shown to increase cataract risk in particular subpopulations. Data from the 
AREDS study demonstrated an inverse association between dietary intake of vitamins B2, B6, and B12 and cataract risk 
for the overall population; however, among study participants who received a standardized daily multivitamin-mineral 
supplement, risk for development of at least mild posterior subcapsular cataract (PSC) was shown to increase by 61% in 
those with the highest versus the lowest intake of vitamin B9 (p = 0.02).72 No such association was found among 
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supplement nonusers. Data from KNHANES supported decreased risk of cataract with increased dietary intake of 
vitamin B1 among men, whereas in women, higher dietary intake of vitamin B2 was associated with increased cataract 
incidence.73 Additional studies are needed to more fully understand associations between B vitamins and cataract risk in 
different patient populations.

B Vitamin Supplementation for Cataract Prevention
Preliminary evidence from preclinical studies suggests there is potential for B vitamin supplementation in the treatment 
of cataract. Riboflavin (vitamin B2) alleviated lens opacity in in vitro models of autophagy-related cataract,107 and 
nicotinamide (vitamin B3) supported lens epithelial cell survival, positively affected lens fiber cell differentiation and 
arrangement, and decreased lens-related apoptosis in an in vitro lens regeneration model.108

Data from the WAFACS clinical trial, which we previously described in the context of AMD, also were used to 
evaluate the role of B vitamin supplementation on cataract prevention (Table 3).86 This analysis included 1969 women 
without cataract at baseline who were randomized to a supplement containing vitamins B6 (50 mg/day), B9 (2.5 mg/day; 
in the form of folic acid), and B12 (1 mg/day) and 1956 who were randomized to placebo. During the follow-up period, 
women treated with the B vitamin supplement experienced a statistically nonsignificant 10% higher risk of cataract 
compared with the placebo group (HR, 1.10 [95% CI: 0.90–1.33]). The increased risk was significant for PSC (HR, 1.60 
[95% CI: 1.07–2.39]; p = 0.02) but not for nuclear sclerosis cataract or any cortical cataract. A 28% higher risk for 
cataract extraction also was observed in the B vitamin supplementation group compared with placebo (HR, 1.28 [95% 
CI: 1.01–1.63]; p = 0.04). The authors speculated that the dose of B vitamins used in WAFACS may have been too high 
for cataract prevention and postulated that increased nitric oxide bioavailability could explain the disparate results in 
WAFACS for AMD versus cataract. Interestingly, a prospective, population-based study reported increased cataract 
diagnosis and/or extraction risk (8395 cases) with high-dose B vitamin supplements (10 times the recommended daily 
intake [RDI] for a B vitamin complex or 25 times the RDI for single B vitamin supplements).87 For patients taking 
B vitamins plus other supplements, the risk increased by 9% (HR, 1.09 [95% CI: 1.02–1.17), and for those taking 
B vitamins alone, the risk increased by 27% (HR, 1.27 [95% CI: 1.12–1.43]). For patients taking B vitamins alone, 
cataract risk was highest for younger patients (aged <60 years). Additional studies are needed to better understand the 
role B vitamins play in cataract development and whether there are thresholds of supplementation that confer increased 
versus decreased risk.

Dry Eye Disease and Ocular Surface Disorders
Four B vitamins have been linked to DED symptoms: vitamins B1, B2, B9, and B12 (Table 2).17,43 Within a cohort of 
patients from the Blue Mountains Eye Study who had completed a dry eye questionnaire (N=1528), 13.4% reported 
experiencing 2 or more dry eye symptoms and 15.6% reported at least 1 moderate-to-severe symptom.17 The likelihood 
of experiencing more than 2 dry eye symptoms decreased in the third or fourth quartile of dietary intake for vitamins B1 
and B12, respectively. Individual symptoms were significantly associated with dietary intake of vitamins B1 (dryness, 
itchiness, discomfort), B2 (grittiness), B9 (itchiness, discomfort), and B12 (watering) (p < 0.05 for all comparisons). In 
addition, a retrospective observational study (N=90) demonstrated reduced neuropathic ocular pain in patients with 
severe DED when vitamin B12 deficiency was corrected through parenteral supplementation.43

In patients with keratoconus (N=100), a condition in which the cornea thins and becomes cone-shaped, a small, cross- 
sectional study reported that mean vitamin B2 concentration in blood was significantly lower than in healthy individuals 
(N=200; p < 0.001).109 No significant differences were observed between cases and controls in blood concentrations of 
homocysteine and vitamins B9 or B12.

