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Introduction
The latest anti-nutrient diatribe, published July 28, 

2022, in NEJM, serves as yet another example of the failure 
of the drug paradigm to accurately evaluate the efficacy of 
a nutrient. In research based on the drug model, a single 
agent is expected to perform as a magic bullet to control/
suppress disease symptoms. In this latest supposed analysis 
of vitamin D efficacy, what we have is even more absurd: 
the expectation that a single nutrient will act as a magic 
bullet to, by itself, prevent disease. This is not how human 
physiology works. A single nutrient intervention will only 
work if it is deficient, and if the other nutrients needed for 
it to function are adequate.

Well established physiology research has clearly shown, 
especially in relation to bone health, that vitamin D is a 
team player that works with calcium, magnesium, vitamin 
K2, vitamin A, vitamin C, and at least 12 trace minerals, 
such as boron. All are required for optimal bone renewal/
fracture prevention. The interactive roles played by these 
nutrients in promoting bone health are fully discussed in 
our consumer book, Healthy Bones, Healthy You!1

The assertions from the VITAL study and its ancillary 
reports that vitamin D supplementation is ineffective for 
essentially any health problem are invalid and will cause 
increased disease and suffering. This editorial addresses 
some of the problems with single nutrient research. 
Research that ignores the full matrix needed for a nutrient 
to work by not addressing common nutrient deficiencies 
and common health problems that impair a nutrient’s 
function are unconvincing. We use here the example of 
many factors that greatly impact vitamin D’s role in 
supporting bone remodeling. The same concerns raised in 
this editorial about vitamin D research are applicable to all 
nutrient research. 

VITAL
The VITamin D and OmegA-3 TriaL (VITAL) 

investigated whether taking daily dietary supplements of 
vitamin D3 (2000 IU) or omega-3 fatty acids (1 g) reduces the 
risk of developing cancer, heart disease, and stroke in people 
who do not have a prior history of these illnesses. The design 
was a 2-by-2 factorial randomized clinical trial in 25 871 US 
men (50 years of age or older) and women (55 years of age or 
older). The participants were randomly assigned to 1 of 4 
groups: vitamin D3 (cholecalciferol, 2000 IU per day) plus 
n−3 fatty acids (1 g per day), vitamin D3 plus placebo, n−3 
fatty acids plus placebo, or double placebo.3 

This latest report is an ancillary extraction of the 
results to look at fracture risk.2 The authors assert that 
vitamin supplements do not have important health 
benefits in the general population of older adults, even in 

Vitamin D is critical for many physiological functions 
in humans. Numerous population-wide assessments 
have shown that vitamin D deficiency is very common. 
Unfortunately, far too many studies intending to assess 
the clinical efficacy of supplementation are poorly 
designed. They look at vitamin D as an isolated agent, 
independent of the complex matrix required for it to be 
physiologically effective and at dosages inadequate for 

much of the population. These errors cause inappropriate 
and invalid results that are then misused to not only 
recommend against supplementation but to also 
recommend against even measuring vitamin D levels. 
This editorial addresses the weaknesses of typical 
vitamin D research, such as VITAL, and the key factors 
that must be addressed for accurate vitamin D research.

Abstract
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Figure 1.Vitamin D Flowchart

aAtrophic gastritis affects 1 in 3 older adults in the U.S.4

bboth D3 and K2 are fat-soluble, must be micellized for absorption, which requires bile, so absorption lowered if 
irritable bowel disease or gallbladder problems 

cH. pylori infection present in 40-60% of elders with no gastrointestinal symptoms and in 70% of elders with chronic 
gastrointestinal complaints5

dability to reabsorb bile impaired, increasing risk of fat-soluble vitamin deficiency as well as omega-3 deficiency6-9

ecofactor for 1α-hydroxylase, the kidney enzyme that converts 25(OH)D to 1,25-D
fage-associated decline in kidney function results in increased dosage requirement 
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those with low 25-hydroxyvitamin D levels. Unfortunately, 
the accompanying editorial furthers the misunderstanding 
of vitamin D and misrepresentation of nutrition research.10 

The randomization looked good—for the parameters 
the researchers thought important. Unfortunately, they 
missed many key factors (discussed below) that assuredly 
swamped the effect they were testing.

