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T he transition from a normal 
physiologic state to a 
pathologic one in the ocular 
surface, like other tissues and 

organs, is influenced by etiologic 
factors, genetic predisposition, and 
host response (Figure 1). The extent 
to which these factors contribute 
determines whether a patient exhibits 
a subclinical or clinical phenotype of 
an ocular surface disorder (Figure 1). 
Beyond the elimination of etiologic 
factors, modulating the host response 
can be advantageous in resolving these 
conditions due to their critical role in 
regulating tissue homeostasis. 

Nutrients, including vitamins, 
are crucial for optimizing host 
responses (Figure 1). Vitamins, a 
vital category of micronutrients, 
are classified as either fat-soluble 
or water-soluble. Vitamins A, D, E, 
and K are fat-soluble, whereas the B 
vitamins (B1 [thiamin], B2 [riboflavin], 
B3 [niacin], B5 [pantothenic acid], B6 
[pyridoxine], B7 [biotin], B9 [folate], 
and B12 [cobalamin]) and vitamin C 
are water-soluble. The normal levels 
of these vitamins are outlined in 
the Table. Deficiencies can lead to a 
variety of systemic conditions with a 
profound impact on public health.   

Vitamins also play a crucial role in 
maintaining ocular surface homeostasis 
by acting as cofactors or coenzymes in 

key biologic processes.1-3 The detection 
of and fluctuations in vitamin levels 
in tear fluid highlight the importance 
of vitamins in ocular surface health.4-7 
Consequently, vitamin deficiencies 
and supplementation can lead to the 
development or resolution of ocular 
surface conditions, including dry eye 
disease (DED), conjunctivitis, and 
keratoconus; the ocular manifestations 
of autoimmune diseases; corneal haze; 
corneal dystrophies; the outcomes of 
corneal transplantation; wound healing 
after refractive surgery; and infectious 
and noninfectious inflammatory 
conditions of the ocular surface tissues 
and structures.1-3,8-13

 V I T A M I N A 
Vitamin A exists primarily in the 

forms of retinol, retinyl esters, and 
provitamin A carotenoids. It is crucial 
for growth, development, metabolism, 
cell proliferation, immune response 
regulation, and the differentiation of 
ocular surface epithelium. Vitamin A 
plays a key role in the visual cycle. It is an 
indispensable component of rhodopsin, 
a light-sensitive protein in the retina.14 
Consequently, deficiency can lead to a 
variety of ocular conditions, including 
childhood blindness and night blindness 
(nyctalopia). On the ocular surface, 
vitamin A stimulates mucin production 
and enhances corneal wound healing. 

Figure 1. Interaction of genetic, etiologic, and host factors in ocular surface disease (OSD) phenotypes with the modulatory 
role of vitamins.
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Vitamin A deficiency can result in 
reduced goblet cell density, instability 
of the tear film, dryness of the 
ocular surface, epithelial metaplasia, 
keratinization, Bitot spots, punctate 
keratopathy of the cornea, corneal 
perforations, and keratomalacia.15 
Dietary intake is the primary source of 
vitamin A, which is available in animal 
products, fruits, and vegetables. Both 
systemic and topical supplementation 
of vitamin A have been shown to 
improve ocular surface health by 
enhancing tear film quality through 

increased goblet cell density and 
mucin production, aiding corneal 
reepithelialization, reducing corneal 
epitheliopathy, preventing damage 
to the ocular surface, reversing 
conjunctival keratinization and 
squamous metaplasia, and alleviating 
DED.1-3 Oversupplementation of the 
vitamin, however, can have adverse 
effects such as blepharoconjunctivitis, 
conjunctival hyperemia, and 
meibomian gland dysfunction, all 
of which are reversible upon the 
cessation of supplementation.1,16

 V I T A M I N B 
The vitamin B complex is essential 

for ocular surface health. It plays a 
critical role in regulating antioxidative 
and immune responses, carbohydrate 
metabolism, protein synthesis, 
epithelial healing, neurotransmitter 
production, nerve regeneration, and 
remyelination. Research has indicated 
that epigenetic modifications 
might contribute to ocular surface 
conditions.17 Certain B vitamins 
are involved in the metabolism of 
homocysteine, which is crucial for 

T A B L E. N O R M A L L E V E L S O F V I T A M I N S

VITAMIN TYPE REFERENCE RANGE SUPPLEMENTATION

Vitamin A

Retinol Normal: > 0.70 μmol/L 
Mild deficiency: 0.70–0.35 μmol/L 
Severe deficiency: < 0.35 μmol/L

Ranges from 10,000 to 200,000 IU. Dosage, route, and regimen depend 
on age, severity of deficiency, and clinical manifestations.

