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Abstract 

Introduction and purpose 

Glaucoma is a chronic, progressive optic neuropathy and a leading cause of irreversible blindness 

worldwide. Increasing evidence suggests that, beyond intraocular pressure, systemic and metabolic 

factors may contribute to its pathogenesis. Vitamin D, known for its immunomodulatory and 

neuroprotective properties, has emerged as a potential factor influencing glaucoma risk. The aim of this 

study was to evaluate the relationship between vitamin D supplementation and the risk of developing 

glaucoma. 

Material and method 

A narrative review of current literature, including experimental, observational, and clinical studies, was 

conducted to assess the association between vitamin D status, supplementation, and glaucoma-related 

outcomes such as intraocular pressure and optic nerve damage. Particular attention was given to studies 

analyzing serum 25(OH)D levels, supplementation patterns, and disease progression. 

Results 

Experimental studies indicate that calcitriol may reduce intraocular pressure and improve aqueous 

humor outflow, while observational studies often demonstrate an inverse relationship between serum 

vitamin D levels and glaucoma risk. However, clinical trials assessing supplementation have yielded 

inconclusive results, with some showing no significant effect on intraocular pressure. Variability in 

study design, population characteristics, and lack of detailed supplementation data limit the 

interpretation of findings. Additionally, vitamin D may exert neuroprotective effects independent of 

pressure regulation. 
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Conclusions 

Vitamin D may play a supportive role in glaucoma prevention through systemic and ocular mechanisms 

however, current evidence is insufficient to confirm a clear protective effect of supplementation. Further 

large-scale, well-designed prospective studies are required to clarify its clinical significance. 

 

 

Keywords: Glaucoma; Vitamin D; Intraocular pressure (IOP); Neuroprotection; Calcitriol; Optic nerve 

damage 

1. Background 

Glaucoma is a chronic progressive optic neuropathy that is recognized as a leading cause of irreversible 

blindness globally, with an estimated 76 million individuals affected in 2020, a number expected to rise 

to 111.8 million by 2040 [1] [2]. Traditional understanding of glaucoma focuses on intraocular pressure 

and optic nerve damage. One of the main risk factors is high intraocular pressure (IOP), which is usually 

brought on by increased resistance to fluid drainage through the trabecular meshwork. Retinal ganglion 

cells are specifically lost as a result of the illness. The weakening of the macular ganglion cell complex 

(GCC) and ultimately the retinal nerve fiber layer (RNFL) frequently precedes this [9]. Additionally, 

recent studies have connected oxidative stress, persistent neuroinflammation, and mitochondrial 

dysfunction to the advancement of illness [10]. However, emerging evidence suggests that systemic 

factors, including vascular, metabolic, and inflammatory pathways, may significantly contribute to the 

disease's development and progression [7] [5].  

The disease predominantly impacts older adults, many of whom have concurrent chronic conditions 

such as hypertension, diabetes, and chronic kidney disease. These results suggest that glaucoma may be 

a clinical sign of a more widespread systemic susceptibility, suggesting that people with glaucoma 

require holistic health care [7].  

The main sign of developing glaucoma is visual field loss, which is one of the symptoms and 

consequences. It can be classified as early, moderate, or advanced based on the degree of visual field 

loss [9]. If left unmanaged, the damage to the optic nerve becomes permanent and leads to gradual vision 

loss [10] as well as irreversible blindness. [9] While some forms of glaucoma (like angle-closure) can 

cause acute symptoms, the sources primarily focus on the asymptomatic and progressive nature of open-

angle glaucoma, emphasizing that it often goes unnoticed until significant damage has occurred [9]. 

 

1.1. Types of Glaucoma: Key Categories and Subtypes 

Glaucoma is not a single disease but a group of conditions that damage the optic nerve and can cause 

irreversible vision loss. Research divides glaucoma mainly by how the eye’s drainage angle looks, the 

cause (primary vs secondary), and age of onset. 

 

 



5 

 

Major Adult Categories 

By drainage angle anatomy 

● Open-angle glaucomas: Drainage angle looks open; outflow is impaired.  

Includes: 

○ Primary open-angle glaucoma (POAG) – the most common type worldwide and in 

many series [20,21,22,23] 

○ Normal-tension glaucoma (NTG) – optic nerve damage with IOP in the normal range; 

considered an open‑angle subtype [24,25,26,27] 

○ Juvenile open-angle glaucoma (JOAG) – early-onset open-angle disease in young 

people [25,28,29] 

○ Ocular hypertension – high pressure with no established damage; often grouped with 

open‑angle conditions [25,26]. 

●  Angle-closure glaucomas: Iris blocks the drainage angle. 

○ Primary angle‑closure disease (spectrum including suspects, acute, intermittent, chronic 

angle‑closure) [25, 21, 30, 27] 

○ Acute and chronic forms are often separated (AACG vs CACG) [26,27] 

Childhood / Pediatric Glaucoma 

Childhood glaucoma is classified separately by the Childhood Glaucoma Research Network (CGRN) 

[33,28,29,34]: 

● Primary: 

○ Primary congenital glaucoma (PCG) – from birth or early infancy [33,28,29,30] 

○ Juvenile open-angle glaucoma. 

● Secondary: 

○ Following cataract surgery. 

○ Associated with nonacquired ocular anomalies (e.g., Axenfeld‑Rieger, Peters anomaly, 

aniridia). 

○ Associated with nonacquired systemic syndromes (e.g., Sturge‑Weber, 

neurofibromatosis). 

○ Associated with acquired conditions (uveitis, trauma, tumors) [28,29,34]. 