B Vitamin Supplementation and Ocular Surface Disorders
Dry eye disease is often caused by Meibomian gland dysfunction, which increases in prevalence with age.22,110 In 
preclinical studies, increasing NAD+ bioavailability through topical administration of the vitamin B3 vitamers NMN and 
nicotinamide riboside restored Meibomian gland activity.110 In vitro exposure to NMN had previously been shown to 
improve cell viability in corneal epithelial cells subject to hyperosmotic stress, a pathogenic process putatively linked to 
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DED.111 A recent study found that in vitro exposure of corneal epithelial cells to an ophthalmic solution containing 
vitamin B12 and sodium hyaluronate significantly ameliorated oxidative and inflammatory damage caused by hydrogen 
peroxide and ultraviolet radiation.112 The solution also accelerated corneal epithelial cell wound healing.

Ocular surface damage (including corneal epithelial squamous metaplasia and abnormal or delayed wound healing 
that can lead to epithelial erosion, corneal ulcers, and corneal perforation) also is observed in the context of diabetes 
mellitus.113 Administration of NMN to corneal epithelial cells exposed to a high-glucose environment intended to 
replicate hyperglycemia-induced damage resulted in improved cell viability, migratory capacity, and tight junctions 
and a reduction in apoptosis and cellular senescence.113

Clinical studies have explored treatment of DED using both topical and oral B vitamin preparations.88,89,114–116 In this 
section, we will discuss 2 randomized controlled clinical trials of oral vitamin B supplementation (Table 3).88,89 In the 
first study, 76 patients with DED were randomized to 2-month treatment with 1 of 4 regimens: artificial tears alone 
(group 1); corticosteroid eye drops and artificial tears (group 2); oral vitamin B1, oral mecobalamin (vitamin B12), and 
artificial tears (group 3); and oral vitamin B1, oral mecobalamin, artificial tears, and corticosteroid eye drops (group 4).88 

Patients who received B vitamin supplementation (groups 3 and 4) experienced significant improvements from baseline 
in dryness, foreign body sensation, burning, photophobia, tear film breakup time first, and corneal nerve fiber density. 
Patients who received corticosteroid eye drops in addition to artificial tears and B vitamin supplementation also 
experienced reductions in pain, blurred vision, and total symptom score. In the second study, patients aged 18 to 75 
years who had DED were randomized to 3-month treatment with oral vitamin B1, oral mecobalamin, and artificial tears 
(n=94) or artificial tears alone (n=105).89 Compared with the control group, patients who received B vitamin supple
mentation experienced greater improvements from baseline in conjunctival congestion score, dryness score, corneal 
fluorescein staining, blurred vision, photophobia, total symptom score, and Ocular Surface Disease Index (p < 0.05 for 
all). Moreover, significant improvements from baseline were observed in corneal sub-basal nerve parameters for patients 
who received B vitamin supplementation but not in the control group. These studies support a role for B vitamin 
supplementation in the treatment of DED, although studies with a larger treatment duration would be beneficial to gain 
a full understanding of the potential long-term benefits and risks.

Dietary Sources, Supplementation, and Clinical Implications
In an effort to maintain sufficient micronutrient intake, governing bodies have established recommended daily intake 
values; examples for B vitamins are presented in Table 4.117,118 These recommendations are based on population 
averages and need to be tailored to the individual patient. Vegetarians and vegans, for example, may lack adequate 
dietary intake of vitamin B12 because most food sources are animal based.119 Similarly, B vitamins may not be absorbed 
as readily from dietary sources for patients who have had bariatric surgery (vitamins B1 and B12) and older individuals 
(vitamin B12), thus, requiring supplementation.9,118,120 Micronutrient intake also may be insufficient in patients with 
autism spectrum disorder due to food aversions and preferences.121 Further, some chronic medications can deplete 
vitamin B levels over time (eg, proton pump inhibitors, H2-receptor antagonists, metformin, antiepileptic drugs, 
furosemide) and monitoring of blood levels may be advisable.122 Adequate intake of B vitamins can be achieved through 
consumption of foods that are high in B vitamins (Table 4), use of dietary supplements, and intake of foods that have 
been fortified with B vitamins. For the latter, the most ubiquitously applied example is folic acid (vitamin B9) 
fortification, which was first instituted in Oman almost 30 years ago; many countries followed this practice thereafter 
to reduce the occurrence of neural tube defects in infants.123 Food fortification rules vary by country, and may include 
B vitamins in addition to vitamin B9.

