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Brittle Bones and Hardened Arteries: The Hidden Link
By Julius Goepp, MD
Are your arteries turning into bone? They very well may be, at this very moment . . .
This is only a slight exaggeration based on a little-known medical fact: the cells lining your
arteries (endothelial cells) can turn into bone cells as you age.1-3 Known as osteoblasts, these
cells normally regulate bone formation.
The unexpected discovery of osteoblasts in the endothelial lining of individuals with arterial
disease was made in 1993.4 It marked a major advance in our understanding of vascular and
bone disease. This finding uncovered a previously unknown link between atherosclerosis, which involves calcification of vascular
tissue, and osteoporosis, which involves the decalcification of bone tissue.
This finding gained validation when researchers confirmed that osteoporosis sufferers are also more likely to exhibit
atherosclerotic calcification (hardening of the arteries)—while those with atherosclerosis are more likely to have weaker, more
brittle bones and increased risk of fracture.5-8
While the precise mechanisms behind the transformation of endothelial cells into bone-forming osteoblasts remain unclear, we
do know of specific, natural interventions that ensure bone strength and vascular health in aging individuals.
Cutting-edge research points to the central role of two key nutrients to ensure optimal calcification of your bones while preventing
pathologic calcification of your arteries: vitamins D and K.
In this article, you will learn of the underlying mechanisms that regulate calcium in the body. You will discover the vital role of
vitamins D and K in maintaining optimal bone strength and vascular health. You will also find out how optimal levels of these two
vital nutrients operate synergistically to combat osteoporosis and atherosclerosis, two of the most common scourges confronting
aging humans.

D AND K: A VITAL INTERPLAY IN BONE AND HEART HEALTH
In all likelihood, your cardiologist is unaware that the mechanisms underlying arterial calcification closely resemble the process
of new bone formation, involving many of the same cells (including osteoblasts), proteins, and cytokines (signaling molecules).9
People with osteoporosis are more likely to exhibit atherosclerotic calcification in their blood
vessels. And those with atherosclerosis are more likely to possess lower bone mass. What do
these groups have in common? Both exhibit insufficient vitamin K levels.5-8
Researchers have since delineated the complex process by which the body manages calcium
uptake, distribution, and deposition.5 Many of the same factors that regulate healthy calcium
levels in bones are also implicated in the destructive accumulation of calcium in arteries.10
Among those factors are specific proteins called Gla proteins, found in bone tissue and in
vascular walls, that require vitamin K for their proper function.5 Other factors crucial to
atherosclerosis and osteoporosis prevention are modulated by vitamin D. These include fatderived inflammatory cytokines.5,11
Osteoporosis and atherosclerosis, in other words, both involve insufficiencies of D and K.

VITAMIN D

Osteoporosis

Vitamin D’s role in the formation and maintenance of healthy bone structure and function has been established for decades. It is
a vital co-factor in bone mineralization through the absorption of calcium and phosphorus. Severe D deficiency may thus lead to
rickets, a childhood disease characterized by impeded growth and deformity of the long bones of the body.
More recently, its definitive importance in optimizing cardiovascular health has emerged. Vitamin D inhibits vascular calcification
by blocking the release of inflammatory cytokines and adhesion molecules and preventing abnormal changes in smooth muscle
cells in vessel walls.13 Accordingly, low vitamin D levels are associated with increased risk for development of the coronary
arterial calcifications seen in atherosclerosis.14
Vitamin D deficiency is also associated with multiple risk factors for cardiovascular disease—including hypertension, diabetes,
increased carotid artery intima-media thickness, as well as heart attack and stroke.15 Vitamin D also reduces gene expression of
bone-forming cells abnormally present in the aortas of experimental animals with chronic kidney disease.16
A 2009 national health survey found “a strong and independent relationship of vitamin D deficiency with prevalent cardiovascular
disease in a large sample representative of the US adult population.”17 Low vitamin D levels have also been implicated in
congestive heart failure (CHF).18
Replenishment of low vitamin D levels provides a simple and effective means of reversing many of these risks. To take one
example, a 2009 study examined the effect of monthly injections of 300,000 IU of vitamin D3 in a group of deficient subjects with
no overt symptoms of cardiovascular disease.11 At the outset of the study, subjects had low flow-mediated dilation of their
arteries, a key index of endothelial health. After only 3 months of supplementation, significant improvement in flow-mediated
dilation was observed, with diminished post-treatment measures of oxidative stress as well.
These findings have been complemented by recent research into the mechanisms dependent upon vitamin K for optimal heart
and bone health—mechanisms that operate both parallel to and in tandem with vitamin D.

