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Introduction

PROACTIVE VERSUS REACTIVE MEDICINE: PUTTING YOURSELF
IN THE DRIVER'S SEAT

Half of all insured Americans are on prescription medications, according to a study
donein 2007 by Medco SolutionsInc., acompany that manages prescription medi-
cations for about one in five Americans. Specifically, approximately, two-thirds
of women 20 years old and older, one-quarter of kids up to the age of 18, about
one-half of adult men, and three-fourth of seniors are on at least one prescription
medication. Among the seniors, 28 percent of women and nearly 22 percent of men
take five or more medicines regularly. Do these statistics reflect worsening health
of the American population, more aggressive prescription writing by physicians,
lack of asystematic approach to get to the foundation of aproblem, greater push by
pharmaceutical companiesto “get theword out” about certain drugs, or a potpourri
of reasons?

Whatever the cause, thisis a phenomenal statistic that needs to be actively and
seriously addressed on multiple fronts. This statistic reflects a trend in American
medicine that embraces a reactive rather than proactive approach to medicine. We
are taught as physicians to focus on the presenting complaint and react to it once
it has aready peaked. We react to it by doing the appropriate tests, referring to
specialists, and of course by prescribing medications. With this medical approach,
the patient feels comforted that his or her medical care isin the hands of a well-
wishing medical system. She or he tends to not question cause, rationale, or evi-
dence supporting a particular plan of action and may unfortunately wind up taking
a passive approach to the medical condition thereby relying solely on the medica-
tions given. This scenario is common but is not the rule.

| want to encourage serious discussions between you and your doctor on anum-
ber of fronts. First, there should be dialogue about the root cause(s) of your medi-
cal issue. You should not be satisfied with simply accepting a medical label, such



X Introduction

as chronic fatigue syndrome, or irrita-
ble bowel syndrome without delineat-
ing an appropriate cause and plan of
action. Being told that you have heart-
burn or anxiety and treating it only with
amedication is inappropriate.

Many patients and holistic practi-
tioners take it upon themselves to take
and prescribe, respectively, a unique
concoction of supplements, disre-

@ garding al side effects and negative
- S research. Their approach is such that
‘ supplements can do no harm and that

medications are not a cure-al. This
premiseis of course skewed aswell.

In this book, I will bring to light
many of the common supplements,
as they may play a significant role in
helping to improve a variety of medi-
cal illnesses. | will discuss the sup-
plements mechanisms of action, the
research behind them, and their evidence-based risks and benefits that you have
to be aware of . Simply knowing thisinformation allows you to be more involved
with your own medical care. This book is not an endorsement of supplements,
but away for you to find out the fact versus the fiction behind the popularly used
supplements.

It must be brought to your attention that every single study included in this book
is from prominent medical journals that your physician is expected to read on a
regular basis. The excuse that thereis not enough evidencein the medical literature
to actually recommend certain supplements on a regular basis is wrong and is a
reflection of physicians not reading the journals that are put out by the very orga-
nizations that they belong to.

We should all expect a lot from our physicians. Physicians are there for you,
not instead of you. My view of a physician is one who is sincere and has a close
relationship with his or her patients; one who aways practices a cause-oriented
approach for every medical sign and symptom; one who is not quick to give a
medication or neutraceutical to cover up a problem; one who discusses avariety of
medical options, both medicina and natural alike, addressing the risks and benefits
of both; and one who always uses evidence-based medicine while staying abreast
of the most current and pertinent medical literature.

Unfortunately, the state of medicine today makes the physician and patient feel
rushed during an office visit. Most of the 10—15 minutes of time allotted to your
physician to spend with you is spent on relatively urgent medical issues, checklist
preventive medicine, and of course paperwork.

(© Mirjanabanjac/Dreamstime.com)
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Please understand, the goal of this book is definitely not to put you on a slew of
supplements. It isto show you the pros and the cons of many of the commonly pre-
scribed neutraceuticals, so that you can be knowledgeable about the decision that
you and your physician make. The physician should be your vehicle for recovery,
but remember that you, and only you, are the driver.
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1
5-Hydroxy-Tryptophan (5-HTP)

BRIEF OVERVIEW

Also known as 5-HTP, 5-hydroxytroptophan is a precursor to the neurotransmitter
serotonin.

Serotonin is a major regulator of mood as well as having many other functions
in the central nervous system. While there are many popular antidepressants that
increase serotonin in the brain, 5-HTP isanatural substance that can be converted
into serotonin.

Made from the amino acid L-tryptophan, which is essential to the human body,
5-HTP is in turn converted to serotonin by the enzyme tryptophan 5-monooxy-
genase. When 5-HTP is taken as a supplement, it will get into the body and pass
through what is called the blood-brain barrier, aprotective barrier that preventsthe
entry of many ingested chemicals and medicines into the brain. Then, 5-HTP will
be converted to serotonin in the brain as well as other parts of the body.

THE HYPE

Since serotonin mediates so many different processes and states, anything that can
raise serotonin levelswill have a positive effect, from improving mood and sleep and
decreasing pain to moderating cravings for food and drugs. Supplements of 5-HTP
will be converted into serotonin, and thereby reduce depression, lessen insomnia,
possibly decrease obesity and perception of pain, and potentially much more.* Fur-
thermore, 5-HTP is safe to use, and may be free from some of the problems associ-
ated with selective serotonin reuptake inhibitors (SSRIs) like Prozac and L exapro.

Safety: Eosinophilia-Myalgia Syndrome

(Symptoms of eosinophilia-myalgia syndrome can be found in
“Potential Side Effects’ below.)

The amino acid L-tryptophan is the precursor of 5-HTP and serotonin. Supple-
ments of L-tryptophan were very popular in the 1980s. In 1989 and 1990, there
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was an outbreak of an illness named “ eosinophilia-myalgia syndrome,” which was
linked to L-tryptophan supplements that were made by one manufacturer. At least
1,500 people were affected by the syndrome, although some have suggested there
may have been many more cases. At least 38 people died. Sales of L-tryptophan
were subsequently banned by the Food and Drug Administration (FDA).?

Itissaid that 5-HTP isfree from therisk of the syndrome. It has been in use for
more than 20 years and is being monitored by the FDA. As of 1998, there were
10 possible cases of eosinophiliamyalgia syndrome from 5-HTP and no deaths.
Some researchers say that there has been only one actual case, in 1994.2 However,
there seems to be agreement that no new cases have been diagnosed since 1998.2

Ananalysisof the5-HTP supplementsrelated to possible casesin 1993 discovered
a contaminant in the implicated supplements as well as in other, randomly chosen
5-HTP lots. It was named Peak X and subsequently identified as 4, 5-tryptophan-
dione, a presumed neurotoxin. Peak X was found in all six of the random batches
tested. This study raised concerns about the safety of 5-HTP* Peak X was similar
in structure to the contaminantsin L-tryptophan.?

In 1994, one case of eosinophilia-myalgia syndrome occurred in a family tak-
ing 5-HTP. Two other family members developed only the high eosinophil count,
which resolved. Analysis at the CDC found a possible contaminant.®

Subsequently, the methods of these analyses have been criticized, and the im-
portance of Peak X has been cast into doubt.® Even so, to address the concerns
about Peak X, some 5-HTP suppliers even test their products and label them as
free of Peak X.5

The question remains, is 5-HTP safe in this regard? The answer at this point is,
prabably yes.

Safety: Serotonin Syndrome

(Symptoms of the serotonin syndrome can be found in “ Potential Side
Effects’ below.)

The serotonin syndrome occurs when there is too much serotonin in the system.
It has been observed in patients switching antidepressants of the SSRI class (selec-
tive serotonin reuptake inhibitors) or mixing antidepressants with other medicines
that can raise serotonin. It occurred in one patient who took L-tryptophan along
with fluoxetine, an SSRI. There have been no reports of the serotonin syndromein
patients taking just 5-HTP?

Depression

The serotonin hypothesis of major depression states that a decreased amount of
serotonininthebrainisrelated to the cause of depression. Very popular antidepres-
sants are SSRIs, which meansthey stop serotonin from being taken up by cellsand
raise the amount of serotonin available at the nerve endings in the brain. SSRIs
include Prozac and Lexapro, among others. Even older antidepressants inhibit se-
rotonin reuptake to some degree.
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5-HTP has been used for decades to treat depression. Since it can get into the
central nervous system and undergo conversion to serotonin, it should be effec-
tive. Although there have been many studies demonstrating the effectiveness of
5-HTP, most were not done in a manner that would satisfy scientific require-
ments. If 5-HTP were a drug, the FDA would require two double-blind, placebo-
controlled trials that would prove its safety and efficacy, with enough participants
to make the results statistically significant. These studies have not been done.
Many people working in the field want to see the appropriate trials done so the
issue can be decided. Reviews of 5-HTP amost invariably end with a call for
further studies.

The existing studies have not been long-term, or large-scale, or placebo-
controlled, or in some other fashion are not completely definitive. A placebo
control is especially important in studying a drug for depression. Responses to
placebo can be as high as 60 percent in patients with depression. Trials need to be
long term, because response to antidepressants often takes place over a matter of
weeks to months.”

There have been many reviews of the available data. In 1998, an article in Al-
ternative Medicine Review took the position of recommending 5-HTP as effective
for depression.2 However, a subsequent Alternative Medicine Review in 2000 was
morein line with recent reviewers who are cautious about the supplement because
of the quality of the research.”

A Cochrane Library analysis found the quality of most studiesto be inadequate.
A complete review in 2001, which was updated in 2004 and rechecked in 2008,
looked at 111 trials and found only 2 trials involving 64 patients satisfactory for
analysis. These reviewers included both tryptophan and 5-HTP together. The re-
view states that both were probably better than placebo. However, due to the lack
of good data as well as the risk of eosinophilia-myalgia syndrome, they could not
recommend either substance.®

Other reviewers have used different approachesto look at the available informa-
tion. In 2006, areview in Pharmacology & Therapeutics agreed that there were no
definitive, large-scale studies to demonstrate safety and effectiveness of 5-HTP.
However, theinvestigators did find 27 studies useful to review, which included 990
treated patients. They chose to analyze them in a descriptive manner.

Eleven studies were double-blind, meaning neither the patients nor the re-
searchers knew what they were getting, and they were also placebo-controlled,
meaning that 5-HTP was tested against a sugar pill. These studies were very
different in terms of design and included very few people, but seven of them
found 5-HTP superior to placebo. Other studies were open-label, which did not
yield results that could be interpreted. There were studies comparing 5-HTP
to other active drugs. A number of these found 5-HTP as effective as other
antidepressants.

In summary, this review stated that there were three trials using 5-HTP alone
that showed a benefit that was statistically significant, with very small numbers of
patients. There was only one study that showed no benefit. They concluded that
5-HTP may have “at least limited efficacy” in treating depression.?
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Anxiety Disorders Including Insomnia

It is possible that 5-HTP may be useful for treating insomnia.’® Some small
studies have found that it can increase REM sleep. However, there have been some
reports of nightmares while taking 5-HTP#

Many herbal supplements used for relaxation have components that contain
5-HTP It isadded to a number of other ingredients and sold as an anxiety-reducing
dietary supplement or tea.l!

Headache

Also, 5-HTP may be useful for treating various kinds of headache, including
migraine and tension headaches. Migraine headaches can be related to a lack of
serotonin. 810

In one small, double-blind, randomized trial, 78 patients with chronic tension
headaches were treated for eight weeks with 5-HTP or placebo, with a wash-
out or follow-up period for three weeks afterward. There was no difference in
frequency of headaches or headache intensity between the two groups. There
was, however, a significantly decreased use of analgesic pain medicine in the
5-HTP group. In the three weeks after, there were fewer days with headache in
the 5-HTP group. While the subjective impression of 5-HTP was good, there were
more dropouts from the 5-HTP group and more who discontinued the 5-HTP due
to adverse side effects. The numbers were very small. This is the kind of study
that is hard to interpret.'?

Fibromyalgia

Fibromyalgiais arheumatol ogic disorder including multiple tender points, mus-
culoskeletal pain, fatigue, and nonrestorative sleep. There is some evidence that
fibromyalgia may be related to low serotonin levels.* A number of small stud-
ies have found 5-HTP effective in treating fibromyalgia. It may decrease tender
points, pain, fatigue, stiffness, and improve sleep.8*3

Weight Control

There may be an association of low serotonin levels in obese patients with crav-
ings and binge eating. Patientsin anumber of small studies given 5-HTP decreased
their intake of food and were able to lose weight.*©

To Counteract Effects of Ecstasy

There is little concrete information available, but according to some animal
studies, 5-HTP may help prevent the negative effects of the drug Ecstasy. In ani-
mal studies it has been neuro-protective.** There is more information available
on Internet forums discussing 5-HTP and Ecstasy (MDMA-3, 4-methylenedio-
xymethamphetamine) use.®
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Hot Flashes

SSRIs have already been used as treatment for menopausal hot flashes. If they
can be effective, 5-HTP might also be a possible treatment for hot flashes.'® How-
ever, one recent, small, double-blind, placebo-controlled trial found no significant
effect of 5-HTP on hot flashes.Y’

DEFICIENCY

As5-HTPisnot an essential nutrient, there is no deficiency state. It can be made
in the body from L-tryptophan, which is an essential nutrient. Tryptophan occurs
naturally in dietary protein from many sources.

FOOD SOURCES

5-HTPisnot found in food in any significant quantity.

5-HTP supplements come from the seeds of an African plant called Griffonia
simplifica.! The extract of the plant is also available, alone, or in conjunction with
other herbal supplements.

MECHANISM OF ACTION: HOW DOES IT WORK?

5-HTP s part of the serotonin pathway. It can be made from the amino acid L-
tryptophan and is converted to serotonin. Serotonin is a neurotransmitter required
for normal brain activity and is also found in other parts of the body, specifically
the gastrointestinal tract. 5-HTP works by being transformed to serotonin.

5-HTPis easily absorbed, and once in the bloodstream, crosses the blood-brain
barrier where it can then be converted to serotonin. There is evidence that the lev-
els of other active chemicals and neurotransmittersin the brain also increase after
5-HTP is taken. This includes dopamine, norepinephrine, melatonin, and beta
endorphin.1®

In the brain, serotonin levels may impact mood, sleep, anxiety levels, aggres-
sion, appetite, sexual behavior, temperature, and the sensation of pain.

PRIMARY USES

Generally speaking, 5-HTP may be taken by peopletrying to stabilize mood and
decrease pain and anxiety.

» 5-HTPisfrequently used for depression by people who do not want to take med-
ication, preferring a natural treatment. Some people even take it with prescrip-
tion antidepressants, something that can be dangerous because of the serotonin
syndrome. It is also taken together with other medicinal herbs that may combat
depression, like St. John’s wort.

* Itisused by people as arelaxant, to combat insomnia, and to minimize anxiety.
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» 5-HTPistaken by people with fibromyalgia. Thisisadifficult condition to treat,
and patients frequently try alternative therapies.

o Similarly, it is taken by people with chronic headaches, both migraines and ten-
sion headaches.

Some of the other possible uses are less common, such as trying to lower crav-
ings for food or drugs, and trying to reduce hot flashes.
More uses will become apparent as more research is done.

COMMON DOSAGES

5-HTP usualy isavailable as 25 mg-, 50 mg-, or 100-mg capsules. It can aso be
found as the crude extract from the seeds of the plant G. simplifica. Because it is
available in the United States under the Dietary Supplement Health and Education
Act of 1994, it did not need prior FDA approval. No prescription is necessary.

For depression, 150 to 300 mg aday are usually used. Taking 5-HTP three times
aday seemsto work the best for depression. Treatment can start with 50 mg three
times aday, and the dose can be increased if thereisno response in two weeks. The
usual maximum dose is 1,000 mg three times a day, although that much is rarely
used. For insomnia, 100 to 300 mg should be taken before bedtime.1°

For most indications except insomnia, 5-HTP should be taken three times a
day.18

A medication called carbidopa, usually used in the case of Parkinson's disease,
blocks the conversion of 5-HTP to serotonin in the body so that more gets into the
brain, where it is then converted to serotonin. It can be used to increase the effect
of 5-HTP?2 Carbidopa requires a prescription.

5-HTP can also be found in preparations promoted as hel pful for stress and anxi-
ety, along with other natural ingredients. There are pills with multiple ingredients
aswell asteas and drinks.*t

POTENTIAL SIDE EFFECTS

It is known that 5-HTP frequently causes gastrointestinal symptoms including
heartburn and nausea, vomiting, and diarrhea. These symptoms may be from con-
version of 5-HTP to serotonin in the intestinal tract. Other side effects have been
reported, including headache, difficulty sleeping, and palpitations.? Starting with
alow dose and slowly increasing it may decrease these side effects.®

If carbidopaisgiven with 5-HTP and serotonin isnot madein the intestinal tract,
these side effects may be minimized. This treatment is rarely recommended and
quite controversial. A select few feel that the amount of 5-HTP required to treat
depression without carbidopa is so high that it is very likely to cause intolerable
side effects.’?

The eosinophilia-myalgiasyndromeisstill aconcern. Although 5-HTP probably
does not cause the syndrome, it is a possibility. It needs to be recognized quickly
and the use of the supplement stopped. The hallmarks of the syndrome are muscle
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pain (myalgia), spasm and later weakness, and an elevated number of eosinophils
in the blood (eosinophilia). There are often skin lesions and swelling of the ex-
tremities and face. There can be lung and nerve problems. Many of the symptoms
persist for years.

In order to avoid the serotonin syndrome, people who are taking SSRIs or have
recently taken them may want to be careful when taking 5-HTP2 They should be
mindful of the symptoms of serotonin syndrome, including high blood pressure, el-
evated temperature, flushing, sweating, dizziness, muscle jerks, and disorientation.
These symptoms usually come on within hours of too high a serotonin elevation.
The syndrome resolves in 24 hours in approximately 70 percent of cases. It is usu-
ally not serious, although there have been deaths. Now that the symptoms of this
syndrome are known, it is easier to catch it early and prevent any complications.?

While SSRIs affect serotonin levels the most, other antidepressants can also
raise serotonin levels, as can certain other medications including some used for
migraine headaches. Anyone who is taking a prescription antidepressant or any
other medication that raises serotonin should talk to hisor her doctor before adding
5-HPT. If unsure about a particular medicine, it is safest to find out if it increases
seratonin by asking a doctor or pharmacist.

Any supplement or medicine that can treat depression has the potential for trig-
gering mania in bipolar patients, patients with both mania and depression. It is
very difficult to treat bipolar illness; it should be done by or in conjunction with a
physician who has experience treating patients with the disease.

FACT VERSUS FICTION

In general, 5-HTP is probably safe and effective for minor to moderate depres-
sion. It is not without risk, and it is not definitively effective. Bearing in mind the
risk, it is reasonable for peopleto try it for depression. Even though it is a supple-
ment, consulting a physician while taking the medication is still a good idea. A
physician can make sure there are no other medicines being taken that might con-
tribute to the serotonin syndrome.

There is less research available about other uses. 5-HTP is probably safe and
somewhat effective for anxiety and chronic pain conditions including headaches
and fibromyalgia.

It is reasonable for people with anxiety or pain to try 5-HTP, especialy if stan-
dard medical treatment has not worked for them.

Most people who cannot tolerate 5-HTP discontinue it because of nausea or
other gastrointestinal symptoms.

REFERENCES

1. Sarubin-Fragakis, A, Thomson, C. The health professional’sguide to popular di-
etary supplements. 3rd edition. Chicago: American Dietetic Association, 2007.

2. Turner, EH, Loftis, IM, Blackwell, AD. Serotonin alacarte: Supplementation
with the serotonin precursor 5-hydroxytryptophan. Pharmacology & Thera-
peutics. 2006;109(3):325-338.



8

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Vitamins and Minerals

Das, YT, Bagchi, M, Bagchi, D, Preuss, HG. Safety of 5-hydroxy-I-tryptophan.
Toxicol Lett. 2004;150:111-122.

Klarskov, K, Johnson, KL, Benson, LM, Cragun, JD, et a. Structural charac-
terization of acase-implicated contaminant, “Peak X,” in commercial prepara-
tions of 5-hydroxytryptophan. J Rheumatol. 2003;30(1):89-95.

Michelson, D, Page, SW, Casey, R, et a. An eosinophilia-myalgia syndrome
related disorder associated with exposure to L-5-hydroxytryptophan. J Rheu-
matol. 1994;21(12):2261-2265.

Turner, EH, Blackwell, AD. 5-hydroxytryptophan plus SSRIs for interferon-
induced depression: Synergistic mechanisms for normalizing synaptic sero-
tonin. Medical Hypotheses. 2005;65:138-144.

Meyers, S. Use of neurotransmitter precursors for treatment of depression.
Altern Med Rev. 2000;5(1):64—71.

Birdsall, T. 5-hydroxytryptophan: A clinically-effective serotonin precursor.
Altern Med Rev. 1998;3(4):271-280.

Shaw, K, Turner, J, Del Mar, C. Tryptophan and 5-hydroxytryptophan for
depression. Cochrane Database of Systematic Reviews. 2002;1. Art. No.:
CDO003198. doi: 10.1002/14651858.CD003198.

Thorne Research, Inc. 5-hydroxytryptophan. Altern Med Rev. 1998;3(3):
224-226.

Weeks, BS. Formulations of dietary supplements and herbal extracts for re-
laxation and anxiolytic action: Relarian™. Med Sci Monit. 2009;15(11):
RA256-262.

Fontes Ribeiro, CA. |-5-hydroxytryptophan in the prophylaxis of chronic
tension-type headache: A double-blind, randomized, placebo-controlled study.
Headache. 2000;40:451-456.

Juhl, JH. Fibromyal gia and the serotonin pathway. Altern Med Rev. 1998;3(5):
367-375.

Gudelsky, GA, Nash, JF. Carrier-mediated release of serotonin by 3,4-
methylenedioxymethamphetamine: Implications for serotonin-dopamine in-
teractions. J Neurochem. 1996;66:243—249.

DanceSafe.org. Ecstasy use and depression. http://www.dancesafe.org/docu
ments/druginfo/depression.php#bhtp. Accessed December 29, 2010.
Curcio,JJ,Kim,LS,Wollner, D, Pockaj, BA. Thepotential roleof 5-hydroxytryp-
tophan for hot flash reduction: A hypothesis. Altern Med Review. 2005;
10(3):216-221.

Freedman, RR. Treatment of menopausal hot flasheswith 5-hydroxytryptophan.
Maturitas. 2010;65(4):383-385.

Health Canada. Monograph—5-HTP. December 17, 2007. http://www.hc-sc.
gc.ca/dhp-mps/prodnatur/applications/licen-prod/monograph/mono_5-htp-
eng.php. Accessed February 6, 2009.

Young, SN. Are SAMeand 5-HTP safe and effective treatmentsfor depression?
J Psychiatry Neurosci. 2003;28:471.


http://www.dancesafe.org/documents/druginfo/depression.php#5htp
http://www.hc-sc.gc.ca/dhp-mps/prodnatur/applications/licen-prod/monograph/mono_5-htpeng.php
http://www.hc-sc.gc.ca/dhp-mps/prodnatur/applications/licen-prod/monograph/mono_5-htpeng.php

%
Alpha Lipoic Acid

One antioxidant getting alot of attention on the free radical fighting sceneisalpha
lipoic acid. It is produced in the body as lipoic acid (LA), also sometimes called
thioctic acid. It is absorbed from certain foods that we eat, but the body produces
its own LA for metabolic use. LA plays arole in the Krebs cycle and cellular
metabolism of carbohydrates and fats. In supplemental form, LA is known as
alpha lipoic acid (ALA). ALA is not quite a vitamin and not quite a fatty acid,
although it exhibits properties of each. Unlike other antioxidants, ALA is both
water and fat soluble, enabling it to work throughout the body. As an antioxidant
supplement, ALA neutralizes hydroxyl radicals and singlet oxygen and can aso
help regenerate oxidized vitamin C and vitamin E as well as glutathione and
coenzyme Q.12

THE HYPE

Thereis alot of hype around using ALA as a general antiaging supplement. It
is probably one of the more popular antioxidant supplements around and is sold
as asingle supplement or as part of a complex (often together with vitamin C, vi-
tamin E, and acetyl-L-carnitine). For 20 years, ALA supplements have been used
to treat diabetes, cancer, neurological problems, vascular disease, cataracts and
glaucoma.

DEFICIENCY

There are no reports of LA deficiency, suggesting that humans are able to syn-
thesize enough for basic enzyme cofactor needs.?

LA isfound in the mitochondrial cells, normally found in muscle cells. Due to
thisfact, vegetarianswill take in less dietary LA than meat eaters. Vegetarianswho
don’t eat green leafy vegetables (another source of LA) are theoretically at greater
risk for deficiency.
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Harvested lettuce, spinach, and other vegetables are mixed together and sent down a
conveyer belt to awash and dry station at Earthbound Farms Plant inYuma, Arizona. Leafy
green vegetables are good food sources of lipoic acid. (AP Photo, Alfred J. Hernandez)

FOOD SOURCES

Therichest sources of LA are animal proteins and green leafy vegetables. Liver,
heart, and kidney are particularly high in LA, because of their high concentration
of mitochondrial cells. Green vegetables that have a high concentration of chlo-
roplasts are also rich in LA. Chloroplasts are key spots for energy production in
plants, and they require LA for this activity. For thisreason, broccoli, spinach, and
other green leafy vegetables like collard greens, bok choy, or chard are good food
sources of LA .4

MECHANISMS OF ACTION AND PRIMARY USES
ALA for Digbetes Management

The best-documented application for ALA in diabetes is its ability to help with
symptoms of diabetic neuropathy.

ALA may haveamoredirect effect on diabetestoo, by smply lowering blood sugar
levels, through an increase in insulin sensitivity and a decrease in gluconeogenesis.
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ALA works against insulin resistance by increasing the permeability of cell mem-
branes, which is decreased by hyperglycemia. It also prevents the uptake of glucose.
In human studies, oral supplementation with ALA has proven only marginally effec-
tivein helping to improve glycemic control, but intravenous infusions do help affect
insulin-mediated glucose disposal and lower blood sugar.’ A review study on the
benefits of oral ALA in diabetes management supports the use of LA for glycemic
control, and asageneral antioxidant, but states that the major benefit of ALA supple-
mentation isin patients with diabetic neuropathy.® ALA has been used in Germany
for more than 30 years as a treatment for diabetic neuropathy. Many studies have
been published in this regard and the beneficial effects have been reiterated time
and again. Diabetic neuropathy isa painful and debilitating consequence of diabetes
and is defined as deranged function and structure of peripheral motor, sensory, and
autonomic neurons, involving either the entire neuron or selected levels.”

A large, randomized, placebo-controlled, multicenter, double-blind study in-
volving 328 patients with type 2 diabetes revealed that intravenous Lipoic acid
significantly improved symptoms of diabetic neuropathy, including sensations of
burning, tingling, itching, and pain.2 The same researchers later found that five
weeks of oral supplementation with lipoic acid significantly improved the stabbing
pain, burning pain, and numbness of the feet in patients suffering from diabetic
neuropathy, with the dose-effectiveness range being 600-1,800 mg of lipoic acid
dosed orally per day.® According to the authors, while some studies on orally ad-
ministered ALA had suggested a reduction in neuropathic deficits associated with
neuropathy, its effects on improving sensory symptomsis still in doubt.

ALA Prevents Cognitive Decline

ALA may play arolein the prevention of brain aging. Rat studies have pointed
to an antioxidant protective effect of ALA on cortical neurons.’® ALA protects
against Alzheimer’s by preventing the oxidative stress and energy depletion caused
by deranged glucose metabolism and free radical production. In this study 600 mg
of ALA was given daily to nine patients with Alzheimer’s and related dementias
for roughly ayear and led to some stabilization of cognitive function.!

Studiesusing acombination of ALA and acetyl-L-carnitine show even more promise
for prevention of age-related brain aging. A study showed that an antioxidant concoc-
tion including ALA and acetyl-L-carnitine reduced reactive oxygen speciesin normal
mice by 57 percent and prevented the increase in reactive oxygen species normally ob-
served in mice lacking murine ApoE (a gene that influences Alzheimer’s disease) .2

A review of studieson L-carnitineand ALA between 1966 and 2007 showed that
L-carnitine and alpha lipoic acid are pleiotropic agents capable of offering neuro-
protective and possibly cognitive-enhancing effects for neuropsychiatric disorders
in which cognitive deficits are an integral feature.*

ALA for Cardiovascular Disease

Atherosclerosis (hardening of the arteries), caused by high LDL cholesterol lev-
elsand avariety of other factors, isAmerica’s biggest killer. ALA may play arole
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in the fight against cardiovascular disease by inhibiting monocyte adhesion and
endothelia activation, which leads to oxidative stress and atherosclerosis due to
oxidative stress.** In addition, ALA may help prevent hypertension, another risk
factor for atherosclerosis and heart disease, through its ability to raise glutathione
levels and suppress endothelin-1 (a substance produced in blood vessels that regu-
lates their tone).?>1% ALA has the potential to improve endothelial function and is
part of one of the most powerful biological antioxidant systems; however, thereis
no consensus on dosage, dose frequency, form of administration, and/or preferred
form of ALA.1"18

ALA and Cancer

The intracellular redox state plays an important role in controlling inflamma-
tion, a process that can lead to tumor progression. ALA has been hypothesized
to be able to restore redox control and therefore inhibit inflammation and tumor
progression.’® One study showed that ALA is toxic to leukemia cells, inhibits
proliferation of mitogen-stimulated human peripheral blood lymphocytes, and
increases interleukin-2.2° Another study showed that ALA is able to selectively
inhibit the growth of tumorigenic as compared to nontumorigenic ovarian surface
epithelial cellsand may play arolein ovarian cancer prevention and management.*®
It has also been shown that ALA can effectively induce apoptosis (cell death) in
human colon cancer cells by a mechanism that is initiated by an increased uptake
of oxidizable substrates into mitochondria.?*

ALA Offers Promise in Supporting Optimal Visual Health

Lipoic acid has been shown to offer protection against cataract formation in
experimental animal models.?222 Scientists believe that lipoic acid may confer this
benefit by increasing levels of essential endogenous antioxidant enzymes such as
glutathione peroxidase.

Another cause of vision loss, common in diabetes, is glaucoma. A study in pa-
tients with open-angle glaucoma found that visual function and other measures of
glaucomawere improved in agroup that received either 75 mg of lipoic acid daily
for two months or 150 mg of lipoic acid daily for one month, compared with a
control group that received no lipoic acid.?* A recent review of natural therapies
for cataracts and glaucomalistsALA as apotential therapy, but no conclusive evi-
dence on effectiveness and recommended dosages can be given yet.?

ALA May Protect the Liver

ALA hasvarious applications when it comesto liver function. In animal studies,
lipoic acid has been shown to safeguard the liver against the effects of cadmium
exposure (an environmental toxin that is also found in cigarette smoke).?

Fatty liver disease, acommon symptom of metabolic diseases and diabetes, isas-
sociated with high levels of circulating fats, called triglycerides, in the blood. High
triglycerides are also linked to an increased diabetes and heart diseaserisk. Inanimal
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studies ALA has been shown to improve hypertriglyceridemia by stimulating tria-
cylglycerol clearance and down regulating liver triacylglycerol secretion.?’

Another mechanism of action by which ALA lowers triglyceride levels and de-
creases hepatic lipogenesis (fat production by the liver) is through its influence
on adenosine monophosphate (AM P)-activated protein kinase (AMPK), a major
regulator of energy metabolism. This effect on AMPK also results in an increase
ininsulin sensitivity.?®

ALA for Healthy Skin

ALA may improve the health of the skin and is a commonly used ingredient in
topical skin care products. A study of 33 women with an average age of 54 years
found that twice-daily application of a cream containing 5 percent lipoic acid for
three months reduced the roughness of the skin and decreased the appearance of
photoaging, compared with a control cream.?®

COMMON DOSAGES

The intravenous dose that seems to be effective for treating diabetic neuropa-
thy is 600 mg per day. Ora dosages of anywhere between 300 mg and 600 mg
have been used for reducing neuropathy symptoms. Most supplements of ALA
are available in doses of 25-100 mg, with the higher doses being reserved for a
specific condition such as diabetes.

TOXICITY

Intravenous administration of ALA at doses of 600 mg/day for three weeks
did not result in serious adverse effects when used to treat diabetic peripheral
neuropathy.® Adverse effects at high dosages include skin conditions, possible
hypoglycemia in diabetic patients, and thiamine deficiency.! Intravenous ALA is
often put into a dextrose solution so that a precipitous drop in blood glucose will
not occur.

FACT VERSUS FICTION

ALA seems to live up to its reputation as a superior antiaging antioxidant. Its
most promising roleisthe oneit playsin diabetes management and in lessening the
symptoms of diabetic neuropathy and glaucoma in particular. Its role in prevent-
ing age-related cognitive decline also seems promising, but more human studies
are needed in this regard. The role of ALA in the prevention and management of
cardiovascular disease and cancer looks positive so far, but more studies are needed
in this regard.
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Beta-Sitosterol

BRIEF OVERVIEW

Although theterm beta-sitosterol may seem unfamiliar, itissimilar to another word
everyone has heard, cholesterol. The sterol, which is aringed compound, isin fact
how the two are similar. Sterols are present in the cell membranes of both animals
and plants. Although too much cholesterol, or the wrong kind, is unhealthy, cho-
lesteral itself isabsolutely necessary to maintain cell membranesin humans. Beta-
sitosterol isthe most abundant phytosterol (plant sterol), which performs the same
function in plantsthat cholesterol performsin humans. Phytosterolsinclude sterols
and stanols, similar types of molecules that can aso be called plant fats.

Even though cholesterol can be bad for blood vessels and the heart, it turns out
that consumption of beta-sitosterol can actualy lower cholesterol in humans. In
order to do the most good, beta-sitosterol (along with other phytosterols) must be
consumed in the right amount. If thisisdone, LDL (low-density lipoprotein) cho-
lesterol can be lowered.

Beta-sitosterol has also been shown to decrease the symptoms of prostatic hy-
perplasia. It is usually taken as a supplement for this purpose. Beta-sitosterol may
have other uses, but they are not yet clearly defined.

THE HYPE
Effects on Cholesterol

In the human body, cholesterol is both absorbed from food sources as well as
made by the body. There is a balance between synthesis and absorption. Beta-
sitosterol and other plant sterols and stanols can decrease total cholesterol and
LDL cholesterol. When added to the diet in the range of 1 to 2 g a day, they
will lower LDL cholesterol approximately 10 percent. They therefore can be
expected to decrease the risk of coronary artery disease significantly. They are
safe to take.
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Pumpkin seeds are a source of beta-sitosterol. (© Sergel Rodionov/Dreamstime.com)

Beta-sitosterol, alone, or with other phytosterols, reduces cholesterol probably
by blocking cholesterol absorption from the gastrointestinal tract. Although it is
only absorbed in very small amounts, some beta-sitosterol will eventually be trans-
ported by lipoproteins and incorporated into cell membranes.

Phytosterols have been shown to lower total cholesterol and LDL cholesterol
without affecting HDL cholesterol. They have been effective when used with di-
etary modifications like a National Cholesterol Education Step 1 diet for people
trying to lower cholesterol.! They also lower cholesterol when added to a normal
diet. For this purpose, phytosterols can be made into a fat-containing spread or
ingredient for salad dressing by a process called esterification. It is not known de-
finitively if the process of esterification changes the properties of the sterols.?

In general, consumption of approximately 2 to 3 g a day of phytosterol will
lower LDL cholesterol by approximately 10 percent. This occurs whether anormal
or low-fat diet is eaten.? The supplement can be taken with meals.

Phytosterols have been tested the most in vegetable spreads. Other studies have
shown that sterolsin low-fat milk can till lower LDL.2 Phytosterols can even been
added to low-fat ground beef with success.*

Some studies have suggested that stanols work better at lowering cholesterol,
but other studies have favored sterols like beta-sitosterol .> There have been vary-
ing results comparing sterols to stanols, liquid to solid forms (spreads), and once
aday versus multiple doses a day, among other variables. A recent review found a
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slight advantage of multiple daily doses aswell as solid forms of sterols or stanols
in terms of lowering LDL cholesterol .

Esterified sterols are more stable in food products and are the most frequently
used form of sterolsin food. Esterification does not diminish their effectivenessin
lowering LDL cholesterol.”

Phytosterols including beta-sitosterol are absorbed at a very low rate, approxi-
mately 4 to 5 percent. They can be measured in the blood. If enough (or too much)
is ingested, beta-sitosterol can be incorporated into atheromas, the plagues of fat
and cholesterol that cause vascular disease. Most mouse models show that phy-
tosterols use decreases the formation of atheromas, but whether or not they can
promote atherosclerosis is not completely clear.?

Phytosterols together with an exercise regimen can lower LDL and raise
HDL.8

Phytosterols work along with statin medications to lower cholesterol further.
This has been shown in various populations, including postmenopausal women
who have had heart attacks and need to lower their cholesterol. Use of sitostanol
ester margarine has also made it possible to lower statin doses.® For some people,
the phytosterols by themselves might be enough to lower LDL without the side
effects associated with statins. For others with higher LDL cholesterol, statins and
sterols together may be of great benefit.”

Some investigators have tried to show the public health benefits of getting
various populations to consume phytosterols. One such calculation shows that if
25 million Europeans used plant sterols, there would be 117,000 |ess cases of coro-
nary heart disease during the following 10 years. This would save approximately
$25 billion in healthcare costs.?

In 2001, the National Cholesterol Education Program (NCEP) recommended
adding 2 g of plant sterols a day to the diet, aimed at lowering cardiovascular risk
in the United States. Other groups that recommend including plant sterols in the
diet are the International Atherosclerosis Society, which did so in 2003, and the
National Foundation of Australia, in 2001.

The data so far confirms that phytosterols and stanols can decrease LDL choles-
terol by around 10 percent. It isinferred by some expertsthat thiswould lower risk of
cardiovascular disease by about 25 percent. Lowered cholesterol by other means has
been documented to lower the risk of cardiovascular disease. There is not yet direct
proof linking dietary sterols and stanols to lowered cardiovascular risk.'® However,
itislogical to assumethat they will reducerisk like other cholesterol-lowering meth-
ods. Some experts expect a 20 percent reduced risk over a person’slifetime.

Prostate Enlargement (Hyperplasia/Hypertrophy)

Beta-sitosterol has been used in Europe to lessen the symptoms of enlarged
prostate glands for decades. It is alow-cost choice for aproblem that affects many
older men.

A review of existing data performed by the Cochrane Progtatic Diseases and Uro-
logic Cancers Group, published in 1998 and verified up to date in 2008, summarized
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a number of high-quality trials. The group concluded that beta-sitosterol improves
symptoms of prostatic hypertrophy including improved urinary flow and decreased
residual urine after voiding, meaning the bladder is more completely emptied. Beta-
sitosterol did not decreaseprostatesi ze. Long-term eff ectsand saf ety werenot assessed
in these studies.’? Some other reviewers have come to similar conclusions.*3

Men are continuing to use beta-sitosterol for this reason, with few side effects.
They aso take saw palmetto, which contains phytosterols and fatty acids. There
are urologists (doctors specializing in the urinary tract) that consider this therapy
a reasonable alternative with some evidence beginning to accumulate.** Some-
where between 2 and 4 percent of men actually take saw palmetto, depending on
their age, among other factors.®

In one study, saw palmetto clearly improved symptoms but not measurable re-
sults in terms of urinary flow or retention.' The investigators stated, “Saw pal-
metto led to a statistically significant improvement in urinary symptoms in men
with lower urinary tract symptoms compared with placebo. Saw palmetto had no
measurable effect on the urinary flow rates. The mechanism by which saw pal-
metto improves urinary symptoms remains unknown.”

Other

Beta-sitosterol and other phytosterols have been said to possess immune-
modifying properties. They are said to balance the immune system and have been
suggested as useful in lowering fevers, controlling blood sugar, reducing inflam-
mation in rheumatoid arthritis, helping tuberculosis as well as cancer cases. Most
of the data on these uses are from animal studies or epidemiologic observations
and not human trials.t’

SAMPLE STUDIES USING BETA-SITOSTEROL
Cancer

Beta-sitosterol isused the most frequently in testing. It has been shown to inhibit
tumor growth in vitro (in a lab). In mice it has slowed tumor metastases. Since
beta-sitosteral isincorporated into cell membranes, changes there could affect the
growth or death of cancerous cells.®

Oneinvitro study looked at beta-sitosterol along with tamoxifen to seeits effect
on breast cancer cells in a laboratory setting. Tamoxifen is an antiestrogen drug
used to treat breast cancer. Looking at cells treated with both indicated that beta-
sitosterol might increase the effectiveness of tamoxifen.®

Not every investigation has found a correlation between plant sterols and low-
ered risk of cancer. One study in the Netherlands found no relationship between a
high intake of phytosterols and colon or rectal cancers.?

Multiple Sclerosis

In one study, beta-sitosterol modulated the release of inflammatory chemicals
from blood cells of a patient with multiple sclerosisin alaboratory setting.?*
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There are many ongoing trials of phytosterols in laboratory settings, using
animals and cell cultures. There are epidemiologic studies looking at associa-
tions between phytosterols and various diseases. Most of the research involv-
ing clinical testing is in the cholesterol-lowering area, trying to define the best
doses and vehicles for phytosterols. There is also research on benign prostatic
hyperplasia.

DEFICIENCY
Thereis no deficiency state of beta-sitosterol or any other phytosterols.

FOOD SOURCES

Beta-sitosteral is found in many plants. It is found in black cumin seed, nigella
sativa, pecans, saw palmetto, avocados, curcurbita pepo (pumpkin seeds), pygeaum
africanum, cashew fruit, rice bran, wheat germ, corn oils, soybeans, sea-buckthorn
wolfberries, and Wrightia tinctoria.

More generaly, plant sterols are found in vegetable oils, nuts, seeds, and
grains.

Phytosterols include beta-sitosterol, campesterol, and stigmasterol. These can
be found in plants in their free form, esterified, or as glycosides. Stanols are
closely related compounds—they are hydrogenated (or saturated) phytosterols
(no double bonds in ring structure). These include sitostanol and campes-
tanol.®

Normally, the proportions of sterolsin plantsare 65 percent beta-sitosterol, 30 per-
cent campesterol, and 5 percent stigmasterol.

MECHANISM OF ACTION: HOW DOES IT WORK?

Beta-sitosterol and other phytosterols (as well as phytostanols) are believed to
reduce cholesterol by decreasing absorption in the intestine. The phytosterols as
well as stanols have similar effects, although some trials have favored one over the
other. The effect of adding phytosterolsto the diet isalowering of total cholesteral,
in particular the LDL or bad cholesterol.®

Phytosterols are believed to decrease the intestinal absorption of cholesterol as
well asincreasing its excretion in bile and feces.??