Supplementation Strategies in Ocular Diseases
The influence of micronutrient consumption and dietary supplementation is recognized by professional society guidelines 
as having potential for the prevention or treatment of AMD, cataract, and glaucoma.124–126 Based on evidence from 
AREDS2, the American Academy of Ophthalmology (AAO) recommends considering supplementation with antioxidant 
vitamins and minerals in patients with intermediate AMD or who have geographic atrophy in 1 or both eyes and other 
advanced AMD in 1 eye.124 The National Eye Institute (NEI)‒recommended AREDS2 formulation consists of vitamin 
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C (500 mg), vitamin E (400 IU), lutein/zeaxanthin (10 mg/2 mg), zinc oxide (80 mg), and cupric oxide (2 mg).124,127 The 
AAO also notes that the Mediterranean diet is associated with lower risk of AMD development and progression. The 
guidance for cataract and glaucoma is more general. The AAO acknowledges that there is moderate evidence to support 
multivitamin/mineral supplements to reduce cataract risk,125 and the American Optometric Association notes that 
B vitamins have “theoretical promise for the treatment of glaucoma or concomitant ocular surface disease”.126 

Limitations of the available evidence pose a barrier to stronger or more specific recommendations for dietary 
supplementation.

The idiom “the more, the better” does not apply to vitamin supplementation. As with other micronutrients, B vitamins can 
have deleterious effects when used at higher than recommended doses. Niacin (vitamin B3) at doses of more than 3 g/day can 
be toxic, causing ocular (macular edema, macular cysts) and systemic side effects (flushing, hyperglycemia, hyperuremia, 
liver toxicity).9,128 A 2025 position statement on nicotinamide use for glaucoma neuroprotection issued jointly by the 
American Glaucoma Society (AGS) and AAO cautions that “nicotinamide is not approved for glaucoma and its safety is 
unknown”.106 The statement does not recommend use of nicotinamide at doses of 3 g/day or higher, and further, even for doses 
<3 g/day, the statement advocates for collaboration with a patient’s primary care physician and periodic liver function testing. 
High-dose (≥100 mg/day) exposure is also a concern with vitamin B6 due to the potential for peripheral neuropathy.9 

Moreover, as noted previously, rather than having a protective effect, high-dose B vitamin supplementation (10x RDI for a B 
vitamin complex or 25x RDI for single B vitamin supplements) was associated with increased cataract risk in a population- 
based, prospective study.87

The form of the B vitamin also must be considered when used for supplementation. Vitamin B3 has 3 primary vitamers: 
niacin (aka nicotinic acid), nicotinamide (aka niacinamide), and nicotinamide riboside.129 Niacin and nicotinamide are the 
common forms used in supplements. Although nicotinamide does not have the cholesterol-lowering properties of niacin, it 
offers the benefit of a more favorable safety and tolerability profile.106,129 The AGS-AAO position statement strongly 
cautions against substituting niacin in place of nicotinamide for glaucoma neuroprotection.106 Nicotinamide riboside is not 
as widely used in supplements as niacin and nicotinamide, but may offer the advantage of greater oral bioavailability than 
nicotinamide and is well tolerated.104 For these reasons, nicotinamide riboside rather than other vitamin B3 forms is being 
used in an ongoing randomized controlled trial as a potential neuroprotective therapy in patients with glaucoma.104 Folic 
acid, a synthetic form of vitamin B9, is most commonly used in the context of food fortification and supplements. Folic acid 
does not naturally occur in food sources; is more biologically active than the naturally occurring form, methylfolate; and is 
slowly metabolized, raising concern about long-term exposure.130 Moreover, high levels of vitamin B9 can mask vitamin 

Table 4 Vitamin Intake Recommendations for Adults117,118

Vitamin Recommended Daily 
Intake

Dietary Sources

Men Women

B1 1–1.2 mg 0.8–1.1 mg Peas, certain fruits, nuts, wholegrain breads, fortified cereals, liver