VITAMIN K
Vitamin K is not a single nutrient, but rather denotes several related nutritional compounds. These can be produced within the
human body but not by the body.19 Gut flora (beneficial intestinal bacteria) generate about 75% of the vitamin K your body
absorbs each day, with the other 25% coming from dietary sources.20 Just as importantly, vitamin K is not stored in the body,
underscoring the need for daily intake.21
It occurs in nature in two primary forms: K1 or phylloquinone and K2 or menaquinone. Vitamin K is a cofactor required to convert
the amino acid glutamate into gamma-carboxyglutamate, or Gla-proteins.22 Gla-proteins regulate physiological processes
controlled by calcium. These include blood coagulation (clotting) and bone mineralization.
Accordingly, Gla-proteins are critical to the formation and replenishment of bone tissue. Unless these proteins are modified by
vitamin K, they cannot properly form the matrix in which calcium and phosphorus bind together to make solid, well-mineralized
bone. Vitamin K has been shown to stimulate new bone formation and reduce the incidence of vertebral fractures.23,24
The Gla-protein osteocalcin, normally present in bone, has been found in calcified atherosclerotic plaque lesions, and production
of this protein is pathologically upregulated in people with atherosclerosis.25-28
At the same time, another vitamin K-dependent Gla-protein known as MGP (for “matrix Gla-protein”), normally found in healthy
arterial walls, is a strong inhibitor of vascular calcification.29,30 In other words, by increasing matrix Gla-protein in the arterial
walls, vitamin K protects against the calcification-inducing effects of osteocalcin.
This may explain the emergence of compelling evidence for vitamin K as a key factor in overall heart health. To take one
example, a large study of more than 4,800 subjects followed for 7-10 years in the Netherlands demonstrated that people in the
highest one-third of vitamin K2 intake had a 57% reduction in risk of dying from cardiovascular disease, compared to those
with the lowest intake. And their risk of having severe aortic calcification plummeted by 52%—a clear demonstration of the
vitamin’s protective effects.31 Another study by the same group showed that vitamin K2 intake was associated with a 20%
decreased risk of coronary artery calcification.32

WHAT YOU NEED TO KNOW: VITAMINS D AND K
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Scientists have discovered that blood vessel cells can transform into bone-forming cells.
This unexpected finding confirmed a little-known link between atherosclerosis and
osteoporosis.
Insufficient D and K intake lie at the juncture of these two lethal age-related conditions.
They operate synergistically to optimize bone mineralization and prevent calcium deposits
in vascular tissue.
Low vitamin D is linked with arterial calcification and bone loss.
Vitamin K stimulates bone formation and modifies specific proteins (Gla) that ensure arterial flexibility.

Another study suggests that vitamin K2 may work synergistically with anti-osteoporosis drugs called bisphosphonates,
inhibiting arterial calcification and inducing production of a protein important in maintaining vessels’ elasticity.33
Vitamin K insufficiency thus explains the so-called “calcification paradox” whereby older adults suffer a concurrent loss of
calcium from their bones and abnormal increases of calcium in their arteries.34
Compelling evidence reveals widespread vitamin K insufficiency among aging individuals. Recent population-level
(epidemiological) research reveals that even in apparently healthy people, a substantial proportion of Gla-proteins do not exhibit
the vitamin K-dependent changes they require for activity—suggesting that the majority of these people are vitamin Kdeficient.35,36
These studies further indicate that the amount of vitamin K needed for optimal bone tissue function turns out to be higher than
that needed for healthy clot formation. In other words, people with K levels adequate for normal coagulation may still be deficient
when it comes to bone health.37

A SYNERGISTIC COMBINATION
The body of clinical evidence supporting mutually reinforcing interplay between vitamins D and K in bone and heart health is
growing at a steady pace.
In a study of older women with Parkinson’s disease and osteoporosis, for instance, all the patients
were found to be deficient in both vitamins K and D at the outset.38 After 12 months of
supplementation with 45 mg per day of vitamin K2, bone mineral density in the hands increased
significantly compared with placebo recipients. At the same time, blood levels of bone deterioration
markers, as well as calcium, dropped significantly, indicating that the K2 was doing its job of
generating the vital Gla-proteins and locking calcium into bone. Most compelling of all, women in
the placebo group were nearly 12 times more likely to sustain a fracture as those in the vitamin K
group!
Continuous combined therapy with vitamins K2 and D3 have been shown to significantly increase
vertebral bone mass in postmenopausal women while maintaining normal blood coagulation
parameters.39 And the combination, with added calcium supplementation, contributed to a 7.5-fold
reduction in the risk of fractures in elderly women with Alzheimer’s disease.40
Even in the absence of calcium supplementation, a K2/D3 regimen sustained bone mineral density
in a group of early postmenopausal women with highly active bone turnover—a prime example of the benefits of early
prevention.41
The combination of K1 with vitamin D and calcium has also been shown to be effective in retarding bone loss in postmenopausal
women between ages 50 and 60.42 Vitamin K2 supplements on the other hand, produced remarkable improvement in Gla-protein
markers of bone mineralization as early as 2 weeks after starting treatment.43 K2 supplementation also inhibited bone loss in a
group of patients treated with steroid drugs, a group at high risk for pathological fractures.44 And 45 mg per day of K2 plus 1,500
mg per day of calcium produced a significant increase in bone mineral density in the vertebral columns of postmenopausal
women with osteoporosis.45 Tellingly, that study also showed a significant decrease in the level of incompletely transformed Glaproteins45—a direct measure of vitamin K2’s effectiveness replicated in other studies.42,46,47

SUMMARY

The remarkable discovery that blood vessel cells can transform into bone-forming cells
confirmed the little-known link between atherosclerosis and osteoporosis. At the core of this
connection is insufficient D and K intake. These vital nutrients operate in synergy to optimize
bone mineralization and prevent calcium deposits in vascular tissue. Low vitamin D is linked
with arterial disease and bone loss, while vitamin K stimulates bone formation and modifies
specific proteins (Gla) that help protect against arterial calcification.
Vitamin D taken in higher doses (5,000-10,000 IU/day) has become popular over the last two
years based on findings showing that this potency is required to achieve optimal blood levels (over 50 ng/mL of 25-hydroxyvitamin
D). Relatively few supplement takers, however, understand the critical need for aging humans to also take a daily vitamin K
supplement. Fortunately, Life Extension members were informed in 1999 about the critical need of including vitamin K in their
supplement regimen.
If you have any questions on the scientific content of this article, please contact a Life Extension® Health Advisor at 1-866-8643027.
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