Baseline blood samples were obtained from nearly  
17 000 participants. Annual questionnaires collected 
information about numerous health outcomes. Results of 
analyses from VITAL previously published in peer-
reviewed journals have shown that vitamin D 
supplementation did not prevent cancer or cardiovascular 
disease, prevent falls, improve cognitive function, reduce 
atrial fibrillation, change body composition, reduce 
migraine frequency, improve stroke outcomes, decrease 
age-related macular degeneration, or reduce knee pain.

In this ancillary study, LeBoff and colleagues added to 
the above negative findings that, contrary to expectations, 
vitamin D3 did not reduce the risk of fractures over a 
median follow-up of 5.3 years, even in the 20% of the 
participants taking supplemental calcium at a dose of up 
to 1200 mg per day.3

The long-anticipated results of VITAL are asserted to 
clearly demonstrate that daily supplementation with 2000 IU 
of vitamin D3 does not significantly reduce the risk of 
total, hip, or nonvertebral fractures. Subgroup analyses 
showed a similar lack of effect on fracture risk according 
to sex, age, race or ethnic group, body-mass index, and 
other characteristics.

The conventional medicine and consumer media are 
widely trumpeting this proves that supplemental vitamin 
D is ineffective, and this has led to recommendations to no 
longer support testing for vitamin D in addition to 

Vitamin D3 Clinical Efficacy
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recommending against supplementation. Unfortunately, 
the only valid finding from this study is that supplementing 
single nutrients is not effective. Which is what anyone who 
knows anything about nutrition and human physiology 
already knows.

Vitamin D Network Nutrients
Nutrients work as integral parts of complex metabolic 

networks. If parts of the network are not functioning 
properly, providing a single nutrient that does not address 
the components of the network that are dysfunctional will 
not have a beneficial effect. Unfortunately, many of the 
nutrients required for bone health are deficient in most of 
the population.

While numerous nutrients play vital roles in healthy 
bone renewal—in relation to vitamin D’s efficacy in 
fracture prevention—3 of the most important are calcium, 
vitamin K2 and magnesium, all of which are consumed in 
less than RDI amounts by at least half the US population.  

Calcium 
Vitamin D is not going to do much if calcium 

intake—diet plus supplements—is grossly deficient. Some 
study subjects in the ancillary study of the Vitamin D and 
Omega-3 Trial (VITAL) received 1200 mg of supplemental 
calcium daily along with 2000 IU of D3. Many others did 
not. “A substantial proportion of people in the United 
States consume less than recommended amounts of 
calcium. An analysis of 2007–2010 data from the National 
Health and Nutrition Examination Survey (NHANES) 
found that 49% of children aged 4–18 years and 39% of all 
individuals aged 4 and older consume less than the EAR 
for calcium from foods and supplements.”11 Of particular 
concern is that the EAR (estimated average requirement) 
is the amount thought to meet the needs of just 50% of the 
population. If calcium is not present in the small intestine, 
vitamin D cannot enable its absorption.

Women aged 40-59 are supposed to be getting 1200 
– 1500 mg/d of calcium, but their average dietary intake is 
only 882 mg/d—just a little more than half the amount of 
calcium women need to maintain a healthy skeleton, 
especially as they go through perimenopause and 
menopause. Average dietary calcium intake in women 
aged 60 and older is even lower at 842 mg/d.12 

Furthermore, by age 65, calcium absorption is only 
50% of adolescent absorption efficiency, in men as well as 
women. Men’s version of menopause, andropause, also 
begins in their 50s and is accompanied by the same drops 
in calcium’s intestinal absorption and reabsorption from 
the kidneys as seen in women.  In elders, supplementation 
is increasingly important to ensure at least 1200 mg/d is 
provided from diet and supplements combined.13-15  

