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Outline

• Vitamin  K and vitamin D trials 

and meta-analyses  

• What can we learn from these 

studies?

• Study outcomes re-evaluated  

• Medical foods and bone

Vitamin K  K1 is in spinach, 

broccoli, green 

leaf lettuce is 

>50% of intake

K2 is in natto, 

egg yolk, chicken 

breast and is 

made by gut 

bacteria

FDA has banned 

use of K3 in over 

the counter 

supplements 

because large 

doses interfere 

with glutathione 

and cause 

oxidative damage 

to cell 

membranes

USDA has no Recommended Dietary Allowance (RDA) for 

vitamin K   

US Institute of Medicine has set Adequate Intake AI at 90 and 

120 µg/day for women and men

No known serious side effects from too much vitamin K except 

related to individuals anticoagulated with vitamin K inhibitors  
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Vitamin K-Dependent Reactions

 Carboxylglutamic Acid

Modern Nutrition in Health and Disease, 10th edition

Coumadin inhibits 

the regeneration 

cycle

What Does Vitamin K Do in Bone?  

Palermo A et al.  Metabolism 70:70-57, 2017.   

• Osteocalcin 

necessary for 

synthesis and 

regulation of bone 

matrix

• Animal studies 

suggest OC is 

related to 

osteoblast/osteoclast 

interplay

• Regulation of 

osteoblastogenesis/

Osteclastogenesis

through Nf-ĸB signal 

pathway

Matrix Gla Protein

BMD/Fracture and Vitamin K Intake

• Booth SL et al. Am J Clin Nutr 71: 1201-8, 2000.

• Compared vitamin K intake with a FFQ in 

individuals in Framingham Heart Study in 1988-

1989 and compared with incidence of hip fracture 

(1988 – 1995).  BMD was measured 1988 -1999 

and 1992-1993.  

• Individuals in highest quartile of vitamin K intake 

(254 µg/d)  had a lower fully adjusted RR of hip 

fracture than the lowest quartile (56 µg/d) (0.35; 

95% CI 0.13, 0.94)

• There were no associations between BMD and 

vitamin K intake in men or women

Booth SL et al.  Dietary vitamin K intakes are associated with hip fracture but not with 

bone mineral density in elderly men and women.  Am J Clin Nutr 71: 1201-8, 2000.  

Vitamin K and Hip Fracture

• Feskanich D et al. Vitamin K intake and hip fractures in 

women: a prospective study. A J Clin Nutr 69: 74-79, 1999

• Prospective analysis of Nurses’ Health Study

• Diet assessed with FFQ in 72,327 women in 1984  

• Ages:  38-63 years

• During 10 years of f/u there were 270 hip fractures  

• Women in quintiles 2-5 had significantly lower age-adjusted 

RR than women in lowest quintile (RR: 0.55, 95% CI: 0.40, 

0.78)

• Hip fracture risk was inversely related to lettuce 

consumption   
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Effect of Vitamin K on Bone Loss
• 3 year, double-blind, controlled trial of 452 women and men 

(60-80 years)

• Randomized to receive a MVI containing 500 µg/d or no K2, 

plus 600 mg elemental calcium and 400 IU vitamin D/day

• BMD, and vitamin K and D status measured every 6 -12 

months

• Intent to treat analysis of 401 participants

• No differences in changes in BMD in any of the anatomical 

sites between the two groups

• Those receiving K2 had higher phylloquinone and a lower 

percentage of undercarboxylated osteocalcin than the 

group not receiving phylloquinone

• Authors concluded that K2 supplementation at a dose 

available in the diet does not improve BMD when taken with 

calcium and vitamin D.  

Booth SL et al. Effect of vitamin K supplementation on bone loss in elderly 

men and women.  J Clin Endocrinol Metab 93: 1217-1223, 2008  

Vitamin K  - Human Supplementation Trial  

Six months of vitamin K treatment does not 

affect systemic arterial calcification or bone 

mineral density in diabetes mellitus 2  Eur J 

Nutr 60: 1691-1699, 2021. 

• Patients with T2DM and CVD 

randomized to 360 µg of K2 or 

placebo for 6 months

• No difference in absolute or relative 

differences in total body arterial 

calcification or BMD  

Mott A et al.  Osteoporosis Int 30:1543-1559, 2019
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Vitamin D

Vitamin D

Researchgate.net    

https://www.ncbi.nlm.nih.gov/books/NBK310616

Type equation here.

D3 formed in skin from 7-dehydrocholesterol    D2 is derived from plants   

Vitamin D is 25-hydroxylated in liver and then 1- hydroxylated in kidney to 

form active vitamin D.  