● Selected Named Secondary Types 

○ Neovascular glaucoma – due to new abnormal blood vessels; highlighted as a key 

secondary, often severe type [25,26,31,32]. 
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○ Lens‑related / phacogenic glaucomas – lens‑induced, phacomorphic, phacolytic, etc., 

grouped as phacogenic secondary glaucomas [31,32] 

○ Other secondary open‑angle forms include pigmentary, pseudoexfoliation, 

steroid‑induced, and glaucomas associated with inflammation, trauma, 

aphakia/pseudophakia, and retinal disorders [21,22,25,26] 

 

1.2. Pharmacokinetics and Pharmacodynamics of Vitamin D. 

 

Vitamin D plays a crucial role in maintaining systemic health, with functions extending beyond calcium 

homeostasis to include immune modulation, cellular differentiation, and neuroprotection [3] [4]. 

Vitamin D is a class of fat-soluble prohormones consisting of vitamin D2 and vitamin D3 

(cholecalciferol) (Figure 1). Vitamin D can be directly absorbed from the diet as vitamin D3 and vitamin 

D2 (ergocalciferol) or created in the skin from 7- 

dehydrocholesterol  under the influence of UV radiation, known as vitamin D3 (cholecalciferol) [17]. 

The liver's cytochrome P450 (CYP)2R1 and 27A1 then hydroxylate either form to 25-

hydroxycholecalciferol (calcidiol or calcifediol, 25(OH)D).The active form of vitamin D3, 1α,25-

dihydroxyvitamin D (1,25(OH)2D or calcitriol), is then produced mostly in the kidney by 25-

hydroxyvitamin D3-1α-hydroxylase (CYP27B1). Extrarenal tissues include the skin, brain, pancreas, 

colon, breast, ovary, muscle, immune cells/macrophages, and nonparenchymal hepatic cells express 

CYP27B1 to a lesser extent [18]. Consequently, it is difficult for these tissues to produce 1,25(OH)2D 

locally [19]. 24-hydroxylase (CYP24A1) transforms excess active vitamin D (1,25(OH)2D) into 

inactive metabolites (1,24,25(OH)3D). 1,25(OH)2D induces CYP24A1 through a feed-forward 

mechanism. CYP27B1 inhibits the formation of 1,25(OH)2D, which is the feedback mechanism.  

Additionally, 25(OH)D is converted by CYP24A1 to another inactive metabolite, 24,25-

dihydroxyvitamin D3, which is another way to prevent excessive quantities of moderate or highly active 

vitamin D metabolites from circulating. Vitamin D shortage can result from disproportionate delivery 

of the hormonal form of vitamin D (1,25(OH)2D), which stimulates the breakdown of 25(OH)D. This 

is significant since 24,25-dihydroxyvitamin D2 shows 100% cross-reactivity with the majority of assays 

used to assess circulating 25(OH)D to estimate vitamin D status. 

 



7 

 

Figure 1: Normal vitamin D metabolism. 

Vitamin D is obtained either through skin synthesis or dietary intake. In the skin, ultraviolet (UV) 

radiation converts 7-dehydrocholesterol into vitamin D₃ (cholecalciferol). It can also be derived from 

plant sterols (ergosterol) or consumed directly in the diet as vitamin D₃ or vitamin D₂ (ergocalciferol). 

Both forms are subsequently hydroxylated in the liver by cytochrome P450 enzyme CYP27A1 to form 

25-hydroxyvitamin D (25(OH)D), also known as calcidiol or calcifediol. This metabolite is then further 

converted, primarily in the kidney, by 1α-hydroxylase (CYP27B1) into the biologically active form, 

1,25-dihydroxyvitamin D (1,25(OH)₂D), also called calcitriol. 

Source: authors' diagram 

 

1.3. Vitamin D deficiency (VDD) 

Vitamin D deficiency (VDD) may serve as a marker for systemic dysregulation, particularly in aging 

populations, as it has been repeatedly linked to a number of systemic health problems, such as 

cardiovascular disease, renal dysfunction, and increased all-cause mortality [1] [3] [8]. Interestingly, 

studies suggest that VDD can be a sign of underlying systemic health issues rather than a direct cause 

of poor health outcomes [1]. 

 

The implications of vitamin D status on eye health are gaining attention. Vitamin D may directly affect 

ocular tissues since the retina and optic nerve head express the vitamin D receptor (VDR) [3] [4]. Given 

vitamin D's known effects on inflammation and neuroprotection, a number of studies have examined 

the relationship between vitamin D levels and glaucoma risk [5] [4]. Understanding how vitamin D 

supplementation may affect disease trajectories in at-risk groups is crucial due to the complex 

interactions between vitamin D levels, systemic health, and the risk of developing glaucoma. 
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1.4. Vitamin D Supplementation 

Vitamin D supplementation has gained significant attention due to its multifaceted role in human health, 

particularly in relation to eye health and the potential risk of developing glaucoma. Vitamin D, primarily 

in the form of 25-hydroxyvitamin D (25(OH)D), serves as a crucial biomarker for assessing vitamin D 

status and is involved in numerous biological functions including immune modulation, cellular 

proliferation, and neuroprotection within the central nervous system, including the optic nerve [5] [4].  

1.5. Sources and Synthesis of Vitamin D 

Humans acquire vitamin D through dietary sources and synthesis in the skin via exposure to ultraviolet 

B radiation. Natural dietary sources include fatty fish, egg yolk, and liver, while many foods, such as 

milk and cereals, are fortified with vitamin D2 (ergocalciferol) or D3 (cholecalciferol). Endogenously, 

vitamin D3 is produced in the skin and converted in the liver to 25-hydroxyvitamin D, which is further 

modified in the kidneys to its active form, calcitriol [4] [1]. 