Vitamin K2
While vitamin D is required for calcium’s active 

absorption, which accounts for 85% of the calcium humans 

absorb, vitamin D does nothing to regulate what happens 
to the calcium whose absorption it enables. That requires 
vitamin K2, the cofactor for two Gla proteins: osteocalcin, 
which brings calcium into bone, and matrix Gla protein, 
which prevents calcium from depositing in soft tissues, 
such as the cardiovascular system and kidneys. K2 is 
found in high amounts in a Japanese fermented soybean 
product called natto but is infrequently seen in the 
Western diet, although very small amounts are present in 
certain full fat cheeses and pasture-raised eggs.16-19 

Vitamin K2 insufficiency is very common in US adults. 
A recent study that measured circulating undercarboxylated 
MGP levels (a more accurate method than measuring 
prothrombin time since K2 is primarily used to activate the 
Gla proteins), found K2 deficiency or insufficiency in 97% 
of older subjects in a mixed population.20 

Magnesium
Magnesium insufficiency is also all too common and 

impairs vitamin D’s activation. Magnesium is the cofactor 
for 1α-hydroxylase, the renal enzyme that converts 25(OH)
D to 1,25(OH)2D. As the following table shows, 
approximately 48% to 55% of the US population consumes 
less than the EAR for magnesium. Obviously, if vitamin D 
is not converted to its active hormonal form, it will not 
beneficially affect physiology.21 

Nutrient insufficiencies are very common in U.S. 
Figure 2 shows the percentages not meeting the EAR 
(which, by definition, means that only 50% of the 
population would be able to survive on that level of a 

Figure 2. Prevalence of Nutrient Deficiencies in US Adults
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nutrient before experiencing ill effects from inadequate 
nutrition). The high percentages of people not even 
meeting the poor EAR standard is very worrisome.21 

Metabolic Issues Impairing Vitamin D Function
Maldigestion

Also required for fracture prevention is effective 
digestion, without which calcium and D3 are poorly 
absorbed. Another requirement is well-functioning liver 
and kidneys, without which D3 will not be activated—
first to 25(OH)D and then finally to its active hormonal 
form of 1,25(OH)2D. 

Effective digestion depends upon the presence of 
stomach acid, whose secretion is prevented by the use of 
proton pump inhibitors. “Proton pump inhibitors (PPIs) 
are among the most commonly used drugs in the world. 
About 15 million people in the U.S. use PPIs every year… 
For those who take PPI drugs long-term, side effects can 
be serious or even deadly. Proton pump inhibitor side 
effects include kidney problems, bone fractures and heart 
attacks… Thousands of people have filed PPI lawsuits. 
They claim PPIs caused kidney failure and other injuries.”22 

This is not just a problem in the United States. In 2016 
in Australia, the prevalence and incidence of PPI use was 
12.5 and 3.9 per 100 people, respectively. Furthermore, 
prevalence and incidence were highest among people  
65 years and older, particularly older women.23 Similar 
results have been shown in other countries. In Iceland 
between 2003 and 2015, annual prevalence increased from 
8.5 per 100 persons to 15.5 per 100 persons, increased 
with patient age, and was higher among women.24 

Liver Dysfunction
Liver disease is rampant in the United States, as can 

be seen in Table 1. As would be expected, people with 
severe liver disease have lower levels of vitamin D, but 
more importantly are less able to convert dietary vitamin 
D3 to 25(OH)D, the still inactive form in which vitamin D 
circulates in the bloodstream. This helps explain why 
patients with NAFLD have a higher prevalence of 
osteopenia and osteoporosis.25,26

Table 1. Nonalcoholic Fatty Liver Disease27 

USA NAFLD 30%
USA Nonalcoholic steatohepatitis 5%
Global NAFLD 25%

Kidney Dysfunction
Unfortunately, kidney failure is another chronic disease 

that is increasing relentlessly worldwide and is now common 
in the United States, as shown in Table 2. As would be 
expected, as kidney function decreases, so does its ability to 
perform the second hydroxylation needed to create the active 
version of vitamin D: 1,25(OH)2D3. The glomerular filtration 

rate of a healthy 20-year-old man is about 140 mL/min. The 
glomerular filtration rate of a healthy 70-year-old man is 
about 90 mL/min. This age-typical decline in kidney filtration 
function increases the amount of 25(OH)D needed in the 
blood to sustain adequate production of 1,25-D by more than 
50%. Current Institute of Medicine recommendations, even 
though they are still far too low to produce optimal health, 
recognize that people over age 70 may need 3 times more 
vitamin D than young adults.28 

