FaT-soLUBLE ViTAMINS: STRENGTHEN BONES AND DECREASE THE Risk oF HEART DiseASE

Everyone knows fat-soluble vitamins are essential, but

do you know what they do, or how they work together?
Many clinicians encourage women to take vitamin D along
with calcium to protect against osteoporosis, but without
vitamin K, the calcium is not as effective. Additionally, low
levels of vitamin K can lead to calcification in the arteries
instead of the bone. Concurrent arterial calcification and
osteoporosis has been called the “calcification paradox”
and research finds it may be common in postmenopausal
women."? Besides vitamin D and K, vitamin A is needed
for bone remodeling, and supplementation with vitamin

E has been shown to improve bone calcium content.
Antioxidant intake has also been associated with reduced
risk of osteoporotic hip fracture and plays an equally
important role in atherogenesis. Vitamin E, beta-carotene,
and Coenzyme Q10 (CoQ10) all act as antioxidants. The
following article reviews the roles of fat-soluble vitamins in
proper calcification and as antioxidants.

Calcification is a process in which calcium builds up

in body tissue, causing the calcium to harden. This

can be a normal process, as in bone, or abnormal, as

in atherosclerosis. Vascular calcification is frequently

found in patients with a combination of osteoporosis,
atherosclerosis, and chronic kidney disease. Arterial
calcification is associated with decreased bone mineral
density (BMD).” The mechanism by which vitamin K

may promote mineralization of bone, while inhibiting
calcification of vessels, is not entirely clear.* The association
of bone pathologies with atherosclerosis has stimulated the
search for common mediators linking the skeletal and the
vascular system. The fat-soluble vitamins have been found
to be essential in this process. Vitamin K has been shown to
be a valuable diagnostic as well as therapeutic parameter in
osteoporosis and bone fractures.” ® Higher vitamin K status
has been associated with lower fracture risks.” The Nurses’
Health Study followed more than 72,000 women for ten
years and found that those women with the lowest vitamin
K intakes had a 30% higher risk of hip fracture than those
with the highest intakes.® In other studies, calcium loss in
those with low vitamin K levels was found to be reduced by

up to 50% with vitamin K supplementation.®

Vitamin K is required for carboxylation, the addition of a
carboxyl group (COO-), of glutamate residues on specific
proteins. Carboxylation allows the protein to bind calcium

and function properly. If vitamin K is not in adequate
supplies these proteins become undercarboxylated.

The level of undercarboxylated proteins is correlated

to vitamin K levels. In bone, osteocalcin (OC) is
synthesized by osteoblasts and must be carboxylated to
function. If OC is not completely carboxylated it is said

to be undercarboxylated (ucOC), and OC is unable to
adequately bind calcium. OC is also called bone Gla-
protein (BGP). Undercarboxylation is believed to be a risk
factor for poor bone calcification and increased vascular
calcification. In atherosclerotic plaque formation, it is
believed that calcification involves the participation of
arterial osteoblasts and osteoclasts. In the Rotterdam

study of some 5000 participants, an adequate intake of
vitamin K (menaquinone) was clearly linked to lower

rates of cardiovascular disease.!"'* A number of reports
have correlated decreased bone mineral density or
increased fracture rates with a five- to eight-fold increase in
undercarboxylated osteocalcin (ucOC). Vascular smooth-
muscle cells and arterial intima synthesize a matrix protein
that undergoes a vitamin K dependent carboxylation to
become matrix Gla protein (MGP). MGP requires vitamin K
for optimum function, and is a protein found in numerous
body tissues. One of these tissues is bone (together with the
related vitamin K-dependent protein osteocalcin), as well as
the heart, kidney, and lungs. In bone, MGP production is
increased by vitamin D. Fully carboxylated MGP is a potent
inhibitor of calcification. Inadequate vitamin K results in
undercarboxylation of MGP and is a risk factor for vascular
calcification.'® The carboxylation of MGP is also regulated
by several other factors including retinoic acid, vitamin D,
and extracellular calcium ions."