 

2. Role of Vitamin D in Ocular Health 

2.1. Effect on Intraocular Pressure (IOP) 

Research indicates that vitamin D deficiency is associated with various neurodegenerative effects, 

particularly impacting the central nervous system. The optic nerve, which is essential for vision, is 

notably influenced by vitamin D levels, suggesting that adequate supplementation could potentially 

mitigate risks associated with glaucoma, a chronic progressive optic neuropathy characterized by 

irreversible damage [5] [3].  

Vitamin D is increasingly recognized as a multifaceted regulator of ocular and systemic physiology, 

with potential implications for intraocular pressure (IOP) and glaucoma pathogenesis. Beyond its direct 

ocular effects, vitamin D contributes to the modulation of systemic conditions such as diabetes mellitus 

and arterial hypertension, both of which are established metabolic risk factors associated with elevated 

IOP and impaired ocular perfusion, thereby increasing susceptibility to glaucomatous damage. [4] [1]. 

Evidence regarding the relationship between vitamin D and IOP remains heterogeneous, encompassing 

both experimental and clinical observations. Preclinical studies have demonstrated that topical 

administration of calcitriol or its analogs in animal models, particularly in primates, can induce a 

substantial reduction in IOP - reaching up to approximately 20% - with effects persisting for over 12 

hours. In parallel, several epidemiological and clinical investigations have identified an inverse 

correlation between serum vitamin D levels and IOP, suggesting that higher circulating concentrations 

of vitamin D may be associated with lower intraocular pressure. This relationship appears particularly 

notable in certain populations, including individuals of African descent, in whom lower vitamin D status 

has been linked to higher IOP values. [9] 

However, findings from human interventional studies remain inconclusive. Some clinical trials have not 

demonstrated a significant reduction in IOP following systemic vitamin D supplementation, which may 

be attributable to the necessity of local intraocular conversion to the active metabolite, calcitriol, in order 

to exert biological effects within ocular tissues. Consequently, systemic vitamin D levels may not 

reliably reflect the bioactive concentrations required at the site of action. [9] 

In addition to its potential role in IOP regulation, vitamin D exhibits neuroprotective properties that may 

be relevant in glaucoma. Through its anti-inflammatory and antioxidant actions, it is thought to confer 
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protection to retinal ganglion cells and the optic nerve, thereby potentially mitigating the progression of 

glaucomatous optic neuropathy. [9,10] 

2.2. Impact on Eye Drainage 

1α,25-dihydroxyvitamin D3 (Calcitriol) has been demonstrated to reduce oxidative stress-induced 

damage in human trabecular meshwork (TM) cells by blocking the TGFβ-SMAD3-VDR pathway. 

Inhibiting this route, which is the principal regulator of extracellular matrix deposition in the TM, aids 

in preserving the drainage system's structural integrity and functionality under stress. [9] In addition, 

because of its natural antioxidant, immune-modulating, and anti-inflammatory qualities, vitamin D is 

thought to be essential for neuroprotection. [9] It contributes to the development of a more robust interior 

environment that can better shield delicate ocular tissues by lowering chronic inflammation. [10]  

 

Moreover, research indicates that calcitriol may play a significant role in reducing intraocular pressure 

by modulating both the production and outflow of aqueous humor. The trabecular meshwork, which 

constitutes the principal drainage system of the eye, is thought to exhibit decreased resistance in the 

presence of vitamin D, a phenomenon mediated through several molecular mechanisms. One such 

mechanism involves extracellular matrix remodeling, whereby vitamin D regulates the expression of 

genes responsible for maintaining the structural integrity of the trabecular meshwork; specifically, it has 

been shown to upregulate matrix metalloproteinases (MMP-3, MMP-11, MMP-13, and MMP-14) while 

downregulating their inhibitor TIMP-3, thereby facilitating enhanced aqueous humor outflow.  

Furthermore, calcitriol suppresses the expression of genes such as fibronectin I and RHOA (Ras 

homolog gene family, member A), both of which are associated with increased intraocular pressure. By 

inducing alterations in cellular architecture by downregulating genes involved in cell adhesion, such as 

CD44, as well as cytoskeletal components including α- and γ-actins, vitamin D may further reduce 

resistance to fluid drainage. [9]  

 

2.3. Reduction of oxidative stress 

Vitamin D supports cellular longevity by promoting telomere length, which may reduce the rate at which 

cells age making cellular processes more flexible and less vulnerable to the constant stress and oxidative 

damage linked to diseases like glaucoma. This promotes the long-term health of eye tissues. [10] 

Another property of vitamin D is that it can reduce oxidative stress by creating a "quiet, persistent 

defense" within the body. This may prevent the optic nerve and retinal ganglion cells from gradually 

deteriorating. [10] Although these preclinical results are encouraging, the authors emphasize the 

necessity for wider human clinical trials to completely confirm these protective effects and point out 

that the precise molecular pathways are still being investigated. [9] 

 

2.4. Vitamin D and its protective properties 

Furthermore, several preventive functions of vitamin D may have an impact on potential processes for 

the development of glaucoma, either directly through activation of the vitamin D receptor or indirectly 

through control of calcium homeostasis [13,16]. First, vitamin D may have an impact on 

immunomodulation in glaucoma etiology - neurodegenerative damage to the optic nerve axons and 

ganglion cell bodies is mainly triggered by an immune system imbalance. Vitamin D has a major impact 
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on immune cell modulation, which may be crucial for safeguarding the optic nerve. [14]. According to 

recent research, vitamin D may have a number of preventive functions in the development of glaucoma, 

either directly through activation of the vitamin D receptor or indirectly through regulation of calcium 

homeostasis [13, 14].  

 

Second, vitamin D controls neural network plasticity as well as neurotrophic factors in the central 

nervous system [11, 12]. Vitamin D has a neurotrophic property linked to neurotransmitter metabolism 

and the creation of neurotrophic growth factors, according to research employing animal models [11, 

12]. This impact might help the injured optic nerve regenerate.  

