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Learning Objectives (RPh):
•
•
•

Explain what constitutes a vitamin and briefly describe at least two landmark
outcomes trials with these agents
Access information on vitamins and other supplements from the NIH
repository for the purpose of informing and counseling patients and consumers
Describe the demographics and magnitude of supplement consumption
compared to prescription drug consumption to be able to better serve a
population of patients

Learning Objectives (CPT):
•
•
•

Explain what constitutes a vitamin and briefly describe at least two landmark
outcomes trials with these agents
Access information on vitamins and other supplements from the NIH
repository
Describe the demographics and magnitude of supplement consumption
compared to prescription drug consumption
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Vitamins generally don’t work
- Thank you
Questions?
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The real question: what role should
vitamin supplementation play in patients
who are generally healthy?
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Choosing appropriate drug therapy is ALWAYS about
considering risks vs. benefits….

As we consider
the data for the benefits of
vitamins, good to keep in mind
a couple of potential risks:
1. There may be opportunity costs from perceived
benefits
2. Vitamins and other supplements are not entirely
benign
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Choosing appropriate drug therapy is ALWAYS about
considering risks vs. benefits….

NEJM, 2015;373:1531-40

63 ED departments surveilled for 10 years with data then
extrapolated nationally. Estimate ~ 23,000 ED visits annually
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Choosing appropriate drug therapy is ALWAYS about
considering risks vs. benefits….

NEJM, 2015;373:1531-40

“Micronutrients” included vitamins and accounted for ~
1/3 of total ED visits
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Synthetic vitamin manufacturing is about as far from
natural foods as you can get:
From Pandora’s Lunchbox by Melanie Warner:
Commercial vitamin C (ascorbic acid) typically
begins as sorbitol which is fermented in bacterial
broths to sorbose which is fermented further in a
broth of genetically modified bacteria to 2ketogluconic acid. That is treated with hydrochloric
acid to form crude ascorbic acid which is filtered and
purified to Vitamin C.
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So, while it’s fair to generally think of
vitamins as low risk, no drug is truly risk free
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Focus is appropriately on efficacy;
A couple things to keep in mind:
1.

Vitamins are unregulated – both the ingredients
in the bottle and the health claims on the bottle

2.

The term “alternative” or “complimentary” is getting more
pushback by many people in the era of evidence-based medicine* but
many people…..patients and providers…love their _____________.
*in 2014, NIH’s NCCAM (“Complimentary and Alternative Medicine) was renamed
NCCIH (Complimentary and Integrative Health)
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In 1990, congress passed NLEA (Nutrition Labeling and Education
Act) in response to a number of incidents which culminated in a
few dozen deaths from L-tryptophan (the turkey amino acid).
NLEA was aimed at both food and supplement labels with a goal of
eliminating false advertising. Labeling changes were left to the
FDA but….
Sen. Orin Hatch (from Utah - where about ½ of all supplements are
manufactured) along with the company and owner of NatureMade
worked hard to pass DSHEA (Dietary Supplement Health and
Education Act) in 1994.
DSHEA exempted supplements (including vitamins) from NLEA
and established the current legal standard that “supplements are to
be considered safe unless the FDA can prove otherwise.”
This is opposite of how we treat prescription drugs and remains in
place in 2022
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https://www.fda.gov/food/dietary-supplements/informationconsumers-using-dietary-supplements
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To expand briefly, DSHEA resulted in tougher labeling laws for
food than for supplements. So, for example…
if you wanted to add desiccated mealworm to a food it would
require millions of dollars and years of testing to prove safety. To
add it to a drug or call it a drug would require years more and likely
billions of dollars to prove both safety and efficacy (a process that
over 95% of drugs don’t survive).
But….if you want to add desiccated mealworm to a supplement, no
formal testing is required and you need only submit to the FDA 75
days before product launch “information you deem adequate to
demonstrate safety.”
The burden of proof of safety rests with the FDA and supplement
labeling continues unabated….
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*This statement has not been evaluated by the Food
and Drug Administration. This product is not intended
to diagnose, treat, cure, or prevent any disease
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Since NLEA/DSHEA, Supplement use today:
The National Health and Nutrition Examination Survey
(NHANES) added vitamins/supplements to their survey
in the 1990s:
As of 2018, approximately ½ of adult Americans reported
supplement use and ~1/3 reported their kids also took
supplements
Current annual expenditure in the U.S. ~ $40,000,000,000
($40 billion). For comparison, prescription drugs cost ~
$500 billion.
So, vitamins and supplements are big business
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Couple things to know:
1.

Vitamins are unregulated – both the ingredients
in the bottle and the health claims on the bottle

2.

