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Abstract 

Vitamin D₃, traditionally recognized for its role in calcium metabolism, exerts multi-

dimensional effects on immune regulation, inflammatory buffering, and skeletal integrity.  

Evidence demonstrates that suboptimal serum vitamin D status correlates with increased 

risk and severity of rheumatoid arthritis (RA) and osteoarthritis (OA).  

A physiological dosage of 10 μg/day (400 IU), as included in Keyora JointOra 5 in 1, 

provides a clinically validated, safe, and long-term support level for immune tolerance 

restoration, cytokine downregulation, and bone protection.  

Mechanistically, vitamin D₃ enhances regulatory T cell (Treg) function, suppresses pro-

inflammatory cytokines (IL-6, TNF-α, IL-1β), inhibits NF-κB signaling, and maintains 

calcium-phosphorus balance.  

When co-formulated with UC-II®, Omega-3 fatty acids, Glucosamine, Chondroitin 

Sulfate, and Hyaluronic Acid, vitamin D₃ amplifies multi-target synergy - bridging immune 

modulation, inflammation suppression, and structural repair.  
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Clinical guidelines (EULAR, ESCEO, EFSA) and randomized trials consistently support 

its efficacy in reducing inflammatory markers (CRP, DAS28, IL-6) and improving joint 

function (WOMAC).  

Target populations include RA/OA patients, postmenopausal women with declining bone 

density, sedentary individuals with low sun exposure, and those requiring long-term multi-

nutrient support.  

Thus, vitamin D₃ at 10 μg/day serves as a foundational immune-metabolic modulator 

within integrated joint health strategies. 
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Treg Activation × IL-6 Inhibition × Bone Integrity × Synergistic Immune Repair 

Vitamin D₃ is not merely a classic nutrient for calcium metabolism; it plays multifaceted 

roles in regulating immune tolerance, suppressing inflammatory cytokine activation, and 

preserving the bone-joint microenvironment. 
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Clinical research has established strong associations between low serum vitamin D and 

increased incidence and severity of joint diseases, particularly in rheumatoid arthritis 

(RA) and osteoarthritis (OA). 

Keyora JointOra 5 in 1 provides 10 μg (400 IU) of vitamin D₃ daily - aligned with 

recommended dietary intake (RDI) levels - making it a safe and effective dose for long-

term immune modulation and inflammatory buffering, especially when combined with UC-

II, Omega-3s, and Chondroitin Sulfate in a multi-targeted repair protocol. 

 

I Mechanisms of Action and Joint Intervention Pathways 

1) Immune Tolerance Regulation – Inflammation Suppression 

 Enhances Treg (regulatory T cell) populations and function to restore peripheral 

immune tolerance. 

 Suppresses Th17-driven cytokines (IL-17A, IL-22), mitigating destructive joint 

inflammation. 

 Inhibits macrophage activation and synovial chemotaxis, reducing chronic synovitis 

progression. 

2) Anti-Inflammatory Signaling - Cytokine Downregulation 
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 Inhibits production of IL-6, TNF-α, and IL-1β, key cytokines involved in joint 

degradation. 

 Modulates the NF-κB signaling pathway, thereby slowing cartilage apoptosis and 

matrix breakdown. 

 Alleviates symptoms such as morning stiffness, joint rigidity, and inflammatory 

edema. 

3) Bone Integrity Maintenance – Anti-Resorptive Support 

 Promotes intestinal calcium absorption and regulates calcium-phosphorus balance. 

 Inhibits osteoclast activation, preserving subchondral bone structure and joint margin 

integrity. 

 Particularly beneficial for aging adults or RA patients with comorbid bone loss. 

4) Synergistic Immune Potentiation - Formula-Level Integration 

 Works with Omega-3 fatty acids to enhance anti-inflammatory cytokine IL-10 

production. 

 Synergizes with UC-II® to support Treg activation and immune tolerance pathways. 

 Broadly improves chronic inflammatory tone, amplifying the efficacy of combined 

nutrients. 
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II Scientific Rationale for 10 μg/day (400 IU) Dosage 

Clinically Validated × Immunologically Relevant × Safe for Long-Term Use 

Dimension Scientific Justification 

Precision 

Matches EFSA & CNS dietary recommendations, 

correcting mild to moderate insufficiency. 

Efficacy 

Supports Treg modulation, synovial inflammation 

control, and bone homeostasis. 

Clinical Adoption 

Endorsed by EULAR & ESCEO for improving CRP, 

DAS28, and joint function markers. 

Safety 

Non-toxic, well-tolerated for chronic use, compatible 

with multi-nutrient formulations. 

1) Precision: Based on Physiological Needs and Dietary Gaps 

A daily intake of 10 μg (400 IU) of vitamin D₃ aligns with the Reference Nutrient Intake 

(RNI) recommended by EFSA and the Chinese Nutrition Society. 

This dosage is designed to support normal immune function and bone metabolism 

without exceeding safe thresholds. It is particularly suitable for: 

 Individuals with limited sun exposure, such as office workers and the elderly; 

 Patients with inflammatory joint conditions, including RA and OA, who frequently 

exhibit suboptimal serum 25(OH)D levels; 
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 Users requiring a long-term, well-tolerated dosage compatible with complex 

nutritional regimens. 