 

Third, vitamin D performs a significant role in glaucomatous optic nerve injury by modulating oxidative 

stress in neurons through the activation of calcium channels [13,14,15]. Numerous neurological and 

psychiatric conditions, including depression, schizophrenia, Parkinson's disease, and Alzheimer's 

disease, are strongly linked to vitamin D [13]. These conditions may have an influence on the 

development of glaucoma, according to several research [14]. Studies have shown that 

neurodegenerative damage to the optic nerve axons and ganglion cell bodies is largely caused by an 

immune system imbalance. Vitamin D has a major impact on immune cell modulation, which may be 

crucial for safeguarding the optic nerve.  

Moreover, vitamin D controls neural network plasticity as well as neurotrophic factors in the central 

nervous system [11, 12]. Vitamin D has a neurotrophic property linked to neurotransmitter metabolism 

and the creation of neurotrophic growth factors, according to research employing animal models [11, 

12]. This impact might help the injured optic nerve regenerate.  

Additionally, vitamin D plays a significant role in glaucomatous optic nerve injury by controlling 

oxidative stress in neurons through the activation of calcium channels [13,14,15]. Especially its active 

form 1α,25-dihydroxyvitamin D3 (calcitriol), shields the eye against oxidative stress by TGFβ-SMAD3-

VDR Pathway Inhibition. [9] 

 

3. Considerations for Supplementation 

While vitamin D supplementation can be beneficial, especially for individuals at risk of deficiency, it is 

crucial to tailor doses appropriately. The upper tolerable limit for oral supplementation is generally set 

at 4000 IU per day for healthy individuals, although those who are vitamin D deficient may require 

higher doses [3]. Caution is advised to prevent vitamin D toxicity, which can result from prolonged 

high-dose supplementation. Regular monitoring of serum vitamin D levels is recommended to ensure 

safety and efficacy in supplementation strategies aimed at preventing glaucoma[4] [3] [1]. 

4. Research Studies 

4.1. Vitamin D and Ocular Health regarding to sex-based differences 

To begin with, recent research has explored the association between vitamin D levels and ocular health, 

particularly in relation to open-angle glaucoma (OAG). A study observed no significant trend between 

vitamin D levels and OAG in females, suggesting that menstrual status or hormone replacement therapy 
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may influence this relationship. After menopause, women experience lower levels of estrogen and 

progesterone, which could be an independent risk factor for developing OAG, unlike men who do not 

face this hormonal decline [4]. Furthermore, it has been suggested that sexual hormonal status could 

lead to nutritional deficiencies and various chronic diseases, potentially linking low vitamin D levels to 

the development of OAG [4]. 

 

Research into the link between vitamin D and OAG has often produced conflicting results regarding 

sex-based differences. One cross-sectional study of 6,094 South Korean participants reported an inverse 

association between serum 25(OH)D concentration and OAG in males only. Conversely, a much larger 

retrospective study of 123,331 South Korean participants found that lower vitamin D levels were 

significantly associated with an elevated risk of glaucoma in females only. Notably, the study that found 

a link in females also reported no association between vitamin D and intraocular pressure (IOP). This 

suggests that in women, vitamin D may influence glaucoma through pathways other than pressure 

regulation, such as direct neuroprotection of the optic nerve. [17,18,19] 

 

Based on other studies, the link between hormonal levels and OAG can be considered as an independent 

risk factor for the development of OAG due to the decline in estrogen and progesterone after menopause. 

This distinguishes the risk profile of women from that of men, who do not undergo a similar dramatic 

hormonal drop. It has been proposed that this hormonal change may potentially contribute to nutritional 

inadequacies that further aggravate disease risk. Lower 25(OH)D levels were significantly linked to an 

increased risk of glaucoma in females only, according to a larger retrospective cross-sectional study of 

123,331 South Korean participants [9]. No correlation was found between IOP and vitamin D, 

suggesting that vitamin D may play a role in glaucoma pathogenesis independent of IOP levels. The 

number of female and male subjects in their research population, however, varied greatly, and the group 

with high IOP was much smaller than the group with normal IOP. Furthermore, fundus photos alone - 

without any gonioscopic description of the angle - were used to diagnose the participants with glaucoma. 

This reduces the validity of the presumptive patient classification and, thus, the conclusions about the 

correlation between vitamin D and glaucoma risk. [35] Nevertheless, this can potentially be a critical 

finding because it suggests that in women, the protective effects of Vitamin D and potentially its 

interaction with estrogen occur through direct neuroprotection of the optic nerve rather than through 

fluid drainage regulation. 

Secondly, vitamin D is known for its anti-inflammatory and antioxidant properties, which help protect 

retinal ganglion cells from oxidative stress. The sources suggest that the lack of these protective factors, 

potentially exacerbated by low estrogen levels, could explain the development or severity of OAG in 

certain patients, This conclusion was presented in an American case-control study in a cohort of 357 

POAG patients of African descent [36]. 

In elderly populations vitamin D deficiency has been linked to a reduced macular ganglion cell complex 

(GCC), a sign of neuronal loss that can precede the visible thinning of the retinal nerve fiber layer seen 

in glaucoma. With aging the ability where the body can absorb essential nutrients decreases. Older adults 

frequently face "nutrient gaps" in Vitamin D and B12, both of which are vital for nerve and vascular 

support. These gaps, combined with systemic hormonal changes, can leave the eyes and nerves more 

exposed to the "unrelenting" damage associated with OAG. 
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In summary, the sources indicate that for women, the risk of OAG is tied to a complex interplay of 

hormonal decline and nutrient status that affects the longevity and resilience of the optic nerve 

independently of eye pressure. [9,10] 

 

4.2. The link between vitamin D and glaucoma severity 

Research into the link between vitamin D and glaucoma severity has yielded mixed results, with some 

studies suggesting a strong correlation while others find no significant relationship. 