The term “alternative” or “complimentary” is getting more
pushback by many people in the era of evidence-based medicine* but
many people…..patients and providers…love their _____________.
*in 2014, NIH’s NCCAM (“Complimentary and Alternative Medicine) was renamed
NCCIM (Complimentary and Integrative Health)
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A little bit of background on vitamins (vital amines):
There are 13 human vitamins (ADEK are fat soluable and C
and the B vitamins [8 in all] are water soluble) and all are
classified as essential micronutrients to distinguish from….
Macronutrients (fat, carbohydrate and protein) provide caloric
nutrition whereas vitamins are essential enzymes which help to
catalyze intracellular reactions
What do vitamins do, how much do we need and what is
the evidence for ‘supplementing’ a sufficient diet?
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Patient in mid-50’s with alcohol use disorder
admitted to OHSU March, 2022….

This is the
early stages
of scurvy

IRB 00024339
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Vitamins in micro doses are truly vital…Vitamin C is a great
example given the well known maritime history of scurvy
Scurvy is a disease of insufficient collagen production.
Collagen is literally the glue that holds us together (skin,
muscle, blood vessels, bones, cartilage). Collagen is made from
procollagen and that reaction is catalyzed by Vitamin C.
But it will be an extremely rare patient who is truly at risk
for scurvy (my second case in 25 years)…..or from Ricketts
from Vit. D deficiency.
So how much do we need and what is the evidence for
‘supplementing’ sufficient diets with vitamins?
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The RDA…..
Recommended Daily Allowance is poorly understood…It is the
amount of a specific vitamin that is needed by the upper 97th
percentile of the population (2 standard deviations from that
mean).
The RDA is NOT the amount that the average person needs (97%
could get by with less) and is also NOT a daily goal. Vitamins
last a long time in our system and what is important is average
consumption over time. Needed amounts for good health are tiny.
Example: Vitamin D. Popular vitamin past decade.
Recommended intake of 600 IU is 15 microgram (0.000015 gm)
which is about 1/10 of a grain of table salt. The RDA for Vit. B12
is 1/7 that or 2.4 mcg!
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So we don’t need much at all of any of the
vitamins and what we get lasts a long time
But this is America – if a little is good, more
must be better……right?
If micro doses of vitamins cure things like
scurvy and Ricketts, imagine what larger
doses could do?
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NEJM, May 2, 1996

Randomized, double-blind trial of 22,071 patients
followed for an average of 12 years
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ATBC trial, NEJM, April 14, 1994

Randomized, double-blind trial of 29,133 patients
followed for 5-8 years
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ATBC trial, NEJM, April 14, 1994

Increased incidence of lung
cancer in beta-carotene (Vit.
A) group (p=0.01) and strong
trend for increased lung
cancer mortality (p=0.08)
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NEJM, May 2, 1996

Randomized, double-blind trial of 18,314 patients followed
for an average of 4 years
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NEJM, May 2, 1996

Prospective, survey-based study of 34,486 women
followed for 7 years. Examined both diet and
supplement use
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ATBC trial, NEJM, April 14, 1994

Randomized, double-blind trial of 29,133 patients followed for 5-8 years
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Multiple trials failed to find benefits from a variety of vitamins and
vitamin combos but did find signals and sometimes outright benefits
from healthier diets measured by vitamin consumption....
Lead to common credo in 2000’s that we cannot distill the essence
of a healthy diet into vitamin supplements (“we have not yet
glimpsed the soul of a carrot”).
The benefits of a healthy diet vs. vitamin supplements is likely all of
the other good stuff we get in good food and the synergistic way it
all acts together which we do not yet understand.
Moral: skip the Vit. C…E...A…. pill and eat an apple or a carrot
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Nature 2000;405:903-4

100 gm of apple has 5.7 mg of
Vitamin C but the antioxidant
potency of 1,500 mg of Vit. C

Apple w skin ● Apple w/out skin ●

Control ▼
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While randomized, long-term trial data for different diets is not
robust, there is data out there……

The “PREDIMED” trial of the
Mediterranean diet was retracted and
republished in 2018 but still showed ~
25% reduction in major CVD events

…..but regardless of the quality/quantity of outcomes data for
certain diets, there is no question that a healthy meal is the best
“multivitamin”
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The failure throughout the ‘80’s and ‘90’s of large
antioxidant trials of Vit. A, C, E and the B vitamins
continued for a time into 2000’s….
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The repeated failure of trials in ‘80’s, 90’s and
2000’s of Vitamins A, C, E and the B’s led to some
soul searching and much editorializing….
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As the 2010’s dawned and the data for Vit. A, B’s, C,
and E were looking pretty bad, everyone seemed to
turn all at once to Vit. D…..

The “sunshine” molecule

The USPSTF also recently turned their attention to Vitamin D….
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But, how did we get to where everyone thinks they’re Vit. D
deficient or insufficient?

August 18, 2018

“Dr. Holick’s role in drafting national Vitamin D guidelines have
helped push supplement sales to $936 million in 2017, a ninefold
increase over the previous decade.”
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So how did we get to where everyone thinks they’re Vit. D
deficient or insufficient?