In the intestine, there are little packages of fats called micelles that are sur-
rounded by bile from the gall bladder. Thisis how fats are absorbed. It is believed
that phytosterols and stanols replace cholesterol in the micelles, so that less cho-
lesterol is absorbed and more is excreted.*

Phytosterols are incorporated into the cell membrane of enterocytes, the cells
lining the intestinal tract. This may inhibit the entrance of more cholesterol into the
cells. It has also been suggested that phytosterols may prevent the esterification of
cholesterol, which can decrease absorption.*

Since beta-sitosterol isincorporated into cell membranes, that may be part of the
mechanism by which it affects cancer cells and immune cells.
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PRIMARY USES

» Beta-sitosterol is used to lower LDL cholesterol and total cholesteral. It isused
by healthy individuals who want to improve their cholesterol profile.

» Phytosterols can also lower LDL cholesterol in diabetics, children with familial
hypercholesterolemia, and people who already have heart disease.

» Beta-sitosterol and other phytosterols are used on a population level to lower
LDL cholesterol. Having products such as foods enriched with phytosterols
available in stores can have an impact on the health of people across the board,
without avisit to adoctor. These products are recommended in the United States,
many placesin Europe, Australia, and other countries.

 Bet-sitosterol and related products are taken by men to improve the symptoms of
benign prostatic hyperplasia.

COMMON DOSAGES

In order to be incorporated into food, phytosterols and phytostanols must be
esterified. The recommended dose of phytosterolsis 1 to 2 g per day. Thisis often
consumed as part of a margarine-like spread, so the dose is not exact. Amounts
above 3 g do not show any further benefit but can lower vitamin levelsin the blood-
stream due to its effect on absorption.

Many trials have given the sterol or stanol three times a day. However, the
same LDL cholesterol-lowering effects have been seen using one daily dose,
putting the sterol or stanol in milk or meat, and adding it to a normal or low-fat
diet. Most of the data indicate that LDL cholesterol will be lowered in any of
these ways.!

Capsules of 300 mg are sold, often containing a mixture of all the sterols.

POTENTIAL SIDE EFFECTS

There has been no long-term toxicity of phytosterols and stanols discovered as
yet, in animal trials or in humans. There have been no very long-term studies in
humans.

Because phytosterols get into the micelles in the intestine that are transporting
fats aswell as cholesterol, there is a concern that their consumption can lower the
levels of fat-soluble vitamins such as vitamin A, vitamin E, and carotenes. This
seems to be the case at high levels of phytosterol ingestion, around 6.6 g a day.
There is no reason to take this much. Beyond 3 g a day, there is no significant
further lowering of LDL cholesterol. At that level, there may be a slight decrease
in some vitamins, which can be offset by increasing the amount of green, leafy
vegetablesin the diet.”

It is possible that esterified sterols interfere with vitamin absorption more than
free sterols.?®

Many studies have confirmed that at doses of 1 to 2 or 2.5 g a day, phytosterols
do not affect vitamin A and E concentrations but can lower beta-carotene.?* Beta-
carotene can be lowered by 8 to 19 percent. Lowering of vitamin D has not been
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observed.!? Studies have also confirmed that eating high-carotenoid foods along
with the plant-sterol—enriched spreads maintains normal carotenoids levels. One
serving of high-carotenoid fruit or vegetable a day is enough. Examples would be
carrots, apricots, and tomatoes.?®> There is no evidence of long-term problems as-
sociated with these possibly |lowered carotene levels at the current time. Long-term
follow-up will be needed to tell if the lowered levels of carotenes have any adverse
effects on health.!!

For individuals taking phytosterols, it might be a good ideato increase fruit and
vegetable consumption or take a multivitamin until there is more information.?®
More research needs to be done to define the best way to prevent low levels of
carotenoids and to make sure that no other vitamin deficiencies appear in the long
term.

As sterols, phytosterols could be atherogenic like cholesterol. That means that
they could contribute to the development of fatty plagues in arteries that cause
coronary and other arterial disease. However, so little phytosterol is absorbed that
this has not proven to be a problem.

About 5 percent of ingested beta-sitosterol is absorbed, as opposed to the
45 to 50 percent of cholesterol that is normally absorbed.'® There have been
studiesindicating that plant sterols do not contribute to plaque formation, as well
as studies that conclude that they might. This question has not been answered
definitively.”1

Thereisan extremely rare condition called phytosterolemia, also called sitoster-
olemia, in which sitosterol absorption is much higher than normal. Peoplewith this
disease absorb 15 to 25 percent of phytosterols, whereas normal individual s absorb
up to 5 percent. Thisisan inherited disease that is recessive, meaning that a person
has to get the gene from both parents. Approximately 1 in 5 million people are
homozygous for this gene, which means they have the two abnormal copies. They
aremore likely to have coronary heart disease and early atherosclerosis. Heterozy-
gous people (1 abnormal gene) may have slightly elevated or normal absorption
of phytosterols.** This rare condition should not change the public health aspects
of trying to lower cholesterol on a population level. However, people who have
early atherosclerosis in their family may wish to discuss supplementation with
their doctors.

It has been found that 1 to 2 percent of men taking beta-sitosterol for benign
prostatic hyperplasia have experienced slight gastrointestinal upset. Lessthan 1 per-
cent complained of impotence in one study.*

FACT VERSUS FICTION
The FDA considers the following proved:

 “Scientific evidence demonstratesthat dietsthat include plant sterol/stanol esters
may reduce therisk of CHD.”

» “The scientific evidence establishes that including plant sterol/stanol esters in
the diet helpsto lower blood total and LDL cholesterol levels.”
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» “Nature of the substance....Plant sterol esters prepared by esterifying amixture
of plant sterols from edible oils with food-grade fatty acids. The plant sterol
mixture shall contain at least 80 percent beta-sitosterol, campesterol, and stig-
masterol (combined weight).”

The FDA allows these statements to be placed on the appropriate foods, along
with other required language.?’” These products have the GRAS label—Generally
Regarded As Safe.

Phytosterols in general, and beta-sitosterol in particular, can be included in the
diet to lower LDL cholesterol. Persona preference and availability may dictate
the way in which these supplements are taken or consumed. They can be added to
medication taken to lower LDL cholesterol. If under a doctor’s care, a person who
takes these supplements should continue to get recommended blood tests.

Men with benign prostatic hyperplasia often feel better taking beta-sitosterol,
mixed phytosterols, or saw palmetto. Since these supplements are safe, it isreason-
able to try them for relief of symptoms only.
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Biotin

BRIEF OVERVIEW

Biotin is an essential, water-soluble vitamin. It is known to be involved in awhole
host of biochemical reactions in humans and other animals. It is a coenzyme for
five carboxylases, all of which are catalysts involving the metabolism of many nu-
trients. It can also modify material that can change the expression of genes.

Biotin deficiency appears to be rare
in humans. This is because biotin is
ubiquitous in nature, found in plant-
based food sources and even made
by the bacteria that live in the human
intestine.

While biotin was discovered in
1927, it took close to 40 years for it
to be designated a vitamin. After being
overlooked for decades, it has become
the focus of much research because it
is involved in so many different steps
inthelife of acell or an organism.

Animals deficient in biotin can pro-
duce offspring that have birth defects.
One question is, does that happen in
humans? This is one of the many ac-
tive areas of research involving biotin.

THE HYPE

There are some claims about biotin
deficiency and biotin treatment that
may prove to be true. There are other
claimsthat were madein the 1980s that
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Biotin supplements can lead to healthy hair.
(© VauaVitay/Dreamstime.com)
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were not further evaluated, probably because of inadequate evidence. Research
continues in many areas.

Borderline Deficiency during Pregnancy

There is increasing evidence of borderline biotin deficiency during many preg-
nancies. This has been hard to prove due to the difficulty of finding the best test to
demonstrate biotin deficiency (see “Deficiency” below). There have been studies
showing that greater than 50 percent of pregnant women have higher-than-normal
amounts of a specific acid (3-hydroxyisovaleric acid) in their urine, which usually
indicates biotin deficiency. However, this could also be due to changes in kidney
function during pregnancy.

Investigators have found the activity of one of the carboxylases (propionyl-
CoA or PCC) decreased in white blood cells of pregnant women, which is also
an indicator of biotin deficiency. Even though the levels of the deficiencies in
pregnant women are marginal, the same level of deficiency in animalsis terato-
genic. The low levels cause genetic damage to the offspring of many animals,
including fetal malformations, for example, in rats, chickens, and turkeys. The
babies can be born with cleft lip, cleft palate, and/or shortened long bones. In
humans, orofacial clefts (cleft palate and lip) occur in approximately 1 out of
1,000 births.?

Enough evidence has accumulated to reach a consensus among researchers in
the area that there is reason for concern. The understanding that biotin can affect
DNA and gene expression (see “Mechanism of Action” below) even shows that
thereis adirect way for biotin deficiency to cause fetal damage.?

While there is an agreement that biotin deficiency is a concern, there is not a
consensus about what to do, aside from further research.?

In one small study, investigators used white blood cell PCC levels and found
them to be low in 10 out of 12 women during early pregnancy, and 8 out of 10 in
late pregnancy. The same investigators then gave supplemental biotin to 4 pregnant
women with low PCC levels. After two weeks, the PCC levels rose 95 percent.
Thissmall study showed that biotin supplementation in pregnant women does lead
to higher levels of biotin activity.!

Diabetes

Biotin is involved in many stages of glucose metabolism. It has activity in the
liver, pancreas, and muscle that affect the handling of glucose. Biotin deficiency
could be expected to worsen diabetes. People with deficiency of the carboxylases
that need biotin as a coenzyme (see “Mechanism of Action” below) can appear to
have severe diabetes.*

Research has revealed anumber of waysin which biotin may affect blood sugar.
At high doses, biotin can increase the activity of an intermediate (guanylate cy-
clase) that helps control sensitivity to insulin aswell asthe glucose output from the
liver. It has been suggested that these properties mean that biotin could aid in the
treatment of diabetes.®
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In laboratory studies, biotin has been shown to increase the activity of glu-
cokinase from the pancreas, as well as increase insulin secretion. Biotin's actions
in glucose metabolism may be due to its activity as a coenzyme or as a gene
modifier.t

In the past, small studies have indicated some improvement in diabetics given
biotin.” A recent study of biotin’s effects on blood sugar as well as lipids did not
show an effect on glucosein diabetics. In this study, 18 diabetic and 15 nondiabetic
subjects were randomized into two groups. One group got a placebo, the other got
biotin. After 28 days, there was no effect of biotin on blood sugar, insulin levels, or
cholesterol. There was an improvement in VLDL (very low density lipoproteins)
and triacylglycerol (therefore triglycerides).?

Biotin's role in the treatment of diabetes is not clear. The evidence of improve-
ment of triacylglycerol and VLDL in the above study shows a possible use as a
treatment for elevated triglycerides.

Biotin for Elevated Lipids

As noted above, biotin may lower triglycerides.® Triacylglycerol is another
name for triglycerides, which can be measured in the blood and also contained in
VLDL. Other small studies have found lipid-lowering effects of biotin.”

Biotin for Treatment of Peripheral Neuropathy

Biotin has been used to treat peripheral neuropathy (damaged nerves) because
of kidney failure. It is possible that biotin absorption decreases along with decreas-
ing kidney function. In one small study, nine patients on dialysis with neuropathy
were treated with 10 mg of biotin a day for between one and four years. Within
three months, al of the patients reported improvement in symptoms. The improved
symptoms included paresthesias, difficulty walking, and restless legs.®

After this very small study the same researchers tried biotin for paresthesias in
diabetic patients. They gave 3 patients 10 mg of injected biotin daily for six weeks,
then three times a week for six weeks, then orally at 5 mg a day. All 3 patients
reported some relief of symptoms.

These two studies included atotal of 12 patients and were al open, nonblinded,
without controls. It is very hard to make conclusions from this kind of data.®

Low Biotin can Cause SIDS

In 1980, a couple of articles appeared making a case for a connection between
SIDS (sudden infant death syndrome) and low biotin. Apparently, young broiler
chickens that die when stressed have low levels of biotin in their livers. Autopsies
were performed on 204 human infants, and those who died from SIDS had lower
levels of biotin in their livers than those who died of other causes.!® As noted in
the Handbook of Vitamins in 2001, significantly more data would be needed to
consider this theory, but there has been no apparent further study to confirm or
refute this hypothesis since the early 1980s.*
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Infant Seborrhea and Other Skin Problems

Biotin deficiency does affect the skin, but if the deficiency is severe enough to
cause skin problems, there will be other symptoms of biotin deficiency. Although
it has been said to correct Leiner’s disease, which is a very severe form of a skin
disease called seborrheic dermatitisin infancy, aswell as other forms of seborrhea,
studies have not proven biotin effective.”!* In at least two double-blind trials,
biotin did not improve seborrhea any more than placebo.'?13

Brittle Nails

The hooves of pigs and horses can have problems that are treated with biotin.
Because of this, there were some trials done to see if biotin could improve brittle
human nails. A few small studiesdid indicate that biotin might improve brittle nails,
but there has been little other work in this area.”4

DEFICIENCY

One of the problems in understanding biotin deficiency has been trying to find
the best way to detect it. One way is measuring the amount of biotin in the urine.
Another is measuring a specific acid (3-hydroxyisovaleric acid) in urine that in-
creases if there is a lack of biotin. The combination of decreased urinary biotin
along with increased urinary concentration of 3-hydroxyisovaleric acid has been
found in biotin-deficient individuals. A third way is measuring the activity of one of
the carboxylases (propionyl-CoA) for which biotin is a cofactor (see “Mechanism
of Action” below) in white blood cells.®> This may be the most accurate test.16%7

Some of the research necessary to discover how to measure biotin has come
from studies in which biotin deficiency was induced by feeding raw egg whites to
healthy individuals.’® Raw eggs contain a substance called avidin that binds biotin
so that it cannot be absorbed. People who regularly eat raw eggs can develop biotin
deficiency.” Avidin binds biotin so strongly that the bond is used for other pur-
poses, including helping administer radiation therapy to cancer patients.*®

Symptomatic biotin deficiency isvery rare. Information about it has been drawn
from anumber of small studies or observations. These include cases of both adults
and infants given total intravenous nutrition without biotin; these would be cases of
mal absorption in which the intestinal tract could not be used, and biotin was omit-
ted because there was no knowledge of the deficiency syndrome.

Children with severe protein/energy malnutrition can show symptoms of biotin
deficiency. Thismay be a problem in many developing countries.

In adults, biotin deficiency affects the skin and nervous system. The symptoms
include thinning hair, often accompanied by a loss of hair color, and ared, scay
rash that is most prominent on the face. Adults often suffer depression and fatigue,
as well as hallucinations and symptoms of nerve irritation in the arms and legs.
These symptoms take months or years to devel op.’

Infants who are not getting any biotin start to show symptoms in three to six
months. A rash like the one seen in adults becomes very prominent around the
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eyes, mouth, and nose. Thereis also a change in where the fat is under the babies
skin. All the facial features are called “biotin deficiency facies’ because they are
specific to biotin deficiency. The rash can also be seen around the ears and in the
diaper area. The diaper area rash looks like a yeast infection, and also somewhat
like the rash seen in zinc deficiency.!” The rash can also resemble seborrhea.

In infants, after six to nine months of total parenteral nutrition without biotin,
hair loss may be seen, including eyelashes and eyebrows. The babies' development
will be delayed. They are hypotonic (which means floppy), not very aert, with an
unusual type of behavior that may be the infant equivalent of depression.’

Levels of hiotin in the blood do not reflect accurately biotin levels in the body.
However, the activity of the enzymein white blood cells mentioned aboveisavery
good way to diagnose deficiency. Even in the best laboratories, getting accurate
numbers from these various reactions and chemicals has proved difficult. Results
tend to be different from one laboratory to another.’

When biotin deficiency exists, the cellsin the intestine absorb more of any avail-
able biotin. If a patient with clinical biotin deficiency is treated with biotin, the
symptomswill resolvefairly quickly, and therewill beincreased urinary biotin and
decreased 3-hydroxyisovaleric acid. Therash will resolve and healthy hair will start
to grow in as few as one to two weeks. Infants will resume normal devel opment,?°
unless they have been deficient for avery long time.

In addition to raw egg consumption, excessive alcohol intake can cause biotin
deficiency. Smoking causes a faster breakdown of existing biotin.*6 Patients on
anticonvulsant medications, including carbamazepine, phenytoin, and phenobar-
bital can become biotin deficient.?! The medicines may interfere with absorption
of biotin, or they may cause it to be metabolized more quickly.?® Supplementing
patients with biotin does not interfere with their medical treatment.

Biotinidase deficiency is acongenital lack of the enzyme that is critical for nor-
mal use and metabolism of biotin. People with biotinidase deficiency also show
symptoms of biotin deficiency.?’ There is another disorder, deficiency of holocar-
boxylase synthetase, which causes similar problems to biotinidase deficiency and
biotin deficiency. Biotin deficiency, biotinidase deficiency, and holocarboxylase
synthetase deficiency have similar but not identical symptomes.

Another rare, congenital disorder of part of the brain called the basal ganglia
can be treated with biotin. It appears to be a defect in transporting biotin into the
brain, so there is biotin deficiency in the brain. Affected individuals have multiple
symptoms, including encephalopathy (widespread brain dysfunction), seizures,
and disorders of movement.”?

FOOD SOURCES

Mammalsdo not makebiotin. They ingest it. It ismade by bacteria, fungi, yeasts,
molds, and some other plants. Biotin winds up in much human food, but amounts
vary.?° People eating a normal diet who have no genetic problem handling biotin,
no specific medical condition, or any specific medication that interfereswith biotin
absorption or utilization will get enough biotin.
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There are national surveys done to assess adequacy of many parameters of the
diet, and none of them report biotin values. Calculations based on food intake in
the United States in the past estimated that young women are probably getting
approximately 40 ug of biotin aday in the diet. Average intakes calculated for the
United Kingdom are between 33 and 35 ug a day. Canadians may be taking in
around 62 ug aday.'” The Swiss take in about 70 ug a day.?°

MECHANISM OF ACTION: HOW DOES IT WORK?

Biotin is a coenzyme for five different carboxylases. That meansit is necessary
for these carboxylases to function. They catalyze reactions that include fatty acid
synthesis, glucose production, and regulation of certain genes. The carboxylases
exist in the cytoplasm of cells as well as mitochondria (powerhouses of the cell).
Allinal, biotiniscritically involved in macronutrient metabolism, including lipid
formation, insulin release, amino acid and cholesterol metabolism. Biotin must be
present for the body to function normally. It is especially important for the heart
and brain.®

Biotin itself is made into biocytin or other short compounds with biotin-linked
residues. Biotinidase breaks these down into biotin so it can be reused. Thisis an-
other reason thereis not alot of biotin deficiency. The body recyclesiit.

Biotinidase also helps break biotin from ingested protein so it can be absorbed in
theintestine. If biotinidase is absent or nonfunctioning, the body cannot use biotin
efficiently. It cannot absorb it normally or reuseit.t’

Biotin istransported into the cells of the upper intestine and also the lower intes-
tine. Some biotin may be derived from the bacteriain the intestine. Once absorbed,
it is partly free and partly bound to proteinsin the blood.

Biotin does cross the placenta and get to the fetus.!” It is not clear, however,
how much biotin gets to the fetus, especialy if the mother has marginal amounts
of biotin in her system.'¢ It isalso found in breast milk.

While the classic understanding of how biotin works is as a coenzyme for the
5 carboxylases, it has been discovered that biotin is also able to modify histones,
which are part of chromatin. This gives biotin the ability to modify genetic mate-
rial and gene expression. The ability of biotin to modify histones might give biotin
the ability to repair DNA or trigger cell death via DNA.?® Through its effects on
histones, biotin can affect gene regulation and stability. Thisis a very active area
of research.?*

PRIMARY USES

Inborn Errors of Metabolism That Prevent Normal Biotin
Absorption or Use

* Biotinisused totreat biotinidase deficiency. Patientswith this disease need large,
pharmacologic doses of biotin. The earlier in life that biotinidase deficiency is
treated, the more likely a child isto develop normally.
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 Biotin is also used to treat holocarboxylase synthetase deficiency. It can be
harder to treat and take higher doses of biotin.

* Biotin-responsive basal ganglia disease must also be treated with biaotin.

Biotin Deficiency Must Be Prevented

 |nfant formula must contain biotin.

» Anyonereceiving all hisor her nutrition by vein must have biotin in the mixture
he or sheis given.

* People on medicine for epilepsy need to take more biotin.

 People who have serious intestinal problems that might prevent normal absorp-
tion need biotin.

 People with kidney failure need more biotin.

» Those with other chronic diseases should be evaluated, depending on the illness
and treatment.

* Alcoholics may need more biotin.

Other Uses

* Serious consideration should be given to supplementing pregnant women.

* Other uses may become more clear, such as treating peripheral neuropathy with
biotin or treating people with high triglycerides.

NEW USE: MULTISTEP IMMUNE TARGETING
FOR RADIOIMMUNOTHERAPY

Thisisnot ause for biotin as a supplement. It isinteresting to note that research
about biotin as a nutrient has led to other uses.

It is hard to reach solid tumors with radiation without damaging adjacent tissue.
The avidin-biotin bond is so strong that it is being used in new ways to deliver
radiotherapy.*® An avidin compound bound to antibodies against the tumor cellsis
given to patients by vein. A biotin-containing compound (aclearing agent) isgiven
to collect al the free avidin that is not attached to tumor cells. Then a radioactive
biotin compound is given, which is taken up only by tumor cells with avidin. A
larger dose of radioactivity can get directly to the tumor cells, and the excess is
quickly excreted. This is called multistep immune targeting, and there are many
different compounds used that have the biotin-avidin bond as a central point.?52¢

COMMON DOSAGES

In 1986, approximately 17 percent of American adults were taking biotin in
supplements.

As avitamin, the Adequate Intake (Al) for adults has been set at 30 ug a day.
However, there is no definitive data on what amount adults actually need.
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TheAl values from infants zero to six months of age are based on the amount of
biotin in human milk given to babies who show no symptoms of deficiency. This
value isthen used to calculate an adequate intake for children and adults by the In-
stitute of Medicine (IOM). TheAl for infantsis 5 ug aday. This progresses upward
to 12 ug aday for ages 4 to 8, 20 ug aday for ages 9 to 13, 25 ug aday ages 14 to
18, and finally 30 ug aday for adults of all ages, except for breast-feeding women,
who need 35 pg aday.’

In the past, biotin requirements have not been thought to increase during preg-
nancy. However, as noted above, more recent studies have detected evidence of
borderline biotin deficiency during pregnancy.t’-?°

People taking medicine for epilepsy often need more biotin. So do people with
kidney failure on dialysis. People with intestinal malabsorption may need more,
as may alcohalics. The suggested dose to lower triglycerides is 15 mg a day.
As noted above in “The Hype,” the connection between low biotin levels and
other conditions, such as SIDS, brittle nails, and infant seborrhea, has not been
proven.?

People with biotinidase deficiency usually need 10 mg of biotin a day. For pa-
tients with holocarboxylase synthetase deficiency, treatment is more difficult. Af-
fected individuals may need to take up to 100 mg of biotin a day, sometimes with
only a partial response. Patients with basal ganglia disease may need thiamine in
addition to biotin.”

POTENTIAL SIDE EFFECTS

There has been no biotin toxicity reported in people or animals.’ There have
been laboratory experiments where large doses have been given. There have also
been patientstreated with large doseswith noiill effects. Thereforethe lOM has not
established an upper limit or arisk characterization.

Up to 200 mg by mouth and 20 mg given by vein have been used when treat-
ing biotin deficiencies from various causes, and there have been no reports of
toxicity.?°

FACT VERSUS FICTION

Biotinisavitamin that is critical to the human body. While it is hard to become
biotin deficient, it is not impossible. People who are deficient need to be treated,
and deficiency should be prevented whenever possible. People with congenital de-
ficienciesin biotin metabolism can usually be treated successfully with high doses
of biotin.

Many claims for biotin will probably never be substantiated. There is no reason
to think biotin deficiency causes SIDS or that it will cure infants with seborrhea.

However, it does seem possible that borderline deficiency of biotin may be dan-
gerousto agrowing fetus and that pregnant women should be taking biotin supple-
ments in the same way they take folic acid supplements.

It also may turn out to be useful in waysthat have not been discovered or proven.
Sinceit is nontoxic, taking it as a supplement is safe.
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Calcium

BRIEF OVERVIEW

Calcium is a naturally occurring mineral that is an essential component of the
human body. It is absolutely necessary in order for al the systems of the body to
function properly.

Most of the calcium in the human body is found in bones and teeth. Thereis a
complicated regulatory process that keeps the blood level of calcium stable when
aperson isin good health. This involves the absorption of calcium from food, the
storage of calcium in bone, the elimination of excess calcium in the urine, and the
resorption of calcium into the blood from the bone if levels get low. A number of
hormones and vitamins help regulate this process. The main hormone is called
parathyroid hormone, and it is necessary for the body to maintain anormal calcium
level. Vitamin D is also essential for the body to absorb and use calcium.?

For most people, the level of calciumin the blood stays normal and never causes
aproblem. However, many people develop adeficiency of calcium in the bones as
they age. They have not been ingesting enough calcium in their diet for years, and
the body has used the cal cium from bonesto keep the levels up. Eventually, people
low on calcium will have lower bone mass, as well as a deterioration of bone tis-
sue. Thisiscalled osteoporosis. People can feel fine and be completely unaware of
this problem until they break a bone or a doctor screens them for osteoporosis.?

THE HYPE
Calcium can Treat/Prevent Osteoporosis

Calcium can help to both prevent and treat osteoporosis. Most people do not get
enough calcium in their diet. The questions are, when should people take supple-
mental calcium, how much should they take, and how long should they take it? All
of these questions are being tested in clinical trials.
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Sister Cecelia, |eft, and Sister Charlene Stuczynski sport milk mustaches at areunion in
Omaha, Nebraska, 2007. Forty years before, in 1967, nearly 200 nuns from the Omaha
area enrolled in the study run by Creighton University researcher Dr. Robert Heaney.
Results gathered over 25 years of in-hospital studies, and later from biyearly checkups,
serve as the basis for calcium intake recommendations for adult women. (AP Photo/
Nati Harnik)

It is accepted that adequate calcium intake is necessary for healthy bones,
but it is a complicated process, not just related to how much calcium a person
ingests.?3

Calcium Ingestion can Help Weight Loss

There have been studies that showed that people who ingest a lot of calcium-
containing dairy products while they diet, or take supplemental calcium, may lose
more weight than people who do not. This may only be true for calcium in dairy
products and not in supplements. Or it may not be true at all.

Data gathered while a group of people was taking calcium for treatment of os-
teoporosis indicated that those taking more calcium tended to weigh less.* How-
ever, areview of nine studies containing data on weight and calcium ingestion was
conducted, and there was little evidence that dairy products or calcium supple-
ments had an effect on weight or fat mass.®> Studies need to be done to specificaly
address this question.
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Coral Calcium Is Better

Calcium is found in combination with other substances. These compounds,
which can also be called calcium salts, include, among others, calcium carbonate
and calcium citrate. Calcium salts differ in how much actual elemental calcium
they contain (see “Common Dosages’ below). They also differ in how well they
are absorbed, and how many side effects (mainly digestive) people get from tak-
ing them. Calcium citrate is often easiest to digest in terms of side effects, while
calcium carbonate has more elemental calcium in it, so less pills are needed.

“Coral calcium” comes from ocean coral. It contains calcium carbonate, and this
isthe same chemical no matter whereit comesfrom. There areanumber of problems
with coral calcium, which have been investigated over the last 5 to 10 years.®

Calcium Supplementation Leads to Increase in CV Events and Mortality

Some studies following the progress of groups of people over time noted an
increased risk of cardiovascular disease possibly associated with calcium intake.
These were incidental findings, at first, which led to more close scrutiny and trials
specifically looking at calcium supplements and cardiovascular disease, such as
strokes and heart attacks. A randomized trial in Australia showed a trend toward
more cardiovascular events in postmenopausal women given calcium.” This study
included just under 1,500 women and used just calcium, not calcium plus vitamin
D. Many studies are ongoing to confirm these findings.

Calcium Supplementation Leads to an Increase in Prostate Cancer

Some studies have shown an increased risk of prostate cancer in men associ-
ated with higher levels of dairy products and/or calcium intake. However, different
studies have conflicting results.®

Calcium Supplements Decrease the Risk of Colon Cancer
and Possibly Other Cancers

Early studieslooking at the association of colon cancer and calciumintakeinthe
1990s were inconclusive. The Calcium Polyp Prevention Study found adecreasein
colorectal adenomas with supplemental calcium. Since some polyps can progress
to cancer, this was evidence that calcium supplementation might prevent some
colon cancer.®

DEFICIENCY

The human body does everything it can to keep the amount of calcium in the
blood within a normal range. If enough calcium is not ingested in food or supple-
ments, the body will start pulling calcium out of the bones. It will aso alow less
calcium to leave the body in urine. If al the hormones in the body are working
properly, including a high enough level of vitamin D, the level of calcium in the
blood will be normal.
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One cause of hypocal cemia, which meanslow calcium inthe blood, ishypopara
thyroidism. This means the parathyroid glands are not working properly. The para-
thyroid glands are in the neck, on either side of the thyroid gland, around the level
of the Adam’s apple. The parathyroid glands can be removed accidentally during
thyroid surgery. They can be infiltrated by cancer. There are genetic (inherited)
conditions that can cause low parathyroid hormone.

There are other problemsthat affect cal cium metabolism. Inadequate levels of vi-
tamin D or abnormal levels of magnesium can contributeto low calcium levels. The
kidneys also play arole in keeping the amount of calcium in the blood constant.*
Research has shown that there are many more factors regulating calcium level than
were previously identified, in terms of other minerals, cofactors, and vitamins.'©

The most common problem associated with actual calcium deficiency is osteo-
porosis. A person will feel fine and not suspect anything is wrong, until she frac-
tures abone.

Any condition in which the level of calcium in the blood is low (hypocal cemia)
can be very dangerous. If the calcium level gets very low, multiple body systems
will start to malfunction, from the nerves and muscles to the heart and brain.1
Many symptoms occur because of malfunction of nerves and/or muscles, called
neuromuscular irritability. These include:

e Muscle cramps

* Muscle twitches

e Muscle spasms

* Numbness

» Abnormal sensations

» Seizures

e Spasm of the larynx (voicebox), leading to trouble breathing

» Spasm of the bronchial tubes, also leading to trouble breathing

 Tetany, which isalot of these symptoms together with muscle spasm and aching

A person with hypocal cemia can have achange in brain function. Low calcium can
causethe heart muscletofail. It can aso cause arrhythmias—abnormalitiesin the way
the heart beats. A person with very low calcium can have depression, dementia, and
even psychosis. If this goes on long enough, there can be swelling in the brain, cata
racts in the eye, and permanent heart damage. Very low cacium levels can be fatal .

FOOD SOURCES

Calcium in food comes from dairy products, which means milk and milk prod-
ucts. Thereare smaller amountsof calciumin somegreen | eafy vegetablesand other
foods including soy, certain kinds of fish, sesame seeds, and some dried fruit.

For people who cannot digest lactose, there are lactose-free dairy products. They
can al so take pills containing the enzyme lactase with milk products. Rice milk and
almond milk are now fortified with calcium and readily available.
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Packaged foods are |abeled with their calcium content. The labels reflect arec-
ommended total of 1,000 mg of calcium a day. So if alabel says 20 percent DV
it has 200 mg of calcium. Foods fortified with calcium include breads, breakfast
cereals, orange juice, soy milk, and bottled water, among other products.

Some foods can decrease the absorption of calcium, including large amounts of
protein and caffeine.? Therefore, heavy coffee drinkers are warned by their phy-
sicians to be careful about its effects on their bones.

MECHANISM OF ACTION: HOW DOES IT WORK?

Calcium is necessary for many critical body functions and cell functions.

Of the body’s calcium, 99 percent isin bone; 1 percent is not in bone, but it is
present in blood, other body fluids, inside cells, and inside certain parts of cells.

The amount of calcium in cells is tightly regulated. Calcium goes in and out
of the cells through cell membranes and parts of the cells (called organelles),
including the mitochondria, the so-called workhouses of the cell. Calcium acts
as a messenger. It is involved in cell-to-cell signaling. It is a part of neural
transmission—the signals from nerve to nerve. It is necessary for normal muscle
function, including heart muscle. Part of the blood coagulation system, it is a
cofactor for many enzymatic reactions and the activation of other messengers. It
isinvolved in secretion of many chemicals, including hormones. It is critical in
the mineralization of bone.**

Calcium’s mechanisms of action are multiple and complicated. It is mainly im-
portant to know that calcium has to be present in the correct amount for the nerves
and musclesto talk to each other and work asthey should. Thisincludes everything
from thinking to moving. Research on the actions of calcium, vitamin D, and other
cofactors and hormones is constantly in progress.

Calcium needs to be present in enough quantities to give strength to bone. As
children grow, bone is growing with them and needs enough calcium to be strong.
Bone is constantly being “remodeled,” meaning damaged bone is cleaned up and
new bone is deposited in its place. A lack of calcium at any time can cause weak-
ened bone. Up until around age 30, more bone is made by cells called osteoblasts
than removed by cells called osteoclasts. The body eventually shifts to removing
more bone than forming new bone.

Calcium in the body is also related to the amount of phosphate, magnesium, and
other chemicals. It istightly regulated by a number of hormones (including testos-
terone and femal e hormones), vitamins, factors, cotransporters and receptors, all of
which interact to keep the blood calcium level normal, and ideally, to get enough
calcium to the bones. 1314

PRIMARY USES

Treating Hypocalcemia (Low Levels of Calcium in the Blood)

» This can come on gradually or be a medical emergency. It is not from alack of
dietary calcium, but from malfunctions of the complicated systems that control
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the level of calcium in the blood, usually because of low parathyroid hormone.
It can also be from a severe lack of vitamin D. If al the systems controlling
calcium in the blood are working, calcium will be pulled out of bone to keep the
blood level normal.

Someone with hypoparathyroidism will be low on calcium and supplementation
will be necessary for life.! In this situation, low amounts of calcium in the blood
can be fatal if not treated.

Preventing Osteoporosis

Calcium (along with vitamin D, exercise, and other factors) can help prevent
osteoporosis in older men and women. Since many people do not get the rec-
ommended amounts of calcium as teenagers and young adults, does that make
them more likely to develop osteoporosis later in life? Studies have shown that
bone mineral content and size can be increased in boys 16 to 18 by giving them
supplementary calcium.*® Similar studies show increases in bone minera con-
tent but without increasing size in 16- to18-year-old girls.*

Many studies have confirmed that bone mineral density increases in children
who get more calcium in their diet or have supplements. However, this effect
disappears when the supplements are stopped.'’

It will be some time before anyone can say with certainty that starting supple-
mental calcium at ayoung age will increase bone strength going into middle age
and give more of a cushion before devel opment of osteoporosis. It seems reason-
able to think this might be the case; it a'so seems unlikely that most people will
take supplemental calcium all of their lives.

To Treat Osteoporosis

People with osteoporosis need treatment with calcium, vitamin D, and often
medication in order to prevent fractures. Fractures in people with osteoporosis
can often occur with minimal or no trauma. They can aso be serious enough to
cause the serious decline of an older person. As many as 25 percent of people
who sustain a hip fracture wind up needing long-term care in a nursing home.?
Of patients over age 50 who have a hip fracture, about 24 percent of them die
during the year after their fracture.'

Osteoporosis usually becomes evident in women after menopause and in men
more slowly as they age, because testosterone as well as estrogen affects the
amount of calcium in the bone. More boneis resorbed by osteoclasts and lessis
replaced by osteoblasts, especially if there is not enough calcium and vitamin D
around.

There is not complete agreement as to when to screen for osteoporosis, who to
screen, or who to treat.

Usually, women are assessed perimenopausally for osteoporosis. The U.S. Pre-
ventive Services Task Force recommends that women be screened at age 65 or



Calcium 43

age 60 to 64 if they are at higher risk for osteoporosis. The National Osteoporo-
sis Foundation recommends screening women age 65 and older, men at age 70,
and others based on risk factors or history of fracture.?

» Risk factors in women include low body weight, low level of physical activity,
excessive acohol intake (more than two drinks per day), caffeine and tobacco
use, low calcium and vitamin D intake, no hormone therapy for menopause,
increasing age, history of falls, family history of osteoporotic fracture, personal
history of fracture, and white or Asian background.

e Some of the same risk factors apply to men.

» There are a'so many illnesses and medications that can cause osteoporosis in
men and women. IlInesses include but are not limited to autoimmune diseases
like rheumatoid arthritis, lupus and ankylosing spondylitis, inflammatory bowel
disease, and kidney failure. Endocrine abnormalities can cause osteoporosis,
including diabetes, hyperparathyroidism, hyperthyroidism, and hypogonadism,
among others. Glucocorticoids (like prednisone), immunosuppressants, and
medicines that suppress sex hormones are some of the more common medica-
tions that can cause osteoporosis.?

* The way to check for osteoporosisis with a special x-ray test, a DEXA scan,
which means dual energy x-ray absorptiometry, usually checked at the hip
and spine. Bone density is compared to the bone density of healthy young
women (or men when screening men). If atest is significantly lower, osteo-
porosis is present. The results are expressed as how far a test differs from
the reference (healthy) value. This number is called a T score. What patients
need to know isthat a T score of -1 to just under -2.5 means the bones are
thin, called osteopenia. When the T score is equal to or below -2.5, it means
0Steoporosis.

e There are calculations that can be made to get an idea of the risk of fracture
based on a person’s DEXA score and other factors. Treatment decisions are usu-
ally made on the basis of DEXA scores, history of hip or vertebral fracture, and
risk of fracture based on a number of criteria.

» The World Health Organization, for example, recommends trestment based on
alow DEXA score, less than or equal to -2.5 at the hip or spine, or if the person
has sustained a hip or vertebral fracture, or if the DEXA scan is hot as low but
there are lots of risk factors, for patientsin the United States.™®

» Treatment of osteoporosis involves many things. This chapter is about calcium,
which is part of the treatment of osteoporosis, along with vitamin D, and anum-
ber of medicines that can help strengthen bone.?3

COMMON DOSAGES

There are differences of opinion asto exactly how much calcium should be taken
for optimal health.
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Calcium intake as suggested by the NIH (National I nstitutes of Health)

(Calcium in mg/day)

Infants to 6 months 210
Infants 6 to 12 months 270
Children 1 to 3 years 500
Children 4 to 8 years 800
9to 18 years 1,300
Adult 19 to 50 years 1,000
Adults 50 years and older 1,200
Pregnant and lactating women

18 years or younger 1,300
19to 50 years 1,000

The National Osteoporosis Foundation also advises adults 50 and over to take
1,200 mg of calcium a day.?* Their guidelines differ only dightly from the NIH
suggestions.

Calcium supplements should be split up during the day and not taken all at once
if possible.

Osteoporosis Treatment

Adults with osteoporosis need to ingest at least 1,200 mg of calcium plus vita-
min D.?

It isimportant to remember that each person needs to take that much elemental
calcium. Calcium carbonate is 40 percent elemental calcium. Calcium citrate is
21 percent elemental calcium. These are the two most commonly used supple-
ments. Calcium carbonate is not well absorbed and must be taken with meals.
Stomach acid must be present to absorb it. Calcium citrate does not need to be
taken with meals and is more completely absorbed.

Calcium can decrease the absorption of many other medications, including some
medicines for high blood pressure, some antibiotics, and some of the medications
used to treat osteoporosis.

POTENTIAL SIDE EFFECTS

Most forms of calcium can cause gastrointestinal side effects, including gas,
cramps, bloating, and constipation. Calcium citrate causes these symptoms some-
what |ess often than calcium carbonate.

When starting supplementation, sometimes beginning with a low amount and
increasing it slowly may reduce some of these symptoms. If the gas and constipa-
tion are problems while taking calcium carbonate, a switch to citrate may help.
Sometimes just taking a different brand of calcium supplement helps.?

Hypercalcemia, or too much calcium in the blood, is caused by disordersin the
body and not overdoses of calcium.??
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FACT VERSUS FICTION
Prevention and Treatment of Osteoporosis
This has been covered above under primary usages, becauseit isfact.

Weight Loss

A one-year study of young healthy women did not detect any differencein weight
when the women were given the same number of daily calories but in calcium-rich
dairy products.?

In another study, calcium supplements or placebo were given to premenopausal
and postmenopausal women on calorie-restricted dietsfor 25 weeks, and there was
no difference in weight loss or fat mass decrease between the groups.?*

A recent study designed to seeif calcium supplementswould prevent overweight
women from gaining weight showed absolutely no benefit to the supplements.?

This is still being investigated. There seems to be more evidence that calcium
and dairy products do not help people lose weight than the other way around.

Coral Calcium Is Better

Coral calcium, from ocean coral, contains calcium carbonate just like Tums or other
chewable antacids, but at apremium price. It does contain other biologically activein-
gredients, magnesium, for example, and aso contaminants like lead some of the time.

Both the FDA (Food and Drug Administration) and the FTC (Federa Trade
Commission) investigated companies selling coral calcium. They were making
health claims that could not be substantiated. Companies were forced to stop their
infomercials and some of their ads.?

TheNIH warned consumers asfollows:. “ Consumers should be aware that claims
that coral calcium can treat or cure cancer, multiple sclerosis, lupus, heart disease,
or high blood pressure are not supported by existing scientific evidence. These
claims go far beyond the existing scientific evidence regarding the recognized
health benefits of calcium.”?’

Researchers also |ooked at exactly what wasin anumber of coral calcium supple-
ments. Some of the coral calcium bottles did not have the amount of cal cium stated,
some of it wasin aform that was hard to digest, and some had elevated |ead levels.
In addition to the high price and contamination, coral calcium promoters continue
to make false claims about their product curing cancer and many other illnesses.

The National Osteoporosis Foundation, as well as other agencies, recommends
that people buy calcium and other supplements from well-known companies and
that the calcium should be pure. Look for either a well-known brand, or the USP
symbol (United States Pharmacopeia), which indicates that the product has been
found to meet standards of quality and purity.?®

Calcium Supplementation Leads to Increase in CV Events and Mortality

In alarge study, more than 36,000 postmenopausal women were randomly as-
signed to receive calcium and vitamin D or placebo and were followed for seven



46 Vitamins and Minerals

years. There was no difference in coronary or cerebrovascular adverse events.?
These findings predated the Australian study mentioned above.