 

4.2.1. Evidence Supporting a Link to Severity 

An American case-control study focusing on individuals of African descent found that serum levels of 

25-hydroxyvitamin D (25(OH)D) were significantly lower in patients with advanced glaucoma (visual 

field loss worse than −10 dB) compared to those with early-stage glaucoma or healthy controls. [36] 

Vitamin D deficiency has also been associated with a reduced macular ganglion cell complex (GCC) 

thickness. This neuronal loss in the GCC may represent an early stage of neurodegeneration that 

precedes the thinning of the retinal nerve fiber layer typically seen in progressing glaucoma. [37-40] 

Recent findings suggest that optimal vitamin D levels may support telomere length and reduce chronic 

inflammation, which could slow cellular aging and help the optic nerve resist the gradual, unrelenting 

damage seen in severe glaucoma. [10] 

 

4.2.2. Conflicting Clinical Data 

Despite the findings above, other studies have failed to establish a clear link between vitamin D and 

disease progression. A French population case-control study found that while glaucoma patients 

generally had lower vitamin D levels than healthy individuals, there was no statistical difference in 

serum concentrations between patients with moderate and severe primary open-angle glaucoma 

(POAG). Serum 25-hydroxyvitamin D [25(OH)D] levels were not found to be associated with 

intraocular pressure or visual field mean deviation in the studied cohort. However, interpretation of these 

findings is limited, as patients with primary open-angle glaucoma (POAG) were undergoing treatment 

to control IOP, which may have obscured any potential pressure-lowering effects of vitamin D. Vitamin 

D supplementation was assessed based on self-reported use, without detailed information regarding 

dosage, regimen, route of administration, or duration. Although supplementation was included as a 

covariate in the statistical analysis, the lack of precise data restricts meaningful conclusions about its 

impact on the outcomes. Additionally, the study’s case-control design and relatively small sample size 

further limit the strength and generalizability of the findings. [41] 

In summary, while some evidence suggests that vitamin D deficiency may exacerbate glaucoma severity 

by reducing neuroprotection and accelerating neuronal loss, the scientific community emphasizes the 

need for larger, randomized controlled trials to confirm if vitamin D supplementation can effectively 

slow disease progression. 

4.3. Genetic Analysis and Vitamin D 

Mendelian randomization (MR) analysis has been utilized to assess the causal relationship between 

vitamin D levels and eye conditions. This approach minimizes confounding factors typically present in 

observational studies. Despite the strengths of MR design, including a robust sample size that provides 
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reliable causal relationships, it is important to note limitations, such as the predominance of genetic 

instruments from European populations, which may not be applicable to other ethnic groups. The 

complex biological pathways associated with vitamin D may also limit the generalizability of findings 

to broader populations [42]. 

4.4. Future Research Directions 

There is a call for further longitudinal studies to investigate the potential impact of vitamin D 

supplementation on glaucoma progression. Such studies could clarify the role of vitamin D in ocular 

health and its therapeutic potential in preventing or managing glaucoma The systematic review of 

existing literature aims to summarize current knowledge on vitamin D's effects on eye diseases, 

highlighting the necessity for ongoing research in this area [6]. 

Discussion 

Vitamin D has garnered significant interest for its potential role in ocular health, particularly concerning 

diseases such as glaucoma. Recent studies indicate that vitamin D may exert protective effects against 

various ocular conditions through its regulatory influence on immune response and cellular behavior 

within the eye [3]. The presence of the vitamin D receptor (VDR) in ocular tissues underscores the 

nutrient's importance in maintaining ocular homeostasis and suggests that vitamin D deficiency (VDD) 

could correlate with adverse outcomes in eye diseases, including glaucoma [6] [3]. The intersection of 

vitamin D and ocular health is particularly evident in conditions characterized by inflammation and 

cellular remodeling, such as dry eye disease and keratoconus, both of which are implicated in glaucoma 

pathogenesis [3] [4]. Vitamin D's anti-inflammatory properties may mitigate ocular surface 

inflammation, a contributing factor to various eye disorders, enhancing the overall health of the eye and 

potentially reducing the risk of glaucoma development [3]. Moreover, emerging evidence suggests that 

VDD may correlate with increased risks of systemic health issues, such as cardiovascular disease and 

renal dysfunction, which are known to influence glaucoma outcomes [1] [3]. The interaction between 

vitamin D pathways and the TGFβ signaling pathway offers further insight into the mechanisms by 

which vitamin D may impact myofibroblast-like cells, such as those in the trabecular meshwork. The 

VDR-RXR heterodimer may act as a competitive antagonist to SMAD3 binding, inhibiting the 

transcription of profibrotic factors that contribute to fibrosis and increased intraocular pressure, key 

components in glaucoma pathology [3]. This regulatory role of vitamin D could represent a therapeutic 

target, where maintaining sufficient vitamin D levels might aid in preventing the progression of 

glaucomatous damage. However, the current literature is not without its contradictions, and further 

research is warranted to clarify the relationship between vitamin D status and glaucoma risk. While 

some studies suggest a protective effect of adequate vitamin D levels, others do not find a clear 

association [6] [4]. This variability may be attributed to differences in study design, population 

characteristics, and the complex interplay of vitamin D with other systemic factors affecting ocular 

health. 

