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Three Pathways to Vitamin K
Tri‑K™

THIS INFORMATION IS PROVIDED AS A MEDICAL AND SCIENTIFIC EDUCATIONAL RESOURCE FOR THE USE OF PHYSICIANS AND OTHER LICENSED HEALTH‑CARE PRACTITIONERS 
("PRACTITIONERS"). THIS INFORMATION IS INTENDED FOR PRACTITIONERS TO USE AS A BASIS FOR DETERMINING WHETHER TO RECOMMEND THESE PRODUCTS TO THEIR 
PATIENTS. ALL RECOMMENDATIONS REGARDING PROTOCOLS, DOSING, PRESCRIBING, AND/OR USAGE INSTRUCTIONS SHOULD BE TAILORED TO THE INDIVIDUAL NEEDS OF 
THE PATIENT CONSIDERING THEIR MEDICAL HISTORY AND CONCOMITANT THERAPIES. THIS INFORMATION IS NOT INTENDED FOR USE BY CONSUMERS.

Tri‑K™ is a synergistic blend of vitamins K1 and K2, along with 
geranylgeraniol (GG), to promote optimal deposition of vitamin K2 (as MK‑4) 
in tissues, which supports adequate blood clotting and extra‑hepatic 
functions of vitamin K, including bone mineralization and arterial elasticity.* 
Two softgels deliver 4,000 mcg of vitamin K1 (as phytonadione), 1,000 mcg 
of vitamin K2 (as MK‑4), and 35 mg of GG‑Gold® (a patented form of GG) 
in clinically relevant and efficacious doses to support vitamin K status in 
the body.* Tri‑K™ may provide nutritional support for individuals at risk of 
osteoporosis, arterial stiffness, high arterial calcium scores, and other  
relevant conditions highlighted in research where high doses of vitamin K1 
and/or vitamin K2 may impart beneficial effects.*

Formula Highlights* 

• Provides clinically relevant amounts of exogenous vitamin K1  
and vitamin K2 (as MK‑4)

• Supports the conversion of oral vitamin K1 and  
vitamin K2 (as MK‑4) to stored vitamin K2 (as MK‑4)  
via inclusion of the precursor GG (as GG‑Gold®) 

• Softgel delivery for enhanced absorption and bioavailability 

Vitamin K (VK) occurs as vitamin K1, as phylloquinone (VK1), and vitamin 
K2, also known as menaquinone‑n (MK‑n) or VK2(MK‑n), with n = 1 to 14, as the 
number of isoprenoid side chain residues. VK1 and VK2(MK‑n) contain the 
core molecule menadione (or vitamin K3 [VK3]), which is released during 
gastrointestinal absorption and other metabolic conversions (see Figure 1).

Although VK1 is fat soluble and is deposited in tissues, no upper level of 
toxicity has been established by the Institute of Medicine.1 For adults (ages 
19 years and older), the adequate intake (AI) for vitamin VK1 was set at 
120 mcg for men and 90 mcg for women; these levels are only sufficient 
enough to activate blood clotting proteins, but not its extra‑hepatic 
physiological roles. There is no AI/Recommended Daily Allowance (RDA) 
set for VK2 because vitamin K2 as MK‑4 (VK2[MK‑4]) is derived in the 
human body from VK1 and the endogenously synthesized precursor GG.2 
However, VK2(MK‑4) and GG may be considered conditionally essential 
nutrients when the conversion of VK1 to VK2(MK‑4) is suboptimal, providing 
benefits that may be unachievable with VK1 supplementation alone.2

The average daily intake of VK1 in the U.S. is estimated to be between 
30 mcg and 222 mcg per day (mean = 92.2 mcg per day).3 Evolutionarily, 
daily intakes of VK1 were estimated to be approximately 1,000 mcg per day, suggesting that a similar level may satisfy 
foundational physiological VK1 needs.4,5 In a European population, the average daily intake of VK1 was between 9.1 and 
991.1 mcg per day (mean = 211.7 mcg per day), demonstrating that dietary intake of 1,000 mcg per day of VK1 may 
be achievable, but it may require a high intake of leafy greens.4 The average VK2(MK‑n) intake in the same European 
population was between 12 mcg and 128 mcg per day (mean = 29.1 mcg per day), with 96% represented by VK2(MK‑4) 
derived from animal foods and VK2 (as MK‑8/MK‑9), mostly derived from fermented dairy.4

Numerous studies have revealed extra‑hepatic roles for VK1 and VK2, which may require higher intakes of VK1 than the 
Reference Daily Intake (RDI) to support optimal health, specific health conditions, or to help mitigate the side effects 
of certain medications.2 The most researched VK roles highlighted here involve the control of calcium (Ca) transport 
between tissues, affecting bone and cardiovascular health. Other potential beneficial roles of VK include helping insulin 
sensitivity,6‑9 supporting inflammatory conditions (e.g., rheumatoid arthritis and osteoarthritis), and helping to reduce the 
risk of kidney stone formation, malignant processes, myelin disorders, and cystic fibrosis.2 

Benefits*

• Supports optimal bone health

• May help support the  
optimization of calcium and 
collagen content of bone

• May help reduce bone fracture rate 
and excessive bone breakdown due 
to age‑related hormonal changes  
in men and women

• Supports cardiovascular health 

• May help reduce arterial  
calcification progression

• May support arterial elasticity  
and its collagen content

• May help support the  
unique nutritional needs of 
individuals taking statin or 
bisphosphonate medications
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Other Ingredients: Medium chain triglycerides, softgel ingredients (bovine 
gelatin, glycerine, purified water).