Since bone-associated proteins such as osteocalcin and
MGP have been detected in calcified vascular tissues,
calcification is now considered to be an organized,
regulated process similar to mineralization in bone tissue.'*
Vitamin K supplementation has been shown to reverse
arterial calcification in animal studies. While early human
studies were inconsistent between dietary vitamin K intake
and coronary artery calcification, they looked primarily

at K1 or phylloquinone. Menaquinone, or vitamin K2,
intake has been associated with a lower risk of coronary
heart disease mortality."!" Research has found that average
vitamin K intakes are not high enough to ensure complete
carboxylation of OC or MGP'*'%1? Vitamin K requirements
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are currently set to ensure proper coagulation factors,
with no consideration for amounts needed for normal
carboxylation of OC or MGP'®

Low 25-hydroxyvitamin D levels have been correlated

with the high prevalence of osteoporosis, fractures,

cardiovascular disease, cardiovascular mortality and all

cause mortality.**° Many mechanisms are thought to be

responsible for vitamin D’ protective role in both bone and

cardiovascular health and include the:

 inhibition of vascular-smooth muscle proliferation

* suppression of vascular calcification

* down regulation of pro-inflammatory cytokines

» up regulation of anti-inflammatory cytokines

* action of vitamin D as a negative endocrine regulator
of the renin-angiotensin system, a regulator of calcium
absorption and homeostasis

Vitamin D receptors are also present in osteoblasts.*’ 2

Adequate levels of vitamin A (retinol) and vitamin E are
also essential in the bone remodeling process. Osteoblasts
and osteoclasts have nuclear receptors for retinoic acid.
Plasma levels of beta-carotene and retinol were measured
in free-living, non-supplemented elderly women with

or without severe osteoporosis. Plasma levels of retinol
and carotenoids were consistently lower in osteoporotic
women than in control women.* Vitamin E deficiency
impairs bone calcification. Supplementation with vitamin
E improved bone calcium content, and tocotrienols

were specifically found to play an important role.*®*!
Antioxidant intake, primarily from vitamin E and beta-
carotene, were associated with reduced risk of osteoporotic
hip fracture in elderly subjects, an effect strongly modified
by smoking status.*

Lowering oxidative stress and inflammation can also
slow the atherosclerotic process. Reactive oxygen species
play an important role in heart disease. In studying the
oxidative and antioxidant parameters at different stages
of atherosclerotic development, high levels of serum
lipid peroxide (LPO) products and low retinal contents
were found as the most typical sign of unstable plaques.
Significant negative correlations were also found between
LPO activity and levels of alpha-tocopherol, retinol, and
beta-carotene in lipids and proteins at different stages

of atherosclerotic focus development.”> Low plasma
concentrations of antioxidants (A, E, beta-carotene,

and CoQ10) have been associated with early carotid
atherosclerotic lesions.’**° In a case-control study to assess
the association between the atherosclerosis and antioxidant
status, cases showed significantly lower plasma levels of
retinol, alpha-tocopherol, and all carotenoids compared
with controls. **

Independent of its antioxidant effect, CoQ10 is beneficial
for cardiovascular disease because it is essential in
mitochondrial electron transport.”” The tissue with the
largest, most critical energy demand of this function is the
heart, which will be the first tissue to show the effects of
insufficient CoQ10 levels. Plasma CoQ10 concentrations
have been found to independently predict mortality in
cardiac patients.’® Interestingly, statin medications given to
reduce the chances of cardiovascular disease lower plasma
CoQ10 concentrations. CoQ10 may also influence vascular
function indirectly via inhibition of oxidative damage to
low-density lipoprotein (LDL).

The proper process of calcification in bone formation

and related metabolic processes requires an adequate and
constant supply of essential nutrients, including vitamin
D, A, K, E and beta-carotene, along with calcium, protein,
magnesium, phosphorus, potassium, fluoride, manganese,
copper, boron, iron, zinc, vitamin C, and the B vitamins.
However, you can not assume that just because a patient
is supplementing or that if one fat-soluble vitamin level is
adequate then all of these nutrient levels are adequate. It
a balance. Research has found a high prevalence of lipid-
soluble vitamin values outside their physiological range
in normal healthy populations, highlighting the need to
evaluate fat-soluble vitamins as a basic tool in clinical
practice. Don't let your patients function on their lowest
common denominator.