August 18, 2018

“…..lab tests for vitamin D have spiked, too: Doctors ordered
more than 10 million for Medicare patients in 2016, up 547%
since 2007, at a cost of $365 million.”
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So how did we get to where everyone thinks they’re Vit. D
deficient or insufficient?

August 18, 2018

“But few of the Americans swept up in the Vitamin D craze are
likely aware that the industry has sent a lot of money Dr. Holick’s
way….”
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July, 2011
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JCEM 2012
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JCEM 2012

Bone health (the
known benefit of
sufficient Vit. D levels)
is optimized even at
Vit. D levels < 20
ng/mL.
What about any other
benefits (CVD,
Cancer)?
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VITAL NEJM, Jan 3rd, 2019

Randomized, double-blind trial of 25,871
participants followed for median of 5.3 years
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VITAL NEJM, Jan 3rd, 2019

What about the controversy of concentrations?
Average baseline Vit D. level: 30.8 ng/mL
The supplement dose was 2000 IU/day which raised serum Vit. D
to 41.8 ng/mL
Since the trial was so large (n= >25,000), a sub-group analysis by
baseline Vit. D levels was possible (~ 2000 participants had
baseline Vit. D < 20 ng/mL)
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VITAL NEJM, Jan 3rd, 2019
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So what now? Despite a lot of negative, randomized, controlled
trials, the literature is littered with conflicting advice about
vitamins (and other supplements) and even professional society
guidelines sometime seem conflicted.
Where do we go for data/advice?

www.uspreventiveservicestaskforce.org

www.cochranelibrary.com
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Given the interest in vitamins and other supplements and the
often times disregard for data, another great source of
information to be aware of is a branch of NIH….NCCIH
(formerly NCCAM)
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www.nih.gov and search “Dietary Supplements”….will lead you
to NCCIH and a list of fact sheets for both patient and health
care provider (hint – they’re not very different)
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www.nih.gov and search “Vitamins”….will lead you to NCCIH
brand of NIH which is National Center for Complementary and
Integrative Health
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Click on “Vitamin D” in NCCIH factsheets:

Vitamin D “does not reduce CVD risk, even for people with low 25(OH)D
status” …and “studies to date do not indicte that vitamin D with our without
calcium reduced incidence of cancer.”
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Key take home points:
1. There are 13 human vitamins, eight of which are B vitamins
2. It takes very, very, small doses (mcg) for vitamins to do their intended
job in our body and those effects have a long biologic half-life
3. The RDA is not a personal daily goal but rather the amount that the
bottom 3% of the population needs to avoid becoming deficient
4. While diseases of deficiency do still occur (scurvy, Ricketts)
hundreds of thousands of patient-years from randomized, placebocontrolled trials have yet to find a benefit beyond the core role that
vitamins in our body (i.e. preventing scurvy and Ricketts)
5. While Vitamin D seems to still be having it’s moment in the sun,
there is good evidence that it too has little role in overall health
beyond bone/calcium homeostasis, even when levels are < 20 ng/mL
6. As pharmacists, it’s OK to be a skeptic about drugs that remain
unproven
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Thank you
Questions anytime: williacr@ohsu.edu

Self-Assessment questions….
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Self Assessment Question #1

The primary effect of DSHEA (Dietary Supplement
Health and Education Act) was to:
A. Require the FDA to write food labels for vitamins and
supplements
B. Exempt all supplements from NLEA (Nutrition Labeling
and Education Act)
C. Require efficacy testing for all vitamins
D. Require safety testing for all vitamins
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Self Assessment Question #2

The best advice for a healthy worried patient who is
inquiring about the benefits of a daily multivitamin is:
A. Current randomized trials support a benefit for cancer
reduction
B. Current randomized trials support a benefit for
cardiovascular disease reduction
C. Current randomized trials show an increase in cancer
incidence
D. Current randomized trials do not show convincing evidence
of benefit or harm
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Self Assessment Question #3

According to the NIH’s webite for Complimentary and
Integrative Health, which of the following is true:
A. Vitamin D does not reduce the risk of cancer or
cardiovascular disease
B. Most research shows that multivitamins do not slow
cognitive decline or reduce the risk of diabetes
C. The supplements that you buy in stores may differ in
important ways from products tested in studies
D. All of the above
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Self Assessment Question #4
According to the 2021 recommendations from the United States
Preventive Services Taskforce (USPSTF) regarding screening for
Vitamin D deficiency:
A. There is insufficient evidence to recommend for or against
screening for Vitamin D deficiency
B. The USPSTF reversed it’s 2014 recommendation and now
recommends screening for Vitamin D in otherwise healthy,
community-dwelling adults
C. Vitamin D levels should be screened only if the patient insists
on it
D. Screening Vitamin D levels in otherwise healthy, communitydwelling adults can be harmful
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