Table 2. Prevalence of Chronic Kidney Disease29,30 

USA Adults 15%
USA Adults >65 38%
9 in 10 don’t know they have kidney disease
2 in 5 with severe disease don’t know they have 
kidney disease
Global 13.4%

Vitamin D Dosage
Obesity

In addition to failure to consider any of the above factors 
affecting vitamin D efficacy, the dosage of vitamin D3 used 
was 2000 IU per day. This dose is inadequate for anyone 
who is obese, most who are overweight, and many who are 
of normal weight, a large number of whom, including 
these authors, require 4000 – 6000 IU/d.  

Individuals who are significantly overweight or obese 
require far more vitamin D than normal weight individuals. 
A high BMI doubles or even triples vitamin D needs. A 
review of 94 studies was conducted to determine how 
much supplemental vitamin D people of different body 
weights needed in order to bring their serum 25(OH)D 
levels into adequate range. A person weighing 110 pounds 
(50 kg) required 1680 IU/d of D3 to achieve a 25(OH)D 
level of 30 ng/mL. A person weighing 165 lbs (75 kg) 
required 2500 IU/d, and someone weighing 220 lbs (100 
kg) needed 3360 IU/d. 

A meta-analysis looking at the research identifying 
the prevalence of vitamin D deficiency in the obese 
identified 15 studies involving 3867 obese subjects and 
9342 normal weight controls. Obese individuals who were 
European or American had a 370% increased risk of 
vitamin D deficiency. Obese Asian individuals had a 343% 
increased likelihood of being vitamin D deficient. In other 
words, regardless of the latitude where an individual lives, 
his or her age or nationality, if obese, that individual is 
almost certainly vitamin D deficient.31,32

The Endocrine Society’s weight-based recommendations 
for supplemental vitamin D3 are that vitamin D 
supplementation should be 1.5 times higher for overweight 
subjects, and 2 to 3 times higher for obese subjects compared 
to normal weight subjects. Table 3 provides the specific 
body weight recommendations to achieve 25(OH)D targets. 
We believe optimal levels of 25(OH)D are 60-80 ng/mL.33,34
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Table 3. Response to Vitamin D Supplementation 
Depends Upon BMI 

Vitamin D 
Dose IU/d

Serum 25(PH)D Level ng/mL
Normal Weight Overweight Obese

1000 35.2 32 28
2000 39.6 36 31.2
4000 47.2 42.8 36.4
10 000 60.4 56 48.4
20 000 65.2 61.2 54

Lara requires approximately 6000 IU/d—even taking 
2000 IU of this amount sublingually to bypass problems 
maintaining adequate vitamin D due to common 
hydroxylase enzyme SNPs she carries. (The hydroxylase 
enzymes both activate and catabolize vitamin D.) Other 
commonly found SNPs affecting vitamin D efficacy 
include at least 4 VDR variants, and SNPs in vitamin D 
binding protein. For individuals who are carriers of any of 
these SNPs, 2000 IU would not be adequate. A study of 
Iranian women with osteoporosis found that over half of 
them had one or more SNPs impairing vitamin D 
metabolism.36

The high prevalence of functional vitamin D 
deficiency is impactful far beyond bone health. For 
example, we have learned from the COVID-19 pandemic 
that susceptibility to infection and severe disease is 
inversely proportional to vitamin D levels.37

The optimal range for resistance to SARS-CoV-2 
infection and severe COVID-19 disease has not been 
determined. However, we believe it is in the range of 60 - 
80 ng/mL 25(OH)D, not 30 ng/mL.38-40 

Age 
A review of several studies found that adults aged 65 

or older whose blood levels of vitamin D are less than 30 
ng/mL need more supplementary vitamin D3 than young 
adults to improve their vitamin D status. If a younger adult 
needs 2000 IU/d, then those aged 65 or older would 
require 5000 IU/d to bring their 25(OH)D levels up into 
optimal range (60-80 ng/mL). One of the reasons for this 
increased requirement is age-associated decline in kidney 
function, as discussed above.41  