An observational study looking at results of trials of women ages 60 to 89 given
calcium and vitamin D found that they did not have any higher risk of cardiovas-
cular events or deaths than women not given supplements.*

Since research has been yielding contradictory results, it is not possible to state
with certainty either way. It seems that perhaps calcium with vitamin D may be
safe. Women in these age groups who are at risk for both osteoporosis and heart
disease need to discuss choices with their physicians.

Prostate Cancer

Does increased calcium increase the risk of prostate cancer? This question has
not been answered. Some investigators have found ahigher risk of prostate cancer;
some have found a very slightly increased risk.3! Investigations are ongoing. Men
with osteoporosis need to discuss this with their own physicians.

Lung, Colorectal, and Other Cancers

The decreased incidence of colon polyps associated with increased calcium in-
take has been shown to last at least five years.®? One recent study found evidence
of decreased distal colon cancer with increased calcium intake, enough to encour-
age further research.®® Others studies have found similar results.3

Some studies have shown areduced risk of all cancers, but especialy the intes-
tinal tract.*®

Another study of postmenopausal women given calcium, calcium plusvitaminD,
or placebo found that calcium plus vitamin D reduced the risk of all cancers over
four years. The effect was most apparent in the women given both calcium and
vitamin D.% Thisis an area of ongoing research.

There are countless areas to explore as all the functions of calcium, especialy
in conjunction with vitamin D, are investigated. It seems likely that calcium and
vitamin D, probably together, exert their effects on many more body systems than
was originally believed.
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Chromium

BRIEF OVERVIEW

Chromium isamineral, tiny amounts of which are needed by human beings. In the
1950s, investigators discovered that a substance in brewer’s yeast could prevent
diabetes in lab animals. It was determined that this substance was in fact trivalent
chromium.!

Chromium is known to enhance the activity of insulin when tested in alab
(invitro), and evidence is accumulating that it does the same in the body. There
is no known natural deficiency state at the current time or clear evidence about
how much chromium might cause toxicity. The FNB (Food and Nutrition Board)
has only been able to establish a suggested adequate intake level .2

THE HYPE

Supplemental Chromium can Help People Lose Weight
and Supplemental Chromium can Help Control Diabetes

It isimportant to note that many people are already taking chromium in multi-
vitamins or other supplements, and this may or may not be noted in studies. It is
common practice among diabetics.®

There are three general areas related to weight and glucose control that may be
affected by chromium. One is obesity. Another is any type of diabetes. The third
is the metabolic syndrome, which includes impaired fasting blood sugar or type 2
diabetes, high blood pressure, central obesity, elevated triglycerides, and decreased
HDL (“good cholesterol”).

Chromium picolinate (CrPic) is said to help people lose weight, reduce body
fat while building muscle, lower triglycerides and cholesterol, and improve insu-
lin function.® If this proves to be true, it should help people with the metabolic
syndrome as well as those with just diabetes and/or obesity. While low chromium
levelsimpair insulin function, thereis no definitive proof that extra chromium will
help treat diabetes, improve lipid levels, or affect body composition.
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In one placebo-controlled, double-blind study of patients with impaired glu-
cose metabolism, half were given 400 ug of chromium picolinate twice a day.
No difference in any parameter of metabolism was changed after three months.
BMI (body mass index), glucose tolerance, cholesterol, and lipids, for example,
were no different in the supplemented group than in the group that did not receive
supplements.*

In another double-blind, placebo-controlled trial, nonobese patients with the
metabolic syndrome were given chromium picolinate or placebo. After 16 weeks,
there were essentially no differencesin glucose metabolism or measures of inflam-
mation and stress between the two groups.®

A large analysis of existing trials found that, overall, patients using chromium
picolinate lost approximately 1.1 kg more weight than dieters not using the supple-
ment. Many of these studies did not provide sufficient information about side ef-
fects or enough about the participantsto seeif specific subgroups were more likely
to lose weight than others.®

In 2004, an article in the American Family Physician summarized the evidence
and said that patients should be cautioned about using chromium for weight loss,
because there is not enough data to prove that it will help them, and the toxic
amount is unclear.’

On the other hand, alarge analysis of studies done by different investigators two
yearslater determined that almost all of thetrials show that chromium picolinateis
beneficial for diabetics. Diabetics taking chromium picolinate may have reduced
glucose levels, reduced cholesterol and triglycerides, reduced need for insulin and
other medication. These researchers suggested that chromium picolinate is more
bioavailable than other forms of chromium, and studies using chromium picolinate
should have better outcomes than studies using different chromium compounds.®
Other researchers have suggested that the amount of chromium used be signifi-
cantly more than 200 ug aday, and that chromium picolinate isthe preferred form.
Thereis evidence that chromium picolinate supplementation reduces glucose lev-
elsin type 1 and type 2 diabetes and also gestational (pregnancy-induced) and
steroid-induced diabetes.*

Other Diseases

There have been a number of studies that show an inverse relationship between
toenail levels of chromium and cardiovascular disease. However, taken altogether,
the evidence for the use of chromium to prevent cardiovascular disease is not yet
robust enough to make definitive decisions.*

Some have studied supplementary chromium as a substance that might decrease
carbohydrate craving in atypical depression. One small study indicated that chro-
mium could be useful for this disorder.®

DEFICIENCY

In 1977, a number of patients on Total Parenteral Nutrition (TPN) devel oped
what looked like diabetes, but it could not be controlled by insulin. Their blood
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sugars where high, they lost weight, and they had damage to peripheral nerves.
Once chromium was added to their TPN formula, their symptoms improved sig-
nificantly and they did not need insulin.

Apart from the specific situation of patients receiving TPN without chromium
for prolonged periods, there is no recognized disease associated with low levels of
chromium?2 occurring in people outside of a hospital setting.

Thereisnot even complete consensus on how to measure chromium in the body.
It has been measured in blood, hair, and sweat, as well as urine, but these values
may not indicate the amount of chromium in the body.2

Some people may need more chromium than others. It is possible that older
people need more chromium.

Normal plasmalevels may bein the range of 0.05to 0.5 ug/l.2 That isa 100-fold
difference and means it is difficult to know if someone has too much or too little
chromium.

Absolute deficiency of chromium does seem to cause impaired glucose toler-
ance, and chromium may be of benefit in treating type 2 diabetes. It is possible
that some diabetics are deficient in chromium, and that is why supplementation
helps them.

FOOD SOURCES

Chromium is found throughout the earth’s crust and oceans. It is contained in
many foods. However, there is no good way to determine how much. The very
methods used to measure chromium can contaminate the food sample with chro-
mium. Even in specific foods, different harvests or different lots vary in their
chromium content.

Processing food and drink increases its chromium content. Wine and beer both
may have significant amounts of chromium. Chromium in small amounts can be
found in meats including liver, whole grains, nuts, some spices (molasses), some
vegetables (carrots and broccoli), and somefruit. If afood is high in smple sugars
like fructose, it will be low in chromium.31°

The only definite cases of deficiency have been in patients on total parenteral
hyperalimentation that did not contain chromium. Otherwise, people get enough of
it sprinkled throughout their diet.

If a person’s diet contains an excessive amount of simple sugars, so that more
than 35 percent of the calories come from the sugars, more chromium will leave
the body in the urine. Chromium can also be lost from the body during stress, such
asinfection, trauma, heavy exercise, and pregnancy.'©

When chromium is paired with picolinate, more chromium is absorbed by the
body. Picolinate is a byproduct of tryptophan.

MECHANISM OF ACTION: HOW DOES IT WORK?

Chromium isfound naturally in anumber of forms. What is called chromium 111
(or trivalent chromium) is the most stable and thought to be what is found in food.
Chromium V1 (or hexavalent chromium) isabyproduct of countless manufacturing
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processes. If inhaled, it is carcinogenic. On the skin, it causesirritation. Workplace
exposures can lead to lung cancer and perforation of the septum of the nose.?3

Substances in food will convert chromium VI to 111. Chromium concentrates in
the liver, spleen, soft tissue, and bone.

Its principal mechanism of action is not absolutely clear,'® but it does promote
glucose tolerance.3® It is known to be able to enhance the action of insulin. It
seemsto beinvolved in activation of the insulin receptor tyrosine kinase.2 Through
anumber of steps, chromium gets into insulin-dependent cells and bindsto a sub-
stance that then binds to the insulin receptor, which activates tyrosine kinase.

At the current time, the sequence of events is thought to be this: chromium
isingested. When it getsinto the blood, it isbound to transferrin. Insulin activates
insulin receptors, which trigger the movement of chromiuminto cells. There, itis
then bound to a substance called chromomodulin. Insulin also mediates thisreac-
tion. The chromomodulin with chromium attached binds to the insulin receptor
and activates tryrosine kinase. Tyrosine kinase potentiates insulin activity.*!

Chromium’s ability to potentiate insulin has attracted the most attention.
Chromium also is involved in the metabolism of carbohydrates, fats, and pro-
teins. Its other actions are not clear. It is not known if more chromium will en-
hance metabolism and help treat diabetesin all people. It is not known if some
people are actually deficient and benefit from taking it.° It is not known if it
will help those that are not deficient. It is not even clear how to decide who is
deficient.

With increased aerobic exercise, more chromium may beingested and excreted.?
Chromium may also interact with iron. It competes for one of the binding sites on
transferrin, which transports iron. People with the disease hemochromatosis have
too much iron, and they are often diabetic. The excessiron may affect the transport
of chromium, which may, in turn, be part of the reason for the diabetes seenin this
condition.?

PRIMARY USES

e Chromium isadded to total parenteral nutrition (TPN) formulas becauseit is be-
lieved that some chromium is necessary for the normal functioning of the human
body.

e Many people, especialy diabetics, take chromium supplements.

COMMON DOSAGES

It is very difficult to tell how much chromium healthy people have ingested
from dietary sources. For this reason, there has not been an RDA (Recommended
Dietary Allowance) determined.?1°

The Institute of Medicine, Food and Nutrition Board has set an Adequate I ntake
(Al level of chromium at 35 pg per day for young men, and 25 ug per day for
young women.! The “estimated safe and adequate daily dietary intake” range for
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chromium has been set at 50 to 200 ug for adults and adolescents.:> Generally
similar levels have been set in other areas, such as the United Kingdom, which
also states the difficulties in setting these standards.*? There is a clear need for
more study about safe and effective levels of chromium.

Adult men and women should meet their Als with normal diets. Many multi-
vitamin and mineral supplements include chromium at the 35-ug level. Separate
supplements are available with much higher dosages.

POTENTIAL SIDE EFFECTS

As stated above, some forms of chromium may be carcinogenic and damage
DNA. Some may causeirritation and ulcersin the gastrointestinal tract. Chromium
supplements reduce iron absorption.®

Chromium picolinate taken for weight control can cause renal failure and other
toxicities if ingested in excess.>* Supplements need to be checked for their total
chromium content. Chromium supplements have caused both acute tubular ne-
crosis (death of tubules in the kidney) and interstitial nephritis (diffuse kidney
disease), both of which can cause renal failure.** There have been reports of liver
problems.? Rhabdomyolysis, which is damage to muscle that releases cell con-
tents into the blood, has also been reported, but this may have been due to other
factors such as weight lifting.?

Overdl, chromium is probably quite safe to take.! However, some of the
potentially very dangerous side effects have occurred at levels used in many
supplements.

It is not known how much chromium should be added to TPN even now. Re-
cently there have been reports of temporary decreases in kidney function with
chromium added to TPN, and it has been suggested that the amount added to TPN
routinely is too high. More research is needed.'®

FACT VERSUS FICTION

Thereis no question that much research needs to be done in order to understand
the functions of chromium in the body. A normal level of chromium in the body
has to be established. It isalso important to be able to measure the amount of chro-
mium in food more accurately.

Chromium is an essential micronutrient. People receiving total parenteral nutri-
tion must have some chromium in their formulas. Diabetics of al typeswill prob-
ably benefit from chromium supplements, but how much is not clear. It isnot clear
if chromium supplements are hel ping people who are low in chromium but do not
know it, or if adding more chromium helps all diabetics.

There is not enough evidence yet to say whether or not chromium can signifi-
cantly help with weight loss or help reverse the metabolic syndrome.

The small amount of chromium in most multivitamin/multimineral supplements
is safe, asis significantly more. But the absolute upper limits of safety are not yet
known.
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Coenzyme Q1o (CoQqp)

BRIEF OVERVIEW

Coenzyme Qq is a molecule used by the human body during aerobic cellular res-
piration. CoQ,, does much of its work in the mitochondria, parts of the cell where
energy isproduced. Itisacritical link in the mitochondrial respiratory chain. CoQyg
is also an antioxidant, and like other antioxidants, can help protect the body from
damage caused by free radicals and other reactive chemicals. CoQ is the most
fat-soluble antioxidant, so that it protects areas with fats (like the linings of blood
vessels) against oxidative damage.

Thereis CoQ,o everywhere in the body. The highest amounts are in the kidneys,
liver, pancreas, and heart, whereas the lungs have much less. Levels of CoQ,, in
the blood can be decreased during oxidative stress; low levels are often found in
people with cancer, as well as people with chronic neurologic diseases.

Mitochondria dysfunction is present in many chronic diseases. Because CoQ;
helps mitochondria produce energy, it has potential as a treatment for many
diseases, including cardiovascular disease and disorders of the immune system. As
an antioxidant as well as an immune system stimulant, it may be able to help with
cancer trestments.

Most CoQ),, ismade by the body, but some comesfrom thediet. Itisnot avitamin
becauseits class of molecule can be made by all animalsincluding humans. These
are called ubiquinones because they are present everywhere; CoQ; is also known
as ubiguinone.

THE HYPE

Because CoQ,q is needed for essentially all cellular processes dependent on
energy, low CoQ is often associated with disease states; supplemental CoQq
may help treat many diseases.

There is evidence of mitochondria dysfunction in many degenerative diseases;
CoQ,, might beableto helptreat these. Similarly, oxidative stressisthought to cause
many disease states and CoQ,o would be expected to help treat these as well.
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There is alot of evidence from laboratory work on cells in culture and on ani-
mals demonstrating the activity of CoQ,,. There are also preliminary human stud-
ies, many of which have been small and not properly designed. Even some of
the best trials have yielded different outcomes, evaluating CoQ;, treatment of the
same conditions. For most diseases, there have not yet been enough well-designed
human studies to consistently determine benefit.! Researchers continue to call for
clinical trials to try and answer some of the questions posed by earlier work, and
there are ongoing trials.

Cancer

Decreased levels of CoQ),q have been found in patients with many kinds of can-
cer, including breast, lung, prostate, kidney, colon, pancreas, head and neck, my-
eloma, and lymphoma. Both increased and decreased levels have been found in
actual cancerous tissue.!

Laboratory and animal testing has been done with CoQ;q since the 1960s. All
of CoQ;o's properties may be important to prevent or treat cancer. It stimulates the
immune system in animals and humans, including increasing antibody levels, and
affectshelper T cells (immune cells). The antioxidant activities of CoQ;q have also
been studied as they relate to cancer. There is some evidence that anal ogs (chemi-
calswith similar properties) of CoQ,, may stop cancer cells from growing.

There have actually been limited studies in humans. CoQ),, does limit the toxic-
ity to the heart caused by certain agents used to treat cancer, called anthracyclines.
A study showed this benefit in regard to doxorubicin, a chemotherapeutic agent.
Monitoring heart function in patients on doxorubicin is standard. Perhapsits deple-
tion of CoQ,, isto blame.

There have been uncontrolled tests with incomplete data indicating a benefit
to using CoQqq in treating breast cancer patients with metastases. There are other
anecdotal reports and case reports but not well-designed clinical trials.>?

An analysis of the reports and studies completed in 2003 found that there was no
evidence that CoQ;, can treat or prevent cancer.?

Heart Disease

CoQ has been considered for prevention and treatment of cardiovascular dis-
ease related to atherosclerosis, hypertension, diabetes, and other common risk fac-
tors. LDL (“bad cholesterol”) in the walls of arteries can be oxidatively damaged
and that may be an initiating event leading to atherosclerosis. In these cases, the
antioxidant function of CoQ;o might be beneficial. There are other properties of
CoQ, that are of interest, such asits ability to decrease the amount of a specific
substance on the surface of cells that can collect on the blood vessel walls.?

An analysis of available research in 2003 found conflicting results. Someimprove-
ment in cardiac function was observed in some studies but not confirmed in others.4

CoQ, is considered as a possible treatment for cardiomyopathy, which is an
abnormality or disease of the cardiac muscle. Improvementsin cardiac output have
been found in some small studies. It has also been shown to help congestive heart
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failure asthe result of coronary heart disease in other small studies. Again, thereis
aneed for more large-scale clinical trials.?®

Levels of CoQ),, have been considered as an independent predictor for outcome
in patients with chronic heart failure. Those with lower levels have a higher risk of
death. In one recent study, the correlation was strong enough for investigators to
call for more interventional studies using CoQ; to treat heart failure.®

This same pattern repeats for almost all types of cardiovascular disease and treat-
ment. From the treatment of angina (lack of blood supply to the heart muscle), to
high blood pressure and damage of the lining of the blood vessels, thereis limited
evidence of benefit from CoQ,, and a need for more studies.?

Diabetes Mellitus

Multiple small trials have shown no effect of CoQ;o on diabetes. It does not im-
prove glucose control or lower insulin needsin type 1 diabetes; it does not improve
glucose control or lipid profilesin type 2 diabetics.?

CoQ has been tested to see if it can improve endothelia function in diabetics.
A number of small studies have reported success. For example, a double-blind,
crossover study of 23 statin-treated type 2 diabetics found that 200 mg a day of
CoQyo did improve measures of endothelial function in 12 weeks. Not surprisingly,
the authors of this study concluded by suggesting a clinical endpoint trial.”

CoQ,, has not been shown to improve heart function in diabetics, at least in
small trials like one testing 74 type 2 diabetics with dysfunction of the left side of
the heart.®

Neurodegenerative Diseases

Evidence of both mitochondrial dysfunction and oxidative damage is found in
neurodegenerative diseases including Parkinson’s disease, Huntington's disease,
and Alzheimer’s disease. CoQq levels in the brain decrease with aging. The sub-
stantia nigra, which is the area affected in Parkinson’s disease, has the lowest
CoQ;p amountsin the brain.

While supplemental CoQ;g raises blood levels in humans, only animal studies
have shown that it crosses the blood-brain barrier. As of 2009, no testing has been
done on humans to see if it crosses the human blood-brain barrier.®

Many tests in the lab show the protective effect of CoQq in stressed cells in
vitro. Oral administration of CoQ,, increases CoQ,, levelsin the brain of older 1ab
animals but not young ones. There are many models of neurodegenerative disor-
dersin animalsthat are meant to mimic those in humans, and tests have shown that
CoQ,g can help prevent or ameliorate the symptoms of these diseases.

The results in animal studies have been favorable enough to encourage human
clinical studies. Trials of CoQ,, for Parkinson’s disease have yiel ded mixed results.
There does appear to be some benefit in patients movement ahilities, particularly
activities of daily living and also motor control, cognition, behavior, and mood.*°
However, CoQ;o has not reduced the time to when dopamineis needed to treat dis-
ability. A large, randomized, Phase |11 trial is said to be currently underway.



58 Vitamins and Minerals

One multicenter, randomized, double-blind, placebo-controlled, strati-
fied, parallel-group, single-dose trial involving 131 patients with Parkinson’'s
who were stabilized on treatment used nanoparticular CoQ;, at 300 mg a day
(comparable to 1,200 mg regular CoQ,g) for three months. While the supple-
ments were well tolerated and increased CoQ,, plasma (blood) levels, there
was no statistically significant change in any measurable outcome from the
supplementation.**

Trials using CoQ to treat Huntington’s disease have also yielded unclear re-
sults; a Phase Il tria is underway for Huntington's disease and CoQ,,. Tests
using CoQ),, for amyotrophic lateral sclerosis have showed little enough benefit
that stage |l testing is as far as the testing will go. CoQ;o has not been tested for
Alzheimer’s disease, although a number of studies have looked at the analogue
idebenone. Results have been mixed.® Researchers in this field stress the need for
more definitive, large-scal e testing.

(See“Deficiency.”)

Statin Administration

CoQ, and cholesterol share part of the same biochemical pathway, and statin
drugs lower cholesterol by blocking one of the steps. Patients on statins have low
blood levels of CoQ;g. They can also have muscle pain, myopathy, and even break-
down of muscle tissue with myoglobin in the urine. It has been hypothesized, but
not proven, that the myopathy associated with statin use occurs because of a CoQq
deficiency. Tests have not shown definitely low levels of CoQ;q in affected muscle.
There are those who believe that people on statins should take supplemental CoQ;
based on the incomplete current information.?

There have also been studies that do not show relief of myopathic symptoms by
giving CoQ);, to patients with myopathy on statins. Some have postul ated that there
may be a subgroup of people with genetic subtypes that are more likely to need
CoQ), supplementation and benefit from it.13

Others suggest that since CoQ) is so safe, there is no reason not to give it to
individuals with statin myopathy, even though it has not been proved effective. At
the sametime, moretesting is suggested, both of the effectiveness of CoQ, for this
purpose, as well as to determine genetic subtypes that may benefit.*

(See “Deficiency.”)

Miscellaneous Other Uses

CoQ, has been used to treat migraine headaches as well as cyclic vomiting
syndrome, arelated condition. It may be better tolerated and at |east as effective as
amitriptyline for these conditions.*®

CoQ, improves exercise tolerance in patients with genetic deficiencies; perhaps
supplements can improve exercise performance in other people. The controlled
studiesto date do not support thisidea. CoQ;o has not been found to improve exer-
cise tolerance in normal individuals.?



Coenzyme Q4 (CoQyp) 59

DEFICIENCY

There is no deficiency syndrome related to insufficient CoQ,,. Enough is made
by the body and ingested to meet the needs of healthy people. Approximately
25 percent of CoQ;q may come from dietary sources. However, no regulatory
agency has suggested a recommendation for amounts of intake.

There are genetic disorders leading to a decrease in production of CoQ),, but
these are very rare.®

Genetic CoQq deficiencies are autosomal-recessive conditions. They involve,
in varying degrees, myopathy (muscle abnormalities), encephalopathy (problems
with the brain), encephal opathy and myopathy together, atrophy of the cerebellum
(balance center) with ataxia (difficulty keeping balance), and an infantile variant
involving multiple organs including the kidneys. This can appear as growth retar-
dation, with deafness, seizures, and cognitive impairment.®’

The genetic defects are just beginning to be understood. Early identification of
patients and their siblings may allow prompt treatment with CoQ,,. All patients
improve with CoQ,, administration, but they need high doses and long-term ad-
ministration. The muscular and peripheral symptomsimprove morethan the central
nervous system abnormalities; CoQ;o may not get through the blood-brain barrier,
or the damage may beirreversible. There are other genetic mutationsin other areas
that can interfere with CoQ,, synthesis and cause the same types of symptoms.

Since deficiency of CoQ);, decreases antioxidant capacity and causes mitochondrial
dysfunction (see “Mechanism of Action”), other diseases with these defects in the
central nervous system may respond to CoQ,,. This could include Parkinson's dis-
ease, Alzheimer’'s disease, Friedreich’s ataxia, and others.Y” Most are being studied.

There are many other mitochondrial diseases. A CoQ;o synthesis defect is one of
the few treatable mitochondrial diseases. Asthe genetic defectsareisolated, earlier
treatment will be possible.®

Deficiency of CoQ,, has been reported with many types of cancer, as well as
other diseases including diabetes, congestive heart failure, and progressive neuro-
logical disorders as noted. CoQ, levels also decrease with age.? The significance
of al of thisis not completely understood as yet.

FOOD SOURCES

The best sources of CoQ are fish, poultry, and meat. Nuts, soybean, and canola
oils also contain arelatively large amount of CoQyo. Other foods, including fruits,
vegetables, dairy products, and eggs contain some CoQ;.

Most people probably consume less than 10 mg a day of CoQ,,. As examples,
3 ounces of fried chicken has 1.4 mg of CoQ,, while one orange has 0.3 mg.?

MECHANISM OF ACTION: HOW DOES IT WORK?

CoQqq isrequired for energy production in every cell. Most of itswork isin the
mitochondria, the powerhouse of the cell, to synthesize ATP, which is a kind of
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fuel. CoQ,q accepts and then transfers electrons as needed. CoQ; also transfers
protons. With these processes, energy in the form of ATP is generated.?

CoQ, as stated, is an electron carrier during mitochondrial respiration. It also
transports electrons elsewhere in cells. It regulates permeability of a number of
membranes, including the mitochondrial pores. It can affect the amount of certain
substances carried by atype of blood cell called amonocyte. It has an effect on the
lining of blood vessels called the endothelium. CoQ), is ableto cause alterationsin
yeast and bacteria. Many of these actions have been understood because of what is
found in people with genetic deficiencies of CoQ,o."

CoQqq existsin areduced form and an oxidized form. CoQy is an antioxidant in
its reduced form. Since it is fat-soluble, it works in cell membranes and lipopro-
teins, preventing damage to them. Lipoproteins are the packages that carry choles-
terol. CoQ, can also prevent oxidative damage to the mitochondria.?

CoQy is synthesized in three steps. Part of its structure comes from an amino
acid. A second part is mevalonate. The two parts are joined; this is regulated by
hydroxymethylglutaryl (HM G)-CoA reductase. This enzymeis necessary for cho-
lesterol synthesis and is the target of statin therapy. One of the effects of statin
therapy to reduce cholesterol is areduction in CoQ.?

As people with genetic deficiencies of CoQ),, have been identified, it has been
estimated that there are five general groups of symptoms, which are related to dif-
ferent errors in the biosynthesis of CoQ,,.1” More genetic defects are still being
found and analyzed.

PRIMARY USES

» CoQ,, must be given to anyone with a genetic condition causing the inability to
manufacture it. These are rare problems, and not all are treatable with CoQ;j.
However, if the genetic abnormality can beidentified early in patients or siblings
and CoQ,, is administered, it can improve many symptoms, especially those
outside the central nervous system.

* |t can be used for migraine headaches and cyclical vomiting.

» CoQ;g hasnot been proved beneficial for most of the conditionsfor which people
takeit. Individuals may choose to take it to try and improve their cardiovascul ar
health or exercise tolerance, to gain better control of their diabetes or lipids, to
prevent cancer or Alzheimer’s disease. Patients on statins can take CoQyq to try
and avoid muscle problems. It can be used for any of the diseases discussed
above.

 People who choose to take CoQ;, for any serious medical condition should dis-
cuss it with their doctor. They should not stop any prescribed medication.

COMMON DOSAGES

As a supplement, CoQ, doses are usually between 30 to 100 mg a day. Softgel
capsules range in price from $20 to $60 for 60 to 120 100-mg capsules, or for 30
400-mg capsules.®
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As treatment for various conditions, doses of 100 mg to 300 mg may be used.
Doses above 100 mg should be split up. CoQ,q is absorbed best when taken with a
meal that contains fats.

Doses as high as 3,000 mg a day have been used to treat Parkinson’s disease.?

Whileit isfairly certain that supplements of CoQ,, increase blood levelsand also
lipoprotein levels of CoQ,, it isnot certain that supplementsincrease tissue concen-
trationsin normal individuals. There has not been enough research in this area.?

CoQy is available in many different forms. It is dissolvable in lipids or fats, not
water. It can be found as a powder, suspension, oil solution, and solubilized form.
Creams, wafers, tablets, capsules with both hard and soft shells are al available.
Thereare newer formsthat aim to increase the amount of CoQ),, availableto the body,
such as nanoparticular CoQ,. There isaso an analog of CoQ that has been made,
called idebenone. This substance may be able to more easily dissolve in water.®

Administration of CoQ,, doesraiseits blood levels. Using alipid (fat) formula-
tion or taking it with foods containing fat improves its absorption.

POTENTIAL SIDE EFFECTS

CoQ,p is well tolerated. Insomnia has occurred at doses of 100 mg or higher.
At doses of 300 mg a day for long periods of time, there have been elevations of
liver enzymes but no actual liver damage. CoQ,, can cause nausea and stomach
pain, heartburn, rash, dizziness, fatigue, irritability, and the sensitivity of the eyes
to light, called photophobia.*

The doses used in trials of CoQ),, astreatment for neurodegenerative diseases, as
high as 3,000 mg aday, have been well tolerated. Patients have had headaches, gas-
trointestinal symptoms, upper respiratory infections, all in similar numbers to pa-
tientstaking placebo. In one study evaluating tolerability of CoQ, up to 3,000 mg
a day, participants complained of headache, rash, urinary tract infections, edema
(swelling), gastrointestinal symptoms, and joint pain. It is believed that mild gas-
trointestina symptoms are the most likely side effects from CoQ;.°

Some studies have pointed out that there are essentially no differences between
placebo and CoQ;q in terms of side effects.™t

FACT VERSUS FICTION

Right now it is early in the story of CoQ,. It may live up to al its potential, or
it may not. There is no way to know what well-designed trials will discover about
this supplement. In the future, researchers may be able to say authoritatively what
CoQ can and cannot do. For now, none of thisis proved. On the other hand, most
of it has not been disproved.

In the meantime, it can be taken by people with cardiovascular risk factors or
diabetes. Patients on statins can take it to try and avoid muscle problems. Patients
with cancer can try it. People with neurodegenerative diseases can also take it.
Because it seems to be very safe and can be obtained inexpensively, there are
not many objections to trying it. However, it has not been proved useful for these
conditions.
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Copper

BRIEF OVERVIEW

Copper is anaturally occurring mineral. It is present in the soil and water in most
areas of theworld. Like many other metals, it isan essential micronutrient. Copper
isacritical part of multiple enzymes with many functions throughout the human
body.

Although obvious dietary copper deficiency is rare, it does occur in some
situations. There may also be a marginal state of deficiency that is not yet well
understood.

People can consume copper from avariety of different plant and animal sources.
There is usually copper in drinking water. The Environmental Protection Agency
(EPA) regulates the amount of copper in water so thereis not too much.

Too much copper can definitely cause toxicity. It is seen clearly in Wilson's
disease, a genetic disorder that prevents the body from eliminating copper. The
excess copper damages the liver, the brain, and other organsincluding the kidneys.
Paradoxically, there is also a genetic disorder called Menkes' disease that causes
the symptoms of deficiency because the body cannot absorb copper normally.

Researchers continue to search for the best balance—not too much and not too
little copper.

One researcher looks at copper this way, “Copper: two sides of the same
coin."t

THE HYPE

Copper administration is said to improve many conditions. Some of thetime, the
people taking the copper may have been copper deficient, and the copper reversed
the deficiency. For these conditions, copper may not be a general treatment, but a
treatment for the condition that occurs as aresult of copper deficiency.

Examples of this include certain kinds of anemia that can be caused by low
copper levels and reversed by copper administration. The same is true of certain
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Bonnie Ferguson, left, and Pat McCarty rinse every last morsel of their breakfast into
glasses at the U.S. Department of Agriculture Human Nutrition Research Center in Grand
Forks, North Dakota. The women, paid volunteers, were among the subjects of a 1993
study to determine whether a lack of copper in the diet affects postmenopausal women.
(AP Photo/Eric Hylden)

rare nervous system disorders caused by low copper. Osteoporosisin children due
to low copper can be improved when copper is given. Some of these will be de-
scribed briefly under “ Deficiency.”

Copper deficiency can be difficult to diagnose, as will be described later. Al-
though rare, it does occur. Because there is not uniform agreement about how to
measure copper in humans, it is hard to compare studies.

Elevated copper levels are also said to cause a number of problems.

It is important to note that some illnesses are caused by genetic defects in en-
Zymes or proteins that use or transport copper. Some may be improved by increas-
ing or decreasing copper intake depending on the problem, but not cured, because
the underlying problem is not the copper.

The Copper Tracking Theory

All organisms need copper, but it can be toxic in many forms. Organisms from
yeast to humans have developed copper “chaperones,” compounds inside cells that
protect the rest of the cell from copper and move copper to where it needs to be.
This movement inside the cell is called copper tracking.?3
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A whole new field of study has developed to attempt to measure copper and
other metals in biologic systems. During these kinds of studies, high levels of
copper have been found in association with certain diseases, and low levels have
also been found. Sometimesthe ratio of copper to other metalslike zinc and iron
may be out of balance. For example, some studies have found that thereisanim-
balance of copper with other metals in patients with coronary heart disease.*

This new understanding may explain why investigators have found both high
and low levels of copper in certain disease states.

Degenerative Neurologic Disorders

In some patients with Alzheimer’s disease, there is a high level of copper in the
fluid surrounding the brain and spinal column, but a normal copper level in the
blood (plasma). There are certain characteristic findings in Alzheimer’ s—plagues
and tangles in the brain made of a substance called amyloid; copper can interact
with amyloid precursors. It is possible that elevated copper in the brain may cause
or worsen Alzheimer’s disease but thisis far from certain.®

Studies have found both high and low copper levelsin patients with Alzheim-
er's disease.® In one recent clinical trial, patients with Alzheimer’s disease were
given 8 mg a day of copper for 12 months. There was no effect on the patients
disease, neither improvement nor worsening. There was also no change in serum
copper levels even after 12 months of supplementation. The researchers were
looking for substances that can indicate the amount of copper in the brain and
found one such substance that decreased less in patients treated with copper than
placebo over the 12 months.’

Huntington's disease is an inherited condition in which there is an abnormal
protein that damages the brain, causing a severe movement disorder and eventually
death. There are also elevated levels of copper in the brains of patients with this
disease, which may cause some of the damage.®

It has been suggested that copper may play arolein the development of Parkin-
son's disease.

Patients with Wilson's disease have some of the same type of movement disor-
ders as patients with Parkinson’s.®

New research is showing ways that copper might cause damage to the brain
in all of these diseases. There are cellular proteins that are “misfolded” in neu-
rodegenerative disorders, and these may cause some of the damage to cells in
the nervous system. The ubiquitin-protease system is supposed to eliminate these
potentially damaging clumps of protein. Copper binds strongly to ubiquitin and
can compromise the ability of this system to protect cells in the central nervous
system.®

Copper aso bindsto aprotein that accumulatesin the nerve cells of patientswith
Parkinson’s disease.’

Itispossiblethat copper binding to proteinsis part of the problem in many or all
of these neurodegenerative disorders.
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Cholesterol

Copper status may have an effect on cholesterol. Elevated cholesterol has been
reported with both low and high levels of copper intake.51°

Diabetes

Disturbed copper regulation or elevated levels of copper have been found in
diabetics. Copper chelators, which attach to excess copper so it can be eliminated,
have been proposed as treatment for diabetes and diabetic complications.'*

One trial of a copper chelator in diabetics with heart muscle abnormalities
showed some positive effect.!?

Immune System

Studies have shown that both low and high copper intakes may cause changesin
markers of immune function over periods of many months.?

Copper has been proposed as helpful in treating rheumatoid arthritis and other
arthritis, as well as systemic lupus erythematosus, but with no clear proof .5 Wear-
ing copper bracelets is a type of aternative therapy that is still used by some pa-
tients with arthritis.*

Elevated copper levels have also been found in patients with rheumatoid
arthritis.®> Other investigators have found that copper chelators, which remove
copper from the system, may improve some of these conditions, at least in animal
trials.16

Cancer

Copper chelating agents have also been tried as agentsto suppresstumor growth,
both in animals and in limited human trials. Chelating agents may lower angio-
genic factors, which are factors that make blood vessels grow. Angiogenic factors
can control the blood supply and thereby growth of tumors.®

In one Phase Il trial, patients with metastatic kidney cancer were given a cop-
per chelator. It did lower copper levels but did not make any clinically detectable
change in cancers of the 15 patients.'’

DEFICIENCY

Copper deficiency can lead to decreased function of copper-containing enzymes
(see“Mechanism of Action” below). Some deficiency states have been observed in
animals; others have also been documented in humans. Theoretically, there can be
connective tissue problems that damage skeletal or blood vessel structures. There
can be problems in the central nervous system. There may also be defectsin im-
mune function and heart function. Thereisalot of research going on at the current
timetrying to delineate how copper isnormally used in the body, how much copper
isideal, and what happens under conditions of copper deficiency or copper excess
in normal people.’®
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Copper deficiency israrein people without genetic disorders of copper metabo-
lism. It only occurs in unusua circumstances. Ma nourished infants given cow’s
milk can become copper deficient. Premature babies given milk formulas can also
become copper deficient, as can patients receiving all their nutrition by vein. Peo-
ple with intestinal diseases that interfere with its ability to absorb nutrients can
become copper deficient.51° People can become deficient after gastric bypass
surgery, which isincreasingly more common.18

Patients with dietary deficiency of copper usually have low blood cell counts,
both red and white. Babies and children who are copper deficient can have osteo-
porosis (thin bones). Copper stores are rapidly replenished once copper is admin-
istered, and blood counts return to normal .61

There are other symptoms that can be prominent in a person with serious copper
deficiency, in which the neurologic are the most obvious. The damage to the ner-
vous system and peripheral nerves can be severe. One specific group of problems
is called “copper deficiency myelopathy” or “human swayback.” These patients
will have low blood counts as well, which can be corrected quickly with cop-
per. Copper does not necessarily significantly improve the neurologic damage, al-
though further damage can be prevented. A group of 25 cases of human swayback
was described in 2006, in which the low copper levels were explained in 16 cases.
Causes included high zinc and iron ingestion, stomach surgery for peptic ulcers
or weight control, and general malabsorption. No cause was determined in nine
patients.?

In animals, low copper levels can cause heart damage. However, the type of
damage is not related to human coronary artery disease. There are questions about
the effect of low copper levels on the heart rhythm as well as the heart muscle.
Other areas of study involve copper’s effect on blood sugar, blood pressure, im-
mune function, certain blood-clotting chemicals, and bone metabolism. These are
areas in which results have not been consistent.

Copper deficiency isnot always easy to diagnose. Copper status can be followed
by measuring copper in blood aswell as ceruloplasmin. Generally speaking, ceru-
loplasmin and copper levels are only low in moderate to severe copper deficiency.
Copper deficiency can also be diagnosed by finding a low level of other enzymes
that need copper. Investigators are till trying to find the best way to diagnose early
copper deficiency, aswell as early excess, reviewing existing tests and finding new
ones.?°

One way that the amount of copper in the body is kept at the correct level is
by increasing or decreasing the amount absorbed from the intestine. Stomach
acid helps separate copper from compounds in the diet. The percentage of copper
absorbed depends on the amount available. With low copper intake, as much as
75 percent may be absorbed. If the intestine is presented with a lot of copper, ab-
sorption can decrease to less than 12.5 percent. Absorbed copper goesto the liver.
Most copper isbound to ceruloplasmin and released to the circulation. In the liver,
before binding to ceruloplasmin or being excreted in bile, there are other neces-
sary ATPases that transport copper. When there is alot of copper available, more
is excreted, which also helps keep the copper level normal. A defect in the genes
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involved in transporting copper (an ATPase) in the liver causes Wilson's disease,
which involves an abnormal accumulation of copper.

A defect in the gene coding for a copper-transporting AT Pase that regul ates cop-
per absorption in the intestine as well as passage across the placenta causes Men-
kes' disease, a disease with reduced available copper.’® In Menkes' disease, copper
cannot leave the intestinal cells. Because this causes the dysfunction of many criti-
cal enzymes, patients have severe neurologic dysfunction aswell as connectivetis-
sue problems.t With Menkes' disease, copper cannot cross the blood-brain barrier
and get into the central nervous system. Children with Menkes' disease usually do
not live past three years of age.® There are apparently a number of different ge-
netic mutations that cause Menkes' disease. Some cause only a dysfunction of the
ATPase as opposed to a complete absence of it. These can be treated with aform
of injectable copper if it is started soon after birth.?

Inherited Diseases Involving Copper-Containing Enzymes
or Copper Metabolism

There are problems involving copper-containing enzymes that are not caused by
high or low copper intake but by genetic defects. These defects can cause alack of
useable copper, as noted above in Menkes' disease, or too much copper accumula-
tion, as noted above in Wilson's disease.

A congenital defect in another enzyme called ceruloplasmin, which isinvolved
iniron transport, can lead to an abnormal accumulation of iron.°

There is also an inherited condition (autosomal-recessive) in which no cerulo-
plasmin is made, called aceruloplasminemia. There seems to be some doubt about
what damages the nervous system in this case, copper or iron accumulation. It is
also unclear if thereisaways liver damage, although there does seem to be copper
accumulation in the liver.5%

A defect in the gene for copper/zinc superoxide dismutase causes Lou Gehrig's
disease, otherwise known as amyotrophic lateral sclerosis. Copper itself may cause
the neurologic damage in this disease.®

FOOD SOURCES

Most drinking water contains copper, although the levels are regulated. Copper
can be found in plant-derived foods, including vegetables, legumes, fruits, nuts,
whole grains, avocado, and cocoa. It can aso be found in shellfish and other sea-
food and beef organs such as liver.51° A lot of dietary copper in the United States
comes from foods with low levels of copper that are consumed alot, such as milk,
potatoes, chicken, and tea.'°

The amount of copper absorbed from the diet has very little to do with the type
of food. It isinfluenced more by how much copper isin the diet. A higher percent-
age is absorbed when there is less total copper in the diet; however, with increas-
ing available amounts, even with a smaller percentage absorbed, more copper is
ingested.1°
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Surveys indicate that the average dietary copper intake for women in the United
States is about 1 to 1.1 mg a day. Men ingest between 1.2 to 2.6 mg a day. These
amounts meet the RDAs for copper.

Large amounts of zinc and also iron can interfere with copper absorption, but
thisisusually not from the amounts of zinc or iron found in food.

MECHANISM OF ACTION: HOW DOES IT WORK?

Copper is part of many metalloenzymes that act as oxidases. In these reactions,
molecular oxygen (O,) accepts an electron and is converted to either water (H,O)
or hydrogen peroxide (H,O,). These reactions are critical to life.

There are many known copper metalloenzymes in humans.'® Some of the en-
zymesinclude:

» Amine oxidases. Diamine oxidase inactivates histamine, a key component in
alergic reactions. Monoaminoxidase is part of the breaking down of serotonin
as well as the metabolism of other central nervous system chemicals such as
norepinephrine and dopamine. Lysyl oxidase uses componentsin collagen and
elastin to make some of the links holding tissues together in bone and lung.

 Ferroxidases are found in plasma (in the blood), and are copper-containing en-
zymes involved in the oxidation of iron. Iron must be oxidized in order for it to
bind to transferrin, the protein that carriesit around the body. There are a number
of these. As previously noted, a genetic defect in one called ceruloplasmin can
lead to an abnormal accumulation of iron.

e Cytochrome c oxidase catalyzes the reaction that turns O, into H,O on acellular
level. It allows ATP to be made, which can transport energy around the cell. This
is especialy important in the brain, the heart, and the liver.