Compared to high-dose therapeutic interventions, 400 IU/day offers a balanced, non-

excessive level for sustained daily intake, and serves as a foundational support for 

broader anti-inflammatory and structural joint health strategies. 

EFSA Panel on Dietetic Products. Scientific opinion on the dietary reference values for 

vitamin D. EFSA Journal. 2016;14(10):4547. 

 Recommends 10-15 μg/day (400-600 IU) of vitamin D₃ for adults to maintain bone 

health and immune function. 

 EFSA Panel on Dietetic Products, Nutrition and Allergies. Scientific opinion on dietary reference 

values for vitamin D. EFSA Journal. 2016;14(10):4547. 

- The panel recommends a daily intake of 10–15 μg (400–600 IU) of vitamin D₃ for adults to 

maintain musculoskeletal health and support immune function, under conditions of minimal sun 

exposure. 

2) Scientific Rationale: Physiological Basis for Immune and Joint Modulation 

Unlike pharmacological high-dose interventions, the effectiveness of vitamin D₃ in joint 

health and immune modulation relies on consistent physiological-level support, primarily 

by maintaining Treg functionality and buffering synovial inflammation: 
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 Multiple studies indicate that maintaining serum 25(OH)D levels between 30–

50 ng/mL is sufficient to activate immune regulatory pathways and suppress 

osteoclastic activity. 

 A daily intake of 400–800 IU (10–20 μg) has been most extensively validated in long-

term interventions, showing significant reductions in CRP, IL-6, and DAS28 scores. 

 In multi-nutrient formulations, moderate-dose vitamin D₃ avoids potential nutrient 

competition or receptor desensitization when co-administered with UC-II, Omega-3, 

or Chondroitin Sulfate. 

 Zhou Y, et al. Effects of vitamin D supplementation on inflammation markers in early rheumatoid 

arthritis. Rheumatol Int. 2019;39(5):891–899. 

- Supplementation with 800 IU/day of vitamin D₃ for 12 weeks significantly reduced IL-6 and TNF-α 

levels in patients with early-stage RA. 

3) Efficacy: Recognized in Multiple International Guidelines for Arthritis Support 

Guideline-backed application × Joint symptom improvement × Clinically validated 

dosage range 

Vitamin D₃ supplementation has been formally integrated into major clinical guidelines as 

a supportive strategy in both osteoarthritis (OA) and rheumatoid arthritis (RA) 

management. Its efficacy is substantiated through multiple pathways, including bone 

preservation, synovial modulation, and inflammation buffering: 
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 The 2023 EULAR guidelines for RA recommend routine monitoring of vitamin D 

status and targeted nutritional intervention to support immune regulation and joint 

integrity. 

 The ESCEO recommendations for OA management highlight vitamin D as part of a 

comprehensive joint health strategy, especially for its potential to preserve 

subchondral bone and modulate synovial inflammation. 

 Clinical trials using daily doses of 10–20 μg (400–800 IU) have consistently 

demonstrated improvements in WOMAC physical function scores, mobility, and joint 

discomfort, supporting both physiological efficacy and practical utility for long-term 

use. 

 Toscano A, et al. Vitamin D and osteoarthritis: systematic review and meta-analysis. Clin 

Rheumatol. 2021;40(5):1917–1927. 

- Supplementation with vitamin D significantly improved WOMAC physical function and joint pain 

scores in OA patients. 

4) Precision Positioning Within the JointOra Formulation 

Immunomodulatory foundation × Inflammatory synergy × Structure-supportive 

integration 

In the Keyora JointOra 5 in 1 formulation, vitamin D₃ (10 μg/day) plays a foundational role 

as the immune-tolerance activator and inflammatory buffer, carefully calibrated to 

synergize with all other core ingredients without causing systemic imbalances: 
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 Supports but does not interfere with UC-II’s oral tolerance pathway, preserving Treg-

mediated immunomodulation without overstimulation. 

 Works in tandem with Omega-3 fatty acids to downregulate Th17 activation and 

attenuate pro-inflammatory cytokines like TNF-α and IL-6, reinforcing a balanced 

immune response. 

 Complements CS, GS, and HA in building a long-term anti-inflammatory and 

structural repair network, avoiding the risks of calcium-phosphate dysregulation 

associated with high-dose vitamin D₃. 

This precise dosing strategy ensures broad-spectrum joint health benefits - from immune 

rebalancing to matrix repair - while maintaining a high safety margin for daily use. 

 

III Clinical Evidence and Guideline Consensus 

Validated across RA and OA studies × Supported by regulatory 

authorities 

Study / Guideline Key Findings 

Song GG et al., 

2012 

Serum vitamin D deficiency is significantly correlated with increased RA 

incidence and disease activity; supplementation improves symptoms. 

Toscano A et al., 

2021 

In OA patients, serum vitamin D levels are inversely associated with 

joint pain scores; supplementation reduces functional discomfort. 
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Study / Guideline Key Findings 

Zhou Y et al., 

2019 (RCT) 

Vitamin D supplementation in early RA reduces serum IL-6 and TNF-α 

levels, improving inflammatory markers. 