Vitamin B

Vitamin B1; thiamine 
Vitamin B2; riboflavin 
Vitamin B3; niacin 
Vitamin B5; pantothenic acid 
Vitamin B6; pyridoxal phosphate 
Vitamin B7; biotin 
Vitamin B9; folate 
Vitamin B12; cobalamin

74–222 nmol/L 
106–638 nmol/L 
0.50–8.45 μg/mL 
1.6–2.7 μmol/L 
5–50 μg/L 
100–3,004 pg/mL 
2.7–17.0 ng/mL 
> 300 pg/mL

Supplementation depends on the type of vitamin B deficiency. 
Supplementation dosage and regimen depend on age, severity of 
deficiency, and clinical manifestations.

Vitamin C

Ascorbic acid Normal: > 34 μmol/L 
Mild deficiency: 11 μmol/L–34 μmol/L 
Severe deficiency:< 11 μmol/L

Ranges from 15 to 1,000 mg. Dosage and regimen depend on age, 
severity of deficiency, and clinical manifestations.

Vitamin D

Vitamin D3 Normal: > 30 ng/mL 
Insufficiency: 20–30 ng/mL 
Moderate deficiency: < 20 ng/mL 
Severe deficiency: < 10 ng/mL

Ranges from 400 to 600,000 IU. Dosage, route, and regimen depend on 
age, severity of deficiency, and clinical manifestations.

Vitamin E

Alpha-tocopherol Normal: > 12 μmol/L 10 mg/day to 10 g/day depending on the severity of deficiency and 
clinical manifestations.

Vitamin K

Serum phylloquinone 
Coagulation tests

Normal: 0.2–1.0 ng/mL 
Prothrombin time

Menadiol: ranges from 5 to 10 mg. Phytonadione: ranges from 
2.5 to 25 mg. Dosage, route, and regimen depend on age, severity of 
deficiency, and clinical manifestations.
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epigenetic mechanisms such as 
DNA methylation.3,17 

Deficiencies in vitamin B are often 
linked to OSD characterized by 
neurosensory abnormalities, including 
neuropathic pain. A double blind, 
randomized pilot study suggested that 
oral supplementation of vitamins B1 
and B2, along with forskolin and rutin, 
can reduce DED signs and symptoms 
in glaucoma patients with OSD.18 

The systemic supplementation 
of vitamin B12 has been found to 
enhance tear secretion and stability 
while reducing ocular discomfort 
in patients deficient in this vitamin 
who are experiencing neuropathic 
ocular pain.19,20 Topical administration 
of vitamin B12, either alone or 
in combination with citicoline 
or hyaluronic acid, can improve 
ocular surface health.21-23 Published 
reports have suggested that topical 
supplements containing vitamin B12 
can decrease signs and symptoms 
related to DED, increase epithelial and 
subbasal plexus density, and reduce the 
number of corneal dendritic cells.21-23

 V I T A M I N C 
Vitamin C plays a crucial role in 

antiinflammatory, antioxidative, and 
immunomodulatory responses. It 
supports the synthesis of collagen 
and certain neurotransmitters, 
the metabolism of proteins, and 
the absorption of iron.24 Acting as 
a cofactor for proline and lysine 
hydroxylases, vitamin C is essential 
for the stabilization of types I and 
VI collagen. Vitamin C cannot be 
synthesized endogenously; fruits and 
vegetables serve as its natural sources. 
Its deficiency can lead to scurvy. 

The measurement of vitamin C in 
the tear film and its role in stabilizing 
types I and VI collagen indicate the 
organic molecule’s significant impact 
on ocular surface homeostasis. In 
vivo research has demonstrated that 
vitamin C enhances corneal wound 
healing after injury by mitigating 
corneal edema, reducing infiltration 

by inflammatory cells, curbing corneal 
neovascularization, and fostering 
limbal stem cell proliferation.2 Systemic 
supplementation of vitamin C—in 
conjunction with vitamin E or with 
astaxanthin, vitamins A and E, and 
herbal extracts—has been shown 
to increase tear production and 
enhance tear film stability, particularly 
in diabetic patients and those 
with DED.25,26