Many Critical Factors Missed by VITAL
Hopefully, the above discussion makes clear that 

many factors hugely impacting vitamin D efficacy were 
missed. Table 3 lists these and others:

Table 4. Vitamin D Confounding Factors Not Controlled 
for in VITAL

•	 Calcium intake 
•	 Magnesium intake/magnesium status 
•	 Digestive function
•	 PPI use 
•	 Undercarboxylated osteocalcin or matrix  

Gla protein (a marker of vitamin K2 status)
•	 Atrophic gastritis/H. pylori infection
•	 NAFLD 
•	 CKD
•	 IBS

Our decisive verdict on this paper and on research 
using the single nutrient paradigm: an incredible waste of 
money and unfortunate source of misinformation. 

Figure 3. Prevalence of Obesity by State35
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Conclusion 
What does this latest report from VITAL actually tell 

us? Providing vitamin D alone or omega-3s alone, or even 
a combination of D3 and omega-3s (both at dosages too 
low to produce significant beneficial effect as demonstrated 
by numerous other studies), is not helpful. For anyone 
whose medical school education included the interactions 
among micronutrients in human physiology, this is not a 
surprise, but is what would be expected.  

Unfortunately, these highly questionable (at best) 
VITAL results are being used in ways that will impair 
population health. From Osteoporosis Canada42: “The 
screening of 25-hydroxyvitamin D levels in the general 
population is currently not recommended.  However, 
there may be specific situations where vitamin D testing 
may be of clinical use. These include patients with 
co-morbidities which affect vitamin D absorption and 
metabolism, where testing may help identify significantly 
low 25-hydroxyvitamin D levels and facilitate correct 
dosing of vitamin D supplementation. These co-morbidities 
include malabsorptive disease, renal disease, living in 
institutionalized settings, and taking certain medications 
which may affect vitamin D metabolism. Screening lab 
tests may also be useful prior to the initiation of anti-
resorptive agents for osteoporosis, as low 25-hydroxyvitamin 
D levels may be a risk factor for hypocalcemia.” Note that 
almost all the issues we raised above were ignored.

If the intent is to discredit the clinical efficacy of a 
nutrient, test it like a drug. In general, drugs work by 
poisoning enzymes, while nutrients work as necessary 
enzyme cofactors, constituents of body tissues, etc. This is, 
of course, an oversimplification. Nonetheless, look at the 
most commonly prescribed drugs—9 of 10 are simply 
enzyme poisons. In contrast, the most commonly used 
nutrients are required cofactors for enzymes. The 
treatment of osteoporosis provides a great example of this 
dichotomy. Osteoporosis is caused by an imbalance 
between bone resorption and bone regrowth. The drug 
approach is to poison the enzymes used to reabsorb bone, 
a key process in bone remodeling. This results in apparent 
short-term benefit—maintaining bone density—but at the 
cost of long-term increased bone fragility since the old, 
damaged bone is not replaced. (Bone remodeling is 
coupled. Osteoclastic bone resorption releases a myriad of 
growth factors that were stored locally in the bone matrix. 
These growth factors then attract osteoblasts and their 
mesenchymal stem cell precursors to the remodeling site 
and stimulate their proliferation, differentiation, and 
activity. In effect, osteoclasts’ resorption activity liberates a 
bone renewal savings account initially deposited by 
osteoblasts. No osteoclast activity. No osteoblast activity.43

In contrast, vitamin D—IN COLLABORATION 
WITH SEVERAL OTHER VITAMINS AND 
MINERALS—supports bone rebuilding. Osteoporosis is 
very rarely simply due to excessive bone resorption. The 
primary cause is a deficiency of the nutrients necessary for 

proper bone rebuilding. Not only does the drug approach 
result in suboptimal bone density, but the nutrient 
deficiencies—which of course the drugs do not address—
continue unabated resulting in additional damage 
elsewhere in the body.

We suffer the highest burden of chronic disease in 
every age group ever in human history. Why? Because the 
drug model is mainly useful for acute disease. By not 
addressing the rampant nutrient deficiencies and ever-
growing toxic burden, the world will continue to suffer 
ever increasing chronic disease.
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