» Dopamine 3 tyrosinase helps make dopamine into norepinephrine. These are
both neurotransmittersin the brain.

» There are two different forms of an enzyme called superoxide dismutase. One
uses copper and zinc and is a big part of the defense of damage to cells from
oxygen radicals. Thisenzymeis called copper/zinc superoxide dismutase. Muta-
tions in the gene that codes for this enzyme cause Lou Gehrig's disease, other-
wise known as amyotrophic lateral sclerosis.'”

PRIMARY USES

» The primary use of copper isto treat copper deficiency, which can occur in any
case of malabsorption.

 Copper must beincluded in infant formulas or nutrition given by vein to infants.
Low lactose diets, aswell as cow-milk formulas, are low in copper. Infants with
severe diarrhea, malnutrition, or with an inability to absorb nutrients normally
from the intestine, and infants with cystic fibrosis may need copper as well as
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other trace nutrients. There is no infant supplement available. Physicians must
add copper to intravenous nutrition or formula.®

» Copper can be given in high doses intravenously to some patients with Menkes
disease. In certain cases, if started within days of birth, copper may prevent the
devastating and fatal neurologic damage that occurs in the disease.

COMMON DOSAGES

Recommended supplement dosages are based on how much copper is needed;
900 ug of copper a day will meet the RDA for adults (see below). In 1989 about
15 percent of adultstook a dietary supplement containing copper.

In order to reach recommendations for copper intake, the Institute of Medicine
used copper concentration in the blood, ceruloplasmin concentrations, as well as
the activity of a number of the copper-containing dismutases in red blood cellsto
try and determine adequate amounts of copper intake.

Low serum copper concentrations usually reflect copper deficiency. So do
low ceruloplasmin levels. Both of these go up when copper supplementation is
given to deficient individuals. However, neither reflect dietary intake of cop-
per unless it is very low. Both copper and ceruloplasmin levels increase dur-
ing pregnancy and in a number of infectious and inflammatory conditions and
illnesses. In these cases, copper deficiency cannot be diagnosed by either of
these tests.

The IOM aso considered the concentration of copper in platelets (very tiny
blood cells that help the blood clot), as well as cytochrome ¢ oxidase activity in
platelets, but there are not enough measurements of these yet. Levels of urinary
copper have been considered, as have measurements of the activity of many of
the enzymes containing copper as described above and levels of copper in hair.
The IOM aso looked at studies of copper balance, as well as analysis of amounts
needed to replace daily copper losses.

The IOM used al available data to arrive at recommendations.

As has been stated above, there is no definitive test to determine copper defi-
ciency or excess.?°

For infants, the adequate intake levels (Al) were based on usual intake from
human milk in healthy infants up to six months old. For 6- to 12-month-olds,
the amount consumed in milk and usual food was considered. The Al for infants
0 to 6 months old is 200 ug a day of copper, or 30 ug/kg per day. For infants 6 to
12 months old, it is 220 ug a day of copper, or 24 ug/kg per day.

For children and adolescents, both the EAR (Estimated Average Requirement)
and RDA (Recommended Dietary Allowances) were arrived at by using adult data.
The EAR for children 1 to 3 years of age is 260 ug/day of copper. For those 4 to
8 years of age, the EAR is 340 ug/day of copper. The EAR for boys and girls 9 to
13 years old is 540 ug/day of copper. For boys and girls 14 to 18 years old, the
EAR is 685 ug/day of copper.
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The RDA ishigher, becauseit is estimated to be enough to apply to 97 to 98 per-
cent of individuals, as opposed to being the average requirement. The RDAS are
asfollows:

Recommended Daily Allowances of Copper

1to 3 yearsof age 340 ng/day of copper
4to 8 years of age 440 685 ug/day of copper
Boys and girls 9 to 13 years of age 700 ng/day of copper
Boys and girls 14 to 18 years of age 890 ng/day of copper

The adult values, from which the childhood recommendations were extrapol ated,
used data from trialsin which healthy individuals were given low copper diets, and
then normal copper diets. Therewere only 32 peopletestedin all threetrialstogether.
Various copper indicators were measured to verify results, as described previoudly.

The EAR was established for men and women of all agesat 700 g of copper aday.
The RDA was established for men and women of all ages at 900 ug of copper aday.

The EAR and RDA for pregnancy were calculated to meet the needs of the
mother and growing fetus. The EAR for pregnancy in a14- to 18-year-old is 785 ug
of copper aday. For older pregnant women, the EAR is800 ug of copper aday. The
RDAs are the same for al pregnant women, 1,000 ug of copper a day.

For breast-feeding women, values include what the women themselves needed,
plus enough copper to replace the amount secreted in human milk. The EAR for
lactating females 14 to 18 years of ageis 985 ug of copper aday. For other ages, it
is 1,000 ug of copper aday. The RDA for lactating women of all agesis 1,300 ug
of copper aday.?°

Considering that most people in the United States get enough copper in the diet,
supplements are usually unnecessary.

Treating copper deficiency involves much more copper. Severe copper defi-
ciency, enough to cause serious symptoms, will usualy be treated in the hospital
with intravenous copper, especialy in patients who may have trouble absorbing
oral copper. Thisisthe case in many patients with copper deficiency. An example
is 2.4 mg of intravenous copper aday for about aweek. Thiswould be followed by
8 mg of copper by mouth a day plus 2.4 mg intravenously once aweek for aslong
as three months, followed by continued oral copper. These patients often also have
other vitamin deficiencies.’®

POTENTIAL SIDE EFFECTS

The immediate side effects of taking too much copper over the short term arein
the gastrointestinal tract, and include nausea, vomiting, stomach cramps, abdomi-
nal pain, and diarrhea. If the level of copper is not very high, people can get used
to it, and symptoms disappear. These side effects have been used by the EPA and
WHO to set safe copper levels for drinking water.?® There are groups of people
known who consumed anywhere from around 3 to 10 mg a day from their water
supplies without any symptoms.*©
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There are no good studies of long-term copper toxicity from too much copper
intake. There have been some studies of excess copper intake, for example, during
a five-month period. One study showed that there might be a detrimental effect to
some parts of the immune system when too much copper istaken, 7 to 7.8 mg aday
of added copper. The authors of this study also stated that based on their previous
work, low copper intake has similar effects on the immune system.!3

The long-term effects of excess copper are known from cases of hereditary de-
fects in some part of the system of copper regulation in the body. There are three
of these—Wilson's disease, Indian childhood cirrhosis, and idiopathic copper toxi-
cosis. With Indian childhood cirrhosis and idiopathic copper toxicosis, both high
copper intake along with the genetic factors are necessary for damage to occur. In
these three conditions, copper damages the liver. It can also damage the nervous
system and kidneys.

People consuming 10 mg of copper aday do not demonstrate liver damage. The
World Health Organization considers the upper safe limit of copper to be 10 to 12
mg aday. The IOM set the upper limit at 10 mg of copper aday in adults. Infants
should not get more iron than this in their diet. Children’s safe upper limit is de-
creased in the same proportion as the RDA. The UL for 1 to 3 years of ageis| mg
aday, between 9to 13 yearsit is5 mg aday.

People known to have one of theinherited defects should not take copper supple-
ments. The only group that may get more than the UL from food and drinking
water in the United States is young children, but thisis unlikely.'®

Interactions

Many metals interact with each other. Too much zinc and too much iron can
cause copper deficiency. Other metals as well as other micronutrients can interact
with copper.®

Antacids may decrease copper absorption.

Copper can be bound by penicillamine and trientine, both of which are used in
treating Wilson's disease.

Ethambutol can also bind or chelate copper. This may occur in the retina at the
back of the eye.

Copper levels have been noted to be affected by a number of anticonvulsants,
antipsychotics, water pills, nifedipine, and birth control pills. AZT may lower cop-
per levels.®

There are other potentia interactions that have not been well documented or
studied.

FACT VERSUS FICTION

The human body regulates copper metabolism very tightly. There are multiple
ways that copper is maintained in a specific range. It is unusual for people to be-
come copper deficient or accumulate excess copper enough to cause any damage
under normal conditions. Because of this tight control, it is unlikely that copper
supplementation will change the amount of copper available in the body.
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The evidence for many conditions seems to show that too much copper is
more of a problem than too little. Excess copper is implicated in many neuro-
degenerative disorders, for example, like Alzheimer’'s disease and Parkinson’s
disease.

People with inborn genetic defects in the copper regulatory system can have
either excess or deficiency, both with seriousif not lethal effects.

Individuals who have difficulty with absorption of nutrients can become copper
deficient. Anyone in that category should be under medical supervision, because
multiple vitamin and mineral deficiencies are common.

The intense interest in copper metabolism in the body and inside cellsis leading
to new waysto look at this metal. Future therapiesinvolving copper may be based
more on regulating copper than just taking it as a supplement.
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Creatine

BRIEF OVERVIEW

Creatineisa“nonprotein nitrogen” molecul e that is produced by the body and also
consumed in a normal diet. It is found mainly in skeletal muscle where it helps
generate energy for cells.

As such, it is used by athletes and bodybuilders who want to produce stronger
muscles and improve their performance. Creatine is being used in hopes of in-
creasing lean muscle mass and exercise capacity. It is one of the most commonly
used supplements, accounting for hundreds of millions of dollarsin sales every
year.

Creatine has been used to prevent weak muscles and frailty in older people. It
may also be beneficial in certain hereditary diseases that cause muscle wasting.

Creatine has not been banned for competitive athletes, so it is not on the latest
World Anti-Doping Agency (WADA) Prohibited List.! The International Society
of Sports Nutrition reviewed the literature on creatine extensively and came to
conclusions on the safety and efficacy of creatine. Its official position hasincluded
the following statements:

“Creatine monohydrate is the most effective ergogenic nutritional supplement
currently available to athletes.”

“Thereis no scientific evidence that the short- or longterm use of creatine mono-
hydrate has any detrimental effects on otherwise healthy individuals.”

“If proper precautions and supervision are provided, supplementation in young
athletesis acceptable.”?

THE HYPE
Creatine Is a Performance Enhancer

Creatineincreaseshigh-intensity training capacity aswell asincreasing lean body
mass when it is taken during training. There is very good evidence that creatine
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improves the ability to do high-intensity exercise when it is of short duration.?
This is anaerobic exercise. Creatine increases stored glycogen, at least during
loading.®

When creatine is taken in conjunction with an exercise regimen, significant in-
creases in lean muscle mass occur. A meta-analysis of 96 studies demonstrated an
average increase of 2.2 kg of lean body mass over 12 weeks. This does not occur
in the absence of exercise.®

Greater muscle retention of creatine may occur if carbohydrates and/or protein
are added; it isnot clear if thiswill improve performance. No form of creatine has
been proven more effective than creatine monohydrate.?

Hundreds of studies have shown the improvement in anaerobic capacity and in-
crease in lean muscle mass that occurs when supplementation with creatine occurs
during training. The average performance gain is between 10 and 15 percent. This
includes improvements in power/strength, maximal effort muscle contractions,
and single sprint performance. The increases in strength and performance have
been seen in cycling, bench press, jump squat, sprinting, swimming, and soccer.

Over the long term, muscle creatine and phosphocreatine content increase; lean
body mass increases; strength, power, and muscle diameter increase. Athletes
taking creatine usually gain 2 to 4 pounds more muscle mass when training for
anywhere from 4 to 12 weeks, compared to the athletes training but not taking
creatine.?

Creatine Helps Reduce Frailty

Frailty syndrome in the elderly is marked by weakness, a feeling of exhaus-
tion, slow walking, limited physical activity, and weight loss (unintentional).
Frail elderly are at risk for falls, fractures, disability, and death. Another related
condition is called sarcopenia, which is a decrease in skeletal muscle mass due
to aging.

Some small, short-term studies have shown increase in strength and lean body
mass in elderly given creatine, usually along with an exercise program. The sub-
jects of most studies have been healthy. More studies are definitely warranted.*
Although trials are ongoing, results continue to be mixed.®

Is Usage in Child and Teenage Athletes Safe?

There are not really any studies examining the safety of creatine for child or
teenage athletes. Children with various inherited disorders (see below) have been
treated with creatine for many years without any harmful effects.?

Young athletes do take creatine, sometimes in higher than recommended doses.
Surveys have shown that children as young as 10 years old may aready be taking
creatine. Use of creatine goes up with age. Between 25 and 78 percent of college
athletes take creatine. It is important for athletes to know how much creatine to
take, and to make sure they are taking creatine only and not a mixture with other
unsafe ingredients.®
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Creatine Helps Treat Certain Inherited Disorders
of the Nervous System and Muscular System

Huntington's disease is a genetic disorder leading to extensive nervous sys-
tem damage. Cellular energy metabolism is definitely abnormal in this condition,
which may involve the creatine and creatine kinase system (see “Mechanism of
Action”). It has been hypothesized that creatine supplementation might improve
the energy metabolism in this disease. In lab animals with models of Huntington’'s
disease, thisis very successful. Few trials have been carried out in humans. How-
ever, there is enough information that some believe alarge-scaletria in humansis
warranted.

Problems with the creatine/creatine kinase system have aso been found in ani-
mal models of amyotrophic lateral sclerosis (ALS) and Alzheimer’s disease.

There are anumber of inherited diseases that cause muscle wasting or dysfunc-
tion, including Duchenne muscular dystrophy. There is some evidence that cre-
atine supplementation can improve muscular strength in these diseases.?

There are other inherited disorders of mitochondrial function that might respond
to creatine supplementation.

Inborn Errors of Creatine Synthesis and Transport

There are two proteins that catalyze the synthesis of creatine, and one transport
protein. There are a number of rare, genetic defects in these proteins needed for
creatine synthesis. In these conditions, the deficiency of creatine in the brain is
marked and probably causes the majority of symptoms, which can include mental
retardation, developmental delay, seizures, and movement disorders.

Thereis no treatment for the defect in the transporter protein. The disorders of
synthesis can be improved by supplemental creatine. However, since time elapses
after birth, before the symptoms appear and the diagnosis is made, treated chil-
dren still have significant neurologic impairment. Recently, in two cases, siblings
of children already diagnosed with the deficiency were themselves diagnosed
at birth and treated immediately. These two children seem to be developing
normally.?

Inflammatory Muscle Diseases

Dermatomyositis and polymyositis are inflammatory, autoimmune diseases,
people with these conditions have muscular weakness. The weakness may be due
to abnormal phosphocreatine levels and abnormal energy metabolism. Patients
who have been treated with corticosteroids and other medicines can improve their
strength by exercising. There is also evidence to show that creatine may be helpful
in these disorders.

In one double-blind, randomized, controlled trial of 29 patients with dermatomy-
ositis or polymyositis, six months of creatine therapy (20 g per day for eight days
then 3 g per day) improved functional performance with no adverse effects.’
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DEFICIENCY

Children with the above genetic defects manifest a type of creatine deficiency
that seemsto mainly affect the brain. The major neurologic deficits that occur with
these genetic defects demonstrate the importance of creatine.

Vegetarians and the elderly can become relatively deficient in creatine; supple-
mentation might improve their lean muscle mass and strength.

FOOD SOURCES

Creatine is abundant in meats and fish. It is very well absorbed from the diet.
Thereis essentially no creatine in plant-derived food. Vegetariansingest very little
creatine; vegans get almost none.

For creatine to be made from the diet, three amino acids (glycine, arginine, me-
thionine) must be present in large enough amounts. Vegetarians need to be sure to
eat enough protein so they can synthesize creatine.

MECHANISM OF ACTION: HOW DOES IT WORK?

Creatine is amajor contributor to energy metabolism in the human body. It is
used by the enzyme creatine kinase to rephosphorylate ADP, making it ATP. These
nucleotides (ADP, ATP) are the sources of energy for cells. Ninety-five percent
of the creatine is found in skeletal muscle. The rest of the creatine is found in the
testes, heart, and brain.?6

People eating a normal diet ingest large amounts of creatine. It is also made by
theliver, kidneys, and pancreas from the amino acids glycine, arginine, and methi-
onine. Free creatine can be stored in muscle; two-thirds of the creatineis stored as
phosphocreatine.

What is known as the “creatine pool” is usually around 120 g, although more
can be stored.

The creatine pool is in equilibrium between creatine and phosphocreatine. Cre-
atine kinase interconverts the two forms. It is phosphocreatine that donates its
phosphate to ADP to make ATP. Creatine and phosphocreatine help move energy
from ATP in the mitochondria (the cells' powerhouse) to the parts of the cells
where energy is needed. This is how creatine gives energy to muscles during an-
aerobic activity.®

During muscle recovery, when exercise is done aerobically, creatine receives
a new phosphate group. For brief, intense bursts of activity, phosphocreatine is
the rate-limiting component. ATP is used up during the first second of anaeraobic
activity. Phosphocreatine can provide nine more seconds-worth of energy viaits
phosphate group.

Hydrogen ions are used when phosphocreatine gives up its phosphate. This
eventually leads to the accumulation of lactic acid in the muscle. Lactic acid is
responsible for the feelings of fatigue experienced during intense exercise.

One to two percent of the creatine in the creatine pool is broken down every
day; the end products |eave the body viathe urine. What islost will be replaced by
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dietary creatine or manufactured from amino acids. The daily requirement is about
2 g half of which isingested and half synthesized in the body.

Creatine and phosphocreatine are both broken down to creatinine. This is the
formthat islost inthe urine. It isimportant to understand what happensto creatine
and creatinine. The excretion of creatinine in the urine is also a way to measure/
estimate kidney function. When the kidneys stop working well, | ess creatinine goes
out in the urine, and the level of creatinine in the blood goes up. Many people see
creatinine simply as a measure of kidney function.

However, thetotal amount of creatine in the body depends on age and sex. Young
men ages 19 to 29 years old have the most skeletal muscle, the most creatine, and
excrete the most creatinine in their urine, if they have normal kidney function. In
general, women excrete 80 percent of what men excrete. Creatine declines with
age, as does creatinine lossin the urine, not necessarily because of kidney dysfunc-
tion. Thisiswhy creatinine in the blood and urine, and the clearance of creatinine
from the body, have to be evaluated along with what is normal for a person’s age
and gender.3

Creatine is synthesized from three amino acids—qglycine, arginine, and methi-
onine. It is not entirely clear where al the steps in the synthesis occur. They may
take place in multiple locations. It is believed that most take place in the liver and
kidney. There is essentially no synthesis of creatine in muscle where it is needed.
There is a transporter that moves creatinine into muscle, brain, and other parts of
the body.2

PRIMARY USES
Athletes and Bodybuilders

 Athletes usually start with aloading dose for 5 days, followed by a maintenance
dose.? There may be ways to increase the amount of creatine that gets into mus-
cle. Increasing carbohydrate intake may do that, but a large amount is needed.
Exerciseis amuch better way to increase creatine uptake into muscles.®

To Prevent Deficiency or Normalize Muscle Mass

* Vegetarians can take creatine. Older people trying to maintain muscle mass can
also take credtine. It is so safe that it is reasonable to try as a way to build
muscle.

COMMON DOSAGES

The daily requirement for creatine is about 2 g, with half coming from dietary
sources and half made in the body.

The protocol for athletesis 0.3 g of creatine/kg/day of creatine monophosphate
for five to seven days, then 3 to 5 g a day.? This usually means a loading dose of
20 g per day (in four divided doses) for five days, and then the maintenance dose
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of anywherefrom 2to 5 g aday. Five days of creatineloading are needed to get the
desired improvement in anaerobic power and muscle strength.®

Most of the studies on the effects of creatine have used creatine monophosphate. It
isaso availablein formulationswith other added ingredientsthat are said to increase
the effect of creatine. Some examples are creatine plus glycerol plus glutamine,
creatine plus beta-alanine, and creatine plus beta-hydroxy-beta-methylbutyrate.
It is possible that any of these aswell as other formulations may turn out to be more
effective in increasing lean body mass. However, at the current time, there is not
enough information to recommend them; they are also more costly.?

Thereis another form, creatine ethyl ester, said to increase the bioavailability of
creatine. In at least one study, the opposite appeared to be true, since the ester was
less effective than the monohydrate.®

Caffeine as well as carbohydrates may increase tissue uptake of creatine.'®

POTENTIAL SIDE EFFECTS

The main side effects of creatine consumption are gastrointestinal, including
diarrhea, which may be dependent on dose.!! Stomach pain and nausea are also
reported, as are muscle cramps. Dividing the dose hel ps reduce these symptoms.

There have been anecdotal reports of serious reactionsto creatine. In 1998 there
was a case of one person with kidney disease whose kidney function may have
worsened due to creatine. However, during hundreds of studies there has been no
indication of kidney damage or dysfunction due to creatine supplementation.?

There has also been speculation that creatine may alter thermoregulation ad-
versely. A number of deaths of athletes (wrestlers) during the 1990s due to heat
exhaustion were attributed to creatine. Investigation (by the Centers for Disease
Control) indicated that creatine was not a causative factor in the deaths.*

Since that time there have been many studies that show creatine does not alter
thermoregulatory performance, including regulation of body temperature or hy-
dration. For example, 12 active males, in a double-blind, randomized, crossover-
design study took creatine or placebo for a week. They then exercised until they
lost 2 percent of body mass (dehydration), followed by an exercise heat-tolerance
test in a hot, humid room. After a wash-out period the placebo and creatine group
were switched. There were no subjective or objective signs of compromised hydra-
tion or thermoregulation from the creatine.’®

A subsequent meta-analysis of available studies on creatine and thermoregula-
tion, performed in 2009, found no evidence that creatine alters thermoregulation
in the short term, although there were no trials that included exercise of long dura-
tion. It was suggested that studies of athletes in game-simulation situations might
be appropriate.’

Some side effects may be due to taking an excessive amount of creatine, and/
or the concurrent use of other performance-enhancing supplements. Athletes are
encouraged not to take more than the usual amounts of creatine.’?

In one study of college football players taking creatine and followed for
21 months, there were no significant changes in laboratory tests (blood and urine)
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that are markers of health.*> Most follow-up has only been for between two and
five years. However, there is one group of patients that has been receiving creatine
for atrophy of parts of the eye since 1981, with no long-term adverse effects.?

FACT VERSUS FICTION

Creatine is a safe and effective ergogenic nutritional supplement. Athletes |ook-
ing to increase their lean body mass and improve their performance can take it in
recommended doses with few side effects. It is not prohibited at any level of com-
petition. Some believe it is similar to carbohydrate |oading or hydration.

There are many trialslooking at the therapeutic benefits of creatinein anumber of
rare conditions. It certainly appears safe, but it is unclear how much help it can be.

Anyone with a serious medical problem who wants to try creatine supplements
should discuss this with his or her doctor.

REFERENCES

1. World Anti-Doping Agency Prohibited List 2010. http://www.wadaama.org/
Documents/World_Anti-Doping_Program/WA DP-Prohibited-list/WADA _
Prohibited_List 2010 _EN.pdf. Accessed April 30, 2010.

2. Buford, TW, Kreider, RB, Stout, JR, et al. International Society of Sports Nu-
trition position stand: Creatine supplementation and exercise. Journal of the
International Society of Sports Nutrition. 2007;4:6.

3. Brosnan, JT, Brosnan, ME. Creatine: Endogenous metabolite, dietary, and
therapeutic supplement. Annu Rev Nutr. 2007;27:241-261.

4. Cherniack, EP, Florez, HJ, Troen, BR. Emerging therapies to treat frailty syn-
drome in the elderly. Altern Med Rev. 2007;12(3):246-258.

5. Dalbo, VJ, Roberts, MD, Lockwood, CM, et al. The effects of age on skeletal
muscle and the phosphocreatine energy system: Can creatine supplementation
help older adults? Dynamic Medicine. 2009;8:6.

6. Cafee, R, Fadale, P. Popular ergogenic drugs and supplements in young ath-
letes. Pediatrics. 2006;117:e577-€589.

7. Chung, Y-L, Alexanderson, H, Pipitone, N, et a. Creatine supplementsin pa-
tients with idiopathic inflammatory myopathies who are clinically weak after
conventional pharmacologic treatment: Six-month, double-blind, randomized,
placebo-controlled trial. Arthritis & Rheumatism (Arthritis Care & Research).
2007:57(4):694-702.

8. Law, YL, Ong, WS, GillianYap, TL, Lim, SC, Von Chia, E. Effects of two and
five days of creatine loading on muscular strength and anaerobic power in
trained athletes. J Strength Cond Res. 2009;23(3):906-914.

9. Spillane, M, Schoch, R, Cooke, M, et al. The effects of creatine ethyl ester
supplementation combined with heavy resistance training on body composi-
tion, muscle performance, and serum and muscle creatine levels. Journal of
the International Society of Sports Nutrition. 2009;6:6.

10. Salomons, GS, Wyss, M, Jakobs, C. Creatine. In: Coates, PM. (Ed). Encyclo-
pedia of dietary supplements. New York: Marcel Dekker, 2005, 151-158.


http://www.wadaama.org/Documents/World_Anti-Doping_Program/WADP-Prohibited-list/WADA_Prohibited_List_2010_EN.pdf
http://www.wadaama.org/Documents/World_Anti-Doping_Program/WADP-Prohibited-list/WADA_Prohibited_List_2010_EN.pdf

84

11.

12.

13.

14.

15.

Vitamins and Minerals

Ostojic, SM, Ahmetovic, Z. Gastrointestinal distress after creatine supplemen-
tation in athletes: Are side effects dose dependent? Res Sports Med. 2008;
16(1):15-22.

Sarubin-Fragakis, A, Thomson, C. Creatine. The health professional’s guide
to popular dietary supplements. 3rd edition. Chicago: American Dietetic As-
sociation, 2007.

Watson, G, Casa, DJ, Fidla, KA, et a. Creatine use and exercise heat tolerance
in dehydrated men. Journal of Athletic Training. 2006;41(1):18-29.

Lopez, RM, Casa, DJ, McDermott, BP, et al. Does creatine supplementation
hinder exercise heat tolerance or hydration status? A systematic review with
meta-analyses. Journal of Athletic Training. 2009;44(2):215-223.

Kreider, RB, Melton, C, Rasmussen, CJ, et a. Long-term creatine supple-
mentation does not significantly affect clinical markers of health in athletes.
Molecular and Cellular Biochemistry. 2003;244:95-104.



10
D-Ribose

BRIEF OVERVIEW

D-ribose is asimple sugar that can be found in all living things. It is a key part of
ribonucleic acid (RNA), a polymer responsible for transcribing DNA, the genetic
blueprint. Transcription means translating DNA into actual proteins and other cel-
[ular components.

D-ribose can be phosphorylated, and then become part of ATP and other com-
pounds that transport energy. It is also part of a number of coenzymes and vita-
mins, such as riboflavin.

It is hard to overstate how important D-ribose isin the body. Every cell needs it
to function.

However, it isnot hard to find. Not only doesit occur in basically everything that
humans eat, it can aso be made from glucose and other compounds in the body.
D-ribose itself can be used and recycled.

THE HYPE

Most of the news about D-ribose has to do with the way it brings energy to acell,
muscle, heart, or person. As a supply of energy, it could theoretically be useful for
many conditions. To understand how D-ribose works, a person needs to know alit-
tle bit of biochemistry. If the following seems difficult to understand, skip the parts
initalics. Anyone who wants to understand more can read the whole chapter (please
see “Mechanism of Action” for more information). When looking at an advertise-
ment for D-ribose as an energy enhancer, you will see some of these termsin use.

Since ribose becomes part of ATP, and ATP is the energy carrier of the cell,
extraribose might translate into extra energy. However, the way energy is extracted
from ATP is by breaking the bond between two phosphate groups. The part of the
molecule containing ribose is inert. Therefore, ribose does not directly contribute
energy. The question iswhether or not extra ribose will somehow cause more ATP
to be produced.
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How would extra ribose work? In some situations, such asimpaired blood sup-
ply to the heart muscle, ATP levels decline. ATP can be degraded. In that case,
many of its constituent parts can be washed out of the cell. It then becomes more
difficult to regenerate ATP. ATP levels also decline in muscle cells with strenuous
activity.

Can Large Doses of D-Ribose Be Safe?

Giving supplements of D-ribose has been shown under laboratory conditions to
help regenerate ATP in both cardiac muscle and skeletal muscle. There has been
some concern that using ribose in this way might lead to unwanted metabolic re-
sults, such asadecrease in glucose or an increase in purine metabolites. Purine me-
tabolites are byproducts of ATP generation. The best known is probably uric acid.

To look at the metabolism of extra D-ribose, astudy was done giving D-ribose to
healthy volunteers, 10 in total, of varying ages. They received oral doses of ribose,
0, 2, 5, and 10 g dissolved in water. There were 24 hours in between each dose.

After the ribose was ingested, blood levels of insulin, glucose, lactate, and uric
acid were measured at variousintervals, from O to 120 minutes|later. These particu-
lar substances could be affected by increasing ribose levels.

The subjects experienced no adverse effects. Glucose levelsfell in all cases and
then returned to baseline. Insulin rose a little corresponding to the decrease in
glucose values. The older age group (40 to 50 years of age) had dlightly higher
increases of insulin. Lactate both rose and fell differently in each age group, but
these levels were all normal. Uric acid levels did increase in all cases, but they
were still within normal limits.

The investigators concluded that the doses of D-ribose they tested were safe and
well tolerated in healthy people.t

Another study looked at the effects of D-ribose ingestion over a 14-day period.
Nineteen healthy adults took in 20 g of D-ribose a day. There were no adverse
effects seen in blood cells at 7 or 14 days. Glucose trended slightly down. Uric
acid went up dightly, and back down by day 14, as did certain liver function
tests. Sight abnormalities observed on day 7 were either back to pretest levels or
close to that on day 14. None were in the abnormal range. The researchers noted
that other investigators have also found the trend toward low blood sugar values
(hypoglycemia) and slightly elevated uric acid levels.? None of the volunteers
experienced side effects.

Ischemic Heart Disease and Congestive Heart Failure

D-ribose has been shown in animal studiesto help the heart recover from lack of
oxygen (ischemid). In this situation, where the blood flow has been decreased to
the heart, ATP level s plummet. Giving the animals D-ribose helps the heart muscle
recover more quickly.®

The heart goes through two phases, systole and diastole. The contraction in sys-
toleisfollowed by arelaxation during diastole. Although D-ribose helps ischemic
heart muscle recovery, ATP does not need to be completely returned to normal for
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systolic heart function. Diastole, even though it isarelaxation, is energy dependent
and ATP is needed for this as well. Depending on the length of time that the heart
muscle is deprived of oxygen, as ATP drops, damage goes from reversible to ir-
reversible. Systolic function can be reversed more easily than diastolic function.
However, when ischemia lasts long enough, no recovery is possible and the heart
muscle dies.

D-ribose is not used directly by the heart. However, it can help replenish ATP.
Tests on humans with severe coronary artery disease who show signs of ischemia
on cardiograms during treadmill exercise can walk farther without chest pain or
cardiogram changes if they are given D-ribose.

In humans with cardiomyopathy, the heart muscle does not work well. In arat
model of cardiomyopathy, D-ribose improves the heart muscle’s ability to work.
D-ribose can aso help living heart muscle work better after the recent death of
adjacent heart muscle.

From a variety of animal and human tests, D-ribose shows promise in limit-
ing damage and aiding recovery of heart muscle that has had a lack of oxygen
supply.®

A key study published in 2003 showed that D-ribose improved both diastolic
function and quality of life in patients with congestive heart failure. This study
included 15 patients with coronary heart disease and congestive heart failure. It
was adouble-blind, randomized trial with crossover, so that both groups eventually
received the D-ribose. Improvements in heart function were seen on echocardiog-
raphy, atest with sound waves like a sonogram. In this study, 5 g of D-ribose was
given three times a day and there were no adverse effects.

While it seems clear that D-ribose can improve ATP stores that may be depleted
in ischemic myocardium, it is not equally clear how much actual improvement
is made in the cardiac muscle. In one study, investigators stressed myocardium
with a drug called dobutamine, to see if D-ribose would improve the contraction
of healthy myocardium when given dobutamine. They aso looked at whether or
not intravenous D-ribose could reduce ischemia of the cardiac muscle under the
dobutamine stress.

This was a randomized, double-blind, crossover trial comparing the effects of
D-ribose on cardiac wall movement in 26 patients with ischemic cardiomyopathy,
which means damaged heart muscle dueto insufficient blood supply. These patients
aready had damaged hearts. Echocardiograms (using sound, like sonograms) were
checked before treatment, after D-ribose or placebo injection, and during each in-
creasing dose of dobutamine. Patients were watched overnight and switched into
the other group on day two. The result showed that intravenous D-ribose was able
to improve the contraction of some of the heart muscle segments that were already
abnormal when stressed with dobutamine. These are called “hibernating” areas
that are alive but damaged.

Dobutamine testing is often done to decide if patients have enough healthy heart
muscle to benefit from having coronary bypass or other procedures to improve
blood supply. Dobutamine alone may miss the hibernating areas. D-ribose can
be used as a diagnostic aid to help find these areas. Dobutamine is also used to
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help a damaged heart pump more blood, at some risk. D-ribose may minimize the
risk by keeping ATP levels high. Although D-ribose did not reduce stress-induced
ischemiain this study, the length of time that D-ribose was administered was short,
4.5 hours. Giving D-ribose over alonger period might have a different result. This
indicates the need for further testing.®

D-Ribose Is Used by Bodybuilders for Extra Energy and Endurance

Studies of D-ribose use for energy and/or endurance have had mixed results.
Although a number of studies in animals and humans have indicated that admin-
istering ribose allows muscle to regain high levels of ATP after the levels have
been lowered during exercise, thereisvery little proof that thistrandlatesinto extra
strength, energy, or endurance. There are minimal concerns about D-ribose |ower-
ing glucose, which it does to a small degree, and raising uric acid, which it also
does to some degree.

D-ribose has been tested in many animals and shown to increase therates of ATP
recovery after muscular effort. In one study of rat muscle, perfusing the skeletal
muscle with ribose allows ATP levels to recover quickly after exercise.® However,
even very high concentrations of ribose did not translate into increased muscular
strength.

One placebo-controlled study of healthy male volunteers doing maximal exercise
(dynamic knee extensions) was undertaken to investigate the effect of ribose inges-
tion. The participants took 16 g of ribose (four doses of 4 g) aday or placebo. They
were tested before and after a variety of repeated knee extensions and rest periods.
The participants given ribose did not perform in any way different from the vol-
unteers who got the placebo. Under these conditions there were no differencesin
blood values of uric acid between those who got the ribose and those who did not.
In a separate part of the study, the volunteers did similar exercise with and without
ribose and had muscle biopsies done. There was no significant difference between
ATP or other related chemicals between the subjects who took ribose before exer-
cise and those who did not. However, there was proof that the exercise was exhaus-
tive and repetitive enough to raise level s of lactate and ammonia. Theseindicate that
ATP was broken down. Extra ribose did not change any parameter that would be
expected if it wasincreasing ATP synthesis. It aso did not change the muscle power
production of the subjects that took it. These investigators did not find an elevation
of uric acid. There were no side effects due to the ribose.

These investigators stated, “In conclusion, oral ribose supplementation at 16 g
(4 doses at 4 g each) per day does not beneficially impact muscle ATP recovery
and muscle force and power output during repeated days of maximal intermittent
exercise training.” They suggested a much higher dose might be beneficial, but
that it would be hard to get ribose levels as high as those in test animals using oral
ribose.”

A study after this one had volunteers cycling for multiple training sessions
over two seven-day periods. The ribose was administered after a training session,
200 mg/kg after the session and then with each meal for three days, for atotal of
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nine times. These investigators found increased levels of ATP in muscle biopsies.
They stated that, “ora intake of ribose in humans after 1 wk of high-intensity
training leads to an enhanced resynthesis of ATP, suggesting that a limiting factor
for the rate of resynthesis of ATP is the availability of ribose.” These investigators
found the increased ATP 72 hours after exercise, whereas the previous investiga-
torsonly biopsied at 24 hours. However, there was still no improvement in muscle
performance.®

One placebo-controlled study of 16 healthy young men given ribose or placebo
while doing high-intensity cycle sprints showed an increase in power in the men
given ribose. This study suggested that D-ribose may provide an ergogenic effect.®
Studies like this one are the reason that bodybuilders and athletes take D-ribose. It
isalso very safe, and not off limits for athletes.

Another study found that D-ribose offered no improvement in anaerobic exer-
cise capacity or metabolic markers in highly trained athletes. These subjects took
5 g of D-ribose twice a day. There was also no change in uric acid and glucose.*®

Other investigators in 2006 used the dose of D-ribose suggested by the distribu-
tor (625 mg in this case) and found no change in performance.!* Studies to date
have fairly consistently showed an increase in ATP levels that do not translate into
improved performance.

Chronic Fatigue Syndrome and Fibromyalgia

There has been one open study, aswell as one case report that indicate D-ribose
may help for either or both of these conditions.

The first was a case study of an individual patient in 2004, who suffered from
fibromyalgia. D-ribose was added to her treatment with a decrease in her symp-
toms. It was postulated that the extra ATP that might be made could help increase
her energy reserves and lessen symptoms.?

There has al so been one open-label, uncontrolled pilot study of D-ribosein treat-
ing both fibromyalgia(FMS) and chronic fatigue syndrome (CFS). Both conditions
may be associated with decreased energy metabolism at a cellular level. Forty-one
patients were given D-ribose. The dose was 5 g, three times a day until atotal of
280 g was taken.

Patients were assessed with questionnaires. Subjects were recruited by e-mail,
from Web sites, and other siteswith sources of information on FMSand CFS. Their
diagnoses were self-reported. They were mailed the ribose with instructions. At the
beginning and end of the study they were asked to rate themselves on avisua ana-
log scale that included energy, sleep, mental clarity, pain, and sense of well-being.
Thirty-six people completed the study. They reported significant improvements
in energy levels, sleep patterns, pain, mental clarity, and state of well-being. They
reported a positive feeling about the experiment.

There were a few nonspecific complaints. Three patients (not counted in the
above) stopped the D-ribose because of anxiety, lightheadedness, and increased
appetite. Of the 36 participants, one experienced brief nausea and another mild
anxiety. Lowering the ribose dose relieved these symptoms.*®
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The authors of this study, while finding the results promising, did not see the
need for randomized, controlled studies, and stated that such a study was under-
way. However, there has not yet been such a study published.

Thiskind of study is filled with bias, subject to the placebo effect. The patients
were self-selected and never even met face-to-face with the researchers. Thisis not
the kind of data that can be used to draw any conclusions about the usefulness of
D-ribose.

Skin

ATP levels decline in aging skin. The levels drop in fibroblasts, which are im-
portant to maintaining youthful tone. It has been postulated that the declinein ATP
may contribute to the appearance of aging. In culture, skin fibroblasts regenerate
ATP and have increased rate of energy production when given D-ribose.

In a clinical study, 20 adult women used a facia lotion with 0.5 percent
D-ribose. There was a reduction in the appearance of wrinkles at 14 days and fur-
ther reduction at 28 days. This was said to be evaluated both subjectively, by the
women using the lotion, and objectively by the investigators. No adverse effects
were noted.4

DEFICIENCY

There is no deficiency disease involving D-ribose. Since it occurs in al foods
and is manufactured in the human body, there cannot be a deficiency. The question
is, are there circumstances when the body can use more than usual?

FOOD SOURCES

D-ribose exists in all living things. It is therefore in all plants and animals. It is
also made in the human body.

MECHANISM OF ACTION: HOW DOES IT WORK?

D-ribose is afive-carbon sugar. It is a basic structure, a kind of building block,
for every living cell and isinvolved in many critical cellular processes, from trans-
lating the genetic code to making energy.

Before it can be used, it must gain a phosphate group, a process called phos-
phorylation. It is then called D-ribose 5-phosphate. This can be used to make the
amino acids tryptophan and histidine. It can also be used to make ATP. ATP trans-
ports energy around every cell. It has been called “the molecular unit of currency”
in terms of energy transfer.

D-ribose becomes the backbone of RNA, ribonucleic acid. In al cells, DNA
contains the genes, the code for everything in the cell. RNA helps trandlate the
commands in the DNA into the actual molecules needed in the cells. Being part of
RNA is one extremely important action of D-ribose.

RNA is made up of a chain of nucleotides. Each nuclectide has a unit of ribose,
a phosphate group, and a nitrogenous base. Many units are strung together, usu-
aly into asingle strand. DNA isthe cell blueprint. It is transcribed, which can be
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thought of as a kind of tranglation, into RNA. RNA takes the information to the
parts of the cell that make protein. The RNA can be read and the information will
be tranglated into proteins. That is RNA's main role, to make sure DNA is trans-
lated correctly into the cell’s needed proteins. RNA can also regulate DNA to a
certain extent and influence which genes are actually translated.

Analternate pathway for glucose metabolismisthe hexose monophosphate shunt.
Glucose is converted into D-ribose-5-phosphate, and then into PPRP (1-phospho-
D-ribose 1-pyrophosphate). Purine nucleotides are built onto PPRP. This is how
they become nucleotides, including ATP and ADP as well as others. A number of
the nucleotides are needed for RNA and others for DNA.

However, the heart muscle does not have an active hexose monophosphate
shunt. It salvages degraded nucleotides and recycles them. Degraded nucleotides
release free purines, which are reused.

When heart muscleislow on blood flow (ischemic), ATPis shuttled in the cells
to help the contractile proteins. The oxygen deficit limits the electron transport
chain. AMP and ADP rise because they cannot be rephosphorylated to ATP. AMP
is degraded to inosine and hypoxanthine. These diffuse into the blood and are
washed out when more blood flows to the heart. They are lost to the cells. Not
only ATPislost, but the amounts of other nucleotides, including GTP, CTP, UDP,
and NAD are lowered. NAD and the triphosphates can be depressed even 60 min-
utes after blood flow returns. Hypoxanthine is metabolized to uric acid, which
also takes energy from NADH. With ischemiaiit is reduced by xanthine oxidase
(to uric acid), which produces oxygen free radicals and more damage. This leads
to accumulation of fatty acids and other chemical shifts that cause more dam-
age. Eventually it isirreversible. There are many strategies to try and replenish
ADP and ATP and other nuclectides. The administration of D-ribose bypasses the
hexose monophosphate shunt and gives the cells anew source for PPRP for AMP
synthesis.