1,25 OH2 D (calcitriol) formation is upregulated by parathyroid hormone and 

down regulated by FGF23. 

Few dietary sources:  Milk is fortified with 400 IU per quart. 

RDA:   Children and adults aged 6-70 years = 600 IU(15 µg) /d, Adults > 70 

years 800IU/d (20 µg)     

Vitamin D Reduces Fracture

• Meta-analysis of double-blind, 

placebo-controlled RCT of vitamin D 

with/without calcium

• Trials using 700-800 IU of vitamin D 

(with or without calcium) had a 26% 

reduction in hip fracture risk and 

23% reduction in nonvertebral 

fracture compared in 400 IU of 

vitamin per day

Bischoff-Ferrari HA, et al.  Fracture prevention with vitamin D supplementation  A 

meta-analysis of randomized controlled trial.   JAMA 293: 2257-2264, 2005.   

Vitamin D Does Not have 

Meaningful Bone Effects  

Lancet Diabetes Endocrinol 6: 847-858, 2018.   
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Yao P et al. 

JAMA Netw

Open. 2019 Dec 

2;2(12):e1917789. 

doi: 

10.1001/jamanetwor

kopen.2019.17789 JAMA  322: 

736-45, 2019

From: Weaver CM et al. Arch Osteoporosis

(https://doi.org/10.1007/s11657-019-0589-y) 14: 50, 2019  

The battle lines have been drawn – do 

nutritional supplements do anything for 

bone?   

Could these confusing and often null and 

even negative results have been predicted? 

WHAT IS GOING ON HERE?

I’d like to suggest some considerations about 

studying nutrients related to bone health        
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The use of evidence-based medicine and 

reliance upon randomized controlled 

trials makes sense for drug trials where 

there is emphasis on size of cohorts, 

randomization, and blinding and other 

measures of quality.  There is less 

usefulness for evidence-based medicine 

and specifically the use of randomized 

controlled trials to inform decisions 

about nutritional interventions because 

of some of the considerations 

summarized in the next slides:    
Heaney RP.  Nutrients, endpoints, and the problem of proof.  J Nutr 138: 1591-1595, 2008.  

• Nutrient effects are often related to inadequate 

intakes and inadequate nutritional status, while 

drug administration is designed to cure a 

disease that is not caused by the absence of a 

drug.  

• This means that drug effects are usually large and 

generally have a fairly specific outcome and 

therefore lend them self to evidence-based 

medicine clinical trials.  

• Nutrient effects often affect many tissues and 

the outcomes are often “within in the ‘noise’ of 

biological variability” and therefore nutrient 

effects are often lost in clinical trials. 

1Blumberg, J., et al., Evidence-based criteria in the nutritional context.

Nutr Rev, 2010. 68(8): p. 478-84.

Nutrient effects  generally follow a sigmoid 

curve, while drugs generally have effects in 

proportion to the dose of the drug.   This 

means that with low nutrient intakes or low 

nutrient status, there is fairly little biological 

response.  In a drug study, the drug can be 

tested against a placebo group that doesn’t 

receive the drug.  In a nutritional study the 

placebo group would correctly have zero 

intake or be deficient, which is difficult and 

unethical.  It also means that the nutritional 

status of all the groups in a nutritional study 

should be know prior to starting the study.   

Blumberg, J., et al., Evidence-based criteria in the nutritional context. Nutr Rev, 2010. 68(8): p. 478-84.

Heaney, R.P., Vitamin D--baseline status and effective dose. N Engl J Med, 2012. 367(1): p. 77-8.

Lappe, J.M. and R.P. Heaney, Why randomized controlled trials of calcium and vitamin D sometimes fail.

Dermatoendocrinol, 2012. 4(2): p. 95-100.

“An identical nutrient intake (i.e., 

prescribed dose) may or may not 

produce a measureable response 

(depending on the baseline status).”  

“Until we link outcomes to blood 

levels achieved, and understand 

what analytic to measure, meta-

analyses will not answer the “how 

much is enough” question”.

This means that response to a 

nutrient depends upon baseline 

nutrient status and that an adequate 

dose is given to see an effect.       

RCT Design is Probably Not Suited for Nutrition Studies

• Nutrition trials are generally designed for well people, drug trials 

treat a disease

• Drug trials generally have a few principal endpoints,  nutrients affect 

many tissues (i.e. vitamins are coenzymes)

• Nutrient effects manifest themselves in small differences over long 

periods of time – therefore a short- term RCT may not see a 

difference in an outcome such as fracture or BMD   

• Nutrients work together  (i.e. calcium and vitamin D) - as a opposed 

to drug effects – i.e. could the effect of vitamin K supplementation be 

difference in a vitamin D insufficient population?  