Vitamin K
(as Vitamin K1-Phytonadione 2000 mcg; 

Vitamin K2-Menaquinone-4 500 mcg)

Trans-Geranylgeraniol (as GG-Gold®)

*Daily Value not established.

2500 mcg

17.5 mg

2083%

*

Amount Per Serving % Daily Value



Vitamin K1: Relevant Research and Dosing Rationale
Among other functions, VK1 and VK2 activate osteocalcin (Oc) and matrix gamma‑carboxyglutamate protein (MGP) 
through carboxylation.2 Ideally, Oc and MGP should be carboxylated, such that Oc binds Ca and transports it into hard 
tissue (bones and teeth), while MGP binds Ca to prevent its deposition into the elastin fibers of arteries and other soft 
tissue, such as kidney, cartilage,2 and lung tissue.10 This function supports arterial elasticity and slows the increase in 
arterial calcium scores.11‑13 Researchers consider plasma levels of percentage of uncarboxylated osteocalcin (%ucOC) 
(%ucOc = ucOc/total Oc), along with dephosphorylated uncarboxylated‑MGP (dp‑ucMGP) as relevant markers of 
vitamin K status.

Bone Health: Three studies showed that 1,000 mcg of VK1 supplementation for 2 weeks, 1 year, and 3 years, respectively, 
lowered plasma levels of %ucOc to <5%, demonstrating maximized Oc activation.14‑16 Supplementation with 100 mcg 
of VK1 achieved a 1.3% increase in bone density for menopausal women when given along with vitamin D3, Ca, and 
magnesium (Mg) for 1 year.17 Supplementation with 5,000 mcg of VK1 for 2 years lowered bone fracture risk by 50%.18 

Arterial Health: Supplementation with 500 mcg of VK1 for 3 years resulted in a 6% reduction in arterial calcium score 
progression19 and an 80% reduction in dp‑ucMGP (from 485 pmol/L to 97 pmol/L).11 Supplementation of 1,000 mcg 
of VK1 for 3 years preserved arterial elasticity when given with Ca, Mg, zinc, and vitamin D3.12 Supplementation of 
2,000 mcg of VK1 for 1 year led to a 45% reduction in aortic valve calcification and a 45% decrease of dp‑ucMGP 
(from 432 pmol/L to 243 pmol/L).13

Metabolic Conversions of Oral VK1/VK2 to VK Stored in Tissues and Organs
VK1 is partially deposited in tissues in the form of VK1 and partially converted to VK2(MK‑4), although each tissue/organ 
has a specific VK1:VK2(MK‑4) ratio, some of which are listed in Figure 2. Ninety percent of VK is stored in tissues in 
the form of VK2(MK‑4), with the remainder being mostly VK1. The body’s preferential deposition of VK2(MK‑4) in 
comparison with other forms of VK2 may be due to its GG component.2

The conversion of VK1 starts with it being cleaved to VK3 during gastrointestinal absorption followed by the addition of 
GG once inside the targeted tissues.2 A portion of the VK2(MK‑n) absorbed in the gut is stored in its unconverted form 
in the liver, while the rest is converted to VK2(MK‑4) in extra‑hepatic tissues in the same manner as described for VK1. 
Thus, VK3 is derived in the body from cleaving VK1 or VK2(MK‑n).2 GG is a metabolic intermediate synthesized in the 
mevalonate pathway, which serves as a precursor to many cell essential metabolites, including coenzyme Q10 (CoQ10).20

Vitamin K2, as MK‑4, and GG: Relevant Research and Dosing Rationale
A 1,000 mcg of VK2(MK‑4) provided in Tri‑K™ supplies an additional source to increase tissue stores of VK2(MK‑4). This 
may compensate for the inadequate conversion of VK1 to VK2(MK‑4).

Supplementation with 45 mg of VK2(MK‑4) (15 mg three times per day) resulted in increased bone density and 
reduced fracture rate.21,22 The same dose was shown to reduce arterial stiffness by 16% and achieve a slower than 
average progression in arterial calcification.23 Researchers have speculated that many of the benefits observed from 
supplementation with VK2(MK‑4), especially at the high dose of 45 mg, may be attributed to its GG component. 