This idea has been tested with rat heart muscle and been successful. After mod-
erate periods of ischemia (low blood flow and oxygen), there is a 50 to70 percent
decrease in myocardial ATP. This stays depressed for hours to days after reperfu-
sion. With supplemental D-ribose, ATP levels can return to normal in 12 hours
instead of 72 hours. This has also been tested in dog hearts. Not only are ATP levels
normal, but the heart muscle becomes functional again.®

PRIMARY USES

* At the current time, D-ribose is being used to treat certain patients with heart
failure and ischemic heart disease due to coronary vascular disease. It is being
used in clinical trials. People also take it on their own for heart health.

* Itisbeing used to treat fibromyalgia and chronic fatigue syndrome.

 Athletes are taking supplements to improve their performance. D-ribose is mar-
keted to bodybuilders and others looking to improve strength or endurance.

e D-ribose is aso marketed for heart heath and energy in generally healthy
people.
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COMMON DOSAGES

A commonly used doseis 5 g given two to three times aday used for mild heart
failure as well as to improve athletic performance. Some trials have used less,
some more, up to 20 g aday.

For energy in healthy people, 5 g is probably enough.

It has been suggested that 15 to 30 g is a good dose for people awaiting heart
transplant in advanced heart failure, as well as patients with fibromyalgia.'®

It is sold as a powder, capsule, bar, and chewable tablet. One supplement has
2,200 mg in a scoop. Another is a capsule with 850 mg and the directions to take
two or three times a day. Yet another powder is to be dissolved in liquid and taken
twice aday; each dose (scoop) has 4.5 g of D-ribose.

One company sells 850-mg capsules on sale at 100 capsulesfor $39.58, whichis
just under 40 centsapill. Thedirections areto take two to six capsules aday, which
would cost around 80 cents to $2.40. Other brands can cost twice that much.

POTENTIAL SIDE EFFECTS

There are no known serious side effects of D-ribose. In one study, participants
took 5 g three times a day. Out of 36 individuals, one reported some anxiety and
another reported some nausea. Both symptoms went away with aslight decreasein
dose. People have reported lightheadedness with large doses.*®

As has been noted, there can be aslight increase in uric acid with the use of D-
ribose. This could be of concern in patients with gout, which is caused by elevated
uric acid.

D-ribose does lower blood sugar. This needs to be kept in mind if used for dia-
betic patients, who can become hypoglycemic due to insulin or other medications.
While the hypoglycemia from D-ribose is asymptomatic, if added to that caused
by diabetic treatment, it could be potentially dangerous. For most people, taking it
with fruit juice can help prevent the hypoglycemia.t®

FACT VERSUS FICTION

D-ribose is a naturally occurring sugar with multiple important biological func-
tions. It is critical to many bodily processes. It can be ingested in just about any
food source. The body can also make D-ribose as well as recycle D-ribose.

It may be useful in treating patients with heart failure or with coronary vascular
disease and impaired blood supply to the heart. In these cases it should be added
to aregular medical regimen and not substituted. It should also be discussed with
the health care provider.

It can also be used to treat fibromyalgia and chronic fatigue syndrome. It is ex-
tremely safe and may help relieve symptoms.

Athletes can certainly take it. It is not prohibited by any group. There are no
conclusive studies about its effects. Any athlete that wantsto try it can be assured
that it is safe but cannot be told that it will definitely improve performance.

It may also help reduce wrinkles when used on the skin. Very little research has
been done about this possibility.
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Folic Acid

BRIEF OVERVIEW

Folic acid is the name given to the synthetic form of folate, one of the water-
soluble B vitamins. It was identified some 70 years ago as a substance that could
prevent anemia during pregnancy. Folate was ultimately extracted from spinach
leaves, and its chemical structure identified.

Folateisessential for normal cellular growth becauseit has an indispensablerole
in DNA synthesis. When cells are growing and dividing quickly, such as during
pregnancy, folate is even more important. Folate also helps maintain normal levels
of the amino acid homocysteine. While homocysteine is needed in order to make
proteins, elevated levels of homocysteine have been implicated in awide variety of
disease processes, from cardiovascular disease to cancer.

Many of folic acid’s actions are well understood, and indications for its use are
clear. An example of thisisthe anemiacaused by low folate levels. In other disease
states, therole of folic acid has not yet been proven.

THE HYPE
The Homocysteine Hypothesis

In many studies, elevated blood levels of homocysteine have consistently been
observed in patients with cardiovascular disease. This includes coronary artery
disease leading to heart attacks and disease of the blood vesselsto the brain, which
can cause a stroke. This raises the question, is homocysteine causing any of these
problems?

Many other conditions have been associated with cardiovascul ar disease and have
been found to contribute to the damage. High blood pressure, for example, is not
only associated with cardiovascular disease but also worsens it. Controlling high
blood pressure can reduce the injury to blood vessels. In the same way, lowering
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This photo taken in 2003 provided by the March of Dimes shows a young woman with
spinabifidaliving in arural villagein South Africa. The child on the woman’s back at right
belongs to the woman in the wheelchair. That child was helped to be born healthy because
the woman with spina bifida took the B vitamin folic acid beginning before pregnancy.
About 8 million children worldwide are born every year with a serious birth defect, many
of whom die or are disabled—a stunning and largely hidden toll, says research released by
the March of Dimes. The report found that while birth defects are underappreciated glob-
ally, most occur in poor countries, where babies can languish with problems easily fixed or
even prevented in wealthier nations. (AP Photo/March of Dimes)

elevated cholesterol can prevent or even help decrease existing fatty plaques that
are clogging blood vessels.

However, it is not clear if homocysteine is just a marker for cardiovascular dis-
ease or isactually arisk factor that actually contributesto it. Most of the evidence
is observational only—people with higher homocysteine levels have higher rates
of cardiovascular disease.

Homocysteine could actually cause vascular injury in a number of ways. It has
been observed that homocysteine can reduce the normal vasomotor function of
the vascular endothelial cellsthat line the blood vessels, which would affect blood
flow. Homocysteine may cause damage to coronary arteriesdirectly and may cause
platelets to clump, which can cause aclot.

Folate deficiency causes higher homocysteine levels. Administering folate, with
or without other B vitamins, lowers homocysteine levels. The question then be-
comes, does lowering homocysteine levels actually decrease the risk of cardiovas-
cular disease? This hasto be decided by clinical trials.*
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It must be kept in mind that different countriesimplemented folic acid fortifica-
tion of grains and cereals at different times during the last 10 to 20 years. In the
United States, fortification was in place by 1998. Most people eat enough grains
and cereals that the average amount of folic acid ingested in this country signifi-
cantly increased. Most of the observational studies were finished and reported in
the mid- to late 1990s before fortification programs were started.

Cardiovascular Disease and Homocysteine

There have been studies using folate together with other B vitamins to lower
homocysteine levels, in an attempt to decrease cardiovascular disease. In one trial
(the NORVIT trid), 3,749 people who had just suffered heart attacks were random-
ized to receive vitamins—either 0.8 mg of folic acid, 0.4 mg B12, and 40 mg B6;
0.8 mg folic acid and 0.4 mg B12; 40 mg of B6; or placebo. They were followed for
40 months, looking for reoccurrence of aheart attack, a stroke, or sudden death from
heart disease. Although homocysteine levels were lowered by an average of 27 per-
cent in the patients given folic acid plus B12, there was no observed benefit. In the
group given all three vitamins, there was a slightly increased risk of heart attack.?

TheHOPE trial published resultsat the sametimein 2006. M orethan 5,000 patients
age 55 or older with vascular disease or diabetes received 2.5 mg of folic acid, 50 mg
of B6, and | mg of vitamin B12, or placebo for five years. Investigators were looking
for death from cardiovascular disease, heart attack, or stroke. Again, homocysteine
levels were lowered, but the risk of major cardiovascular events was not.2

In 2008, the results were published of atrial involving more than 8,000 female
health professionals at high risk for cardiovascular disease, caled the Women's
Antioxidant and Folic Acid Cardiovascular Study (WAFACS). The results were
similar to those found in the HOPE study.*

Other studies were continuing during this time period. The SEARCH trial used
2 mg of folic acid plus 1 mg of vitamin B12 in a randomized, placebo-controlled
trial involving more than 12,000 patients followed for 10 years. Homocysteine
levelswere lowered, but there were no observed benefitsin terms of cardiovascular
disease. These patients were also followed for cancer incidence, and it was not any
higher in the treatment group than placebo group. The researchers in this study
stated unequivocally that folic acid does not produce any beneficial effects as far
as cardiovascular disease is concerned.®

It is possible that baseline folate levelsin some of these studies could have been
higher because of folic acid fortification of grains. Perhaps homocysteinelevelsand
cardiovascular risk are only related when people are relatively deficient in folate.

Folic acid does not improve cardiovascular risk in subgroups of patients, such as
those with chronic kidney failure. High-dose folic acid reduces homocysteine but
not adverse cardiovascular eventsin this group.®

In at least one study, folate was found to act directly on the blood vessels (veins
and arteries) to improve function. Thiswas observed giving participants an amount
of folate similar to what isfound in normal dietary intake including fortified foods,
with no increase in function found by giving higher levels of folic acid. This could
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be an explanation for the observation that people with higher dietary intake of fo-
late have lower incidence of cardiovascular disease, but high doses of folic acid do
not seem to affect risk.’

Stroke

The homocysteine hypothesis also applies to stroke. There are researchers who
believe that |owering homocysteine with folic acid supplements does lower the risk
of stroke. Thisis based on analysis of studiesin which folic acid was given, and
stroke was one of the reported endpoints, for example, the HOPE trial .2 Looking
just at stroke and not all cardiovascular events, some evidence in the studies does
seem to indicate folic acid may lower the risk of stroke. More research needs to
be done®?

Cancer

The relationship between folate and cancer has been called the “dual effect of
folate” Folate has been called a“dua modulator.” Thisis because folate is needed
for both normal cell growth and cancer cell growth. While there is evidence that
higher folate levels can lower the incidence of cancer, there is also evidence that
supplemental folate can cause increased incidence of cancer. It has been suggested
that folate may be useful if there are absolutely no precancerous cells in the body,
but that if any precancerous lesions are there, excess folate may increase the inci-
dence of cancer and the growth of cancer.'°

There has been at least limited evidence found for a protective effect of folate,
possibly decreasing the incidence of breast, lung, pancreas, mouth, esophagus,
stomach, cervix, ovary, and certain other cancers. There have been a number of
good-quality studies allowing for larger analysis that seem to confirm the protec-
tive effect of folate against esophagus, stomach, and gastrointestinal cancers, and
to alesser extent, breast cancer.1©

Colorectal cancer has been studied the most. There had been consensus from
many trials, both case-control studies and prospective cohort studies, that higher
levels of folate consumption and higher levels of blood folate are associated with
lower risk of both colorectal cancer and the precancerous adenomatous polyp. The
scientific explanation is thought to be that folate is critical to cellular processes
like normal DNA synthesis; abnormalities of these processes can lead to cells be-
coming malignant.’® The decrease in risk is not always apparent unless the study
follows participants at least 10 to 15 years.

However, some prospective studies have found a surprising increase in adenomas
(polyps) in patients given folic acid after detection and removal of afirst polyp.
This takes some 6 to 8 years to be apparent.

Itispossiblethat the dual effect, possible protection versusincreasing incidence,
may have to do with timing as well as baseline folate levels. People free of any
cancerous or precancerous cells may gain protection from folate. Folic acid may
cause even tiny amounts of cancerous cells to grow and therefore folate supple-
ments may increase the incidence of cancer in some groups. There may be factors
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such as genetic variations in various enzymes and whether or not a person smokes,
as well as many others factors that contribute to the dual outcomes.°

One 10-year trial showed no decrease in the incidence of colorectal polyps but
rather a possible increase.™!

It has been suggested that folic acid, which is not the natural form of folate,
may be responsible for some of the negative effects of folate supplementation,
like the increased risk of cancer. At high doses, folic acid itself appears in the
blood, because the large amounts overwhelm the conversion of folic acid to
5-methyltetrahydrofolate.*°

Looking at the larger popul ation, the incidence of colorectal cancer inthe United
States, which was decreasing, started to rise again after the introduction of man-
datory grain fortification that began in 1996 and was fully implemented by 1998.
There isinformed speculation that there may be a relationship between these two
things.*?

It is not yet possible to say whether or not folic acid can protect against colon
cancer. It probably depends to some degree on individual, genetic factors and
whether or not there are any small loci of early cancer already present.

In one trial designed to evaluate the effect of folic supplementation on colon
polyps, the datawere also analyzed in regard to prostate cancer. In this study of ap-
proximately 700 men, folic acid supplementation was associated with a higher risk
of prostate cancer, while higher dietary intake of folate as well as higher measured
folate levels showed a possible association with a lower risk of prostate cancer.'
However, thistrial was not designed to evaluate prostate cancer risk.

In at least one study, there was an increased risk of breast cancer found in women
taking folic acid supplements.°

A recent study showed that 40 percent of older adults in the United States have
unmetabolized folic acid in their blood, considered a possible cancer risk.*®

Alzheimer’s Disease

The homocysteine hypothesis also applies to central nervous system functions.
Most studies have not shown an improvement in cognitive function with fol ate sup-
plementation, even when homocysteine levels arelowered. However, an analysis of
cognitive function as a secondary endpoint in the FACIT trial, which was set up to
evaluate the effects of folic acid on cardiovascular endpoints, did find a beneficial
effect of folate on sensitive cognitive function tests. In this study, approximately
800 peopl e were randomized to take either 800 ug of folic acid or placebo for three
years, and those who took folic acid performed better on a number of tests.'

In some studies, a low folate level has been arisk factor for dementia. On the
other hand, elderly patients given folic acid who are low in B12 can manifest a
number of neurologic abnormalities (see “Cautions” below). These include prob-
lems with memory and cognition.® On an individual level, knowing B12 and fo-
late levels and taking both supplementsif needed is best. But in terms of fortifying
food and recommending general supplementation, it is impossible to know who
might need B12.
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Depression

There is some evidence that low folate levels are associated with depression, and
that administration of folic acid or other forms of folate may improve treatment
results with antidepressants, or even mitigate the need for antidepressants in some
individuals.t’

Pregnancy

There is no question that low folate levels are related to fetal neural tube de-
fects (see “Deficiency”). Low folate levels may also cause other problems during
pregnancy. These may include other birth defects. Low folate has also been linked
premature birth and low birth weight. There may also be a relationship between
low folate levels and miscarriages, preeclampsia, and abruption of the placenta
(detachment of the placenta).

Whiletherisk of neural tube defectsis specific to early pregnancy, many believe
that folate intake should remain high because of the other possible risks.*®

DEFICIENCY

In general terms, folate deficiency usually is the result of inadequate intake,
or the inability of the intestine to absorb folate. It can also occur as the result of
increased demand without increased intake, for example, during pregnancy and
breast-feeding.!

Inadequate intake was common before the FDA mandated enriching grains with
folic acid.

Certainindividuals are morelikely to have folate deficiency. This can be because
of decreased intake, decreased absorption, or increased need. They include:

Alcoholics (alcohol reduces the absorption of folate; also alcoholics often do not
ingest enough folate)

People with kidney failure getting dialysis (which causes aloss of folate)
People with other liver diseases (which cause aloss of folate)
People with intestinal diseases that interfere with folate absorption

People taking medications that interfere with folate metabolism including (but
not limited to):

« Anticonvulsants (Dilantin, phenytoin, and primidone)
Metformin (for diabetes)

Sulfasalazine (for inflammatory intestinal diseases)
Triamterene (a diuretic)

Barbiturates (sedatives)

» Methotrexate

As an example, methotrexate can be taken for cancer or autoimmune diseases
and interferes significantly with folate metabolism. People taking methotrexate
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need to ask their physicians exactly what form of folic acid that they can take with-
out causing the methotrexate to be less effective.!

Mild folate deficiency causes few symptoms. Babies and children who don’t
get enough folate will not grow at a normal rate. Adults who are folate deficient
develop a specific kind of anemia. The babies born to folate-deficient pregnant
women are more likely to be preterm, low birth weight, and/or have a congenital
anomaly called a neural tube defect.

While the anemia is the best-known abnormality associated with low folate
levels, other symptoms in adults include loss of appetite, diarrhea, weight loss,
and a sore, smooth tongue. With progressive folate deficiency, weakness, fa-
tigue, shortness of breath, headaches, irregular heart rhythms can also occur. A
change in behavior may be observed by others, as can irritability and worsening
memory.

Theanemiaiscalled “megaloblastic’ or “macrocytic” because theimmaturered
blood cells produced are larger than normal. There can also be abnormalities seen
in certain types of white blood cells. Since the life of ared blood cell is usually
four months, individuals deficient in folate will not become anemic for a number
of months. Deficiency of vitamin B12 presents asimilar picture.

Some with low folate, such as people with celiac disease, aso have elevated ho-
mocysteine levels that can be corrected with treatment of the underlying disease.
Thisis another reason to take extra folate. Some have suggested that 5-methyltet-
rahydrofolate (5-MTHF) might be a better replacement than folic acid.®

Many of these symptoms can be caused by other diseases or nutritional deficits,
so a physician needs to make the diagnosis. Folic acid levels can be measured,
along with other tests that can help confirm the deficiency. B12 levels must be
evaluated in folate deficient individuals.

Neural Tube Defects

During pregnancy, thefetusisrapidly growing and needs alot of folate for DNA
and RNA synthesis. Neura tube defects in newborns have been noted as a result
of inadequate maternal folate consumption. These defects involve the brain and
spinal column. Babies can be born with anencephaly, which is the absence of most
of the brain, and is essentially alwaysfatal.

They can also be born with spina bifida. In this case, the fetus' neural tube does
not completely close. Thismeansthat the baby’s spinal cord isnot protected by lin-
ings and bones asit should be. There can be varying amounts of open area. Babies
with spinabifida are paralyzed because of the open spinal cord. The paralysis can
be partial or complete.*®

This part of the fetus' development occurs early, before many women even
know they are pregnant, before the first missed menstrual period. Because of this,
women who can become pregnant are advised to take at least 400 ug of folic acid a
day. The U.S. Preventive Services Task Force continues to monitor this advice and
outcomes of supplementation. It currently suggests 400 to 800 ug of folic acid for
women of childbearing age.'®?° This should be continued for the first two to three
months of pregnancy to prevent neural tube defects.
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Women with a history of babies born with neural tube defects are recommended
to take 4 mg of folic acid aday.

Women taking medicine for seizures (epilepsy) may need more folate (see
“Deficiency”).

Therisk of aneural tube defect used to be 1 in every 1,000 pregnancies. This has
been reduced by 60 percent or more, as shown in many randomized trials. Larger
reductions in the number of babies with neural tube defects can be achieved by
supplementation rather than just with food fortification.

For women who have already had ababy with aneural tube defect, supplementa-
tion can reduce the risk of reoccurrence by 70 percent.?! Since some 29 percent of
neonatal deaths are due to neural tube defects in low-income countries, reducing
the incidence of the defects a so |owers the neonatal death rate.

Since al women of childbearing age do not take the recommended folic acid
supplements, the FDA embarked on the program of fortifying grains, which may
increase the amount of folate most people get by at least 100 ug. Since this forti-
fication began, estimates of the reduction of neural tube defects range from 26 to
50 percent.*®

It is also possible that folic acid supplements reduce the risk of congenital cleft
lip, with or without cleft palate.?

FOOD SOURCES

As implied by its name, folate is found in green, leafy vegetables (foliage =
green leaves). It is also found in citrus fruits and legumes.*®

In the United States, grains have been supplemented with folic acid since 1998
when the FDA started requiring supplementation. Thisis also called fortification,
and it appliesto refined grain products.

Some examples of foods with naturally occurring folate, approximate amount
per serving:

* Beef liver (185 ug)

 Spinach, cooked (100 ug)

» Asparagus, four spears (85 ug)

 Frozen then cooked broccoli or green peas (50 ug)
* Romaine lettuce (40 pg)

e Tomato or orange juice (35 ug)

» Cantaloupe or papaya (25 ug)

Some examples of foods supplemented with folic acid, per serving:'®

» Breakfast cereals—fortified with 25 (100 pg) to 100 percent of the DV (400 ug)
* Bread (20 pg)
* Pastaand rice, cooked (60 ug)
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MECHANISM OF ACTION: HOW DOES IT WORK?

Folate is a coenzyme for single carbon transfers (addition or subtraction of a
single carbon molecule). Thisiscritical for DNA metabolism. A folate coenzyme
is necessary to synthesize nucleotides from their components, in order to make
DNA as well as RNA. A folate coenzyme is also necessary for the synthesis of
the amino acid methionine. Methionine is part of the chain of reactions leading
to the production of S-adenosylmethionine (SAMe; see Chapter 28). SAMeisa
methyl donor. Folate is therefore necessary for reactions that involve methyla-
tion, many of which are critical to cell function and survival.

Folate's contributions to methylation reactions as well as nucleotide synthesis
may both be important in regard to the prevention of cancer.

As noted, folate coenzymes are necessary for the synthesis of methionine from
homocysteine. This reaction also needs vitamin B12. Without folate (or B12),
homocysteine builds up. High levels of homocysteine have been found in many
chronic diseases (see “The Hype” above).

Folate is especialy important for cells that are rapidly dividing and growing,
such asred blood cells.®

Folic acid is the synthetic form of folate used for most supplementation. It is
the oxidized state of folate and not the reduced form,; it also has a single glutamate
residue as opposed to the many glutamates attached to folate normally in the body.
Thismeansit is quite different from the natural form.

Folic acid is more rapidly absorbed than other folates, and with food fortifica-
tion, most people have unmetabolized folic acid in their bodies. It is possible that
this folic acid might compete with natural folates and actually cause a decrease
in the normal folate metabolism. The significance of this is not yet completely
clear.®

PRIMARY USES
* Folic acid supplementation is given to anyonewith deficiency dueto any of the above
causes. Falic acid must be given along with B12 if a person isdeficient in both.

+ All women of childbearing age should be taking folic acid to prevent neural tube
defects.

* Folic acid supplementation to reduce therisk of cardiovascular disease, cancer, or
Alzheimer’s disease has not been proven to work. In some cases, folic acid sup-
plementation can cause increased risk of cancer and possibly other conditions.

» Beforetaking additional folic acid, it isimportant to estimate how much isbeing
consumed from fortified grains and cereals. These amounts will be noted on
packaging.

COMMON DOSAGES

Folic acid and folate are not exactly equivalent. The Food and Nutrition Board
of the Institute of Medicine created anew unit called the Dietary Folate Equivalent
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(DFE) in 1998. Synthetic folic acid is more bioavailable, that is, more easily
absorbed and used by the body, than is natural folate. Therefore, if 1 ug of folateis
1 ug DFE, 1 ug of folic acid taken with mealswould be 1.7 ug DFE. A 1 ug supple-
ment of folic acid taken on an empty stomach would be 2 ug DFE.*

In general terms, folic acid supplements are more effectively used than natural
folate; they are even more absorbed and used when taken on an empty stomach as
opposed to in ameal.

The DFE isonly used for children and adults, and not infants, because it has not
been evaluated in infants.

The RDA for pregnant women was not based on prevention of neural tube de-
fects. That has been considered separately.

The Average Intake recommended for infants O to 6 months old, both male and
female, is 65 ug of folate. Infants 7-12 months of age need 80 ug.

The RDA (Recommended Dietary Allowance) for Folate in Dietary Folate
Equivalents (DFE) is as follows: 1?3

e Boysand girlsages 1 to 3 years need 150 ug/day.
* Boysand girls4 to 8 years old need 200 pg/day.
e Children 9to 13 years old need 300 ug/day.

» Adolescents 14 to 18 years old need 400 ug/day.

e Adults 19 years of age and older need 400 nug/day, except pregnant women, who
need 600 ug a day, and breast-feeding women, who need 500 ug aday. This does
not address prevention of neural tube defects (see above).

Folic acid can be taken as a single supplement or together with other vitamins.
Amounts of 1 mg or more need a doctor’s prescription.

All of the above recommendations assume that folic acid will be functionally the
sameasfolate. Thereissomeevidencethat folic acid in the body cannot always be me-
tabolized to an active folate form and may not be the best way to supplement folate.®

Becausefolic acid is not the form of folate in the body, some have suggested that
5-methyltetrahydrofolate (5-M THF) might be a better way to supplement folate.?
Thisis available as a dietary supplement.

POTENTIAL SIDE EFFECTS

There are no problems associated with folate intake from food. There is aso
very little risk from fortified foods. Since folate is a water-soluble vitamin, extra
folate can be eliminated in the urine.

Important to take note of folate’s dual relationship with cancer. Please see above,
under “The Hype.” Cancer, therefore, can be considered a potential side effect.

In one study, side effects of very large doses of folic acid (15 mg aday) included
gastrointestinal distress, trouble slegping, and mental changes. Other studies have
not been able to reproduce these findings.

Allergy to folic acid is rare, but can occur.?
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Cautions: Folic Acid and B12

Deficiency of both vitamin B12 and folate cause similar types of anemia. If folic
acid is given to aperson who is deficient in both, and the person is not given B12,
this can correct the anemia but not the damage to the nervous system caused by
low B12 levels. If thisis not treated with B12, damage can be permanent. Anyone
with anemia and low folate levels must have vitamin B12 levels checked. They
may both be low, especially in the elderly.t

There is an upper limit intake level set by the Institute of Medicine for folate
from supplements and fortified foods. By definition, this would be folic acid, be-
cause that is what folate isin fortified foods. The UL isthe level at which neuro-
logic complications can occur because of insufficient B12. Low B12 levels are
often not recognized.®

The Upper Limits are:

e Agelto 3yearsold—300 ug aday
e Age4to 8 years old—400 ug aday
e Age9to 13 years old—600 ug aday

e Age 14 to 18 years 0ld—800 ug a day (including pregnant and breast-feeding
women

e 19 years of age and older—1,000 ug a day

These are very conservative safety limits. Higher levels may be prescribed by
physicians. For example, as stated previously, women who might become pregnant
who have had ababy with aneural tube defect are advised to take 4 mg of folic acid
aday, which is the same as 4,000 pg.

Cautions: Seizures and Other Medical Conditions

High levelsof folic acid supplements can precipitate seizuresin people who take
anticonvulsant medicine. This needs to be done under medical supervision.t

The UL set are not applicable to patients taking medications that interfere with
the metabolism of folate, like methotrexate. Appropriate folate supplementation
needs to be individualized in these cases.?®

It is possible that folic acid supplementation may make methotrexate and other
drugs that interfere with folate metabolism less efficacious.®

FACT VERSUS FICTION

Folate is an absolutely necessary vitamin. People can develop folate deficiency
despite fortification of grains with folic acid. Anyone with symptoms or signs of
folate deficiency, measured by blood tests, should take folic acid or other supple-
mentary folate.

Women who can become pregnant should take folic acid to prevent neural tube
defectsin their babies.
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While folic acid administration can lower elevated homocysteine levels, it has
not been shown to reduce cardiovascular disease or prevent cancer. In fact, it may
raise the risk of cancer in some people.

Theconflicting resultsof testswith folatesmay berelated to thefact that folic acid
isnot theform of folate activein the body. In high doses, it isabsorbed asis, instead
of being converted to a folate. In the future, tests with 5-methyltetrahydrofolate
(5-MTHF) may or may not have other outcomes.

The dual nature of folic acid in regard to cancer may be related to the presence
or absence of precancerous or early cancerous cells in the body. Since no one can
know if they have unknown precancerous cells, taking folic acid or other folates
to prevent cancer does not seem reasonable at the current time, sinceit is possible
folates will increase the risk of cancer.

Much more research must be done to answer the bigger questions.
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Glucosamine

BRIEF OVERVIEW

Glucosamine is a carbohydrate-like substance and is known as an amino sugar.
It acts as a precursor in the synthesis of glycosylated (or sugar-linked) proteins
and lipids. Glucosamine is part of the structure of the polysaccharides chitosan
and chitin, which compose the exoskeletons of crustaceans (shellfish) and other
arthropods and is produced commercialy most commonly by the hydrolysis of
these exoskeletons.

Glucosamine is crucial for the construction of glycosaminoglycans in articular
cartilage, which help cushion our joints from wear and tear.® For this reason,
ora glucosamine is commonly used for the treatment of pain and inflammation
associated with osteoarthritis (OA). It is often found in supplement form together
with chondroitin sulfate, a glycosaminoglycan, which is an important competent
of cartilage, which gives jointstheir stability.

Glucosamine is not a naturally occurring dietary nutrient, but D-glucosamine
is made naturally in the form of glucosamine-6-phosphate and is the biochemical
precursor of all nitrogen-containing sugars. In the body, glucosamine-6-phosphate
is synthesized from fructose-6-phosphate and glutamine.*

THE HYPE

Arthritis, the predominant reason why glucosamine chondroitin supplements
came about, isone of the most common chronic complaintsin adults. An estimated
46 million adults in the United States reported being told by a doctor that they
have some form of arthritis, rheumatoid arthritis, gout, lupus, or fiboromyalgia.?
Glucosamine is popular both as a complement to and an alternative for conven-
tional pain medications, like NSAIDS (nonsteroidal anti-inflammatory drugs) and
COX-2 inhibitors. In the United States, glucosamine is one of the most commonly
used nonvitamin, nonmineral, natural productstaken by adults asacomplementary
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Orthopedic surgeon David S. Hungerford, head of arthritis surgery at Johns Hopkins
University, poses in front of an X-ray light table holding a model of a knee joint in his
Baltimore office in 1998. Dr. Hungerford is among a small group of doctors who offer
their patients dietary supplements for the treatment of arthritis. He has proscribed two
supplements, glucosamine sulfate and chondroitin sulfate, to treat his own bad knee and
fingers. (AP Photo/Gail Burton)

or aternative medicine. According to the Nutrition Business Journal, U.S. salesfor
these combined supplements were $810 million in 2005.3

Oral glucosamine is atherapy for pain, inflammation, and joint damage associ-
ated with arthritis. It appears safe, but there is conflicting evidence asto its effec-
tiveness, depending on the type of glucosamine used. Glucosamine supplements
appear to be more effective in the sulfate form and when combined with chondroi-
tin sulfate.

DEFICIENCY

Glucosamine is not present in many food sources and is not considered an
essential nutrient in the diet. No deficiency symptoms have ever been reported in
theliterature for glucosamine. A rare disorder of N-acetyl-glucosamine-6-sulfatase
enzyme, which helps manufacture glucosamine in the body, leads to a syndrome
called Sanfilippo syndrome, characterized by adelay in rising and walking in neo-
nates, ataxia, bowing of front limbs, clouding of the cornea, dwarfism, and carti-
laginous and bony deformities.
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MECHANISMS OF ACTION AND PRIMARY USES

The mechanism of action of glucosamine remainsto be fully elucidated, but one
of themajor effects seemsto bethat of an anti-inflammatory. The pro-inflammatory
cytokine, Interleukin-1 (IL-1), can lead to the degeneration of joint cartilage. Stud-
ies have shown that glucosamine and chondroitin sulfate are able to abrogate IL-1-
induced gene expression of COX-2, thereby exhibiting anti-inflammatory effects.

In one study of osteoarthritis joint cartilage cells (called chondrocytes) stimu-
lated with the pro-inflammatory cytokine IL-1 (which can degradejoint cartilage),
glucosamine sulfate was able to modify the NFkappaB (nuclear factor-kB) activity
and the expression of COX-2, an NFkappaB-dependent gene.® In another study
of bovine cartilage stimulated with IL-1, a glucosamine and chondroitin sulfate
combination abrogated |L-1-induced gene expression COX-2 and NF-kB, thereby
exhibiting anti-inflammatory effects.®

Glucosamine may also act by stimulating the chondrocytes to synthesize proteo-
glycans, which are glycoproteins covalently attached to glycosaminoglycan, and
which influence joint stability.” In addition, glucosamine may directly inhibit the
synthesis of proteolytic enzymes and other substances that can damage the joint
cartilage matrix and destroy the joint chondrocytes.®°1°

Glucosamine Sulfate May Decrease Pain and Inflammation
Associated with Osteoarthritis

Glucosamine supplements are often sold in the form of glucosamine hydrochlo-
ride. A 2007 review study demonstrated that, although some clinical trials showed
modest improvement in the symptoms of osteoarthritis with glucosamine hydro-
chloride combined with other agents, glucosamine hydrochloride by itself appears
to offer little benefit to those suffering from osteoarthritis.!* Supplements in the
form of glucosamine sulfate may have more value in osteoarthritis treatment.

The first impressive trials that sparked much of the interest in glucosamine sup-
plements were sponsored in the 1980s and 1990s by a European patent holder,
Rattapharm, who used a crystalline glucosaminein the form of glucosamine sulfate
in its product, known as Rotta. A Cochrane Database Review in 2005 looked at all
randomized control trials evaluating the effectiveness of glucosamine in osteoar-
thritis, which included 10 Rotta and 10 non-Rotta trials (2,570 patents in total).
Coallectively, the 20 analyzed trials found glucosamine favored placebo with a 28 per-
cent (change from baseline) improvement in pain and a 21 percent improvement in
joint function, using a 10-question index called the Lequesne Index, but these re-
sultswere not significant when looking at just the non-Rotta group. When using an-
other measure of pain and stiffness, the WOMAC, there was no difference between
glucosamine and placebo groups. This led the authors to conclude that only some
brands of supplements may be effective in actually reducing arthritic pain and that
glucosamine sulfate may be more effective than glucosamine in other forms.*?

Results for studies using glucosamine seem to offer very conflicting results. One
report lists potential explanations that include different glucosamine preparations,
inadequate allocation concealment, and industry bias.*?
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Glucosamine in Combination with Chondroitin May Decrease Pain
and Inflammation Associated with Osteoarthritis to a Better Degree
Than Glucosamine Alone

Studies using acombination of glucosamine and chondroitin seem to show more
promise in arthritis treatment than stand-alone glucosamine preparations. A meta-
analysis of chondroitin sulfate trials has also been published. Seven randomized
double-blind placebo-controlled trials were entered into the meta-analysis. Fol-
lowing patients for 120 days or more, chondroitin sulfate was shown to be sig-
nificantly superior to placebo with respect to the Lequesne Index and pain visual
analog scale. All patientsin the study were also concurrently given NSAID drugs.
Pooled data demonstrated at least 50 percent improvement in the study variablesin
the chondraitin-treated group.**

Another study of double-blind placebo-controlled trials of greater than four
weeks' duration. It looked at oral or parenteral glucosamine or chondroitin for
treatment of hip or knee osteoarthritis. Thirteen trials (six with glucosamine, seven
with chondroitin) met eligibility criteria. The authors used the global pain score or
the Lequesne Index in the index joint as the primary outcome measure and consid-
ered thetrial positive if improvement in the treatment group was equal to or greater
than 25 percent compared with the placebo group and was significant. All 13 stud-
ies reviewed were classified as positive, demonstrating large effects, compared
with placebo (39.5% for glucosamine and 40.2% for chondroitin).®

The National Institutes of Health later funded a large multicenter clinical tria
(the GAIT trial), comparing groups treated with chondroitin sulfate, glucosamine
hydrochloride, and the combination, as well as both placebo and celecobix (an
NSAID drug). The results of this six-month trial found that patients taking glu-
cosamine hydrochloride, chondroitin sulfate, or a combination of the two had no
statistically significant improvement in their symptoms compared to patients tak-
ing a placebo.® The group of patients who took celecoxib did have a statistically
significant improvement in their symptoms. Analysis of a small subgroup of pa
tients suggested that combination glucosamine hydrochoride and chondroitin sul-
fate may be significantly more effective than placebo. The problem with this study
is that it used glucosamine hydrochoride, instead of glucosamine sulfate (which
has been proven more effective) in its analysis.

However, according to a2007 review study, several randomized controlled studies
have assessed the structure-modifying effect of glucosamine sulfate and chondroitin
sulfate using plain radiography to measure joint space narrowing over years. With
respect to the structure-modifying effect, there is compelling evidence that glu-
cosamine sulfate and chondroitin sulfate may interfere with progression of OA.*

One study showed that glucosamine and chondroitin sulfate may delay radio-
logical progression of OA of the knee after daily administration for more than two
or three years, but no results were seen at one year.*®

Type |l Collagen (COL Il) isanew natural therapy for osteoarthritis, which may
reducepain, stiffness, andimmobility associated with osteoarthritisto an even greater
extent than glucosamine and chondroitin. A recent study |ooked at different markers
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in the structural progression of osteoarthritis in 104 patients given glucosamine
chondroitin alone and in combination with COL |1. After one year it was evident
from the study that glucosamine and chondroitin helped delay the progression of
osteoarthritis, and the effects were enhanced with the addition of COL 11.1°

COMMON DOSAGES

The amounts generally administered to produce desired effects are glucosamine
sulfate, 1,500 mg, and chondroitin sulfate, 1,200 mg, daily.*>41> Although glu-
cosamine has been described as effective when used alone, it is probably reason-
able to use the combination pending further studies.

TOXICITY

Clinical trials involving glucosamine and/or chondroitin supplements gener-
aly report high safety and minimal side effects.*21415 The LD50 (or the lethal
dose that would kill 50% of animalsin a study group) for glucosamine is high, at
8,000 mg/kg.?° One side effect that does stand out as a concern is glucosamine's
potential effects on blood sugar. Altered glucose metabolism can be associated
with parenteral administration of large doses of glucosamine.?* A review of stud-
ies involving 3,063 human subjects receiving oral dosages of glucosamine failed
to show any significant blood sugar modulating effects.?® Animal studies demon-
strating effects of glucosamine on glucose metabolism have used concentrations
that are 100 to 200 times higher than tissue levels expected with oral glucosamine
administration in humans.® Glucosamine supplements should still be used with
caution in patients taking diabetes medications, as well as in patients on blood-
thinning medication, due to glucosamine's potential to thin the blood.??

FACT VERSUS FICTION

Glucosamine appears to be a safe, well-tolerated supplement that, with long-
term use, may help reduce pain and inflammation associated with osteoarthritis,
although studies involving its use are still delivering conflicting results. Supple-
ments in the form of glucosamine sulfate appear to be more effective than glu-
cosamine hydrochloride and are especially effective when used in combination
with chondroitin sulfate. In addition, glucosamine and chondroitin supplements
may offer astructure-modifying effect, which would not be seen with conventional
NSAID and COX |1 drugs, which work primarily as anti-inflammatory and pain
medications.
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Glutathione (GSH)

BRIEF OVERVIEW

Glutathione (y-glutamyl-cysteinyl-glycine, or GSH) is a tripeptide with many im-
portant actions throughout the human body. It is an antioxidant and can prevent
cellular damage. When glutathione levels are low, the body is more susceptible to
oxidative stress, which may contribute to the development of cancer, Alzheimer’s
disease, Parkinson’s disease, and more.

Glutathione playsarolein many cellular processes. Much research isongoing to
define all of itsactivities. Glutathione has so many actionsthat it has been difficult
to determine whether or not it is causative in any specific disease.

Decreased glutathione, or dysregulation of its synthesis, may cause or worsen
cancer and cystic fibrosis, as well as metabolic, cardiovascular, inflammatory, im-
mune, metabolic, and neurodegenerative diseases. It may contribute to aging.

While glutathione would be an ideal supplement in many ways, it appearsthat it
cannot be absorbed by the gastrointestinal tract. The only dietary way to increase
levels is to take the precursors of glutathione, including sulfur-containing mol-
ecules like N-acetylcysteine and S-adenosyl-I-methionine (SAMe). Glutathione
can be well absorbed when given intravenously.

THE HYPE

Since glutathione is an antioxidant, it may help treat a multitude of diseases and
disorders that may involve oxidative stress, which occurs when there is an imbal-
ance between reactive oxygen molecules and the mechanisms the body has to re-
move them. Many of the associations between low glutathione levels and disease
are just being uncovered. In many cases, there is no good data yet on treatment
with GSH.

Most research has shown that oral supplements with glutathione are not effec-
tive. There has been research that showsthe glutathione precursor N-acetylcysteine
can get into cells, where it is eventually metabolized to glutathione. Alpha lipoic
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acid also raises the levels of glutathione. SAMe can aso be used as a glutathione
precursor. Even companies that sell oral glutathione encourage consumption of
precursors.t

As of now, the consensus seems to be that oral glutathione cannot be absorbed.
Some evidence suggests that even if glutathione is absorbed, it does not get inside
cells where it is needed. It may have to be synthesized inside cells to be of use.?
This may be why precursors are effective.

Liver

Many substances that damage the liver lower GSH levels. These include ethanol
and acetaminophen.® Glutathione helps protect the liver. Raising levels can be
beneficial for liver disease and/or liver failure. SAMe is sometimes used, which
will increase glutathione in the liver. It seemsto be particularly useful in alcoholic
liver disease.*

When the liver is already stressed by a toxic substance, and GSH levels are [ow,
it is even more sensitive to acetaminophen (paracetamol) overdose.®

NEURODEGENERATIVE DISEASES
Alzheimer’s Disease

Glutathione may be a key to protecting the brain from oxidative damage. Low
levels of GSH may contribute to the development of Parkinson's disease and Al-
zheimer’s disease. The evidence is not clear as it relates to Alzheimer’s disease.
Different investigators have found normal and low levels of GSH in some people
with the disease. Examinations of the brain at autopsy have also yielded conflict-
ing results.®

Parkinson’s Disease

Measurements of GSH in the brains of patients with Parkinson’s disease have
been consistently low. It is not known if thisis cause or effect. Low GSH is prob-
ably one of the many factorsinvolved in the disease. There has been difficulty get-
ting supplemental glutathione or its precursors successfully into the brain. It could
be expected to help Parkinson’s patients.®

It is still not completely clear whether or not glutathione crosses the human
blood-brain barrier. It crossesin the rat and guinea pig and human cerebrovascul ar
cells (brain blood cells) in alaboratory setting.®

An early study of intravenous glutathione for Parkinson’s disease was done in
1996. Nine patients were given 600 mg of intravenous glutathione twice daily for
amonth. These patients improved symptomatically during the treatment and for a
few months thereafter.”

Dr. David Perlmutter has been treating patients with Parkinson’s disease with
intravenous glutathione for many years, since 1998. His Web site contains many
testimonials from patients who believe they have benefitted from this therapy.
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He describes his results as “miraculous.” While he believes glutathione is very
beneficial, he also encourages the use of glutathione precursors.®

Asfar as published clinical trials, one preliminary study done to assess the toler-
ability of glutathione over the short termin patientswith Parkinson’ sdisease, aswell
asitssafety, and preliminary ideaof efficacy, was successful. It wasadouble-blind,
randomized, placebo-controlled trial. Intravenous glutathione, given 1,400 mg
three times a week, was well tolerated, and patients showed some improvement
compared with those who got placebo, although the trial was not set up to deter-
mine effectiveness.®

Multiple Sclerosis

Sulfur-containing antioxidants like glutathione may help patients with multiple
sclerosis. Usually a GSH precursor is used, such as N-acetylcysteine.®

AgIng

GSH levels decrease with age. These lower GSH levels may contribute to many
of the disorders associated with aging. In the eye, thisincludes macular degenera-
tion, cataracts, and glaucoma. Antioxidant supplementation is aready known to
protect eye health.