• What ever the disease outcome, the unsupplemented group  “must 

develop roughly 13-26 excess incident disease cases or untoward 

events (i.e. hip fracture)”1.

• Dr Heaney suggests having “global indices” of some sort for 

nutritional trials.  

1Heaney RP.  Nutrients, endpoints, and the problem of proof.  J Nutr 138: 1591-1595, 2008.  
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Nutrient effects are polyvalent with nutrients 

effecting many tissues and processes while 

drug effects are often more clear cut and can 

be studied in isolation, often with single 

outcomes.  An example is that calcium and 

vitamin D intake are intertwined in bone 

metabolism, making it difficult to study a single 

nutrient.  Another example is that protein intakes 

need to be adequate for calcium to have an 

impact on bone, a relationship that is not 

controlled for in the calcium/vitamin D bone 

literature1,2. 
1Lappe, J.M. and R.P. Heaney, Why randomized controlled trials of calcium and 

vitamin D sometimes fail. Dermatoendocrinol, 2012. 4(2): p. 95-100.
2Dawson-Hughes, B. and S.S. Harris, Calcium intake influences the association of 

protein intake with rates of bone loss in elderly men and women. Am J Clin Nutr, 

2002. 75(4): p. 773-9.

Different Tissues May Have 

Different Response Curves  

Heaney RP  Assessing vitamin D status   Curr Opin Clin Nutr Metab Care 14: 440-

444, 2011

Nutritional effects may take years or 

decade to be manifest, while drug 

studies have relatively short 

outcomes.  This is true of a nutrient like 

calcium where life time calcium intake is 

shown to be important and osteoporosis 

is often discussed as a “pediatric disease 

with a geriatric outcome”.  This means 

that a randomized, controlled trial for a 

nutrient is often not feasible while a drug 

trial can be studied in a short time frame1.      

1Heaney, R.P., Long-latency deficiency disease: insights from calcium and 

vitamin D. Am J Clin Nutr, 2003. 78(5): p. 912-9.

Heaney RP  Nutrients, endpoints, and the problem of proof.  J Nutr 138: 1591-1595, 2008.   

Heaney RP. Long-latency deficiency disease: insights from calcium and vitamin D.  Am J Clin Nutr 78: 912-

919, 2003.   

Vitamin K

Clotting disorders – short latency   

If there are alterations in BMD and fracture – long latency – therefore, longer 

term studies will be necessary    
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Let’s Revisit Some of the 

Previous Studies  

Lessons Learned Vitamin K     
• As would be expected, comparisons to a deficient group 

show a benefit – an effect of a nutrient on deficiency – but 

such epidemiological studies do not know baseline nutrient 

status 

• Meta-analysis will not likely shed much light because most 

studies didn’t evaluate baseline vitamin K status – you can’t 

meta-analyze your way out of a mess 

• Binkley study did study individuals with low carboxylated

osteocalcin – only one year in duration   Dr Binkley suggests 

that relationship with undercarboxylated osteocalcin and bad 

bone may be from identifying people will a poor diet/ill 

individuals – so it may be associational not causal  

• T2DM study was only 6 months long

• I also wonder about how often individuals have true vitamin K 

deficiency since it is manufactured by gut flora

Vitamin D Lessons Learned 
• Impossible to study vitamin D in isolation –

so many studies have logically evaluated 

calcium and vitamin D (protein also a factor 

– it gets complicated fast!)

• Metanalysis won’t be useful – Bischoff 

Ferrari one had a threshold   

• Vitamin D dosing may not be adequate

• Don’t know baseline status in studies, 

however many papers have shown how 

common vitamin D deficiency is an how 

poor calcium intake is among some 

individuals   

• “Despite the consensus that more in 

not better, we have continued to 

conduct trials (and include them in 

meta-analyses) without regard to 

ensuring the presence of two key 

features: baseline status and dose 

adequacy.”

Heany RP.  Vitamin D-Baseline status and effective dose.  N Engl J Med 367: 77-78, 2012.  
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Metanalysis paper  - Yao et al. al 

• Contains flawed studies –for example 

Jackson et al WHI study where the 

calcium intakes were not substantially 

different between the intervention groups 

– therefore how can calcium + D affect 

fracture 

“Until we link outcomes 

to blood levels achieved, 

and understand what 

analytic to measure, 

meta-analyses will not 

answer the “how much is 

enough” question”.