Figure 1. Comparison between structures of vitamins K1 and K2(MK-4) and its components Vitamin K3 and geranylgeraniol
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For example, three in vitro studies proposed that the GG contained in the structure of VK2(MK‑4) may be responsible 
for some of its anti‑resorption actions on the bone.24‑26 GG was shown to inhibit osteoclast proliferation similarly to 
VK2(MK‑4) due to its downstream effects in the mevalonate pathway. The in vitro concentration of GG used in this study 
corresponds to an oral dose of 45 mg of VK2(MK‑4), and its molar equivalent is 30 mg of GG. VK2(MK‑4) has also been 
shown to reduce osteoblast apoptosis, demonstrating its unique ability to support bone strength.2

The 35 mg dose of GG in Tri‑K™ is based on the following considerations: 5 mg of GG was derived from the molecular 
calculations that considered 90% conversion of 4 mg of VK1 to VK2(MK‑4), whereas the additional 30 mg of GG may 
have similar actions as 45 mg of VK2(MK‑4) due to molar equivalency and molecular mimicry. The amount of GG 
provided in this formula supplements the endogenous production of GG, which has been shown to decline naturally with 
age and from various health conditions and statin and/or bisphosphonate use, as they both inhibit its synthesis.20

In a mouse model of type 2 diabetes‑induced osteoporosis, GG was administered at a dose equivalent to 160 mg per day 
in humans, which significantly improved bone turnover and protected bone microstructure and quality in the femur and 
trabecular bone tissue.27  Both GG and VK2(MK‑4) have been found to boost testosterone synthesis in vitro and in animal 
studies, which may explain, in part, their beneficial effects on bone health.28  VK2(MK‑4) was also shown to stimulate 
collagen synthesis in vitro, which may explain its effect on maintaining or even improving arterial elasticity. This effect 
may also be partially responsible for the increase in bone density. Also, the collagen content of bone is believed to 
influence its strength, elasticity, and fracture risk.2

GG may be useful to individuals taking statins to help support normal metabolic transformations of VK and mitigate 
statin‑related increase in the risk of arterial calcification.* Medications with inhibitory actions on the mevalonate 
pathway (statins and bisphosphonates) were found to be associated with numerous side effects, many of which may be 
due to their inhibition of CoQ10 and/or GG synthesis.20 Some medication‑induced adverse effects may be mitigated by 
CoQ10 and GG supplementation in a dose‑dependent fashion.20 GG deficiency reduces the formation of VK2(MK‑4) from 
VK1 or VK2(MK‑n) in tissues/organs, which may have various consequences, considering 90% of the whole‑body content 
of VK is typically represented by VK2(MK‑4). Fortunately, an in vitro study of bone cells showed that the addition of GG 
to statin‑treated cells or bisphosphonate‑treated cells restored the intracellular formation of VK2(MK‑4).29 This effect is 
likely reproducible with oral GG supplementation due to its ability to be easily absorbed into cells and organelles.20

An animal study found a 45% reduction of VK2(MK‑4) content in the kidneys of mice treated with atorvastatin.30 A 
study with human volunteers who were given statin drugs demonstrated that an addition of VK3 to vascular smooth 
cells could produce VK2(MK‑4) in control cells, but not in cells from the statin‑treated group.31 The study proposed 
a connection between the statin‑related reduction of GG synthesis and increased risk of arterial calcification due to 
impaired synthesis and deposition of VK2(MK‑4) inside the arterial wall.31  This is corroborated by studies showing 
increased arterial calcification associated with statin treatments.32 Two of the studies just mentioned for VK1 
interventions reported that 25%19 and 71%13 of the subjects were taking statins, which could have affected the efficacy 
in reducing arterial calcification. GG may also help mitigate some of the deleterious effects commonly reported from 
use of bisphosphonate drugs. 

Recommended Use: Take 1 softgel twice daily with a meal or as directed by your health‑care practitioner. 

Warning: Due to the inclusion of vitamin K in this product, use caution when prescribing Tri‑K™ for patients 
who are taking Coumadin, warfarin, or other anticoagulant medications. 
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*These statements have not been evaluated by the Food and Drug Administration. This product is not intended to diagnose, treat, cure, or prevent any disease.

GG‑Gold® is a registered trademark of American River Nutrition, LLC and patent protected, including pending and issued patents (US Patent 7,989,006).
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GG = geranylgeraniol; GGPP = geranylgeraniol pyrophosphate (activated geranylgeraniol); ISP‑n = isoprenoid ligand of menaquinone‑n; 
K1 = vitamin K1; K2(MK‑n) = vitamin K2 forms with various isoprenoid ligands; MK‑n = menaquinone‑n

Note: Plasma levels of vitamin K1 or K2 are not validated indicators of vitamin K status, risk of osteoporosis or arterial calcification.

Scientifically validated functional markers of vitamin K status are:2

1. Uncarboxylated Osteocalcin (ucOc) levels and % ucOc of total osteocalcin

2. Uncarboxylated/dephosphorylated Matrix GLA Protein (uc/dp MGP)

Figure 2. Role of geranylgeraniol in vitamin K conversions and tissue storage2