FaT-soLUBLE ViTAMINS: STRENGTHEN BONES AND DECREASE THE Risk oF HEART DiseASE

REFERENCES:

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Adams J, Pepping J. Vitamin K in the treatment and prevention of
osteoporosis and arterial calcification. Am J Health Syst Pharm. Aug 1
2005;62(15):1574-1581.

Jie KS, Bots ML, Vermeer C, Witteman JC, Grobbee DE. Vitamin

K intake and osteocalcin levels in women with and without aortic
atherosclerosis: a population-based study. Atherosclerosis. Jul
1995;116(1):117-123.

Frost ML, Grella R, Millasseau SC, et al. Relationship of calcification
of atherosclerotic plaque and arterial stiffness to bone mineral
density and osteoprotegerin in postmenopausal women referred for
osteoporosis screening. Calcif Tissue Int. Aug 2008;83(2):112-120.
Niemeier A, Niedzielska D, Secer R, et al. Uptake of postprandial
lipoproteins into bone in vivo: Impact on osteoblast function. Bone.
Apr 10 2008.

Hodges SJ, Akesson K, Vergnaud P, Obrant K, Delmas PD.
Circulating levels of vitamins K1 and K2 decreased in elderly
women with hip fracture. ] Bone Miner Res. Oct 1993;8(10):1241-
1245.

Weber P. The role of vitamins in the prevention of osteoporosis--a
brief status report. Int J Vitam Nutr Res. May 1999;69(3):194-197.
Heiss C, Hoesel LM, Wehr U, et al. Diagnosis of osteoporosis with
vitamin K as a new biochemical marker. Vitam Horm. 2008;78:417-
434.

Feskanich D, Weber P, Willett WC, Rockett H, Booth SL, Colditz
GA. Vitamin K intake and hip fractures in women: a prospective
study. Am J Clin Nutr. Jan 1999;69(1):74-79.

Binkley NC, Suttie JW. Vitamin K nutrition and osteoporosis. ] Nutr:
Jul 1995;125(7):1812-1821.

Bugel S. Vitamin K and bone health in adult humans. Vitam Horm.
2008;78:393-416.

Beulens JW, Bots ML, Atsma E et al. High dietary menaquinone
intake is associated with reduced coronary calcification.
Atherosclerosis. Jul 19 2008.

Geleijnse JM, Vermeer C, Grobbee DE, et al. Dietary intake of
menaquinone is associated with a reduced risk of coronary heart
disease: the Rotterdam Study. ] Nutr: Nov 2004;134(11):3100-3105.
Kaneki M HT, Ouchi Y, Orimo H. Pleiotropic actions of vitamin

K: protector of bone health and beyond? Nutrition. 2006; Jul-
Aug;22((7-8)):845-852.

Trion A, van der Laarse A. Vascular smooth-muscle cells and
calcification in atherosclerosis. Am Heart J. May 2004;147(5):808-
814.

Erkkila AT, Booth SL. Vitamin K intake and atherosclerosis. Curr
Opin Lipidol. Feb 2008;19(1):39-42.

Schurgers L], Dissel PE, Spronk HM, et al. Role of vitamin K and
vitamin K-dependent proteins in vascular calcification. Z Kardiol.
2001;90 Suppl 3:57-63.

Seyama Y, Wachi H. Atherosclerosis and matrix dystrophy. ]
Atheroscler Thromb. 2004;11(5):236-245.

Medicine Io. Dietary Reference Intakes for Vitamin A, Vitamin

K, Arsenic, Boron, Chromium, Copper, lodine, Iron, Manganese,
Molybdenum, Nickel, Silicon, Vanadium, and Zinc. In: Intakes
SCotSEoDR, ed: National Academies Press; 2000.