Dr R P Heaney

Burt et al.- Paper Related to 

High Dose Vitamin D and Bone 
• There was a suggestion 

lower radial BMD with 

4000 IU and 10000 IU per 

day vs 400 IU per day and 

lower tibial BMD with 

10,000 IU per day

• Are we perhaps seeing a 

threshold effect – i.e. 

toxicity with increasing 

doses? 

• i.e. Scenario C  could 

include toxicity

Burt et al.. JAMA 322: 736-345, 2019.  

• The null outcomes and conflicting 

results probably occur because of 

study design and factors we have 

discussed  

• BMD improvement and fracture 

reduction from a nutrient alone are 

unlikely

• Rejecting nutrient supplements 

because of null BMD and fracture 

studies is tossing out the baby with 

the bathwater

Am J Clin Nutr 2003; 78 (suppl) 508S-13S

My opinion: Nutrition and bone studies will evolve away from 

single nutrients to evaluate food patterns   
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Medical Foods 

for the Management 

of Chronic Disease
(One of the challenges of my 

career has been trying to find 

more natural approaches to 

patients who refuse conventional 

medical treatments)

Medical Foods  

Morgan SL, Baggott JE, Nutrition Reviews 64: 495-501, 2006

Medical Foods

• Codified  by C.F.R. sec 101.9 (j) (8), Nutrition labelling of food

• Must justify a distinct dietary need (i.e. for the dietary management of 

metabolic processes) 

• GRAS ingredients 

• Enteral/oral administration

• Medically determined dietary needs and based on recognized 

science

• Given to a diseased population for a chronic condition

• Given under a physician’s supervision

• Not approved by FDA, but meets FDA regulations  

• Medical foods can’t be in the form of conventional foods, make drug 

claims (cure, prevent, reduce, mitigate) or have too many multiple 

indications for a product 

• There can be FDA inspections of manufacturing, labelling, and 

distribution

Examples of Medical Foods
• Ultrase MT – for exocrine pancreatic 

insufficiency

• Limbrel – for osteoarthritis

• Folgard – for elevated homocysteine

• BCAD 2 – for MSUD and other errors 
of branched chain amino acid 
metabolism (infant formula free of 
branched chain amino acids)

• Oxepa – for lung injury patients

• Fosteum – for osteopenia and 
osteoporosis
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Replesta Fosteum®, as an Example of a Medical Food   - indicated 

for the dietary management of the metabolic aspects of 

osteopenia and osteoporosis

27 mg Genistein Aglycone

(>98% purity)

Inhibits Osteoclast and 

stimulates osteoblast 

activity- a natural isoflavone 

phytoestrogen

200 IU Cholecalciferol

(Vitamin D3)

Essential for Ca2+

absorption

20 mg Zinc Chelazome

(4 mg elemental zinc)

Co-factor for bone metabolic enzymes 

and synergizes with genistein

Dose is 1 

pill bid 

orally

Pivotal Trial:

Two Year Trial With Third Year Extension

• A double-blind, placebo-controlled, multi-center 
trial 

• 389 Italian postmenopausal, osteopenic and 
osteoporotic women enrolled in the trial 
– Ages 49-67 and at least 1 yr postmenopausal

– 304 women completed the 2 year trial

• Third year extension (unpublished)

Interventions & Design

Endpoints

• BMD and bone markers 

taken at baseline, 12 

and 24 months

• Safety assessments 

performed every 6 

months

• Endometrial thickness 

assessed at 0, 12, and 

24 months

Intervention

• All patients received 

standard of care for 

osteopenia:

– Calcium: 500 mg BID

– Vitamin D: 400 IU BID

• Treatment group also 

received 27 mg 

genistein BID

• Patients counseled to 

avoid soy-rich foods & 

supplements
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Genistein increases BMD 

Over 3 Years

Marini et al. (2007)

Burnett et al. (2007)

Calcium/Vitamin D Genistein
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Author’s Conclusions
• “We found that treatment with genistein, an 

abundant soy isoflavone, prevents bone loss caused 
by estrogen deficiency without affecting the uterus 
in osteopenic postmenopausal women”.  

• Bone resorption markers were lower in genistein 
group – acknowledged that these may not correlate 
perfectly with reduction in fracture risk

• BSAP increased – speculated that this was related to 
direct genomic estrogen receptor-medicated effect 
or nongenomic action in target cells.

• Genistein also increased IGF-1 levels- noted that this 
pattern was similar to rat studies where isoflavones 
upregulate IGF-1 and transforming growth factor-B 
and inhibit osteoclastogenesis.

• Acknowledged higher GI adverse events

• Option for individuals not wanting FDA-approved 
drugs
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QUESTIONS?

Summer by Giuseppe Arcimboldo 1563
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