Conclusions 

Vitamin D supplementation and its potential relationship with the risk of developing glaucoma has 

become a significant focus of research due to the nutrient's extensive role in systemic health and ocular 

function. Glaucoma, a chronic and progressive optic neuropathy, is a leading cause of irreversible 

blindness worldwide, with projections estimating the number of affected individuals to rise from 76 

million in 2020 to 111.8 million by 2040. [1] [2] The condition primarily impacts older adults, many of 

whom also manage other chronic diseases, underscoring the importance of understanding factors that 

may influence its onset and progression. Vitamin D is recognized for its crucial role in various biological 
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processes, including immune modulation, cellular differentiation, and neuroprotection, particularly 

within the central nervous system.[3] [4] 

 Vitamin D deficiency (VDD) has been linked to multiple health issues, raising interest in its potential 

impact on ocular health. The vitamin D receptor (VDR) is expressed in the retina and optic nerve head, 

suggesting that adequate vitamin D levels might play a protective role against glaucoma by influencing 

inflammation and neurodegenerative processes.[5] [3] 

 Research has produced mixed results regarding the relationship between vitamin D levels and 

glaucoma risk. Some studies indicate that adequate vitamin D may help mitigate the effects of systemic 

health issues, such as hypertension and diabetes, which are known risk factors for elevated intraocular 

pressure and, consequently, glaucoma development.[4] [1] 

 However, other studies have failed to find a consistent association, suggesting that the relationship may 

be influenced by hormonal status, genetic factors, and broader systemic health challenges.[4] [6] 

 As research continues, the question of how vitamin D supplementation may affect glaucoma risk 

remains crucial, with calls for further longitudinal studies to clarify its potential therapeutic benefits and 

inform clinical practices.[6] The complexities surrounding vitamin D, its systemic implications, and its 

specific effects on ocular health highlight a compelling area of investigation, with ongoing debates about 

its role in the prevention and management of glaucoma. 

 

1. Patient consent: Not applicable  

2. Data were obtained from pages PubMed and Google Scholar.  

3. Author Contributions:  

● Conceptualization: Marta Zarzycka 

● Methodology: Marta Zarzycka, Krzysztof Gadzalski 

● Software: Julia Lorek, Joanna Chrabąszcz  

● Check and Formal Analysis: Wojciech Grzywna  

● Investigation: Marta Zarzycka, Karol Perski, Konstancja Anna Baltyzar 

● Resources: Marta Zarzycka, Karol Perski, Joanna Chrabąszcz   

● Data Curation: Konstancja Anna Baltyzar, Maria Michalina Kurek, Wojciech Grzywna 

● Writing - Original Draft Preparation: Marta Zarzycka, Oliwia Kinga Polit-Różycka, Krzysztof 

Gadzalski 

● Writing - Review and Editing: Julia Lorek, Karol Perski, Maria Michalina Kurek 

● Visualization: Konstancja Anna Baltyzar, Oliwia Kinga Polit-Różycka 

● Supervision: Marta Zarzycka  

● Project administration: Marta Zarzycka, Krzysztof Gadzalski 

All authors read and approved the final manuscript.  

 



15 

 

4. Funding:   

This research received no external funding.  

5. Ethical Assessment and Institutional Review Board Statement:  

Not applicable. As this article involves a review and synthesis of existing literature, rather than original 

research involving human subjects, ethical assessment and institutional review board statements are not 

applicable.  

6. Data availability statement: Not applicable  

7. The authors declare no conflicts of interest.  

 

Declaration of the use of generative AI and AI-assisted technologies in the writing process. 

In preparing this work, the authors used notebook LM and chat GPT for the purpose of improving 

language and readability, text formatting, verification of bibliographic styles, and basic data analysis. 

After using these tools, the authors have reviewed and edited the content as needed and accept full 

responsibility for the substantive content of the publication. 

 

References: 

1. Shan-Shy Wen, Chien-Lin Lu, Ming-Ling Tsai,Ai-Ling Hour, Kuo-Cheng Lu. Association 

Between Vitamin D Deficiency and Systemic Outcomes in Patients with Glaucoma: A Real-

World Cohort Study. 2026 Jan 14;18(2):261. doi: 10.3390/nu18020261 English 

2. Quigley HA, Broman AT. ‘The number of people with glaucoma worldwide in 2010 and 2020’. 

Br J Ophthalmol. 2006;90(3):262-7. Epub 2006/02/21. doi: 10.1136/bjo.2005.081224. PubMed 

PMID: 16488940; PubMed Central PMCID: PMCPMC1856963 English 

3. Alexander Morelli-Batters, Hannah C. Lamont Mirna Elghobashy, Imran Masood, Lisa J. Hill, 

The role of Vitamin D3 in ocular fibrosis and its therapeutic potential for the glaucomatous 

trabecular meshwork, Frontiers in Ophthalmology, 2022 

https://doi.org/10.3389/fopht.2022.897118 English 

4. The Relationship between Vitamin D and Glaucoma: A Kangbuk Samsung Health Study, 

Korean J Ophthalmol. 2016 Dec 6;30(6):426–433. doi:10.3341/kjo.2016.30.6.426 English 

5. Vitamin D and eye: Current evidence and practice guidelines. Gorimanipalli, Bhavya; 

Shetty, Rohit; Sethu, Swaminathan; Khamar, Pooja Indian Journal of Ophthalmology 

71(4):p 1127-1134, April 2023.  DOI: 10.4103/IJO.IJO_3174_22 English 

6. Tae Keun Yoo, Ein Oh, Samin Hong. Public health nutrition aspects of vitamin D Public Health 

Nutrition , Volume 17 , Issue 4 , April 2014 , pp. 833 - 843 DOI: 

https://doi.org/10.1017/S1368980013003492 English 

https://doi.org/10.3390/nu18020261
https://doi.org/10.3389/fopht.2022.897118
https://doi.org/10.3341/kjo.2016.30.6.426