Erkkila AT, Lichtenstein AH, Jacques PE Hu FB, Wilson PW, Booth
SL. Determinants of plasma dihydrophylloquinone in men and
women. Br ] Nutr. May 2005;93(5):701-708.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Holick ME Sunlight and vitamin D for bone health and prevention
of autoimmune diseases, cancers, and cardiovascular disease. Am |
Clin Nutr. Dec 2004;80(6 Suppl):16785-1688S.

Zittermann A, Schleithoff SS, Koerfer R. Putting cardiovascular
disease and vitamin D insufficiency into perspective. Br J Nutt: Oct
2005;94(4):483-492.

Zittermann A, Schleithoff SS, Koerfer R. Vitamin D and vascular
calcification. Curr Opin Lipidol. Feb 2007;18(1):41-46.

Dobnig H, Pilz S, Scharnagl H, et al. Independent association of low
serum 25-hydroxyvitamin D and 1,25-dihydroxyvitamin D levels
with all-cause and cardiovascular mortality. Arch Intern Med. Jun 23
2008;168(12):1340-1349.

Jackson RD, LaCroix AZ, Gass M, et al. Calcium plus vitamin D
supplementation and the risk of fractures. N Engl ] Med. Feb 16
2006;354(7):669-683.

Bunker VW. The role of nutrition in osteoporosis. Br ] Biomed Sci.
Sep 1994;51(3):228-240.

Genuis SJ, Schwalfenberg GK. Picking a bone with contemporary
osteoporosis management: Nutrient strategies to enhance skeletal
integrity. Clin Nutr. Nov 8 2006.

Van Leeuwen JP vDM, van den Bemd GJ, Vitamin D control of
osteoblast function and bone extracellular matrix mineralization.
Crit Rev Eukaryot Gene Expr. 2001;11(1-3):199-226.

Cogan E. [New proposals for old vitamins]. Rev Med Brux. Sep
2008;29(4):368-372.

Maggio D, Polidori MC, Barabani M, et al. Low levels of carotenoids
and retinol in involutional osteoporosis. Bone. Feb 2006;38(2):244-
248.

Norazlina M, Ima-Nirwana S, Abul Gapor MT, Abdul Kadir Khalid
B. Tocotrienols are needed for normal bone calcification in growing
female rats. Asia Pac J Clin Nutr. 2002;11(3):194-199.

Pasco JA, Henry MJ, Wilkinson LK, Nicholson GC, Schneider HG,
Kotowicz MA. Antioxidant vitamin supplements and markers of
bone turnover in a community sample of non-smoking women. J
Womens Health (Larchmt). Apr 2006;15(3):295-300.

Zhang J, Munger RG, West NA, Cutler DR, Wengreen HJ, Corcoran
CD. Antioxidant intake and risk of osteoporotic hip fracture in
Utah: an effect modified by smoking status. Am J Epidemiol. Jan 1
2006;163(1):9-17.

Ragino YI, Chernyavski AM, Polonskaya YV, Volkov AM, Semaeva
EV, Voevoda MI. Oxidative and antioxidant changes during
formation of unstable atherosclerotic plaque. Bull Exp Biol Med. Nov
2007;144(5):661-663.

Polidori MC, Pratico D, Parente B, et al. Elevated lipid peroxidation
biomarkers and low antioxidant status in atherosclerotic patients
with increased carotid or iliofemoral intima media thickness. |
Investig Med. May 2007;55(4):163-167.

Riccioni G, Bucciarelli T, D’Orazio N, et al. Plasma antioxidants
and asymptomatic carotid atherosclerotic disease. Ann Nutr Metab.
2008;53(2):86-90.

Riccioni G, Bazzano LA. Antioxidant plasma concentration and
supplementation in carotid intima media thickness. Expert Rev
Cardiovasc Ther. Jun 2008;6(5):723-729.

Fain O. [The return of vitamin deficiencies]. Rev Med Interne. Nov
2000;21(11):941-942.

Molyneux SL, Florkowski CM, George PM, et al. Coenzyme Q10: an
independent predictor of mortality in chronic heart failure. ] Am Coll
Cardiol. Oct 28 2008;52(18):1435-1441.