B2 1.3 mg 1.1 mg Milk, eggs, fortified breakfast cereals, mushrooms, yogurt

B3 16–16.5 mg 13.2–14 mg Meat, fish, wheat flour, eggs

B5 5 mg 5 mg Chicken, beef, liver, kidneys, eggs, mushrooms, avocado

B6 1.3–1.7 mg 1.2–1.5 mg Pork, poultry, certain fish, peanuts, soybeans, wheatgerm, oats, bananas, milk, fortified cereals

B7 30 µg 30 µg Low levels present in a large number of foods

B9 200–400 µg 200–400 µg Broccoli, brussels sprouts, leafy green vegetables, peas, chickpeas, kidney beans, liver, fortified cereals

B12 1.5–2.4 µg 1.5–2.4 µg Meat, fish, milk, cheese, eggs, fortified cereals

Notes: Recommendations are from the United Kingdom’s National Health Service and the US National Academies of Sciences, Engineering, and Medicine.117,118 Table 
created with data from the National Health Service and the Food and Nutrition Board, Institute of Medicine, National Academies.117,118
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B12 deficiency, thereby delaying its identification, potentially past the point where symptoms are reversible.9,24,131 Multiple 
B12 vitamers (eg, hydroxocobalamin, methylcobalamin, and 5ʹ-deoxyadenosylcobalamin) are used in food fortification and 
supplements, the most common of which is cyanocobalamin, a synthetic variant.119 Whether these various B vitamin forms 
have unique effects or differences in efficacy, safety, and tolerability in the context of ocular health remains to be 
determined.

Gaps in Current Knowledge and Future Research Directions
Developing evidence-based best practices for the use of B vitamin supplementation to maintain optimal eye health and 
prevent the development or progression of ocular disease requires additional research to fill current knowledge gaps. For 
example, according to data on dietary intake of B vitamins, demographic or clinical factors may influence results, and 
these need to be explored to better tailor treatment to the individual patient. Overall, there is a lack of evidence to guide 
personalized nutrition in the context of ocular diseases, including studies evaluating genetic differences in the effects of 
B vitamin supplementation.15 As shown in Table 3, clinical trial data for supplements containing a single B vitamin or 
combinations of B vitamins are limited. Most of the larger supplement clinical trials have involved combinations of 
multiple vitamins/minerals.78–81 In addition, few of the clinical trials have used the same supplement, and none of the 
cited studies explored different dosing regimens. Therefore, the optimal dosing regimen for any particular supplement or 
condition has yet to be determined. For vitamins such as B3, there are multiple vitamer options available, and it remains 
to be determined whether the clinical effects will be generally similar regardless of the vitamer used or whether particular 
forms are better suited to particular clinical uses. Lastly, clinical studies are needed to assess the benefits and risks of 
long-term B vitamin supplementation.

From a clinical practice standpoint, a process for identifying patients who would benefit from nutritional intervention 
is needed. As suggested by the epidemiologic data, increased ocular disease risk does not require vitamin levels low 
enough to qualify as clinically deficient. Nonetheless, B vitamin concentrations in the low-but-still-normal range may go 
undetected in routine clinical practice because they are unlikely to produce overt symptoms and are not typically 
measured in the absence of clinical indicators of vitamin insufficiency. Clinicians and researchers should consider how 
best to implement B vitamin supplementation while clinical studies are evaluating its efficacy and safety in the 
prevention and treatment of ocular disease.

Conclusion
B vitamins play important roles in a range of physiologic processes that are essential for optimal eye health. They are 
integral to ocular structure and function, and their deficiency has significant clinical ramifications. The available evidence 
suggests increased risk of multiple eye diseases, including AMD, diabetic retinopathy, glaucoma, cataracts, and DED, 
with low intake or circulating concentrations of B vitamins. Preclinical data and clinical studies indicate that B vitamin 
supplementation can be beneficial for the prevention of ocular disease development and/or progression. Nonetheless, 
there is a need to identify optimal dosing regimens based on the clinical context and to evaluate long-term safety and 
efficacy in clinical trials. For clinicians, B vitamin supplementation may offer another tool through which they can 
protect their patients’ vision and maintain their eye health.
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