Hearing loss and osteoporosis are also both associated with oxidative stress,
there is no evidence as yet that increasing glutathione levels would benefit people
with these problems.®

Cancer

Itiswell known that oxidative and other damage can occur to DNA; this damage
can cause cancer. GSH can protect against thistype of injury. However, cancerous
cells often have high levels of GSH.2

Cardiovascular Disease

There is an oxidative imbalance in hypertension (high blood pressure) and ath-
erosclerosis. In atherosclerosis, there is damage to the vascular wall, which gluta
thione could prevent. It has been suggested that little pouches of fat (liposomes)
might be able to deliver glutathione to the atheromatous lesions. This has been
donein animals.®

Cystic Fibrosis

GSH status may be very important in the development of cystic fibrosis. A ge-
netic mutation found in the disease may alter where glutathione concentrates. GSH
is abnormally low in the lining of the lung epithelium as well as a particular kind
of white blood cell in patients with cystic fibrosis. Thisincreases the lungs suscep-
tibility to oxidative damage. N-acetylcysteine has been used to thin the mucousin
patients with this disease for many years, in aninhaled form. Oral N-acetylcysteine
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has been shown to raise GSH levels, but this has not been proven to improve lung
function. Further studies are underway, including the use of inhaled glutathione.®

Inflammatory and Immune System

GSH may play an important role in immune function. There is a depletion of
sulfur-containing compounds in many diseases involving the immune system,
which means that more sulfur-containing molecules are needed. These could in-
clude cysteine, N-acetylcysteine, and others.

GSH affects the correct responses of T helper cells, key cells in the immune re-
sponse. If thisregulationisoff, T cell overactivity may result, which isassociated with
rheumatoid arthritis, and other autoimmune diseases. GSH levels are low in many of
these diseases, including RA, systemic lupus erythematosus, and Crohn’s disease.

GSH levels are low in patients with HIV, and decreasing levels are associated
with decreased survival. In addition to its protective function of an antioxidant,
it is thought that GSH may be involved in signaling cells as part of the immune
response.’

Diabetes

Oxidative stress definitely plays arole in diabetes. Evidence exists of abnormal
GSH regulation in diabetes mellitus. The activity of glutathione synthetase is de-
creased (see “Mechanism of Action,”) and the glutathione pool is smaller. High
glucose levelsthemsel ves cause oxidative stress. Thisincludes potential damage to
the cells that produce insulin, the beta cells of the pancreas. Reactive oxygen mol-
ecules may also help make other cells more resistant to insulin. The two hallmarks
of type 2 diabetes are decreased insulin levels and less sensitivity to theinsulin that
is produced. This seems to be somewhat of an explanation for how elevated blood
sugar levels eventually lead to frank diabetes.

GSH and oxidative stress are also partly responsible for many of the complica-
tions of diabetes. The concentration of GSH in the eye is abnormally low in dia-
betes, and this may affect the lens and retina, which can be damaged. Abnormal
glutathione metabolism may contribute to diabetic neuropathy—damage to pe-
ripheral nerves with elevated blood sugar. The same may be true of some damage
to the kidney.

Much of the evidence for the role of abnormal GSH metabolism in diabetics has
been in vitro and observational. Clinical studies are needed.?

While most believe that oral glutathione is not effectively absorbed, there has
been some research that topical application of esters of glutathione may help pro-
tect the eyein diabetics. This treatment has been shown effective in animal models
of diabetes.? Both esters of glutathione and n-acetylcysteine have been used with
some success as eye drops in preventing rat cataracts.'®

Peripheral Neuropathy

Oxidative damage is thought to be partially responsible for peripheral neuropa
thy in some cases. This type of nerve damage can be caused by the chemotherapy
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agent, cisplatin. Intravenous glutathione may prevent damage to the peripheral

nerves that cisplatin and other related chemotherapeutic agents can cause.
However, in diabetic neuropathy, glutathione precursor ALA (alpha lipoic acid)

but not glutathione works in rat models to protect against peripheral neuropathy.*

Miscellaneous

GSH has been used to help treat male infertility and HIV.2

Glutathione may also be useful for asthma and other lung problems, including
COPD (chronic obstructive pulmonary disease), environmental lung disease, acute
respiratory distress syndrome, and idiopathic pulmonary fibrosis. Glutathione pre-
cursors such as N-acetylcysteine may be useful 313

DEFICIENCY

Low levels of glutathione in specific organs are associated with a number of
diseases. Glutathione deficiency is suspected as contributing to or causing, among
other illnesses, kwashiorkor (protein malnutrition illness), seizures, Alzheimer’s
disease, Parkinson’'s disease, liver disease, cystic fibrosis, sickle cell anemia, HIV/
AIDS, cancer, heart disease, stroke, diabetes, and aging.4

Defects in the many enzymes catalyzing synthesis of GSH cause serious dis-
eases. There are five enzymes involved in glutathione synthesis and reuse, the
gamma-glutamyl cycle (see “Mechanism of Action”). The first two enzymes are
necessary to make glutathione. Defects in these enzymes cause anemia and neuro-
logic problems.®

Common problemsin all the genetic defects of GSH metabolism are neurologic
deficits, particularly in the central nervous system. GSH levelsin the brain are low
relativeto other organs, but thereisalot of oxidative stressin the brain. Insufficient
GSH may lead to diseases like Parkinson’s disease.®

Overtraining in athletes and other stress such as trauma can lower glutathione
levels. Athletes often take whey protein, which has alarge amount of cysteine; the
cysteine can be converted to GSH.*?

FOOD SOURCES

There is glutathione in food. Fruits and vegetables contain some 50 percent of
glutathione in the diet; less than 25 percent comes from meat. It seems that gluta-
thione is not absorbed intact, but broken down into its constituents. It is then made
into glutathione again in the body.

Whey protein, from milk, isan excellent source of cysteine that can be converted
into GSH.*2

Most or al of the glutathione in the body has been synthesized and not ingested.

MECHANISM OF ACTION: HOW DOES IT WORK?

Glutathione is a free radical scavenger and also detoxifies peroxide. It helps to
regulate cell growth and the function of proteins; it also helps maintain immune
function. The body’s glutathione exists in a pool, called the glutathione pool .*2
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GSH is an essential part of a complex system that protects cells against oxida
tive damage. An enzyme called glutathione peroxidase prevents the accumulation
of reactive oxygen molecules and protects cells from peroxide damage. GSH isa
cofactor for glutathione peroxidase; the reaction produces oxidized glutathione.
Glutathione reductase converts the oxidized form back to glutathione, whichisin
its reduced form. Glutathione in cells is amost al reduced and ready to defend
against potential damage.

Glutathione is a cofactor for the enzyme that keeps vitamins C and E in their
active form. It also is a cofactor in reactions that modify potential toxins such as
drugs or cancer-inducing compounds. GSH has an effect on thiol (sulfur) groups
in signaling proteins. These proteins have a variety of functions including how
genes are expressed, how cells proliferate, and also how cells are programmed to
die. How glutathione doesthisis not completely understood. It can get into the cell
nucleus, where the DNA and genes are.

When glutathione is used by the body under conditions of significant oxidative
stress, its levels can be lowered significantly. There is a significant amount of evi-
dence linking low levels of GSH with chronic disease and high levels with good
health.?

Decreased levels of GSH cause increased susceptibility to oxidative stress, and
this may initiate or worsen many disease processes. If there is oxidative stress
along with protein-energy malnutrition, GSH may be depleted. This can occur with
AIDS, cancer, alcoholism, malnutrition, burns, and chronic digestive diseases.'?

Maintaining the GSH pool with the proper level, turnover rate, and state of oxi-
dationiscritical for many important cell functions. When thereis not enough GSH,
there will beincreased susceptibility to oxidative stress and increased damage. The
converse is also true. Elevated levels of GSH can be protective. It is important to
note that some cancer cells maintain high GSH levels. This has made developing
way's to use glutathione to help cancer patients more complicated.®

The three components of glutathione are glutamate, cysteine, and glycine. Glu-
tathione (GSH) is synthesized via two enzymes, gamma-glutamylcysteine syn-
thetase (or ligase) and GSH synthetase. GSH synthesis is regulated by the first
enzyme, the availability of cysteine, and how much GSH is already present. In the
two-step process, cysteine is converted to gamma-glutamylcysteine, and then to
glutathione.** Glutathione is eventually metabolized into other components. The
rest of this gamma-glutamyl cycle helps recycle parts of the metabolites back into
glutathione.

There are a number of inborn errors of GSH metabolism, where babies are born
with defectsin GSH synthesisor recycling. Five of thesix enzymesthat catalyzethe
cycle producing and/or recycling GSH can be defective. These genetic conditions
can |lead to severely decreased GSH levelsand even early death. Those with defects
leading to diminished GSH levels have anemia and neurological disorders.® These
are very rare conditions.'®

Mosgt of the GSH in the GSH pool is synthesized by the liver and distributed to the
rest of the body.*6 It may be broken back into its constituent amino acids in order to
enter other cells. Presumably, these cells then synthesize GSH from the amino acids.
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PRIMARY USES

» Because glutathione is not absorbed intact, there are really no good uses for the
supplement in oral form. It can supply the molecules needed to resynthesize
itself, but other ways to increase glutathione in the body may turn out to be just
asgood or better.

 Precursors, or glutathione boosters, may be used in any of the chronic diseases
noted in “ The Hype”

* Intravenous glutathione is being used to treat Parkinson’s disease, as well as an
energy booster for people whose body has been under significant stress.

* |tisalso given with cisplatin and similar cancer chemotherapy to reduce the risk
of peripheral neuropathy.

COMMON DOSAGES

Cysteine, methionine, N-acetylcysteine and SAMe can be used by the body to
synthesize glutathione (see other chapters). Supplemental alpha lipoic acid can
raise GSH levels.

When given with cisplatin to cancer patients, an intravenous dose of 1.5-2.5 g/m?
has been used. Alternatively, 600 mg can be given intramuscularly. The same IM
dose has been given to treat male infertility.*?

One protocol for Parkinson's disease uses 1,400 mg of glutathione by vein three
times aweek.b

POTENTIAL SIDE EFFECTS

Glutathione is known to be very well tolerated. So are precursors like N-
acetylcysteine.’® There do, however, appear to be anecdotal reports of alergic
reaction to intravenous glutathione treatment, especially in asthma patients.

In one pilot study for Parkinson's disease, two patients reported mild, transient
nausea, not on the day they were given the glutathione intravenously, but the next
day.b

In the same study, other side effects, such as headache and dizziness, were very
similar, with no statistically significant difference between the group getting pla-
cebo and the group getting glutathione.®

FACT VERSUS FICTION

There is no question of the importance of glutathione to a healthy body. There
are questions in regard to specific diseases. Do low levels of glutathione cause
specific diseases? Or are the diseases causing the lower levels? Either way, will
providing supplemental glutathione to people with these diseases improve their
condition? What is the best way to do that?

Glutathione may turn out to be a very important supplement, but right now, in
itself, it isnot of great useinitsoral form.
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I ntravenous gl utathione may indeed hel p patientswith Parkinson’sdisease. Since
it seemsto be very safe, it seems reasonable to try under the care of a physician.
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L-Carnitine

BRIEF OVERVIEW

Carnitine is an amino acid-ike substance involved in cellular metabolism. Car-
nitine is not an amino acid in the strictest sense (it is actually a substance related
to the B vitamins), but its chemical structure is similar to an amino acid. Unlike
the amino acids, it is not used for protein synthesis or hormone production. Its
main function is transporting long-chain fatty acids into the mitochondria (the fat
incinerators of the cells), where they are oxidized into energy. It also facilitates
the transport of intermediate toxic compounds out of the mitochondria preventing
their accumulation. Carnitine has been coined a “conditionally essential” nutri-
ent by National Institutes of Health,! which means that although our bodies can
synthesize it, requirements for carnitine may exceed this ability under certain cir-
cumstances. Carnitine is the generic term for anumber of compounds that include
L-carnitine, acetyl-L-carnitine, and propionyl-L-carnitine.

THE HYPE

Much of the hype around the use of carnitine as a supplement is related to its
proposed ability to induce weight loss through accelerated fat burning. Carnitine
supplements are also widely used by sportsmen wanting to boost athletic perfor-
mance. The evidence linking carnitine supplements to weight loss or boosted ath-
letic performance is sketchy; and according to the National Institutes of Health's
Office of Dietary Supplements Review, it is not generally an effective supplement
in this regard.> However, carnitine does have roles in protecting the heart muscle
and has promise in the treatment of type Il diabetes.

DEFICIENCY

Carnitine deficiencies may be caused by genetic disorders, liver or kidney prob-
lems, high-fat diets, certain medications, and low dietary levels of the amino acids
lysine and methionine or vitamin B1, B6, or iron (substances needed to make
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carniting).1* The genetic disorder that affects the cellular carnitine-transporter
system is a congenital disorder that usually manifests by five years of age and
includes symptoms of cardiomyopathy, skeletal muscle weakness, and hypoglyce-
mia.* Carnitine supplements can help to treat symptoms during times when carni-
tine becomes conditionally essential, and it is valued as a prescription drug in this
regard.?

FOOD SOURCES

Healthy children and adults do not need to consume carnitine from food or
supplements, as the liver and kidneys produce sufficient amounts from the amino
acids lysine and methionine to meet daily needs.>® Red meat (particularly lamb
and beef) and the whey fraction of dairy products are the primary source. Car-
nitine can also be found in fish, poultry, tofu, tempeh, mushrooms, bread, rice,
asparagus, avocados, and peanut butter.>® Red meat is by far the richest source,
with beef steak containing 56-162 mg carnitine per 4-ounce portion; the same
portion of chicken or fish or a cup of milk contains only 3-8 mg carnitine in
comparison.®

Carnitine occurs in two forms, known as D and L, that are mirror images (iso-
mers) of each other. Only L-carnitine is active in the body and is the form found
infood.35

MECHANISMS OF ACTION AND PRIMARY USES

Since carnitine has functions related to cellular metabolism and energy produc-
tion, its primary uses are mostly related to weight loss and athletic performance,
but carnitine also has potential uses in improving cardiac function and boosting
brainpower.

Carnitine May Aid Weight Loss and Associated Metabolic
Abnormalities

The importance and function of the carnitine system relates not only to the me-
tabolism of fatty acids, but also to systemic fat balance and insulin resistance.
The carnitine system is shown to be a determinant in insulin regulation of fat and
glucose metabolism in skeletal muscle, which iscritical to determining body com-
position and relevant risk factors for cardiovascular disease, obesity, hypertension,
and type Il diabetes.® There are quite a few studies that do not show any signifi-
cant link between L-carnitine supplementation and weight loss. One study using
3g L-carnitine for 10 days in dightly overweight subjects showed no change in
body composition when compared to a placebo.” A study using 36 rats divided into
either atreatment group (receiving 5 g/kg L-carnitine supplementation) or control
group (no supplementation) and all put onto a calorie-restricted diet showed that
weight loss was apparent in both groups but the difference in weight loss was not
significant.? In contrast, another study of obese cats showed that when cats were
supplemented with 250 mg L-carnitine, weight reduction on a calorie-restricted
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diet was significantly faster than that of cats given a placebo.® In a randomized,
double-blind, placebo-controlled study of 36 moderately obese women given either
2 g L-carnitine per day or a placebo and who were made to walk for 30 minutes
4 days a week, no significant changes in mean total body mass (TBM), fat mass
FM, and resting lipid utilization occurred over time, nor were there any significant
differences between groups for any variable.X

Still, there seems to be a lack of well-designed clinical trials investigating the
role of L-carnitineinweight loss. There are some studiesthat point toward aweight
loss benefit when L-carnitine is used together with other weight loss aids, like cho-
line and caffeine.tt1?

Although the evidence linking L-carnitine and weight loss is still sketchy,
L-carnitine supplementation helps offset some of the negative consequences of
being overweight. Obesity results in an increase in circulating levels of free fatty
acids, whichinturnimpair endothelial function. Endothelial dysfunctionisaserious
consequence of being overweight asit leads to an increased cardiovascular mortal -
ity. One study showed that L-carnitine supplementation hel ped attenuate free fatty
acid-induced and obesity-related endothelia dysfunction in obese subjects.*®

Obesity is also associated with an increase in plasma cholesterol levels and an
abnormal blood lipid profile. In several studies, people who took L-carnitine sup-
plements had a significant lowering of their total cholesterol and triglycerides and
anincreasein HDL levels.*4%5 L -carnitine supplementation has also been shown to
reduce levels of lipoprotein in patients with type |1 diabetes mellitus.*6

Carnitine Helps in Type Il Diabetes

Type |l diabetes, another serious consequence of obesity, is also helped by
L-carnitine supplementation, primarily through carnitine's ability to improvein-
sulin sensitivity. Another theory isthat diabetes may be associated with a defect
in fatty acid oxidation in muscle.” In one study, 35 type Il diabetics were ran-
domly allocated to receiveeither 1 g L-carnitine or aplacebo for al2-week period.
Fasting blood glucose decreased significantly in the group receiving L-carnitine
supplementation. Plasma triglycerides did, however, increase in the treatment
group.'® Early research suggests that supplementation with L-carnitine intra-
venously may improve insulin sensitivity in diabetics by decreasing fat levelsin
muscle and may lower glucose levels in the blood by more promptly increasing
its oxidation in cells,181920

Carnitine May Aid Athletic Performance

Animal studies suggest that L-carnitine supplementation decreases lactic acid
accumulation and spares glycogen, therefore playing arolein delaying fatigue dur-
ing exercise.?! Other animal studies point toward carnitine reducing muscle pain
and muscle damage post exercise.?>?

A double-blind placebo-controlled study published in Physiologie** looked at
chronic and acute effects of L-carnitine on 110 top athletes (including swimmers
and long-distance runners). Significant changes were noted after single dose and
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after three weeks of treatment. The L-carnitine group showed higher blood carni-
tine levels, less lactic acid buildup after exercise, and greater muscular potential.

Another double-blind placebo-controlled trial looked at the chronic and acute
effects of 3 g L-carnitine administered over three weeks in 40 top athletes (rowers
and weightlifters). Significant changes were noted in the treated group for triglyc-
erides, free fatty acids, strength index, and VO, max, indicating a positive effect.
Administration of an acute 4 g dose of L-carnitinein 18 top weightliftersregistered
asignificant change in triglycerides and free fatty acids.?*

A review of studies done on carnitine supplementation in athletes in 2004, after
looking at the evidence, reported that L -carnitine supplementation increases maxi-
mal oxygen consumption and can speed up recovery from exercise stress.?

However, despite some studies pointing toward benefits, the National Institutes
of Health's Office of Dietary Supplements states that after 20 years of research,
it finds no consistent evidence that carnitine supplements can improve exercise or
physical performance in healthy subjects.3262"2 However, all the studies it bases
this finding on were conducted by the same research team.

Carnitine Improves Heart Health

The heart receives 70 percent of its energy from fat breakdown, making L-
carnitine acrucial energy provider for the heart. Studies using carnitine for vascu-
lar problems use it in the form of levocarnitine or propionyl-L-carnitine. Studies
suggest that people who take L-carnitine supplements soon after suffering a heart
attack may be less likely to suffer a subsequent heart attack, die of heart disease,
experience chest pain and abnormal heart rhythms, or develop congestive heart
failure.?® In a randomized multicenter trial performed on 472 patients, levocarni-
tine treatment (9 g/day by intravenousinfusion for 5 initial daysand 6 g/day orally
for the next 12 months), when initiated early after acute myocardia infarction, at-
tenuated left ventricular dilatation and prevented ventricular remodeling. In treated
patients, there was a trend toward a reduction in the combined incidence of death
and CHF after discharge.®

The results of studies in chronic heart failure patients showed that long-term
oral treatment with propionyl-L-carnitine improves maximum exercise dura-
tion and maximum oxygen consumption over placebo and indicated a specific
propionyl-L-carnitine effect on peripheral muscle metabolism. A multicenter trial
showed that propionyl-L-carnitine improves exercise capacity in patients with
heart failure, but preserved cardiac function.®

Carnitine for Peripheral Arterial Disease

Some research exists that enables specialists to recommend L-carnitine as a
treatment for intermittent claudication (1C)—a condition that causes great pain in
the legs during exercise because of alack of oxygen flow to the muscles.

In a randomized, double-blind placebo-controlled trial of 155 patients suffer-
ing from claudication, aform of carnitine, propionyl-L-carnitine, safely improved
treadmill exercise performance and enhanced the functional status of patients.3!
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In areview of the pharmacological treatment of I1C in 2001, it was reported that
propionyl-L-carnitine might eventually lead to significant benefit in lessening the
symptoms of 1C.%

COMMON DOSAGES

The FNB has not established dietary reference intakes for carnitine.® Most stud-
ies pointing toward carnitine benefits use carnitine at dosages of between 1 and

3 g per day.

TOXICITY

Carnitine supplements are relatively safe, even at very high doses, with very lit-
tlein the way of toxicity symptoms being reported.?3 At doses of approximately
3 g/day, carnitine supplements may cause nausea, vomiting, abdomina cramps,
diarrhea, and a“fishy” body odor. More rare side effects include muscle weakness
in uremic patients and seizures in those with seizure disorders.®

FACT VERSUS FICTION

Carnitine may play a small role in weight loss, but only when used in conjunc-
tion with other weight loss aids. With all weight loss supplements, a good diet and
exercise program must be followed in order to achieve results. There may be some
benefit of carnitine supplementsfor athletes, but the effects, if any, would probably
be minimal. However, because carnitine is a safe and well-tolerated supplement
that benefits the heart and circulatory system, it may still provide benefits other
than weight loss or enhanced exercise performance in people using it for these
purposes. Carnitine does show promise as a useful supplement for diabetes.
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L-Arginine

BRIEF OVERVIEW

Arginine is a conditionally essential amino acid, which means that under most
circumstances, the human body synthesizesits own arginine as needed. Arginine’s
first function wasidentified asits ability to create urea, awaste product that clears
ammonia, a toxin, from the body.! Arginine is also a precursor for nitric oxide
(NO), asimple gas made up of nitrogen and oxygen that penetrates and crossesthe
membranes of amost all cellsin the human body and helps regulate many cellular
functions.? Arginine also helps the body to manufacture protein and is needed for
the production of certain hormones, including growth hormone.-

THE HYPE

L -arginine supplements are common among bodybuilders and athletes who use
them to enhance endurance as well as to stimulate growth hormone production
in an attempt to build muscle mass. Arginine's role as a precursor for NO syn-
thesis has made it a popular supplement for the treatment of circulatory disor-
ders, like erectile dysfunction and cardiovascular disease. Thereis also some hype
around L-arginine in diabetes management due to its ability to augment insulin
sensitivity.

DEFICIENCY

Arginine is a conditionally essential amino acid, so deficiency is rare. It can
become essential in certain people; for example, people with protein malnutrition,
excessive ammonia production, burns, infections, rapid growth, ureasynthesisdis-
orders, or sepsis may not have enough arginine. Symptoms of arginine deficiency
include poor wound healing, muscular weakness, impotence, hair loss, skin rash,
constipation, and fatty liver.34
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FOOD SOURCES

The average American generally ingests up to 5.4 g (5,400 mg) of L-arginine
per day through foods. This amount is generally more than adequate to serve as
a substrate for nitric oxide synthesis. The richest sources of arginine are found in
vegetable proteins. Nuts, and especially peanuts, are particularly high in arginine
(3 g arginine per 100 g). Other nuts and seeds range between 2-3 g arginine per
100 g of product. Legumes, like soybeans, chickpeas, and kidney beans, aswell as
chicken and fish contain between 1-2 g arginine per 100 g.°

MECHANISMS OF ACTION AND PRIMARY USES

L-Arginine Enhances Growth Hormone Production and May
Prevent Low HGH Related Symptoms

Human growth hormone (HGH) promotes a healthy metabolism and a more
ideal ratio of lean muscle tissue to body fat. As we age, HGH levels begin to de-
cline and age-associated decreases in muscle mass and increases in body fat be-
come noticeable. Naturally, stimulating HGH has therefore become quite a buzz.
Since arginine is a precursor for HGH synthesis, arginine supplements have be-
come popular with athletes, people wanting to lose body fat, and bodybuilders.
Low HGH levelsaso lead to low levels of insulin-like growth factor 1 (IGF-1). Di-
minishing GH/IGF-1 has been shown to reflect disordered sleeping patterns, bone
frailty, increases in central adiposity (fat accumulation around the middle of the
body including the abdomen), as well as decreases in cognition and muscle mass,
strength, and conditioning.®”# Whether or not L-arginine supplements can raise
HGH and IGF-1 levelsin humans and impact on any of the deficiency symptomsis
a contentious issue. While studies have demonstrated that L-arginine supplemen-
tation of 5-9 g can augment HGH secretion at rest significantly,>° others have
shown L-arginine to be ineffective in augmenting both GH and IGF-1 release in
adults.'* However, the latter study used a dosage of only 7 g L-arginine.

L-Arginine Aids Sports Performance

Arginine has proposed ergogenic potential and supplements have been used in
an attempt to boost athletic performance. Athletes have taken arginine for three
main reasons: (1) itsrole in the secretion of endogenous growth hormone (HGH),
(2) its involvement in the synthesis of creatine (a metabolite of arginine that has
ergogenic potential), and (3) its role in augmenting nitric oxide.*?

Studies have demonstrated that L-arginine supplementation can augment HGH
secretion at rest by 100 percent,® which seems like a great feat but exercise alone
can augment HGH production by as much as 300-500 percent, with the combina
tion of L-arginine and exercise offering no additional benefits.® A study using
arginine aspartate supplements found no influence on performance, selected meta-
bolic or endocrine parameters, including the stimulation of HGH.*3 A 2007 review
argues that, although there is some evidence linking L-arginine supplements to
enhanced endurance, studies arelacking. Thereview notesthat thereis preliminary
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evidence that L-arginineinfusion enhances exercise performance, probably mostly
viaincreases in nitric oxide (NO) and an altered skeletal-muscle metabolism dur-
ing exercise.*

Another form of arginine, in theform of arginine alpha-ketoglutarate (AAKG),
seems to offer more promise as a sports enhancement supplement. A random-
ized, double-blind, controlled study showed that AAKG supplementation of 4 g
per day appeared to be safe and well tolerated and positively influenced bench
press ability and Wingate peak power performance. AAKG did not influence
body composition or aerobic capacity, however.'> Another study showed that
AAKG in combination with creatine improves upper body muscle endurance,
and Cr + AAKG supplementation improves peak power output on repeated Win-
gate tests.16

L-Arginine Helps Produce Nitric Oxide (NO)

Attention has focused on endothelial production of nitric oxide as a key ele-
ment in many of the processes associated with the development of atherosclerosis.
Arginine is the substrate for the enzyme nitric oxide synthase (NOS), which is
responsible for the endothelial production of nitric oxide. Arginine is thought to
work through its ability to produce nitric oxide (NO), a ssmple gas made up of ni-
trogen and oxygen that penetrates and crosses the membranes of almost al cellsin
the human body and helps regulate many cellular functions. In blood vessels, NO
is extremely important because it regulates the tone of the layer of cells known as
endothelial cells that line the inside of blood vessels.t”*8 If these endothelia cells
become dysfunctional, they can cause spasms or constrictions of the blood vessels
that can then lead to hypertension (high blood pressure), which can cause heart
disease on its own and worsen atherosclerosis.’18

L-Arginine Helps Prevent Vascular Disease

Results of studies from animals with hypercholesterolemia show that L-arginine
supplementation has abeneficia effect on markers of endothelial function (includ-
ing vasodilatation ability), macrophage function, and platelet aggregation and ad-
hesion, which all help reduce atherosclerotic plague formation.'® Human studies
are lacking, however, and no conclusive evidence of benefit can be given.

A study from Italy examined blood pressure changes among six malevolunteers
who were placed on three different diets.?° The first diet consisted of foods that
contained 3—4 g of arginine. The second diet was high in arginine-rich foods so
that these volunteers consumed about 10 g of arginine daily. Peoplein diet three
ate the same foods as people in diet one but took 10 g of arginine supplements
daily. After only one week on either diet two or diet three (the arginine-rich/
supplementation diets), significant decreases in blood pressure were observed
in the volunteers on those diets, as compared to those on diet one. One study
done on preeclamptic pregnant women showed that L-arginine supplementation
raised NO levels and lowered systolic and diastolic blood pressure within three
weeks.?
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A large trial of 153 post—-myocardial infarction patients, randomized to receive
either L-arginine supplements or a placebo, found no evidence that L-arginine sup-
plementation reduces vascular stiffness measurements or left ventricular gjection
fraction after six months of supplementation.?

However, a more recent review of 13 trials on L-arginine and endothelial func-
tion showed that when flow-mediated dilation islow, oral L-arginine supplementa-
tion increases vascular endothelial function.?

L-Arginine Helps Maintain Healthy Erectile Function

Erectile dysfunction is essentialy a vascular disorder, which is why NO-
enhancing therapies have received quite alot of press when it comes to this topic.
NO from nerves and possibly endotheliaplaysacrucial roleininitiating and main-
taining intracavernous pressure increase, penile vasodilatation, and penile erection
that are dependent on cyclic GMP synthesized with activation of soluble guanylyl
cyclase by NO in smooth muscle cells.242

The Massachusetts Male Aging Study of 1,290 men, aged 40—70 years, has doc-
umented the extraordinarily high prevalence of erectile dysfunction among aging
men: 50 percent of men at 50 years of age, and 70 percent by age 70 have erectile
dysfunction.?® What is interesting to note is that in a recent Italian study of men
with severe heart disease, an astounding 93 percent had some form of erectile dys-
function 24 months before their heart attack or onset of heart disease symptoms,
highlighting the link between heart disease and erectile dysfunction.?’

Using L—arginine supplementation on its own has shown no real benefit in
improving erectile function in impotent men, using a dose of 1.5 g/day for four
weeks.? Another study did show some positive effects on erectile function with
[-arginine supplementation in men with existing defects in NO excretion or pro-
duction. This study used six weeks of a much higher dose (5 g/day) L-arginine
therapy.?

Using L-arginine in combination with other supplements for erectile dysfunc-
tion, like pycnogenol, has demonstrated more impressive results than using L-
arginine on its own.*

L-Arginine and Cancer: A Double-Edged Sword

Arginine is an amino acid that is converted two different ways: it can become
L-ornithine, or it can become nitric oxide. Each has different actions with regard to
cancer. If it's converted to nitric oxide, it helps the type of immune cellsthat attack
cancer. If it's converted to L-ornithine, it can help cancer grow.3!

Melanoma and hepatocellular (liver) cancer require arginine for growth, and
arginine depletion via arginine deiminase (ADI), an arginine-metabolizing en-
zyme, has been used to retard cancer cell growth.®? Liver cancer patients treated
with plasma arginine depletion therapy demonstrated a complete tumor response
in one study.*

In contrast to arginine depletion, arginine supplementation augments both spe-
cific and nonspecific antitumor mechanisms, retards tumor growth, and prolongs
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survival in some animal tumor models.®* Breast cancer patients undergoing che-
motherapy have benefitted from arginine. In one study, women who took 30 g/day
for three days prior to each chemo treatment had stronger immunity.® L-arginine
supplementation may also limit the progression of colon cancer, as seen in some
studies.36:37

COMMON DOSAGES

Thereisalack of standard or well-established doses of arginine, and many differ-
ent doses have been used and studied. A therapeutic dose of 2—3 g taken by mouth
three times daily, equivalent to 6-9 g per day, seems to offer benefits.>10.20.2

TOXICITY

In studies, up to 16 g of arginine have been taken daily by mouth for up to six
months, with minimal side effects.? Stomach discomfort, including nausea, stom-
ach cramps, or an increased number of stools, may occur with larger dosages. One
study found that 13 g arginine per day caused stomach upsets.'® Arginine allergy
and anaphylaxis has been reported in some cases where arginine injections were
used. Other potentia side effects include low blood pressure and changes in nu-
merous chemicals and electrolytes in the blood.

FACT VERSUS FICTION

Arginine can augment HGH levels, which may have implications for improving
body compoasition and dlowing the aging process, but these effects are still uncon-
firmed. L-arginine supplements may improve exercise performance through this
mechanism of increased HGH production but aso through itsrole in increasing NO
levels. L-arginine taken in the form of AAKG has been shown to boost endurance
and exercise performance. L-arginine supplements do hold some promise in main-
taining ahealthy vascular endothelium and hel ping to reduce blood pressure, through
its effects on NO production. Its role in helping with erectile dysfunction is prob-
ably small, but L-arginine combined with other supplements may work well in this
regard. L-arginine’srolein cancer istoo controversial, and because of its attenuating
effects on some cancers, it is generally not recommended as a suitable therapy.
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Vitamin C

BRIEF OVERVIEW

Vitamin C is one of the most popular
stand-alone vitamin supplements in
the world. A 2002 report showed that
next to multivitamins, vitamin C was
the most commonly used supplement
in the United States.! Vitamin C is a
water-soluble vitamin, which means
it cannot be stored and humans need a
constant, daily supply of it for normal
growth and development. Vitamin C's
primary function is that of an antioxi-
dant and quencher of a variety of re-
active oxygen species. It is necessary
for the formation of skin, scar tissue,
tendons, ligaments, and blood vessels.
Vitamin C is essential for the healing
of wounds and for the repair and main-
tenance of cartilage, bones, and teeth.

THE HYPE

The role of vitamin C (ascorbic
acid) in the prevention and treatment
of the common cold has been a subject
of controversy for 60 years, but it is
widely sold and used as both a preven-
tive and therapeutic agent. While vita-
min C supplements may play arolein

Packed with vitamin C, potassium, folate,
and antioxidants, strawberries are alow carb/
low sugar treat that is heart-healthy, with
potential  memory-enhancing and cancer-
preventing perks. (PRNewsFoto/California
Strawberry Commission)
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prevention as well asin shortening the duration of a cold, the effects on symptom
severity are controversial. Vitamin C does show some promisein the prevention of
heart disease aswell asin heart attack recovery. Vitamin C may also play arolein
HIV and cancer management.

DEFICIENCY

A severeform of vitamin C deficiency, known as scurvy, is characterized by gen-
eral weakness, anemia, gum disease (gingivitis), and skin hemorrhage. Scurvy is
seen more frequently in older, malnourished patients and is very rarein the United
States.?

Information from the Third National Health and Nutrition Examination Survey
(NHANES I11) suggests that 13 percent of Americans are vitamin C deficient.®
Smokers have higher vitamin C requirements because of smoking's ability to in-
crease oxidative stress, and deficiencies are more common in smokers than in non-
smokers. Data from the NHANES 111 showed that smokers had one-third lower
mean vitamin C concentrations than nonsmokers. Vitamin C deficiency was aso
directly related to low fruit and vegetable intakes.

Symptoms of vitamin C deficiency include dry and splitting hair, gingivitis,
rough, dry skin, decreased wound healing rate, weakened tooth enamel, anemia,
and a decreased ability to fight infections.?

FOOD SOURCES

Vitamin Cisfound in high concentration in fruits and vegetabl es. Excellent food
sources of vitamin C include broccoli, bell peppers, kale, cauliflower, strawber-
ries, lemons, mustard and turnip greens, brussels sprouts, papaya, chard, cabbage,
spinach, kiwifruit, snow peas, cantaloupe, oranges, grapefruit, limes, tomatoes,
zucchini, raspberries, asparagus, celery, pineapples, lettuce, watermelon, fennel,
peppermint, and parsley.?

The United States Department of Agriculture (USDA) recommends five serv-
ings of fruit and vegetables per day, which should equate to 200400 mg vitamin C
per day, depending on the source and quality of the produce.® However, at least
20-30 percent of Americans ingest less than 60 mg vitamin C per day and are not
nearly meeting their daily quota of fruit and vegetables.*

MECHANISMS OF ACTION AND PRIMARY USES

The production of reactive oxygen species by free radicals has been proven to
damage bodily tissues.> Most of vitamin C's potential to prevent and fight disease
is dueto its effects as an antioxidant and free radical scavenger.

Vitamin C Helps Prevent and Fight Infections

Vitamin C has long been hailed as a prevention and treatment mechanism for
all kinds of acute infections, including the common cold. In vitro studies have
shown an antiviral effect of ascorbic acid, and especially dehydroascrobic acid
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(an oxidized form of the vitamin), on herpes simplex virus (HSV-1), influenza A
virus, and poliovirus 1.5

Vitamin C may play arolein both the prevention and treatment of pneumonia. A
2007 Cochrane review found that trials showed as much as an 80 percent reduction
in the incidence of pneumonia with vitamin C supplementation when compared
to placebo groups.” However, most trials that showed a statistically significant
prophylactic effect for pneumoniawere carried out on groups likely to be consum-
ing vitamin C deficient diets, like lower-income groups and military personnel.”8
In one study, elderly patients that were hospitalized with pneumonia or bronchitis
showed improvement following supplementation with vitamin C;° however, the
effects were restricted to the most ill patients.

Vitamin C supplementation may be particularly important to people in develop-
ing countries, who are highly vulnerable to developing life-threatening infections.
In this at-risk population, daily supplementation with up to 1,000 mg of vitamin C,
along with the mineral zinc, reduced the likelihood of devel oping potentially deadly
pneumonia, malaria, and infection-related diarrhea.'”

The role that vitamin C plays in the prevention and treatment of the common
cold remains controversial. A recent Cochrane review looked at various studies
using daily oral doses of 200 mg or more of vitamin C on the duration and severity
of the common cold when used either as continuous prophylaxis or after the onset
of symptoms.** A consistent benefit on common cold duration during prophylaxis
with vitamin C was observed. The subgroup of six trials, however, was limited
to athletes. Vitamin C administered after the onset of cold symptoms yielded no
significant effects on cold duration. The review also reports no significant effects
of vitamin C supplementation on cold symptom severity. A double-blind, five-year
randomized controlled trial on elderly persons in Japan showed that high-dose
(500 mg per day) vitamin C supplementation reduces the frequency of the common
cold but had no apparent effect on the duration or severity of the common cold.*?
One study, conducted on younger persons, actually showed a decrease in cold and
flu symptoms severity with very high dose vitamin C.2* In this study, students
who supplemented with hourly doses of 1,000 mg of vitamin C for six hours and
then three times daily thereafter exhibited an 85 percent decrease in cold and flu
symptoms compared to those who took pain relievers and decongestants for their
infectious symptoms.

Vitamin C Improves Heart Health

Vitamin C may help support the heart and vascular system by protecting against
endothelial dysfunction, preventing heart attacks, and countering the dangerous
oxidation of blood lipids. In onetrial, men in the highest third of vitamin C intake
had a 66 percent lower risk of coronary heart disease than men in the lowest third,
after controlling for various other cardiovascular risk factors.*4

Moreover, in a meta-analysis of studies that followed subjects for more than
10 years, the use of vitamin C supplements at a dosage of at least 700 mg per day
reduced risk of coronary artery disease by 25 percent.’® In another study of vita-
min C intake and heart disease risk, women who used vitamin C supplements had
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a 28 percent reduction in coronary heart disease compared to women who did not
supplement with the vitamin.*® The mechanisms through which vitamin C may
improve heart health, include the following.

Improved Endothelial Function

The endothelium is the delicate lining of the blood vessels leading to and from
the heart muscle. In endothelial dysfunction, the blood vessel walls become stiffer
and their ability to dilate (or expand) to cope with an increase in blood flow isre-
duced. Vitamin C is thought to improve endothelia function possibly through its
ability to reduce oxidative stress.!”1® Researchers have found that while eating
ameal highin fat temporarily impairs endothelial function for up to four hoursin
healthy individuals, pretreatment with the antioxidant vitamins C and E prevents
this impairment.® In addition supplementation with 1,000 mg vitamin C per day
protects the endothelium from the damaging effects of homocysteine (an amino
acid like substance that can hasten endothelial dysfunction).?

Endothelial dysfunction is severely attenuated in smokers, and studies have
shown that this can be surmounted by high-dose vitamin C supplementation.?
One study using high-dose vitamin C (2,000 mg per day) in smokers showed a
59 percent reduction in endothelial dysfunction.?? Authors warn, however, that
high-dose vitamin C supplementation by no means cancels out the negative effects
of smoking on heart disease risk.

Heart Attack Prevention and Protection

Vitamin C deficiency has been tied to heart attack risk. One study of middle-
aged men without evidence of preexisting heart disease showed that men who were
deficient in vitamin C were 3.5 times more likely to suffer heart attacks compared
to those who were not deficient in the vitamin.?3 In another study, subjects in the
highest quartile of vitamin C intake had 80 percent lower risk of heart attack com-
pared to those in the lowest quartile.?

However, supplementing with vitamin C has not consistently shown to prevent
heart attacks. Datafromthe Physicians Health Study |1, supplementingwith 500 mg
vitamin C per day, showed no significant risk reduction for cardiovascular events,
including heart attacks.?®

Vitamin C may, however, improve outcomes after suffering a heart attack. For
example, in alarge study of patients who had suffered an acute heart attack, sup-
plementing with high doses of vitamin C (1,200 mg daily) for one month sig-
nificantly reduced the combined rate of death, new heart attack, and other severe
complications by about 20 percent. The participants also supplemented with
600 mg vitamin E in this study.?®

Reduction in Lipid Peroxidation

It is not only the presence of LDL (low density lipoprotein), or “bad choles-
terol,” in the blood that affects heart disease risk, but also the oxidative state of
these lipids.?” While vitamin C has not consistently shown to be able to reduce
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cholesterol directly, it may help prevent the oxidation of bad cholesterol. Supple-
mentation with 2,000 mg vitamin C per day for five days in smokers was associ-
ated with a significant reduction in markers for lipid peroxidation.?®

Vitamin C May Be Useful in HIV Infection

It has been demonstrated that oxidative stressinduced by the production of reac-
tive oxygen species may play a critical role in the stimulation of HIV replication
and the development of immunodeficiency.?® Laboratory studies have shown that
high doses of vitamin C could be toxic to HIV cells®3! In a study of HIV-
infected patients, subjects with advanced immune deficiency who supplemented
with high doses of vitamin C together with the antioxidant N-acetylcysteine exhib-
ited improvements in several measures of immune system function.?