 V I T A M I N D 
Vitamin D, a naturally synthesized 

steroid hormone, plays a key role 
in regulating calcium homeostasis, 
modulating inflammation, and 
influencing cell survival, proliferation, 
differentiation, and barrier functions. 
Vitamin D3 (cholecalciferol) is either 
synthesized endogenously in the 
skin from 7-dehydrocholesterol or 
obtained through dietary sources. It 
is then converted into its active form, 
calcitriol, in the kidney—a process 
that also occurs in the cornea.27 
Notably, vitamin D levels have been 
found to be higher in tear fluid than 
in serum. Serum and tear fluid levels 
of vitamin D are positively correlated 

with tear film stability and tear 
production and inversely correlated 
with ocular surface discomfort and 
tear fluid inflammatory markers in 
patients who have DED.6 

The beneficial effects of vitamin D 
are mediated predominantly through 
its interaction with the vitamin D 
receptor (VDR). Significantly reduced 
VDR levels have been observed in the 
ocular surface epithelium of patients 
with DED and keratoconus, a finding 
attributed to oxidative stress-induced 
VDR degradation.28,29 Restoring VDR 
levels in cells and tissues is therefore 
vital for enhancing the efficacy of 
vitamin D supplementation. 

Systemic vitamin D supplementation 
has been shown to decrease ocular 
surface discomfort, enhance tear 
production and stability, and improve 
gut microbiome diversity.1-3,30 The 
development of practice guidelines for 
systemic vitamin D supplementation 
for the management of ocular surface 
conditions would be beneficial for 
practitioners.31 

Topical supplementation of 
vitamin D, combined with vitamin A 
and omega-3, has been reported to 

Figure 2. Schematic overview of vitamins’ roles in ocular surface health.
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enhance tear film stability, diminish 
ocular surface inflammation, and 
support reepithelialization.

 V I T A M I N E 
Vitamin E, encompassing 

tocopherols and tocotrienols, 
is recognized for its antioxidant 
properties. It influences cell signaling, 
gene expression, metabolic activities, 
and immune functions. Deficiencies 
in vitamin E have been linked to 
neuropathies, neuromuscular 
disorders, hemolytic anemia, and 
retinopathy. This organic molecule 
has been reported to lower the risk 
of developing cataracts, age-related 
macular degeneration, diabetic 
retinopathy, and retinopathy of 
prematurity. Although a direct causal 
link between vitamin E deficiency and 
OSD has yet to be established, systemic 
supplementation with vitamin E, 
combined either with vitamin C or 
with astaxanthin, vitamins A and C, 
and herbal extracts, has been shown 
to enhance tear production and tear 
film stability in patients with diabetes 
or DED.25,26 The topical application 
of vitamin E and coenzyme Q10 was 
found to improve tear film stability 
and corneal nerve innervation 
in patients.32

 V I T A M I N K 
Vitamin K, existing in forms such 

as phylloquinone (vitamin K1) and 
menaquinones (vitamin K2), plays a 
critical role in blood coagulation, bone 
metabolism, and cardiovascular health. 
Pathways dependent and independent 
of vitamin K–dependent proteins 
(VKDP) contribute to various biologic 
processes, including coagulation 
regulation, apoptosis, ferroptosis, 
angiogenesis, and receptor-mediated 
cellular signal transduction.8 Emerging 
research has highlighted the significance 
of VKDP in ocular conditions such as 
Schnyder corneal dystrophy, cataracts, 
and glaucoma.8,33 Further studies 
are needed to elucidate the roles of 
vitamin K and VKDP in OSD.

 S T R A T E G I C N U T R I E N T M A N A G E M E N T F O R  
 O C U L A R S U R F A C E H E A L T H 

Given that vitamins are integral 
to the biologic processes essential 
for ocular surface health (Figure 2), 
identifying and addressing vitamin 
deficiencies are crucial in the 
management of OSD. The choice of 
supplementation, dose, route, and 
regimen should be tailored to the 
severity of the deficiency and the 
patient’s clinical symptoms under 
the guidance of a physician (Table). 
For dietary intake guidance, specific 
recommendations34 can be consulted. 

Although vitamin supplementation–
related adverse reactions are rare, 
patient monitoring is essential, 
particularly for vitamin A. To date, 
supplementation with vitamins B, 
C, D, and E has not been linked to 
adverse reactions.1 Addressing vitamin 
deficiencies as a component of OSD 
management can enhance treatment 
efficacy, accelerate resolution, and 
prevent recurrence, which highlights 
the importance of this dietary 
approach in routine clinical practice.  n
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