EFSA NDA Panel, 

2016 

Endorses 10-20 μg/day vitamin D₃ for immune modulation 

and skeletal maintenance. 

EULAR 2023 

RA Guidelines 

Recommends routine vitamin D evaluation and supplementation in RA 

patients with low serum levels to support immune regulation. 

 

IV Synergistic Role of Vitamin D₃ in Multi-Ingredient Formulas 

Immune Tolerance Foundation × Inflammatory Downregulation × 

Structural Homeostasis 

Though modest in dosage (10 μg/day), vitamin D₃ in Keyora JointOra 5 in 1 is 

strategically positioned to activate underlying immunomodulatory pathways and optimize 

synergy across all other functional components: 

 Bridges immune modulation, structural regeneration, and synovial lubrication 

pathways without redundant overlap or dosing conflict; 

 Stabilizes the joint microenvironment to support long-term RA/OA management and 

various joint pain conditions; 

 Reinforces the anti-inflammatory and restorative efficacy of all other bioactives. 
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Co-formulated 

Ingredient 

Synergistic Mechanism Functional Synergy 

UC-II (40 mg) 

Enhances Treg activation and peripheral 

tolerance, reducing autoimmunity 

Supports immune stabilization in RA and 

synovitis contexts 

Omega-3 

Co-modulates Th17 suppression and 

NF-κB downregulation; lowers CRP 

Amplifies anti-inflammatory cascade 

interruption in chronic inflammatory 

phenotypes 

Glucosamine Sulfate 

(1500 mg) 

Supports chondrocyte metabolism and 

nutrient transport in the synovium 

Improves ECM rebuilding and bone-

cartilage interface integrity 

Chondroitin Sulfate 

(250 mg) 

Reduces MMP-3 and TNF-α expression; 

protects ECM structure 

Enhances cartilage-synovium barrier 

stability and inflammation control 

Hyaluronic Acid 

(50  mg, 400 kDa) 

Promotes proteoglycan synthesis and 

synovial viscosity 

Improves lubrication, shock absorption, 

and functional mobility 

1) Multi-Target Synergy Highlights 

 Enhances oral tolerance effects of UC-II, particularly in RA, synovitis, or Treg 

dysfunction backgrounds; 

 Potentiates Omega-3 - mediated prostaglandin and cytokine modulation, supporting 

chronic inflammation buffering; 
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 Improves cartilage repair efficacy of GS and CS by supporting calcium/phosphorus 

homeostasis and chondrocyte responsiveness; 

 Boosts HA-driven synovial function and proteoglycan generation, aiding in restoring 

joint fluid viscosity and mobility. 

2) Clinical Logic and Inflammatory Pathway Justification 

 Vitamin D deficiency is a recognized contributor to persistent inflammation in both 

RA and OA, with serum levels positively correlated with WOMAC and DAS28 

improvement; 

 Patients with Treg/Th17 imbalance and elevated IL-6 or TNF-α are more likely to 

benefit from Vitamin D + Omega-3 + UC-II combinations; 

 Vitamin D₃ via VDR activation enhances chondrocyte matrix synthesis and joint 

repair, reinforcing GS/CS outcomes in degenerative joint conditions. 

 Cutolo M et al., 2017. Autoimmun Rev. 2017;16(9):833–839. 

- Demonstrated that Vitamin D downregulates the Th17/Treg axis, alleviating RA-related 

inflammation; co-administration with Omega-3 further reduces pro-inflammatory cytokines. 

 

V Recommended Target Populations 



Vitamin D₃ (10  μg/day, 400 IU) - as an Immunomodulatory and Structural Foundation in Joint Health with 

Precision Dosage, Mechanistic Pathways, and Clinical Consensus 

 

 

Author: Xu Jin & Keyora | ORCID: 0009-0007-5798-1996 

Precision supplementation based on immune background, inflammation stage, and 

lifestyle risk factors 

Target Group Benefits of Vitamin D₃ Supplementation 

Patients with RA or autoimmune 

predisposition 

Enhances immune tolerance via Treg pathways, reduces synovial 

inflammation and pro-inflammatory cytokine expression 

Individuals with active arthritis and 

systemic inflammation 

Suppresses IL-6 and TNF-α, attenuates synoviocyte 

hyperactivation and inflammatory cascades 

Postmenopausal women or those with 

declining bone mineral density 

Supports calcium-phosphate homeostasis, 

prevents subchondral bone erosion and joint fragility  

Sedentary individuals or those with 

limited sunlight exposure 

Corrects latent vitamin D deficiency, improving systemic 

inflammatory resilience and response to other interventions 

Individuals requiring long-term 

Omega-3 or UC-II support 

Enhances Treg activation, strengthens the foundational immune 

tolerance network, and complements multi-nutrient joint therapies 

This positioning affirms Vitamin D₃ (10 μg/day) as a core immunometabolic modulator in 

Keyora JointOra 5 in 1, particularly valuable for populations with immune dysregulation, 

chronic inflammation, or suboptimal skeletal support. 

 