Vitamin C May Be Useful in Cancer Prevention and Treatment

Vitamin C supplements have been used as a means to prevent and treat cancer,
by virtue of their antioxidant effects. However, the U.S. Department of Health
and Human Services released a summary report of studies relating to antioxidants
(including vitamin C) and cancer and found no conclusive evidence that vitamin C
can help either prevent or treat cancer.®

COMMON DOSAGES

The Food and Nutrition Board at the Institute of Medicine recommends a daily
intake of 75 mg vitamin C for women and 90 mg for men, in contrast to the previ-
ous recommended daily allowance (RDA) of 60 mg per day.**

Many results pointing toward the benefits of vitamin C were achieved using
high-dose supplementation.®

Dietary supplementstypically contain vitamin C in the form of ascorbic acid and
areoften found together with bi oflavonoi dsto enhance absorption. Also widely avail-
ableis a metabolite complex form of vitamin C, sold commercially under the trade
name Ester-C™, in which ascorbic acid is combined with severa of its naturally
occurring metabolites including dehydroascorbate, threonate, and aldonic acids.

TOXICITY

Accordingto the Food and Nuitrition Board, vitamin C toxicity isvery rare, because
the body cannot store the vitamin. However, amounts greater than 2,000 mg/day are
not recommended because such high doses can lead to stomach upset and diarrhea.®
There is some concern about the link between high-dose vitamin C supplementation
to an increased risk of calcium oxalate kidney stones, but other studies have refuted
thislink.353%

FACT VERSUS FICTION

Vitamin C deficiency can lower immunity and increase susceptibility to both
acute infections and chronic conditions, through a decreased ability to neutralize
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reactive oxygen species. Using vitamin C supplements for acute upper respira-
tory infections may be useful as a prophylaxis or in reducing the duration of an
illness, especially in people at high risk of vitamin C deficiency. The relation-
ship between vitamin C supplements and symptom severity remains a sketchy
area. Vitamin C supplements show promise in the prevention of heart disease,
primarily through vitamin C’s ability to improve endothelial dysfunction and
reduce lipid peroxidation. The effects of vitamin C supplementation on attenuat-
ing the effects of cigarette smoking show great promise. Given that many Ameri-
cans are not meeting their daily requirements of fruit and vegetables, vitamin C
remains one of the most useful supplements for overall health and well-being.
There may be some benefit in supplementing patients with immune deficiency
symptoms with vitamin C, but its role in cancer management and prevention
remains agrey area.
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BRIEF OVERVIEW

Human life is not possible without iodine. lodine is an essential part of thyroid
hormones, which regulate metabolism. Thyroid hormones affect essentialy the
entire body and must be in the correct range for good health. The same is true for
iodine—it must be in the correct range for good health.

There are some indications that iodine has other specific functions. None of
these can be as critical as the actions of thyroid hormones.

THE HYPE

There isno question that iodine is essential, primarily asaresult of its contribu-
tion to thyroid hormone. However, evidence is accumulating that iodine may do
other things. It concentrates not only in the thyroid gland, but also in the breast
tissue, eye, stomach lining, uterine cervix, and salivary glands.!

lodine may have arole in treating mammary dysplasia (abnormal breast tissue)
and fibrocystic breast disease. It may be able to inactivate bacteria and increase
the immune response. When levels are low, there may be a higher risk of stomach
cancer.?

It seems possible that different forms of ingested iodine may preferentially go
to different areas in the body. Molecular iodine (I,) that is converted iodide (1) is
most beneficial for the thyroid gland. I, may have more action on breast tissue that
reduces atypical cells.34

In breast tissue, iodine actually reaches four times the concentration it does in
thethyroid. The breast tissue hastwo enzymesto control the amount of freeiodine,
which is higher during puberty, pregnancy, and lactation.

There have been anumber of studies using various forms of iodineto treat fibro-
cystic breast disease. lodine seems to decrease the symptoms of fibrocystic breast
disease without harming thyroid function.4



150

Vitamins and Minerals

Dembele Terefe Gendo, 48, foreground, and
her daughter Rome Berinhun, 16, right, sit
outside their home in Nedjo, Ethiopia, in
2008. Gendo has had a goiter since shewas a
young girl. Her daughter has also developed
one, and her son says he feels the beginning
of one as well. The 16-year-old is among
some 80 percent of Ethiopians suffering from
an easily preventable deficiency of iodine, an
essential nutrient that was readily available
from Eritrea until the 1998—2000 war halted
al trade between the countries. (AP Photo/
Anita Powell)

There is evidence that iodine plays
a role in preventing breast cancer. In
areas with high iodine consumption
such as Japan, the incidence is much
lower than in areas with low iodine in-
take. The breast tissue of women with
breast cancer contains less iodine than
women without cancer. It has also been
hypothesized that the protective effect
of multiple pregnancies on breast tis-
sue (risk goes down with multiple
pregnancies) may be because of the
increased iodinein breast tissue during
pregnancy and lactation.*

There has been much research on
iodine levels and breast cancer in
animals; iodine can inhibit mammary
cancer in rats. Human trials will be
needed to try and confirm iodine’s ef-
fects on human breast cancer.® In one
preliminary study, a small number of
women with metastatic breast cancer,
whose initial tumor expressed the so-
dium/iodine symporter (see “Mecha
nism of Action”), were given iodine
radioisotopes, and in one patient, the
radioisotope was concentrated in a
metastatic lesion. This shows that it
is possible that some breast cancer
metastases could be treated with ra-
dioisotopes of iodine. Radioisotopes
of iodine are aready used as part of
the treatment for thyroid cancer and
metastases.®

lodine is aso an antioxidant. lodine

is converted to iodide using hydrogen peroxide, an oxidizing agent. When iodine
is converted, it may decrease damage by free oxygen radicalsin the area. This may

play arole in immune function.

DEFICIENCY

Abnormal growth and development are major manifestations of most io-
dine deficiency disorders (IDD). Problems include low thyroid hormone levels
(hypothyroidism), goiter (an enlarged thyroid gland), mental retardation and cre-
tinism. Childhood mortality isincreased and normal reproduction is decreased.
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Cretinism occurs when a growing fetus is low on thyroid hormone. In addition
to severe mental retardation it also includes deafness, mutism, spasticity, and short
stature. In some parts of the world, as many as 1 in 10 people are cretins. Groups
with iodine deficiency have an average 13.5-point lower 1Q score than that of pop-
ulations with normal iodine intake.?

With insufficient iodine, the thyroid gland enlarges while trying to make more
hormones. Over time it can develop nodules and even cancer.

lodine deficiency can occur anywhere in the world. In the United States, some
salt is iodized with potassium iodide, but the use of iodized salt is optional. In
Canada, all sdt isiodized.

Thereisiodine deficiency in Africaand Asia, and also in parts of Europe, such
as Germany. In many countries it is a large public health problem; the World
Health Organization makes recommendations and gives assistance to countries where
needed.®

In the United States, it has been estimated that as many as 36 percent of women
of childbearing age may have insufficiency, with 15 percent of these women hav-
ing frank iodine deficiency. Furthermore, many breast-feeding women do not
have enough iodine in their milk for their newborns. In one study done in Boston,
47 percent of lactating women did not have enough iodine in their milk.*

lodine deficiency may not always be suspected in the United States because of
the use of iodized salt. A woman with an enlarged thyroid, low thyroid hormone,
and a thyroid scan showing uptake of radioactive iodine is usually deficient inio-
dine. This can be confirmed by a 24-hour urine iodine level.”

Pregnant women not getting enough iodine will have slightly enlarged thyroid
glands, with low thyroid hormone and high TSH (thyroid stimulating hormone).
If this continues, through breast-feeding and afterward, they can become hyper-
thyroid and develop multinodular goiters. Without enough iodine women may be-
come obviously hypothyroid and have trouble becoming pregnant and carrying a
normal pregnancy to term.!

Smoking significantly lowersthe amount of iodinein breast milk. Thisisthought
to occur because chemicals in cigarette smoke inhibit the activity of the sodium/
iodine symporter. If breast-feeding women do not stop smoking, they should take
extraiodine®

Low iodine levels are associated with thyroid cancer. They may also increase the
risk of breast, ovarian, uterine, and prostate cancer.*

lodine consumption in Japan can be as high as 10 times what Americans take
in. It has been postulated that this may be one of the reasons for a lower rate of
breast disease and breast cancer in Japanese women. Thereis also |ess autoimmune
thyroid disease.!

Thyroid status can be checked by measuring thyroglobulin, TSH, T; and T, (see
“Mechanism of Action”). The thyroid gland can aso be evaluated by ultrasound,
as well as visualized by use of radioactive iodine. While there are other causes of
hypothyroidism (low thyroid), inadequate iodine intake does eventually cause hy-
pothyroidism, even if there are periods of hyperthyroidism.

In addition to iodine deficiency, consumption of certain foods, called “goitro-
gens,” can cause problems with thyroid hormone production and lead to goiters.?
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A naturally occurring chemical that can inhibit iodine uptake is called perchlo-
rate, and it is found in the food and water supply in the United States. This may
have an effect on thyroid functioning.*

Deficiency of vitamin A, iron, and selenium can also interfere with normal thy-
roid hormone production. Certain drugs can interfere with the thyroid gland. While
these do not alter iodine levels, they can be additive problems.?

FOOD SOURCES

The mgjority of the earth’siodine isin the oceans. There is very littleiodinein
most foods. The amount varies based on what is in the soil, which is greater in
coastal areas.!

Fish or other food from the ocean tends to have more iodine because of the io-
dine in seawater. Seaweed, for example, is very high in iodine. lodine isfound in
cow’s milk and dairy products.

The amount of iodine in most foods is between 3 to 75 pg a portion. Processed
foods may have iodine added.?

Most peoplein the United States get enough dietary iodinein the diet to prevent
frank hypothyroidism. Population studies have shown that people who ingest the
most iodine are getting near the UL (Upper Limit). Somewhere between 10 and
15 percent of people in the United States take supplementary iodine.

Goitrogens include cassava, millet (especially from polluted water), and cruci-
fera vegetables such as cabbage.?

MECHANISM OF ACTION: HOW DOES IT WORK?

lodine is well absorbed from the gastrointestinal tract in most forms. Much of
theiodate form, which is often added to salt, is converted to iodide. It was believed
that most of the iodine goesto the thyroid or kidneys. It is concentrated in the thy-
roid; excessis excreted by the kidneys.?

lodides, as opposed to molecular iodine, are absorbed viathe sodium-iodide sym-
porter. The symporter is present in all the parts of the body that concentrate iodine,
including the breast, salivary glands, thyroid gland, and cervix of the uterus.

In the thyroid gland, iodide is made into thyroid hormone. Thyroglobulin, alarge
protein made by thyroid cells, is necessary for the production of thyroid hormone. At
the thyroid cells' surfaces, iodide and thyroglobulin meet. lodide is oxidized and at-
tached to thyroglobulin to produce precursors of thyroid hormone. The precursorsare
combined into two different forms, tetraiodothyronine (T,4) and triiodothronine (T5).

There is always thyroglobulin containing iodine in thyroid follicles. This thy-
roglobulin is about one-third thyroid hormone and the rest precursors. A normal
amount of iodine in the thyroid gland is about 15 mg. When thyroid hormone is
needed, enzymes digest thyroglobulin to release thyroid hormones. lodine that is
not released as thyroid hormone is recycled within the gland itself.

T; and T, travel in the bloodstream bound to other proteins, such as thyroxine-
binding globulin. Whenthey reachtheareaneeded, T, isturnedinto T5. Thismeansre-
moving an iodide, which returns to the circulation. T; is the active thyroid hormone.
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TSH, also called thyrotropin or thyroid stimulating hormone, regulates the re-
lease of thyroid hormone. TSH is made in the pituitary gland when thyroid hor-
mone levels drop, and it stimulates the thyroid to make more hormone. When
levelsrise, TSH goes down. If there is not enough iodine, there will not be enough
thyroid hormone made. TSH levels will rise, stimulating the thyroid. This causes
the thyroid to enlarge. It can become a diffuse goiter or it can contain nodules. The
excess TSH does not usually cause increased hormone with iodine deficiency, but
sometimes if there are pockets of iodine, there can be temporary hyperthyroidism
with low iodine.?

Thyroid hormoneisthemajor regulator of the body’s metabolism. Generally speak-
ing, when it is low, everything slows down; when it is high, everything speeds up.

Thyroid hormone is needed for normal development of the central nervous sys-
tem. It is necessary for myelination, which is the covering of nerves.

lodine deficiency disorders (IDD), which occur throughout the world wherever
iodine intake is low, occur as the result of low thyroid hormone production from
inadequate iodine. As noted above, there can be short periods of hyperthyroidism,
but usually thyroid hormone levels will be low.

It is now appreciated that iodine goes to other tissues. Wheresas there is 15 mg
of iodine in the thyroid, there may be 30 to 50 mg in the body. Possibly |ess than
30 percent of theiodineisin the thyroid.

lodine goesto the eye, the stomach lining, and as noted, breasts, salivary glands,
and uterine cervix. Its primary rolein breast tissue hasto do with lactation. It isnot
known what the function of iodine isin the other areas.

There is a sodium/iodide symporter (NIS) in thyroid cancer cells as well as, by
some estimates, more than 70 percent of breast cancer cells.®

PRIMARY USES

* lodineisused to prevent and treat iodine deficiency. Where iodized salt is avail-
able, that is the most common way to deliver iodine. lodinated oil is used in
countries where there is severe deficiency and medical resources are stretched.
The oil contains alarge amount of iodine (400 mg) per dose and is enough for a
year.

» Supplementation is important in known areas around the world where food is
low iniodine. It is especially important during pregnancy and lactation.

» Molecular iodine (I,) can be used to treat the symptoms of fibrocystic breast
disease without affecting the thyroid gland.

 Radioactiveiodineis used to treat thyroid cancer.®

COMMON DOSAGES

The Food and Nutrition Board of the Institute of Medicine has set dietary re-
quirements for iodine in the United States. According to the FNB, the following
are guidelines for iodine intake.
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The Average Intake (Al) for iodineis 110 ug a day for infants O to 6 months of
age. At 7 to 12 months, the Al is 130 ug a day. The Estimated Average Require-
ment (EAR) for children ages 1 through 8 yearsis 65 ug a day; the Recommended
Dietary Allowance (RDA) is 90 ug. For children ages 9 through 13 years, the EAR
is 73 ug aday; the RDA is 120 ug aday. The EAR for both boys and girls ages 14
through 18 yearsis 95 ug of iodine; the RDA is 150 ug/day.

The EAR for all adults, except pregnant and lactating women, is 95 ug aday and
the RDA is 150 ug aday. The EAR for pregnant women is 160 ug a day regardless
of the woman’s age; the RDA is 220 ug a day. The EAR for lactating women is
209 ug aday; the RDA is 290 ug a day.?

In the United States, most people, but not all, get enough iodine in the diet. In
many parts of the world, that is not true. It is also not true for some peoplein cer-
tain parts of the United States.

It isimportant for pregnant women to take enough iodine throughout the entire
pregnancy and breast-feeding.%!

TheAmerican Thyroid A ssociation recommendsthat pregnant and breast-feeding
women take supplements of 150 ug of iodine a day.*?

POTENTIAL SIDE EFFECTS

Ingestion of multiple grams of iodine at one time can cause acute poisoning. A
very large amount of iodine causes fever; abdominal pain; burning of the mouth,
throat, and stomach; nausea; vomiting; diarrhea; heart problems; and coma.?

Over the long term, both excessive and inadequate intake of iodine can cause
thyroid problems, depending on previous intake of iodine and any underlying
problems with the thyroid. People with thyroid autoantibodies, meaning they are
making antibodies against their thyroid gland, are more susceptible to problems
with both excessive and inadequate intake of iodine.

Excessive iodine ingestion can cause hyperthyroidism, the opposite of low
thyroid. It can also cause goiter, thyroid inflammation (thyroiditis), and thyroid
cancer. Long-term consumption of excessive amounts of iodine may also cause
hypothyroidism. This can happen at any age. The reaction of a person’s thyroid to
excess iodine may depend on his or her previous levels of iodine and any existing
thyroid disease, as noted above. Case reports have shown that high iodine intake
can aso potentialy slow down thyroid function.

There is a serious illness highlighted by a rash specific to high iodine intake
called iodermia. The rash can look like acne, hives, or be red and itchy. lodermia
can actually lead to death.?

Thefirst measurable change with excessiodine consumptionisan elevated TSH.
TSH values were used to help set safety limits by the IOM. The No Observed Ad-
verse Effect Level (NOAEL) for adultsis 1,000 to 1,200 ug per day. The Lowest
Observed Adverse Effect Level (LOAEL) for adultsis|,700 ug a day. The Upper
Limit (UL) for adultsis 1,100 ug a day. This is the upper limit considered to be
completely safe.

Infants should only get iodine from breast milk, food, or formula. The UL for
other ages has simply been extrapolated based on size. The UL for children 1 to
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3 years of ageis 200 ug aday. The UL for children 4 to 8 years of ageis 300 ug a
day, and for children 9 to 13, the UL is 600 ug aday of iodine.

People who have autoimmune thyroid disease may be more susceptible to
problems from increased iodine intake. These are common conditions, especially
among older women.?2 One, called Graves disease, is associated with hyper-
thyroidism. Another, called Hashimoto's thyroiditis, is associated with hypothy-
roidism.

In addition to iodine in supplements, iodine is contained in some medications,
for example, amiodarone (for irregular heart rhythm). It is also contained in dis-
infectants like povidine-iodine and in some contrast media used for x-ray studies.
Molecular iodine (I,) does not cause the same problems as iodine (1), and larger
amounts may be tolerated.

FACT VERSUS FICTION

lodine is an essential part of the human diet. In many parts of the world, iodine
deficiency is amgjor public health problem. In places where salt is iodized, most
people get enough iodine. However, for people who are restricting their salt intake
or electing not to take iodized salt, deficiency is a possibility.

lodine is especially important during pregnancy. Pregnant and breast-feeding
women have an increased need for iodine. If it is not met, there are consequences
for both the mother and baby. The normal development of the fetus cannot occur
without enough iodine.

lodine deficiency causes hypothyroidism and goiter. Anyone with low thyroid
hormone and an enlarged thyroid should consider whether or not he or she is get-
ting enough iodine. A 24-hour urinetest for iodine can be done to check, but thisis
not common practice. Discussing iodine status with your physician is a good idea
if you are not sure.

People with autoimmune thyroid disorders may be less tolerant in the case of
iodine excess. lodine can help lessen the symptoms of fibrocystic breast disease.
Molecular iodine (I,) isthe form best used to treat breast symptoms. It isfound in
seaweed.

Radioactive iodine can be used to treat thyroid cancers and metastases. It is
being investigated as treatment for breast cancer and its metastases.
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BRIEF OVERVIEW

Iron is essential for human life. It is at the core of hemoglobin, which transports
oxygen to the body viared blood cells. Deficiency of iron eventually leadsto ane-
mia, which means a low red blood count. Iron deficiency and anemia can lead to
fatigue, exercise intolerance, decreased immunity, adverse outcomes during preg-
nancy, and awhole host of other problemsthat are still being studied.

In populations with adequate food intake, menstruating, pregnant, and lactating
women are at the highest risk for iron deficiency, aong with small children. In
populations with inadequate access to food, iron deficiency is common.

On the other hand, excessive amounts of iron are stored in body organs where
the iron can cause damage. An example of thisisahereditary disease called hemo-
chromatosis, in which iron is deposited in the liver, the heart, and other organs.
Treatment of this disease includes phlebotomy, or removal of blood, to decrease
the excessiron. Older people may also accumulate excessiron from the diet and/or
supplements, which may increase their risk of certain chronic illnesses.

While there is a control system in the body regulating iron absorption that can
delay or mask some of the problems with iron deficiency or excess, adeficiency of
iron will eventually produce symptoms, as will a chronic excess.!

THE HYPE
[ron Excess

Iron can catalyze oxidation reactions, including those that generate free radicals.
Free radical—induced, oxidative reactions may increase the risk of cancer, cardio-
vascular diseases, and other problems.

Iron often accumulates in older people. The intake of iron can be greater than
the loss of iron, and the body has no mechanism for eliminating excessiron. It is
not certain whether or not significant iron accumulation can occur simply from
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Natural nonheme iron can be found in spinach. (© Ramon Grosso/Dreamstime.com)

dietary intake, or if supplementation hasto beinvolved, such that thereismoreiron
ingested than necessary over along period of time. One study demonstrated that a
diet high in fruit, fruit juices, and red meat, along with iron and vitamin C supple-
mentation can be associated with elevated iron storesin the elderly (ages 68 to 93).
If elevated iron stores do in fact cause an increased risk of cancer or cardiovascular
disease, this needs to be taken into account. Many people eating a Western diet do
not need supplemental iron.?

Iron Excess May Increase the Risk of Cardiovascular Disease

The free-radical reactions that ferrous iron can catalyze can cause cell damage.
This may contribute to the beginning of coronary artery disease by damaging cell
walls, disrupting cholesterol-laden plagques, or causing platelet clumping, among
suggested mechanisms. Iron‘s possible contribution to coronary heart disease risk
is caled the iron hypothesis.

Many studies have been done examining the risk of coronary heart disease in
relation to elevated iron levels. Ferritin, transferrin saturation, serum iron concen-
tration, and total iron-binding capacity, aswell as other tests, have been used to as-
sess body iron stores. Types of studies have included prospective studies following
groups of people, or prospective epidemiological studies and case control studies.
The Institute of Medicine looked at the data in 2000, and came to the conclusion
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that there was no proof of a causal relationship. However, a possible relationship
has not been disproven.®

Others have come to similar conclusions, that the datais equivocal at this time,
regarding a relationship between high iron levels and coronary artery disease or
peripheral arterial disease.* It was suggested that the ideal measurement of true
iron status has not been found, and that prospective, randomized trials are needed
to seeif lowering iron content by phlebotomy might improve PAD.

In one suchtrial, arandomized, controlled, single-blinded trial, called the Iron and
Atherosclerosis Study (FEAST), phlebotomy every six months to lower iron stores
had no impact on all-cause mortality or death plus nonfatal heart attacks and stroke.
Thiswas done in patients with stable peripheral artery disease. There was some evi-
dence that younger patients may have benefited from the reduction in iron.®

The discovery of the genetic mutation that causes hemochromatosis (see below)
has led to studies of carriers of this gene. They may have elevated iron stores.
Could that increase the likelihood of coronary heart disease or other vascular dis-
ease? So far there has been no conclusive proof of this.®

Iron Excess May Cause an Increased Risk of Cancer

Many studies have shown a possible relationship between iron levels and cancer.
In the study group aready mentioned that looked at iron excess and periphera artery
disease, cancer occurrence was aso monitored. Adult male patients who had periodic
blood removal to lower total ironinthe FeAST trial had asignificantly lower incidence
of cancer and mortality over four and a haf years.” This study included only adult
men, and the researchers were careful to say that it did not necessarily apply to other
populations. However, their findings, as well as those of other investigators, have led
to the theory that thereisalevel of iron that istoxic over time, which they called “fer-
rotoxicity.” Thisisdiscussed further in the section entitled “ Potential Side Effects”

Some studies have shown arelationship between higher levels of iron and colon
cancer, as well as other cancers. Not al research has found the same correlation.
The only definite connection at thistimeisthat patients with hemochromatosis and
cirrhosis of the liver have ahigher risk of liver cancer.

Further research needs to be done to either confirm or disprove the idea of alink
between iron levels and cancer in genera .2

Iron Deficiency—Possible Effects

There are many known physical effects of iron deficiency, described below in
“Deficiency.” Other problems are not as clear. This section will deal with problems
caused by iron deficiency.

Iron Deficiency Impairs the Immune System; Excess
I[ron May Benefit the Infecting Organisms

Both humans and infecting organisms need iron. During an illness, absorption
and release of iron are decreased, so that iron isnot available to the bacteria, viruses.
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or parasites. Any increase in iron during infection may actually wind up benefit-
ing the bacteria or other organisms. At the same time, the human immune system,
mainly the cellular portion of immunity, is less effective under conditions of iron
deficiency.

Supplementing people who are infected with pathogenic organisms can actually
cause an increase in the replication of the infecting organism. Iron administration
has been shown to reactivate malaria. There is a balance between human host and
infectious organisms in terms of where the iron goes.® This is a difficult balance
to try and maintain.® It is more of a problem in countries where iron deficiency, as
well as chronic infections, are endemic.

Iron Deficiency Itself May Impair Brain Development

Thebrainisrichiniron, but the pattern of iron location in the brain varies from
infancy to adulthood.? Iron is needed in order for the spinal cord and the cerebel -
lar folds in the brain to have normal myelinization—that is, the development of a
protective covering of myelin. Iron deficiency may cause adelay in the maturation
of motor control in childhood as well as affect behavior.? It may also cause cogni-
tive defects.

There is conflicting data on the effect of iron deficiency on the neurotransmit-
ters in the brain. Some research indicates it may affect GABA metabolism and
dopamine. Other researchers have found an effect on serotonin and dopamine.
Their synthesisis decreased when there isiron deficiency. This can lead to behav-
ioral and cognitive alterations.?

There may be acritical time period during which the human brain is susceptible
to iron deficiency, and damage occurs that cannot be corrected with iron later on.
There are indications that infants between 8 and 15 months old may be susceptible
to damage from low iron,2 which is irreversible.’? It seems possible that infants
and children who are iron deficient up to age 2 years will have permanent damage
that can include motor control problems, behavioral problems, and cognitive defi-
ciencies. Older children may have the same type of problems that can be reversed
with adequate iron intake.

Thereisalso evidence that deficiency of many other nutrients negatively impacts
brain function when it occurs early in development. Since iron deficiency may be
accompanied by other deficiencies, it is very difficult to prove that the low iron
aloneisresponsible for abnormalities or deficits.

Even more perplexing to investigators is the fact that anemia itself depresses
mental processes and brain functions. Therefore, it is very difficult to say if the
anemia of iron deficiency is causing the problem, or if alesser iron deficiency
without anemiawould have the same effect.?

Athletes May Have Increased Iron Deficiency and Anemia

Highly trained athletes, both male and female, need more iron than those who
do not exercise. They may be losing more iron in the stool or urine, or the red cells
may be rupturing in the feet of runners.3



[ron 161

More athletes have iron-deficiency anemia than occurs in the general popula-
tion, especially female athletes. This is likely due to a variety of factors, from
decreased consumption of iron to increased losses. Anemic athletes perform
poorly. Iron status needs to be monitored and appropriate supplements given to
athletes. '

Iron Deficiency May Cause Restless Legs Syndrome

People with restless legs syndrome have an uncontrollable and distressing urge
to movetheir legs, severe enough to interfere with sleep. Many studies have found
a high prevalence of iron deficiency in patients with this problem. Iron testing is
recommended, and treatment with iron given if iron islow. It is not clear whether
or not the low iron is a cause of the syndrome.*?

Iron Deficiency with or without Anemia May Contribute
to Congestive Heart Failure

Since iron is the key to oxygen transport, even patients without iron-deficiency
anemia, but with low iron stores, may have more symptoms from heart failure. A
recent study showed that giving intravenous iron to patients with chronic heart
failure improved many symptoms, functioning, and quality of life, even in those
who were not anemic.*®

DEFICIENCY

Iron deficiency is awell-known problem. It can occur because of increased loss
of iron, in menstrual blood, from bleeding in the intestinal tract, or from major
trauma with blood loss. It can also occur because of insufficient iron in the diet or
decreased absorption of iron.'4

Most of the time, iron deficiency occurs slowly. When there is not enough intake
of iron to balance losses, it is released from body stores, and hemoglobin and red
blood cells remain normal. Anemiais an advanced stage of iron deficiency, when
stores have been used up.**

A range of symptoms is associated with iron deficiency. Most are likely adirect
result of the lack of hemoglobin and the decreased oxygen delivery throughout the
body. There may aso be effects on the body that are not due to the low hemoglo-
bin but are rather due to an interruption of other iron-related reactions.® With iron
deficiency, the concentration of myoglobin in muscles drops, which may cause
decreased endurance. Myoglobin is similar to hemoglobin but found in skeletal
muscle.

Fatigue and lack of energy are prominent, and physical performanceisdecreased.
People with iron deficiency may exhibit pica, which is the desire to eat nonnutri-
tional items such asdirt and ice.

Visible physical changes include a blue tinge to the whites of the eye, spooning
of the nails, inflammation of the tongue (glossitis), cracking of the sides of the lips
(angular stomatitis), and a measurable anemia.
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Iron deficiency leads to an impairment of many of the body’s functions, includ-
ing thermoregulation, mental function, and immune function. It can alter insulin
sensitivity, drug metabolism, and absorption of metals like cadmium and lead. It
can slow childhood development. While the anemia from iron deficiency is well
understood, as are many of the symptoms, some of the other problems, such asthe
effect iron deficiency has on the devel opment of mental function, are being studied
and analyzed.8'4 (See “The Hype,” above.)

Iron deficiency can lead to complications of preghancy. M oderate to severe ane-
miaincreases the risk of maternal death. It also is associated with low birth weight
and premature delivery.31® There is evidence associating maternal iron deficiency
with cardiovascular disease when the children grow into adulthood.!® The devel-
oping fetus will get iron at the expense of the mother. Full-term babies of normal
weight born to iron-deficient mothers may not have obvious iron deficiency. They
still may have decreased iron stores. Premature and low birth weight babies may
be iron deficient because they did not have enough time or get enough nutrition
from their mothers.

People with kidney failure on dialysis often devel op iron-deficiency anemia be-
cause of iron losses as well as a decrease in erythropoietin, a hormone secreted by
the kidney that stimulates red blood cell production.'* Vitamin A deficiency limits
the body’s ability to use iron, although it does not cause actual iron deficiency.

Blood can belost in the intestinal tract because of bleeding from cancer and in-
flammatory diseases of the intestine like Crohn’s disease. Crohn’s disease and any
others causing general malabsorption can also cause iron deficiency.

Vegetarians can also become iron deficient because the nonheme iron in
their diet may not be well-enough absorbed.** People who have gastric bypass
surgery frequently become iron deficient and need supplements, sometimes
intravenously.’

Iron deficiency can be detected before anemia occurs. There are a number of
blood tests that physicians can perform to measure iron stores. If iron stores are
low, supplementation isindicated to prevent anemia and other symptoms.

FOOD SOURCES

Iron isfound in food from both plant and animal sources. Animal proteins and
some plants contain heme iron. Theiron in heme is bound in aring structure such
as hemoglobin. Many plant sources offer nonheme iron. Food enriched with iron
contains nonheme iron.

Heme iron is much more easily absorbed in the intestine. Sources include red
meats, chicken and other poultry, fish, shellfish, and bivalves like clams. Natural
nonheme iron can be found in many kinds of beans, soy and soy derivatives like
tofu, as well as spinach, molasses, and raisins. Cereals are often iron-fortified, as
are many types of bread.#

Iron absorption in the intestine varies depending on the type of iron, the amount
of iron in a person’s system, the presence of food or medication in the intestinal
tract, and other factors. On average, 10 to 15 percent of dietary iron is absorbed.
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Iron deficiency causesincreased absorption. Between 15 and 35 percent of heme
iron is absorbed, as opposed to 2 to 20 percent of nonheme iron. Nonheme iron
absorption increases in the presence of vitamin C and meat proteins. The tannins
in tea can decrease absorption of nonheme iron, as can calcium, phytates (found in
whole grains and legumes), and some proteins in soybeans. For anyone low iniron
who wants to get enough iron from a vegetarian diet, care must be taken to try and
eat enhancing foods along with nonheme iron.4

The diets of people in Western countries usually contain only 10 percent heme
iron.t

MECHANISM OF ACTION: HOW DOES IT WORK?

Ironisan element than can exist in anumber of oxidative states, usualy ferric or
ferrous, which have different degrees of oxidation. Iron is most commonly bound
to oxygen, nitrogen, or sulfur. Its unique chemical properties make it useful in a
wide variety of chemical reactions. In the human body, reactions involving iron
include oxidation-reduction reactions, oxygen transport and storage, and transfer
of electrons.®

In humans (and other mammals), iron is contained in proteins. There are the
nonenzymeatic proteins hemoglobin and myoglobin, enzymes containing iron, en-
Zymes containing hemeiron, and a group of enzymes that contain iron in different
forms.®2 Hemoglobin and myoglobin transport oxygen. Iron-sulfur enzymes are
involved in energy metabolism. Iron-heme enzymes transfer €lectrons associated
with a number of cofactors.

Oxygen transport is the best-known and most important function of iron. Hemo-
globinisaprotein with two identical subunits, each of which hasan iron-containing
compound that can bind with oxygen. Hemoglobin transports oxygen from the
lungs to the rest of the body. It picks up oxygen from lung capillaries and trans-
ports it to capillaries in tissue throughout the body. Iron’s primary mechanism of
action isitsability to bind oxygen aswell asreleaseit. In peripheral tissues, higher
concentrations of CO, and lower pH favor releasing of oxygen from hemoglobin.

Iron is necessary to make hemoglobin, and hemoglobin is necessary to make red
blood cells®

Myoglobin has a single subunit and transports oxygen from red cells to the in-
side of other cells, especialy to mitochondria, the powerhouse of the cell. Myo-
globinisfound in muscle.

The other chemicals containing iron participate in a variety of reactionsin cells
all over the body. Most iron in the body isfound in one of three places. It is stored
in proteins like hemosiderin and ferritin. It is part of proteins or enzymes that are
crucia for life, such as hemoglobin. Or iron can be found in the proteins that trans-
port it, like transferrin.t

Regulation of Iron Absorption

Because both iron deficiency and iron excess can be damaging, thereisa control
mechanism in humans to try and maintain correct iron balance. Ingested iron is a
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“pool” inthe intestinal tract. When there isalow amount of iron in the body, more
iron in the pool will cross into the cells lining the intestine. A relatively newly
discovered peptide called hepcidin regulates the export of iron from the intestinal
cellsaswell asiron stored in liver cells or macrophages.*® Hepcidin degrades fer-
roportin, the protein that transports iron out of cells. Hepcidin is aso believed to
regulate the amount of iron that enters intestinal cells called enterocytes.'® Ongo-
ing study of hepcidin is increasing the understanding of iron homeostasis in the
human body and will lead to better ways to diagnose and treat iron disorders.®

Iron is transported out of cells and into the circulation, eventually to the bone
marrow where red blood cells are made. Iron can also be retained in the intestinal
cells attached to ferritin.?

Approximately 80 percent of theiron in the body isinside red blood cells. These
cellsage and are replaced with new red cells every 120 days. Iron is stored primar-
ily in the liver and spleen as hemosiderin, as well asin individual cells bound to
ferritin. Hemosiderin in the liver increases dramatically if thereis excessiron.

PRIMARY USES

» The primary use of ironisto treat iron deficiency.

* It can also be used to prevent iron deficiency at predictable times. For example,
pregnant women need much more iron, because they have a larger blood vol-
ume, need enough iron for the baby, and also will lose blood during delivery. It
was estimated by the CDC that in 1999-2000, 12 percent of women ages 12 to
49 yearsin the United States were iron deficient.4

COMMON DOSAGES

The Ingtitute of Medicine of the National Academy of Sciences has devel oped
anumber of guidelines for iron consumption. The Recommended Dietary Allow-
ance (RDA) for iron is different between males and females at different ages. The
RDA is meant to indicate the amount of anutrient that will meet the needs of 97 to
98 percent of healthy people. Many people can get the iron they need from food,
especially those who do not have increased need for iron.

Healthy infants are born with iron stores to last around 6 months. According
to the RDAS, infants ages 7 to 12 months old need 11 mg of iron a day. Children
ages 1to 3 years need 7 mg aday. Children ages 4 to 8 years need 10 mg of iron a
day. From 9 to 13 years, both boys and girls need 8 mg of iron a day. From 14 to
18 years and on, there is a difference between girls (and women) and boys (and
men). Girlsin that age group (or menstruating before age 14) need 15 mg of iron
aday, whereas boys only need 11 mg of iron aday. Between ages 19 and 50 years,
when women are menstruating, women need 18 mg of iron a day. Pregnant women
need 27 mg of iron a day, while breast-feeding women need significantly less, 9
mg a day. After age 51, both men and women need 8 mg of iron a day.'

Babies can absorb iron in breast milk very well. They cannot absorb cow’s milk
iron, which is low. Cow’s milk can also cause intestinal bleeding in babies and
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should not be given to them. Breast milk and then iron-fortified baby foods are
recommended.

People with inadequate sources of quality food can develop iron deficiency, par-
ticularly in the groups that need more iron. Worldwide, as many as 80 percent of
people may be deficient iniron.

Pregnant women are often recommended to take low doses of supplemental iron,
in the range of 30 mg/day. If iron-deficiency anemia occurs, higher doses of iron
are necessary.'*

Iron deficiency can be diagnosed by a number of tests, including serum ferritin
levels, transferrin saturation, total iron-binding capacity, erythrocyte protoporphy-
rin, hemoglobin concentration, mean cell volume, and stainable iron in the bone
marrow. Ferritin levels may be the most sensitiveindicator of how muchironisstill
in storage. Low serum transferrin saturation indicates that there is not enough iron
to continue to make normal amounts of hemoglobin. Doctors can decide which
tests need to be done to evaluate a person’siron status. Then iron supplementation
can be recommended if necessary. It is very important not to assume that anemia
is caused by iron deficiency. If ironis given to individuals without iron deficiency,
excess iron can accumul ate.

The most easily absorbed type of iron occursin the form of ferrousiron. Ferrous
sulfate has the most available iron, followed by ferrous lactate and ferrous glucon-
ate. A 300-mg tablet of ferrous sulfate has 50 to 60 mg (approximately 20%) of
available iron. Ferrous gluconate has only 12 percent iron content.*

If all the iron is taken at once, less will be absorbed. Most recommend that
when treating iron deficiency, the iron should be split up and taken twice a day.
A common dose to treat iron deficiency would be 300 mg of ferrous sulfate two
times aday for approximately three months.* Iron is absorbed better when taken
with vitamin C.

Physicians can monitor the laboratory tests to make sure the iron is absorbed,
stores are being replenished, and anemia corrected.

It isvery unusual, but sometimes in severe cases of iron deficiency, the iron has
to be given by injection, monitored by a health care provider.

The safe upper limit for iron, according to the Institute of Medicine, is40 mg/day
for infants and children up to age 13. Then 45 mg/day is the upper limit for people
ages 14 to018 and adults including pregnant and lactating women. The upper limit
defines a dose above which most people experience significant adverse effects,
with iron, usually gastrointestinal . This upper limit will not prevent overload in
patients with hemochromatosis (see the next section).

POTENTIAL SIDE EFFECTS

Iron supplements frequently cause nausea, vomiting, constipation or diarrhea,
abdominal discomfort, and dark-colored stools. Dividing up the dose and taking
iron with food helps lessen these symptoms. They also usually decrease with time
as the body adjusts to the supplements.'4

High amounts of ingested iron can reduce zinc absorption.*
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Excessive amounts of iron are very dangerous. If there is too much iron in the
intestinal tract, it can overwhelm any feedback mechanism and will be absorbed.
High iron can actually kill cellsin the intestinal tract. Vomiting and diarrhea will
be followed by death if alethal dose of iron isingested. A one-time lethal doseis
in excess of 180 mg/kg, which would be at least 12,600 mg of iron for an average
adult male.

Children can ingest a toxic amount if they eat alot of iron supplement pills, for
example, al of a100-pill bottle. Thisis atrue emergency. As recently as 1997, the
most common cause of poisoning deaths in children less than six years old in the
United States was accidental iron ingestion.?

Chronic consumption of excessiron can cause intestinal symptoms and constipa-
tion. This can occur at doses of 10 to 20 mg/kg, which would be 700 to 1,400 mg
of iron daily. As a point of reference, most ferrous sulfate tablets contain 60 mg of
iron.!

Thereisalso noway for the body to get rid of excessiron. It tendsto accumulate
in the elderly, especially if they continue to eat a high-iron diet with lots of red
meat and similar foods. Ferrotoxic disease may be caused by elevated body stores
of iron over time. Ferrotoxicity may occur with ferritin levels about 50 mg/mL.’
This toxicity may include cancer, cardiovascular disease as well as other chronic
illnesses (see “The Hype").

Iron from diet alone does not usually cause iron overload.® Supplements are
usually involved.

Hemochromatosis is a specific disease related to iron excess. It is an inherited
condition that can occur in 1 in 200 to 400 people of northern European ancestry.
Hemochromatosis is an autosomal -recessive condition, which means that people
who get an abnormal gene from both parents can have the disease. It is possible
that people with just one copy of the abnormal gene may have some iron storage
problems. In hemochromatosis, iron absorption across the intestinal lining cells
is not controlled. Consequently, excessiron is absorbed, and it accumulatesin the
body. Symptoms do not occur until body stores of iron are quite high. Symptoms
start to manifest between 40 and 60 years of age. At this point, a patient with
hemochromatosis may have as much as 20 or 30 g of excess iron in his or her
body.

The abnormal gene that causes most cases of hemochromatosis has been identi-
fied (C282Y). There are other less common genes that can cause hemochromato-
sis. Also, not everyone with the abnormal genes actually develops the disease. The
mechanism by which the disease is manifested is now known to be insufficiency of
hepcidin. Hepcidin levels do not increase in these patients with rising iron levels.
Iron continues to be absorbed.?*

Instead of being stored throughout what is called the reticulendothelial sys-
tem, people with hemochromatosis have excess iron in the cells of critical or-
gans, including the liver and heart. The large amounts of iron stored in the
liver can cause cirrhosis and liver cancer. Heart muscle, the pituitary gland, and
pancreatic tissue can be damaged. Treatment of this disease includes adminis-
tration of chemicals that can bind excess iron, and phlebotomy, or removal of
blood.*3
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FACT VERSUS FICTION

Iron is essential to human life, but there is danger in excess iron as well as de-
ficiency. More thorough understanding of iron regulation in humans has led to
greater understanding of both extremes.

While it may be safe for healthy adults, especialy women, to take iron supple-
ments at the recommended daily allowance, most people should be evaluated be-
fore deciding to take iron on a regular basis. Many patients with anemia are not
iron deficient and run the risk of ingesting too much iron. On the other hand, in
many parts of the world, the majority of people are iron deficient.

Hemochromatosis is a known disease of iron overload. It is not proven at this
time that excess iron causes other disease. However, it may contribute to the risk
of cardiovascular disease and cancer as well as other conditions like restless legs
syndrome and decreased athletic performance.

Since these are possibilities, it is best for most people to know their iron status
and take appropriate action under the care of a physician.
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L-Glutamine

BRIEF OVERVIEW

L-glutamine is a conditionally indispensable amino acid. This means that there
are conditions under which it must be ingested. L-glutamine can be synthesized
by the body by glutamine synthetase, which converts ammonia and glutamate into
glutamine. Excess glutamine can be broken down into glutamate and ammonia by
the enzyme glutaminase. Glutamine can also be converted into other amino acids,
used in other reactions, and become part of the body’s protein.