16 

7. Shokoufeh Bonakdaran , Haleh Rokni “Diabetic CVD-focus on vitamin D” 2012 

Sep;10(3):241-50.doi: 10.2174/187152512802651088. English 

8. Małgorzata Mrugacz, Kamila Pieńczykowska, Anna Bryl. The Role of Vitamin D3 in Ocular 

Diseases. Nutrients. 2024 Jun 14;16(12):1878. doi: 10.3390/nu16121878 Polish 

9. Abouzeid Hana, Samer Caroline Flora. Journal of Ophthalmology, 2020, p. 1–8. doi: 

10.1155/2020/8071280 English 

10. Ru Hui Sim, Srinivasa Rao Sirasanagandla, Srijit Das, Seong Lin Teoh “Treatment of 

Glaucoma with Natural Products and Their Mechanism of Action: An Update” 2022 Jan 

26;14(3):534. doi: 10.3390/nu14030534 English 

11. Balion C, Griffith LE, Strifler L, et al. Vitamin D, cognition, and dementia: a systematic review 

and meta-analysis. Neurology. 2012;79:1397–1405. doi: 10.1212/WNL.0b013e31826c197f. 

[DOI] [PubMed] English 

12. Van der Schaft J, Koek HL, Dijkstra E, et al. The association between vitamin D and cognition: 

a systematic review. Ageing Res Rev. 2013;12:1013–1023. doi: 10.1016/j.arr.2013.05.004. 

[DOI] [PubMed] [Google Scholar] English 

13. DeLuca GC, Kimball SM, Kolasinski J, et al. Review: the role of vitamin D in nervous system 

health and disease. Neuropathol Appl Neurobiol. 2013;39:458–484. doi: 10.1111/nan.12020. 

[DOI] [PubMed] [Google Scholar] English 

14. McKinnon SJ. The cell and molecular biology of glaucoma: common neurodegenerative 

pathways and relevance to glaucoma. Invest Ophthalmol Vis Sci. 2012;53:2485–2487. doi: 

10.1167/iovs.12-9483j. [DOI] [PubMed] [Google Scholar] English 

15. Kim JM, Kim YJ, Kim DM. Increased expression of oxyproteins in the optic nerve head of an 

in vivo model of optic nerve ischemia. BMC Ophthalmol. 2012;12:63. doi: 10.1186/1471-2415-

12-63. [DOI] [PMC free article] [PubMed] [Google Scholar] English 

16. Yang L, Ma J, Zhang X, et al. Protective role of the vitamin D receptor. Cell Immunol. 

2012;279:160–166. doi: 10.1016/j.cellimm.2012.10.002. [DOI] [PubMed] [Google Scholar] 

English 

17.  K. Makris, C. Sempos, and E. Cavalier, “The measurement of vitamin D metabolites: part I-

metabolism of vitamin D and the measurement of 25-hydroxyvitamin D,” Hormones (Athens), 

vol. 19, no. 2, pp. 81–96, 2020. English 

18. G. Jones, “Extrarenal vitamin D activation and interactions between vitamin D2, vitamin D3, 

and vitamin D analogs,”Annual Review of Nutrition, vol. 33, no. 1, pp. 23–44, 2013. English 

19. A. Dusso, A. Brown, and E. Slatopolsky, “Extrarenal pro-duction of calcitriol,” Seminarsin 

Nephrology, vol. 14, no. 2,pp. 144–155, 1994. English 

20. Weinreb, R., Leung, C., Crowston, J. et al. Primary open-angle glaucoma. Nat Rev Dis Primers 

2, 16067 (2016). https://doi.org/10.1038/nrdp.2016.67 English 

https://pubmed.ncbi.nlm.nih.gov/?term=%22Mrugacz%20M%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Pie%C5%84czykowska%20K%22%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=%22Bryl%20A%22%5BAuthor%5D
https://doi.org/10.3390/nu16121878
https://doi.org/10.3390/nu14030534
https://doi.org/10.1016/j.cellimm.2012.10.002
https://pubmed.ncbi.nlm.nih.gov/23246677/
https://scholar.google.com/scholar_lookup?journal=Cell%20Immunol&title=Protective%20role%20of%20the%20vitamin%20D%20receptor&author=L%20Yang&author=J%20Ma&author=X%20Zhang&volume=279&publication_year=2012&pages=160-166&pmid=23246677&doi=10.1016/j.cellimm.2012.10.002&
https://doi.org/10.1038/nrdp.2016.67


17 

21. Robert N. Weinreb, MD; Tin Aung, MD, PhD; Felipe A. Medeiros, MD, PhD, “The 

Pathophysiology and Treatment of Glaucoma - A Review ” 2014;311;(18):1901-1911. 

doi:10.1001/jama.2014.3192 English 

22. Isabella V. Wagner, BS ∙ Michael W. Stewart, MD. Syril K. Dorairaj “Updates on the Diagnosis 

and Management of Glaucoma” Published online November 16, 2022; DOI: 

10.1016/j.mayocpiqo.2022.09.007 English 

23. Dr. Ali Wasef Alkhatib1; “Glaucoma: Types, Risk Factors, Detection, and Management”; DOI: 

10.36347/sajb.2023.v11i06.003 English 

24. V. V. Strakhov,  V. P. Erichev  “Glaucoma: classification and terminology. Critical remarks” 

https://doi.org/10.53432/2078-4104-2025-24-1-3-7  Russian 

25. Seth, Praveen Kumar; Senthil, Sirisha; Das, Anthony Vipin; Garudadri, Chandrasekar 

“Prevalence of glaucoma types, clinical profile and disease severity at presentation: 

Tertiary Institute based cross-sectional study from South India” Indian Journal of 

Ophthalmology 71(10):p 3305-3312, October 2023. | DOI: 10.4103/IJO.IJO_3305_22 

English 

26. Chul Hong, Seung Woo Hong, Chan Kee Park Kyung Rim Sung, Chang-sik Kim “ Profiles and 

Clinical Characteristics of Newly Diagnosed Glaucoma in Urban Korea: A Multicenter Study” 

Korean Journal of Ophthalmology 2020;34(5):353-360. Published online: October 5, 2020 DOI: 

https://doi.org/10.3341/kjo.2020.0033 

27. Wang Y, Guo Y, Zhang Y, Huang S, Zhong Y “Differences and Similarities Between Primary 

Open Angle Glaucoma and Primary Angle-Closure Glaucoma” Published 17 September 2024 

Volume 2024:16 Pages 39—54 DOI  https://doi.org/10.2147/EB.S472920 English 

28. Tanya Karaconji MMed, FRANZCO, Sophia Zagora MPHTM, FRANZCO, John R. Grigg MD, 

FRANZCO “Approach to childhood glaucoma: A review” https://doi.org/10.1111/ceo.14039 

English 

29. Lopes, Nara L. MD; Gracitelli, Carolina P.B. MD, PhD; Rolim-de-Moura, Christiane MD, PhD 

“Childhood Glaucoma Profile in a Brazilian Tertiary Care Center Using Childhood Glaucoma 

Research Network Classification” Journal of Glaucoma 30(2):p 129-133, February 2021. | DOI: 

10.1097/IJG.0000000000001712 English 

30. European Glaucoma Society Terminology and Guidelines for Glaucoma, 4th Edition - Chapter 

2: Classification and terminology Supported by the EGS Foundation 

https://doi.org/10.1136/bjophthalmol-2016-EGSguideline.002 English 

31. Prof. Dr. Md. Kibria Alam, Dr. Md. Abdul Matin “Glaucoma Patterns among Patients at a 

Tertiary Eye Hospital” DOI: https://doi.org/10.36347/sjams.2025.v13i02.027 English 

https://jamanetwork.com/searchresults?author=Robert+N.+Weinreb&q=Robert+N.+Weinreb
https://jamanetwork.com/searchresults?author=Tin+Aung&q=Tin+Aung
https://jamanetwork.com/searchresults?author=Felipe+A.+Medeiros&q=Felipe+A.+Medeiros
https://doi.org/10.53432/2078-4104-2025-24-1-3-7
https://doi.org/10.2147/EB.S472920
https://onlinelibrary.wiley.com/authored-by/Karaconji/Tanya
https://onlinelibrary.wiley.com/authored-by/Zagora/Sophia
https://onlinelibrary.wiley.com/authored-by/Grigg/John+R.
https://onlinelibrary.wiley.com/authored-by/Grigg/John+R.
https://doi.org/10.1111/ceo.14039
https://journals.lww.com/glaucomajournal/toc/2021/02000
https://doi.org/10.1136/bjophthalmol-2016-EGSguideline.002


18 

32. E.L.Sorokin,K.M.Baranova“Pathogenetic and clinical aspects of neovascular and phacogenic s

econdary (refractory) glaucoma”DOI:https://doi.org/10.25276/2410-1257-2024-4-83-88 

English 

33. Thau, Avrey; Lloyd, Maureen; Freedman, Sharon; Beck, Allen; Grajewski, Alana; Levin, Alex 

V. “New classification system for pediatric glaucoma implications for clinical care and a 

research registry” Current Opinion in Ophthalmology 29(5):p 385-394, September 2018. | DOI: 

10.1097/ICU.0000000000000516 English 

34. Hoguet, Ambika; Grajewski, Alana  Hodapp; Elizabeth; Chang, Ta Chen Peter “A 

retrospective survey of childhood glaucoma prevalence according to Childhood Glaucoma 

Research Network classification” Indian Journal of Ophthalmology 64(2):p 118-123, February 

2016. | DOI: 10.4103/0301-4738.179716 English 

35. H. T. Kim, J. M. Kim, J. H. Kim et al., “The relationship between vitamin D and glaucoma: 

akangbuk samsung health study,” Korean Journal of Ophthalmology, vol. 30, no. 6, pp. 426–

433, 2016. English 

36. R. Ayyagari, Y. I. Chen, L. M. Zangwill et al., “Association of severity of primary open-angle 

glaucoma with serum vitamin D levels in patients of African descent,” Molecular Vision, vol. 

25, pp. 438–445, 2019. English 

37. F. Colotta, B. Jansson, and F. Bonelli, “Modulation of inflammatory and immune responses by 

vitamin D,” Journal of Autoimmunity, vol. 85, pp. 78–97, 2017. English 

38. W. Liu, L. Zhang, H. J. Xu et al., “The anti-inflammatory effects of vitamin D in tumorigenesis,” 

International Journal of Molecular Sciences, vol. 19, no. 9, p. 2736, 2018. English 

39. M. Mangin, R. Sinha, and K. Fincher, “Inflammation and vitamin D: the infection 

connection,”Inflammation Research, vol. 63, no. 10, pp. 803–819, 2014. English 

40. T. K. W¨ obke, B. L. Sorg, and D. Steinhilber, “Vitamin D in inflammatory diseases,” Frontiers 

in Physiology, vol. 5, p. 244, 2014. English 

41. A. Goncalves, D. Milea, P. Gohier et al., “Serum vitamin D status is associated with the presence 

but not the severity of primary open angle glaucoma,” Maturitas, vol. 81, no. 4, pp. 470–474, 

2015. English 

42.  Xinyi Li, Yan Liu, Yingdong Zheng, Peiyu Wang, Yumei Zhang “The Effect of Vitamin D 

Supplementation on Glycemic Control in Type 2 Diabetes Patients: A Systematic Review and 

Meta-Analysis” 2018 Mar 19;10(3):375. doi: 10.3390/nu10030375 English 

 

https://doi.org/10.25276/2410-1257-2024-4-83-88
https://journals.lww.com/ijo/toc/2016/64020
https://journals.lww.com/ijo/toc/2016/64020