However, when there are not enough precursors for the body to make glutamine,
and the demand for it is high, it must be taken in, or the body will become glu-
tamine deficient.

Amino acids are the building blocks of proteins. Proteins make up the structure
of cells. They also work as enzymes, carriers for other substances, in cell mem-
branes, and as hormones. Amino acids are precursors for the nucleic acids that
make up RNA and DNA, the genetic blueprints. Glutamine fulfills all of these
functions as an amino acid.

However, glutamine has many other biological functions in addition to being
an essential part of human proteins. It isimportant for energy metabolism as well
as nitrogen metabolism. It stimulates the immune system. It is important for cell
growth and proliferation, helping provide the materials as well as the energy. This
is critical for rapidly growing, dividing cells like the lining of the intestine and
those of the bone marrow.

At the current time, there is much research focused on these other roles of
glutamine.

(In this chapter, L-glutamine and glutamine will be used interchangeably.)

THE HYPE

Much of theinitial research on glutamine wasin the laboratory, using cell cultures
or animals. There have aso been studies on humans, which seem to prove some
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hypotheses and disprove others. At the current time, there are larger trialsin progress
that may provide answers to some of the questions about the best uses of glutamine.

For patients that are critically ill with sepsis or injury, adding glutamine to the
intravenous fluid they are getting has been tested and proven beneficial. This is
crucial for anyone who is getting all nutrition by vein (total parenteral nutrition,
TPN). While glutamine had been considered dispensable and not necessarily given
to people in these conditions, it seems probable that glutamine may be more im-
portant than some other nutrients and should be used in large doses.*?

Of the many trialslooking at glutamine's effect on critically ill patients, intrave-
nous, high-dose glutaminetrials have usually showed apositive effect. Thetrials of
oral or enteral (into the intestine) glutamine, especially at lower doses, have often
not shown any effect.

While it had been thought that replacing low glutamine levels during stress
might be helpful as afuel, it is now believed that, among other things, glutamine
hel ps the immune system and signals cellsin order to trigger genes needed to help
the body.

Glutamine and the Immune System

Lymphocytes, one type of white blood cdlls, are dependent upon glutamine from
skeletal muscle for much of their functioning. Monocytes and macrophages are other
types of cellscritical to theimmune system that need glutamine to function normally.

The behavior of both lymphocytes and monocytes in response to various levels
of glutamine has been studied in laboratory settings. Glutamine has many actions
in these cells that allow them to function properly.

Glutamine probably also affects other parts of the immune system.

There are many chemical changesthat have been measured in these cellsin vitro,
in the laboratory, as the result of changes in the amount of available glutamine.®
Wheat is visible in the laboratory correlates with what has, at least in part, been
observed in patients and in human studies.

HIV/AIDS

In HIV/AIDS thereisusually glutamine deficiency. This may be because of rapid
cell turnover. During later phases of AIDS, muscle wasting further depletes glu-
tamine. At this stage there are often infections as well as poor absorption of nu-
trients. In a double-blind, placebo-controlled study of AIDS patients who had lost
weight, half received standard treatment, the other half also took 40 g of glutamine a
day aswell asantioxidants. After three months, the patients taking glutamine gained
significantly more lean body mass.* Studies have shown improvements in immune
function as well as maintenance of lean body massin patients with HIV/AIDS.!

Glutamine and Sepsis, Severe Burns, and Injuries

Under extreme stress, cells make certain necessary proteins, called the HSPs
(heat shock proteins). These proteins protect cells under this kind of severe stress,
in animals, they lessen organ damage and death. In situations when glutamine is
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extremely low, such as severe bloodstream and body infection (sepsis) or mul-
tiple traumatic injuries, white blood cells cannot make normal amounts of the heat
shock proteins.

Studies indicate that the protective effect of glutamine in these conditions of
severe stress may be related to HSP production.® Studies in lab animals indicate
that asingle dose of glutamine administered one hour after induction of sepsis can
increase production of anumber of heat shock proteinsin the lungs. Thisincreases
survival .®

A similar experiment showed that glutamine not only protected the lungs, but
also the small intestinal cells, liver, and kidney. Both studies emphasized the use
of glutamine early.®

Glutamine is required for the synthesis of glutathione (see “Mechanism of Ac-
tion™), which is another reason it helps in conditions of stress. Glutathione pro-
tects cells against free radical damage. Glutathione is necessary for lymphocytes
to grow. Glutathione can protect the liver after injury.

Trialsin humansundergoing surgery and needing total peripheral hyperalimenta-
tion have aso shown improvement in outcome with glutamine supplementation.
In one study, adding glutamine to the solution resulted in less pneumonia and less
metabolic problems such as hyperglycemia, leading to less adverse events in total
for the glutamine-treated patients.’

In another study, critically ill patients in the intensive care unit receiving TPN
with or without glutamine had better outcomes with glutamine. The incidence of
pneumonia, urinary tract infections, and organ failure was decreased in patients
given glutamine.®

A review of anumber of the recent trials summarized the successesin using par-
enteral glutamine. Some studies have shown reduced infectious rates, especialy
pneumonia, as well as lowered mortality and lowered gastrointestinal bleeding
in at least one study. Others have shown that intravenous glutamine improves
glucose control in criticaly ill patients.? There is ongoing data collection from
multiple sites, and as of 2009, it was recommended by many expertsthat all TPN
have added glutamine. The reasons people get total periphera hyperalimenta-
tion are all reasons to replace glutamine. Glutamine supplementation is associ-
ated with reduced mortality, infections, and length of hospital stay in critically ill
patients.®

The same case cannot be made for glutamine given through the intestinal tract,
although it seems to be beneficial in burn and trauma patients.?

It ispossiblethat glutamineisnot absorbed fully or quickly enough to be as hel p-
ful in the intestine as by vein. It has been noted that in one study it took five days
for the target glutamine level to be achieved with intestinal administration.°

Another review of studies conducted in 2009 found that there was sufficient evi-
dence to add glutamine to TPN solutions for all critically ill patients not receiving
any nutrition via the gastrointestinal tract. There are less infectious complications,
shorter hospital stays, and decreased mortality in surgical as well as medica pa
tients. This review recommended the use of glutamine in patients with catabolic
stress, including burns, trauma, surgery, and chematherapy, in which glutamine
deficiency is known to occur. These reviewers stated that there were insufficient
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data to recommended glutamine for patients with pancreatitis, after bone marrow
transplantation, or for newborns.*t

Glutamine in Intestinal Illnesses Such as Inflammatory Bowel Disease

Intestinal cells do not make glutamine but must get it from elsewhere; usually
skeletal muscle makes glutamine that is taken up by cellsin the small intestine. In
catabolic states like those above, there is often damage to the small intestine, as
there is with many types of chemotherapy for cancer. Glutamine can protect the
intestinal cells from thistype of damage. Thereis evidence that glutamine can pro-
tect the bowel during critical illness (see above). Most of the successful trials have
used intravenous glutaminein TPN. There has been some limited success with oral
glutamine.

A number of studies using oral glutamine for patients with Crohn’s disease, an
inflammatory bowel disease, did not have positive results, however. Intestinal per-
meability was not decreased, and no markers of disease improved.'?

In developing countries, lack of growth is not just caused by malnutrition, but
also by inflammation in the intestinal tract that limits digestion of nutrients. How-
ever, ora glutamine supplements do not necessarily improve weight gain along
with increased nutrients. A study of Gambian infants failed to show any benefit for
glutamine.’®

Glutamine for Cancer Patients, to Prevent Complications like
Inflammation of the Mucous Membranes during Chemotherapy,
Peripheral Neuropathy from Chemotherapy, and Complications
from Radiation Therapy or Bone Marrow Transplant

Glutamine has been suggested and/or used for all of the above reasons.

Glutamine has been given to patients with cancer on chemotherapy to prevent
inflammation of the mucosal membranes. At doses of 7.5 g aday for three weeks,
it reduced stomatitiswithout side effects. In another study, patientswere given 30 g
aday for 15 days; reduction of mucositis was also found without side effects.?

In apilot study, glutamine given to cancer patients receiving oxaliplatin reduced
the incidence and severity of peripheral neuropathy (damage to nerves going to the
arms and legs) without reducing the effectiveness of cancer treatment. The dose
was 30 g a day. There were no side effects.'* It is believed that cancer uses so
much glutamine that it depletes body stores. Nerve tissue is sensitive to alack of
glutamine. Replenishing glutamine protects the nerve cells.

In a double-blind, placebo-controlled trial of ora glutamine given to patients
getting chemotherapy for colorectal cancer, there were less changes in intestinal
absorption and permeability in the patients given glucosamine. There was also less
diarrhea.®

Patients undergoing bone marrow transplants as well as stem cell transplants
after their own bone marrow has been ablated have been given glutamine in their
TPN in a number of studies with mixed results. In one recent study, randomly
assigned, and placebo-controlled, patients with leukemia had their bone marrow
nullified and then were given stem cell transplants from siblings. In addition to al
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other therapy, half of the patients got glutamine in their TPN. The group that got
glutamine had increased length of survival. However, the glutamine did not de-
crease intestinal permeability. It must work in some other way, possibly by stimu-
lating immunity.*®

Will Glutamine Be Used by the Body or Cancer Cells?

Cancer cells are rapidly growing and have a high demand for glutamine. They
can quickly use up the body stores. Cancers have been called “glutamine traps.”
There was a concern that giving patients with cancer glutamine might strengthen
the cancer, but that has not been the casein clinical trias.!

Glutamine and Glucose

It has been suggested that glutamine might help prediabetic and diabetic patients
from getting worse or gaining weight. This was confirmed in at least one trial .3

Patientsundergoing surgery who areon TPN or very sick often develop high blood
sugars. Intravenous glutamine improves glucose metabolism in this situation.’

Glutamine and Athletes

The body’s supply of glutamine is principally made and stored in skeletal mus-
cle. Athletesin training and competition use much of the glutamine and do show a
less active immune system (see above).

Whiletesting has shown that taking glutamine canin fact help normalize thelev-
els of glutamine, it does not necessarily improve the immune function in athletes.
Multiple studies have failed to show a benefit from glutamine supplementation.’
Studies of the immune cells of exercising athletes who were given supplemental
glutamine or placebo have shown that while the glutamine levels can be normal,
various measures of immune function including activated white blood cells and
immunoglobulins do not normalize.

One randomized, double-blinded, placebo-controlled study followed the clinical
course of athletes given glutamineimmediately before and after marathon running.
Athletesfilled out questionnaires about their health during the seven days after the
marathon. Of those who got glutamine, 81 percent had no upper respiratory tract
infections during that week. Of those who got placebo, only 49 percent had no
respiratory infections during the week.'® The doses in this study were not large
enough to maintain glutamine levels. More research into the way glutamine may
help immune function in marathon runnersis necessary.

Other claims for glutamine’s benefits include increased absorption of water and
maintenance of a normal acid-base balance, as well as preventing the breakdown
of muscle protein. There are no good studies to support these claims. Glutamine
does not cause as much of an increase in growth hormone as exercise does. Glu-
tamine may help improve the synthesis of glycogen immediately after exercise.
However, thisis not a clear benefit beyond what an athlete would get by eating
the proper diet after exercise, which is high in carbohydrate and also contains
protein.'8
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The areain which glutamine may be useful concerns anabolic processes, mean-
ing improving protein synthesis and glycogen synthesis. More good quality stud-
ies are needed. Until there is more evidence, many experts cannot recommend
glutamine supplements for athletes.’® However, there are those who believe glu-
tamine will help preserve muscle mass and increase growth hormone release, in
athletes as well as older people and those on calorie-restricted diets.*®

DEFICIENCY

Glutamineisaconditionally indispensible amino acid. Thereisno recommended
daily amount of glutamine, because the body can make it.

However, under conditions of stress, glutamine levels become low. Glutamine
deficiency occurs only under stresses as described elsewhere in this chapter. In
these cases, glutamine is necessary for recovery. Glutamine is necessary for so
many chemical reactionsin the body and so many processes that health is not pos-
sible without sufficient glutamine.®

FOOD SOURCES

Glutamine can be found in most protein. Some of the best sources are fish, poul-
try, beef, dairy products, cabbage, and beets.*®

MECHANISM OF ACTION: HOW DOES IT WORK?

L-glutamineisimportant as an amino acid and therefore part of protein. It isalso
a necessary part of the balancing of energy and nitrogen in the body. Glutamine
stimulates the immune system, as well as being a cell regulator.®

Another crucial activity of glutamineisthat it is one component of glutathione.
Glutathione is made from glutamic acid (from glutamine), cysteine, and glycine.
Glutathione is an extremely important antioxidant in the body. It also helps de-
toxify the waste products and potential injurious chemicalsin the liver.32

L-glutamine is considered a conditionally indispensible amino acid. Glutamine
can be made from the amino acids glutamic acid plus ammonia. This synthesis
may not be possible under certain conditions, when the body is under stress, for
example, trying to heal from a severe injury. This can also be true if enough pre-
cursors are not taken in through the intestine or are not available. Recommended
dietary intakes of “conditionally indispensible” amino acids like glutamine have
not been definitively set.?*

Glutamine is synthesized principally in muscle by the enzyme glutamine syn-
thetase, and it is broken down mainly in the liver, by glutaminase. It can be me-
tabolized in other parts of the body.2

There is a small pool of free amino acids in the human body. The amount of
glutamine in this pool is significant, containing 10 to 15 g of nitrogen. There are
also free amino acids inside cells that have not yet been made into protein. Amino
acids inside the cell and outside can be made into protein, and protein can be bro-
ken down into amino acids. Amino acids can be ingested or synthesized, and they
can be recycled or excreted.
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In muscle, amino acids are parts of the reactionsthat provide energy for the cells.
One of the byproducts of these reactionsis ammonium ion, which becomes part of
glutamine. Glutamine goes to the kidneys. Glutaminase removes the ammonium,
which is excreted, with glutamate remaining. The glutamate can be used to make
glucose inside the kidneys. Ammonium helps maintain the acid-base balance in
the body.

Nitrogen is one of the end products of protein digestion, usualy in the form
of urea and ammonia. Because glutamine has two nitrogen-containing ammonia
groups, it is critical to the metabolism of nitrogen. It can both accept and release
ammonia.?® High ammonia levels can cause many problems, from alterations in
mental functions, to coma and death.

Glutamine has been called a*“ nitrogen shuttle,” moving nitrogen around to make
sure that blood ammonia levels do not get too high. It can accept nitrogen as well
asgiving it to other compounds, allowing the formation of some of the other amino
acids, aswell asamino sugars, nucleotides (the building blocks of DNA and RNA),
and urea for excretion.® Glutamine contributes nucleotide precursors, as well as
being involved in glucose production.

As the most abundant amino acid, glutamine is part of all the protein in the
human body. Approximately 56 percent of the amino acids in body protein are
glutamine. Amino acids including glutamine are necessary for making the many
types of protein in the human body, from keratin and collagen, to the structure and
function of most cells, to carrier molecules, hair, fingernails, hormones, and more.
Health and reproduction are not possible without adequate protein.?

Proteins make up alarge part of the human body. A 70 kg adult man will have
the largest single type of protein, that found in skeletal muscle (43%). There is
also protein wherever there is a need for structural support; approximately 15 per-
cent of the protein isin blood and another 15 percent isin the skin. Organs do not
contain as much protein. Liver and kidney contain about 10 percent of the protein,
together. Therest isin other organs and bone.

Thereisonly avery small reserve of protein that can be used during conditions
of insufficient dietary intake for whatever reason. The reserve is small, made up
of structural proteins that are probably stored in the liver and visceral tissues. It is
perhaps 1 percent of the body’s protein. It will be used by the body when enough
protein is not being consumed. It is still necessary for the body.

Normally the body can adapt to a wide range of protein intake. But there are
certain pathological states, such as severe disease or injury, in which protein will
be used for energy. Muscle protein islost in these cases.

The body needs both sufficient protein and the correct balances of amino acids
to grow and survive. The body loses protein every day through the intestinal tract,
urine, and from skin and hair to a lesser extent.

Whileit is not the primary source of energy for the body, protein can be used to
produce energy and will be used when there is no other source.

Catabolism means the breaking down of body tissues. It occurs when molecules
are needed from the tissues, such as amino acids and glucose. It happens during
serious injury or illness, starvation, or with extreme exercise. Under conditions of
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extreme catabolic stress, the level of glutamine inside cells can drop 50 percent
or more. Glutamine will be released from skeletal muscle in large amounts. Glu-
tamine will be continuously released from muscle even if essential amino acids are
used for its synthesis.

PRIMARY USES
Oral Supplements
Supplements can be taken:

* To reduce symptoms from the gastrointestinal tract during chemotherapy such as
diarrhea and mouth ulcers.

* To treat periphera neuropathy from chemotherapy.
 During dieting to try and maintain muscle mass.

e To improve performance and maintain muscle strength during marathons and
other similar athletic activities.

 To enhance immune function in patients with immune deficits or after strenuous
exercise.

» Asan antioxidant (becauseit isa precursor of glutathione).

Glutamine can be given by mouth or into the intestine for hospitalized patients
but the benefits are not clear. Hospitalized patients need glutamine supplementa-
tion by vein.

Intravenous Supplementation in Parenteral Nutrition

» Glucosamine added to TPN improves outcomes for most critically ill patients,
with trauma, burns, sepsis, and after surgery.

COMMON DOSAGES

There are general protein requirements. The RDA for men and women is 0.8 g
of good-quality protein aday/kg. In certain situations, glutamine may be necessary
in the diet, but there is no general dietary requirement.

Children ages 2 to 12 should take in 23 mg/kg/day of protein or 10 mg/pound.
Adults should take 12 mg/kg/day.

A normal diet contains approximately 5 to 10 g of glutamine a day. The body
makes 60 to 100 g a day of glutamine. When more glutamine is necessary, the
body can usualy synthesize it. When there is great metabolic stress, this may not
be enough. Levels of glutamine inside cells can drop 50 percent or more, and the
concentration in blood plasmacan drop 30 percent. Thisiswhen glutamine supple-
ments are necessary.?°

Glutamine can be taken by mouth, injected intravenously, or put into the intes-
tinal tract by tube. A dipeptide is added to glutamine to make it stable in solution.
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For athletesin training, 1,000 mg/day are recommended as supplements.'®
For very sick adults, such as those with cancer or AIDS, asmuchas10to40g a
day may be taken in divided doses.!

POTENTIAL SIDE EFFECTS

If too much glutamine isingested, and it is converted to anmmonia and glutamic
acid, both ammonia and glutamic acid can be toxic to the nervous system, at least
in theory.

This can be a problem for patients with liver failure. Glutamine can cause their
blood ammonia level to increase enough to affect their mental state, and in fact,
precipitate liver-failure-induced brain dysfunction and coma.®

However, glutamine has generally proved safe in most situations. There was
one report of an increase in liver enzymes in patients receiving al their nutrition
by vein. Glutamine was added to the solution. There were some increases in liver
enzymes that resolved after treatment stopped.

Higher doses than used in the above study have not been associated with any
side effects or toxicity. Therefore the IOM has not established an UL for glu-
tamine. Doses as high as 0.3 g/kg/day have been given to low birth weight babies,
and 0.57 g/kg/day to adults with no problems reported. A number of studies have
investigated glutamine given orally, by vein, and as part of atotal periphera ali-
mentation (all calories by vein) in healthy volunteers, with no toxicity.

However, many cancer cells need glutamine. It is possible that glutamine may
help cancersgrow. Cancers can take in the body’ s entire glutamine pool. Glutamine
isused by the tumors that are growing the fastest. While this effect is known, there
is no data to show that giving glutamine to patients with cancer has actually pro-
moted the growth of the cancer.?

Even critically ill patients can tolerate doses of glutamine 30 to 40 g aday for an
approximately 70 kg patient.

Healthy athletes have taken 20 to 30 g during a few hours without problems;
0.65 g/kg have been given to pediatric cancer patients without problems.*8

There is no definitive evidence either way about long-term safety of glutamine
administration. However, it appears to be extremely safe.

FACT VERSUS FICTION

Glutamine is a conditionally essential amino acid that can become depleted
when the body is under significant stress. It functionsin many ways beyond that of
being a protein building block.

Criticaly ill, hospitalized patients need glutamine added to their TPN solutions
or intravenous solutions.

Oral supplements are not as helpful for people with serious illnesses but can be
tried.

Oral supplements can be taken to bolster the immune system, to try and add lean
muscle mass during dieting or with aging. Athletes like marathon runners can take
glutamine to improve their immunity. Patients with cancer getting chemotherapy
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can take it to prevent intestinal symptoms like diarrhea, ulcers in the mouth, and
symptoms from nerveirritation.

It may be helpful in patients with inflammatory bowel disease, but this is far
from certain.

Since glutamineis very safe, trying it for any of these reasonsis reasonable.

Moreinformation will be forthcoming about L -glutamine since there are anum-
ber of large-scale trials in progress. A search of clinical trials listed at the NIH
under “glutamine” yielded 83 studies in various phases.
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L-Lysine

BRIEF OVERVIEW

L-lysineisan essential amino acid in humans. Amino acids are the building blocks
of proteins. Some can be synthesized in the human body. Others, like L-lysine,
cannot. The only way to have enough lysine for protein synthesisisto ingest it in
food or take supplements.

Proteins make up the structure of cells. They also work as enzymes, carriers for
other substances, in cell membranes, and as hormones. Amino acids are precursors
for the nucleic acids that make up RNA and DNA, the genetic blueprints. Proteins
can also be used as sources of energy, when necessary. Lysine is the rate-limiting
step in the creation of new protein in humans.

Most people get plenty of lysine in their diet. Vegetarians, however, may not,
because they eat alimited amount of protein, and what they do eat is often low in
lysine. Since it is essential, there are definite symptoms when the body does not
have enough lysine.

Lysine may have other uses, including preventing reoccurrence of herpes sim-
plex lesions, as well as having arole in the metabolism of other substances.

(In this chapter L-lysine and lysine will mean the same thing.)

THE HYPE

Lysine Is Involved in the Absorption of Calcium; Perhaps Lysine
can Help Treat or Prevent Osteoporosis

Lysine decreases the amount of calcium that is excreted in the urine and also
increases the amount of calcium absorbed by the body.*

Lab studies have indicated that a combination of lysine and arginine, which is
another amino acid, activates osteoblasts (cells that make bone) and increases col-
lagen synthesis.?

These properties might mean that lysine could be used to help treat or prevent
osteoporosis.
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L-lysine may help prevent cold sores. (© Kuhar/Dreamstime.com)

L-Lysine Is Advertised as a Dietary Supplement for Bodybuilders

Bodybuilders want to increase their muscle mass, so they are interested in amino
acidsand protein, because muscleismade of protein. Thereisasubstance called growth
hormone (GH) that the body releases in response to exercise. There is a question of
whether or not lysine, with or without arginine, can cause the release of extra GH. In
one study, the ingestion of soy protein, either intact or hydrolyzed, aswell asamix of
all amino acids caused alarger amount of GH release than just arginine and lysine.®

A review of the research indicated that it is probably true that specific amino
acids, including lysine, arginine, and ornithine, can cause GH release when taken
by mouth or intravenously. However, the oral doses necessary to increase the re-
lease of GH above what already happens with exercise would cause gastrointesti-
nal distress, like nausea and vomiting.*

No studies have shown that oral amino acid supplements taken before exercise
cause agreater release in GH than would happen as aresult of exercise aone. The
authors of this paper stated that there have been no good studies to determine if
there is a greater increase in strength or muscle mass after the use of amino acids
than with just strength training.*

Thereis continuing research in this area.

Treatment of Angina Pectoris or Coronary Heart Disease

Inthe early 1990s, Dr. Linus Pauling reported on several cases of anginapectoris
(heart pain from low blood supply, or coronary artery disease) improved by lysine
given with high doses of ascorbic acid.!
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In coronary artery disease, fatty plaques are attached to the inside of the arteries.
They are filled with cholesterol. There are many factors that influence how much
gets deposited in the arteries, the most obvious being elevated cholesterol. How-
ever, there are other things that have to take place, including microscopic damage
to the arteries. Dr. Pauling thought that the lysine and vitamin C might protect the
vessel walls.

Others have taken Dr. Pauling’s work further. Investigators have used multinu-
trient therapy to try and reverse damaging changes in the coronary arteries. The
nutrients include vitamins C, E, A, D, and multiple B vitamins as well as many
minerals, including calcium, magnesium, and others, coenzymes like biotin and
folic acid, as well as amino acids lysine and arginine and others. In one study,
a multinutrient supplement was given to 55 patients with documented coronary
artery disease (CAD) for ayear. The supplements seemed to slow the progression
of CAD or even reverse early disease, as measured by ultrafast computed tomog-
raphy. There is no way to ascertain how important lysine is within the group of
nutrients.®

One laboratory study used a mixture of ascorbic acid, lysine, proline, arginine,
cysteine, and green tea phenolics, which were applied to smooth muscle cellsfrom
the human aorta. There was ademonstrable changein the behavior of the cellsaway
from actions that can cause damage and growth of fatty plaques in arterial walls.
Again, thereis no way to tell how important the lysine was in this mixture.®

There is no evidence that lysine alone can improve or prevent CAD, and even
with the multinutrient mix, the research is extremely preliminary.

Lysine Is Needed for the Production of Carnitine, Which Is Very
Important in the Metabolism of Cholesterol and Fatty Acids

Lysine, in particular, along with methionine is made in the liver and kidney into
carnitine. Carnitine is needed to transport long-chain fatty acids.” Thisis undoubt-
edly true. That does not mean that taking extralysine will lower cholesterol.

L-Lysine Is Advertised as a Way to Prevent and/or Treat Recurrent
Herpes Simplex Infections

While it is apparently very useful in some animals for herpes simplex infection,
it has not always proven effective in humans.?

The herpes simplex virus uses less lysine and more arginine in its proteins than
humans. Lysine may decrease available arginine for the virusin avariety of ways.
Lysine and arginine share a transport system, so supplements of lysine can reduce
the absorption of arginine.

There have been a number of studies, some of which indicate lysine may help
prevent herpes outbreaks, and some that have shown that it does not help. It may
depend on the dose, and the patient, as well as how much arginineisin the diet.2°

One reported study involved 45 patients followed between two months and three
years. Lysine 312 mg to 1,200 mg was given daily, and foods rich in arginine were
restricted. There was a dramatic reduction in recurrence; after discontinuation of
lysine, lesions reappeared quickly.°
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At least one double-blind, placebo-controlled, crossover trial has been performed
with 500 mg and 1,000 mg of lysine, which showed a decrease in herpes lesions
with the lysine. This, along with all of the trials with good results, included a re-
duction in arginine-rich foods and an increase in lysine-rich foods.? It may be that
lysine cannot prevent herpes recurrences if there is too much arginine in the diet.

Lysine May Be Useful to Treat Anxiety

There have been a number of early studies that indicate lysine plus or minus
arginine may improve symptoms of stress and anxiety.!

A double-blind, randomized, placebo-controlled study used the combination of
L-lysine and L-arginine taken for 1 week to evaluate baseline anxiety as well as
stress-induced anxiety in a group of 180 healthy Japanese men and women. They
found that trait (baseline) anxiety decreased at the end of a week of treatment, as
did anxiety in response to stress. In men but not women, the values of chemical
markers of stress in saliva were reduced. These investigators concluded that the
amino acids were decreasing anxiety, and that there must be additional ways be-
yond the hormone changes, because the women were equally less anxious.*?

The reason why it could lessen anxiety may be twofold: it has been shown to el-
evate serotonin levels, a neurotransmitter that helps us deal with stress, and it may
decrease cortisol levels, the stress hormone.

DEFICIENCY

Deficiency of lysine is uncommon in most people eating aregular diet in devel-
oped countries.

Vegetarians can becomelysine deficient, especially if they are not careful enough
to balance their proteins. Beans (Ilegumes) are the best choice to increase lysinein
the diet of avegan or vegetarian.

People with severe burns can become lysine deficient. So can athletes.

Symptoms of lysine deficiency include anemia, fatigue and slow growth, aswell
as dizziness, loss of appetite, nausea, reproductive disorders, agitation, and blood-
shot eyes.?

FOOD SOURCES

Lysineis found in protein-rich foods. This would include animal proteins such
as meat, cheese, and some other dairy products, certain fish, nuts, eggs, soybeans.
Beans, some other legumes, Brewer’s yeast, and certain herbs also contain lysine.?
Grain proteins are for the most part low in lysine, except for wheat germ, whichis
agood source.

While grains and bread for human consumption have not been fortified with
lysine, animal feed has been fortified.

The lysine in some foods can be rendered impossible to absorb because of the
reaction known as carmelization, the browning of foods with sugar in desserts and
pastries. In this reaction, lysine links with a sugar.*
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MECHANISM OF ACTION: HOW DOES IT WORK?

Lysineisan essential amino acid necessary for making the many types of protein
in the human body, proteinslike keratin, elastin, and collagen. Other proteins are key
to the structure and function of most cells. Carrier molecules, like the onesthat trans-
port iron, are proteins. Thereisprotein in hair, fingernails, hormones, and more. The
amino acids can aso be converted to coenzymes, nucleic acids, and other essential
molecules. Hedlth, including a vigorous immune system, growth, devel opment, and
reproduction, is not possible without adequate protein. Adequate protein is not pos-
sible without the essential amino acid lysine, which the human body cannot make.

Once lysineisingested, it goesto the liver and undergoes a variety of metabolic
steps. Lysine can aid in the formation of glucose, glycogen, and lipids. This means
that lysine contributes to energy production. Other amino acids cannot do this.!

Lysineisvery well absorbed and transported throughout the body and to muscle
quickly. The pool of freelysine in the body may mainly be inside muscle cells.

Lysinein particular, along with methionine, is metabolized in the liver and kid-
ney into carnitine. Carnitine is needed to transport long-chain fatty acids.

Proteins are made from strings of amino acids. All the amino acids are at least
dightly different from one another and perform dightly different tasksin combining
to make proteins. Some amino acids are modified after joining othersto make a pro-
tein. Lysine, for example, is converted into hydroxylysineonceit isin collagen. This
hel ps collagen cross-link and be stable. Lysine isimportant in the structure of bone.

Proteins make up alarge part of the human body. The largest single type of pro-
teinisthat found in skeletal muscle (43%). There is aso protein wherever thereis
aneed for structural support; approximately 15 percent of the protein isin blood
and another 15 percent isin the skin. Organs do not contain as much protein. Liver
and kidney contain about 10 percent of the protein, together. The rest is in other
organs and bone.

The proportion of musclein the body increases with age, from newborn to adult.

There are four proteins that constitute almost 50 percent of the body’s protein.
They are myosin and actin (in muscle), collagen (in connective tissue), and hemo-
globin (in red blood cells).

Thereisonly avery small reserve of protein that can be used during conditions
of insufficient dietary intake for whatever reason. This small reserve is made up
of structural proteins that are probably stored in the liver and visceral tissues. Itis
perhaps 1 percent of the body’s protein. It will be used by the body when enough
protein is not being consumed.

Normally the body can adapt to a wide range of protein intake. But there are
certain pathological states, such as severe disease or injury, in which body protein
will be used for energy. Muscle protein islost in these cases.

PRIMARY USES

e The primary use for lysine is as a supplement to individuals who do not get
enough in their diet. This can be true for vegetarians. It can also occur as the
result of an increased need for lysine, when the body is extremely stressed due
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severe burns or other injury. Athletes performing at high levels can aso need
more lysine.

* Lysine supplements may prevent recurrences of herpes simplex in some people.
Itisalso used to treat active outbreaks.

» Bodybuilders take lysine along with other amino acids in an attempt to
get more growth hormone released and thereby increase muscle mass and
strength.

* It may be used in a cocktail with other amino acids, vitamins, and minerals for
heart health.

COMMON DOSAGES

There are general protein requirements as well as specifics for lysine. The RDA
for men and women is 0.8 g of good-quality protein per kilogram per day. The
protein needs to contain lysine in a certain proportion, 51 mg of lysine per gram
of protein.’

Protein in General

The recommended amounts of protein at various ages have been calculated by
the Institute of Medicine Food and Nutrition Board using avariety of methods. The
higher quality the protein, the more will be absorbed and the more specific require-
ments for amino acids will be met.”

The Al (Adequate Intake) for infants O to 6 monthsis 1.52 g/kg/day. The EAR
(Estimated Average Requirement) for older infants ages 7 to 12 monthsis 1.0 g/
kg/day. The RDA (Recommended Dietary Allowance) for this group is 1.2 g/kg/
day or 11.0 g/day of protein.

The EAR for boys and girls 1 to 3 years of age is 0.87 g/kg/day of protein.
From 4 up to 13 yearsit is 0.76 g/kg/day. The RDA for children 1 to 3 years old
is 1.05 g/kg/day or 13 g/day. For children ages 4 to 13 years, it is 0.95 g/kg/day
or 34 g/day of protein.

The EAR for boys ages 14 to 18 is 0.73 g/kg/day; for girls of that age it is
0.71 g/kg/day of protein.

The RDA for boys 1418 years of age is 0.85 g/kg/day of protein or 52 g/day of
protein. The RDA for girls 14-18 years of age is 0.85 g/kg/day of protein or 46 g/
day of protein.

The EAR for men and women ages 310 50 is 0.66 g/kg/day of protein. The same
istrue for older adults.

TheRDA for men 19through50is0.80 g/kg/day or 56 g/day of protein. For women
itis0.80 g/kg/day or 46 g/day. The same istrue for older men and women.

The EAR for pregnancy in any age group is 0.88 g/kg/day of protein or plus an
additional 21 g/day of protein. The RDA for pregnancy is 1.1 g/kg/day of protein
or plus an additional 25 g/day.

The EAR for lactation is 1.05 g/kg/day of protein or plus an additional 21 g/day.
The RDA for lactation is 1.3 g/kg/day of protein or plus an additional 25 g per day.
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Lysine Specifically

The IOM/FNB used many different methods to estimates lysine requirements,
which were published in 2005. Values from earlier reports, as well as values used
by the World Health Organization, had been criticized by many investigators.*34

There seems to be some agreement that these recommendations are reasonable.
Thiswas noted by experts like Kurpad and Young, who saw the IOM report before
publication.®®

ThelysineAl for infants 0 to 6 monthsis 640 mg/day or 107 mg/kg/day. At 7 to
12 months, the EAR is 62 mg/kg/day and the RDA is 89 mg/kg/day. For boys and
girlsages 1 to 3 years, the EAR for lysineis 45 mg/kg/day, and the RDA is 58 mg/
kg/day. For boys 4 to 13 years of age, and girls ages 4 to 8 years of age, the EAR
is 37 mg/kg/day and the RDA is 46 mg/kg/day. For girls 9 to 13 and boys ages 14
to 18, the EAR is 35 mg/kg/day and the RDA is 43 mg/kg/day. For girls ages 14 to
18, the EAR is 32 mg/kg/day and the RDA is 40 mg/kg/day.

For al adults 19 years of age and older, the EAR is 31 mg/kg/day, and the RDA
is 38 mg/kg/day. A 70 kg man would need to take in 2,660 mg of lysine a day, or
2.66 g. As noted above, he would need 56 g of protein in total.

For pregnancy, the EAR is 41 mg/kg/day, and the RDA is 51 mg/kg/day. For
breast-feeding women, the EAR is 42 mg/kg/day and the RDA is 52 mg/kg/day.”

While the IOM/FNB used much data and analysis to determine Al, EAR, and
RDA values for amino acids, they have not been able to establish a UL (Toler-
able Upper Intake Limit) for any amino acid. For lysine, the highest 99 percent
of intake estimated in this country is 12.6 g per day. The median (average) intake
is 7.5 grams a day. That can give some idea of what amounts can be taken safely.
There are adso investigators trying to define a UL for lysine as well as other amino
acids.!* Some have suggested 300 to 400 mg/kg/day should be the NOAEL, the
No Observed Adverse Effect Level, based in part on animal data.*6:1"

Between 312 and 1,500 mg of lysine daily has been recommended generally as
adietary supplement.'®

Humans do absorb some lysine synthesized by bacteriain the intestine. It is not
clear how much, but it is measurable.’®

For Herpes

The optimal doseis not clear. To prevent breakouts, a dose between 500 mg and
3,000 mg aday has been given. For prophylaxis, 500 mg to 1,000 mg is a reason-
able dose; 3,000 mg a day can be taken for active herpes lesions.*

POTENTIAL SIDE EFFECTS

Lysine in the diet is safe.” However, large amounts of supplemental lysine can
interfere with the metabolism of protein in the diet and also with arginine trans-
port. Lysine and arginine share a transport mechanism in the intestines. They aso
compete with each other in the kidney for reabsorption, as well as transport into
cells?
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Supplementary lysine has caused gallstones and increased cholesterol in ani-
mals. Very high doses have caused renal failurein dogs.'’

There have only been limited studies in humans taking high doses of lysine,
without any real evidence of serious side effects. In one small study, levels of
carnitine rose in healthy adults given high doses of lysine. In another study, 3 out
of 27 people had slight gastrointestinal upset.” This upset can include diarrhea,
cramps, and nausea.!

People with liver or kidney damage or failure should discuss supplementation
with a health care provider.t

There are rare genetic disorders involving lysine metabolism, and in those cases
lysine should not be given. The principal conditioniscalled lysinuric protein intol-
erance. With this disease, the body cannot absorb or use lysine, arginine, and orni-
thine, whichisvery serious. Thereisagenetic defect in atransport protein, leading
to a shortage of these amino acids in the body and an excess in the urine. The lack
of ornithine and arginine cause problems related to the way nitrogen is handled in
the body, and ammonia accumulates. The lack of lysine leads to weakness in col-
lagen and therefore skin, tendons, ligaments, and bones. People with this condition
are short in stature and have osteoporosis. They also have protein deposits in the
lungs, enlarged liver and spleen, and protein deposition in the kidneys. The lung
and kidney problems, as well as the excess of ammonia, can be causes of death.
Treatment includes protein restriction and administration of citrulline; sometimes
kidney transplants are done.?°

Lysinuric protein intoleranceis avery rare congenital disorder affecting approx-
imately 1 in 60,000 people of Finnish descent, and 1 in 57,000 of Japanese descent.
It is much less frequent in other populations.?*

FACT VERSUS FICTION

Lysine is clearly a necessary nutrient. Those people who may not be getting
enough dietary lysine because they are vegetarians, or have increased needs with
athletic training, can consider supplements.

Supplements of lysine are safe over awide range of doses.

Lysine and arginine share a transport mechanism in the intestine. They are re-
lated in many ways. In many studies, both arginine and lysine are used together,
while at other times, they need to be separated.

Lysine may prevent recurrences of herpes simplex, especially if used along with
adiet low in arginine. Thisis a case where lysine is needed to be increased and
arginine lowered.

Lysine may be useful in other situationsthat are still being studied. Oneis reduc-
ing anxiety. Preliminary research indicates that it might be useful for this, along
with arginine. Similarly, lysine and arginine ingestion may help bodybuilders, but
there is not enough research to make definite conclusions.

Multinutrient therapy for the heart may actually be beneficial, but there is not
enough research to support its use at thistime. There is al'so no way to separate the
contribution of the various components that have been used. Lysine may or may
not help prevent coronary artery disease.
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Lysine's ability to raise calcium levels and stimulate osteoblasts may mean that
it could be used to help prevent or treat osteoporosis. Further research needs to be
conducted.

Because lysineis safe, people may takeit for any of these reasons and seeiif they
find it beneficial. Further, clear indications of lysine's uses will be learned in the
future.
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L-Tyrosine

BRIEF OVERVIEW

Amino acids are the building blocks of proteins. Some, like L-tyrosine, can be syn-
thesized in the human body. L-tyrosine can be made from phenylalanine, another

amino acid. Either enough phenylala-
nineor tyrosinemust beingested for the
human body to synthesize proteins.

Proteins make up the structure of
cells. They also work as enzymes,
carriers for other substances, in cell
membranes, and as hormones. Amino
acids are precursors for the nucleic
acidsthat make up RNA and DNA, the
genetic blueprints. Proteins can also
be used as sources of energy, when
necessary.

Additionally, tyrosine specifically
can be metabolized into other very
active molecules, such as neurotrans-
mitters, including catecholamines,
as well as thyroid hormone and
melanin.

(L-tyrosine is the form of tyrosine

used inthehuman body. Tyrosinewill be ;

used interchangeably with L-tyrosine.)

THE HYPE

Tyrosineisinvolved in so many impor-
tant biochemical processes that dietary

Georgia peanut farmer Tim Burch checks
peanuts in a Baker County, Georgia, field.
Peanuts are agood food source of L-tyrosine.
(AP Photo/Ric Feld)
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supplements are popular. The supplement industry is looking at ways to make more
tyrosine safely and efficiently.!

Much research has been done to see how supplemental tyrosine could help with
avariety of diseases and problems, some with positive results. However, it has also
been discovered that trying to lower tyrosine might actually be more helpful in
some situations, where it would be best not to take any supplemental tyrosine.

Depression

The catecholamine theory of depression postulates that |owered amounts of cer-
tain brain chemicals, called catecholamines, cause depression. The most likely are
norepinephrine and serotonin, and probably to a lesser extent, dopamine. Con-
versely, too much norepinephrine in the brain can cause mania. Tyrosineis a pre-
cursor of anumber of catecholamines. It can be converted in the brain viaa number
of steps to dopamine. In nerve cells transmitting impul ses with dopamine, no fur-
ther metabolism is necessary. For other nerve cells, dopamine can be converted to
norepinephrine, and finally, for other cells, epinephrine.

Because depressed patients respond to medications that raise these neurotrans-
mitters, it has long been thought that tyrosine might be helpful in treating de-
pression. In 1980, one depressed patient was treated successfully with tyrosine.?
There was another very small study in the 1980s that found that tyrosine had some
effect on depression.2 However, most of the subsequent research has not found it
effective as a treatment for depression.*®

For example, 65 patients were enrolled in a randomized, double-blind trial and
given 100 mg/kg/day of tyrosine, the antidepressant imipramine, or placebo for
four weeks. No effect on depression by tyrosine was seen in this study.®

In 2007, areview of alternate and complementary medical treatment of depres-
sion said that results with tyrosine are “ unequivocally negative.””

One of the problems is that the rate-limiting step in synthesis of these chemicals
is the enzyme tyrosine hydroxylase. It can only handle so much tyrosine, so that
taking in more does not necessarily lead to higher levels of the catecholamines.

Researchers have found ways to decrease the amount of tyrosinein the brain,
with resulting lowered catecholamines. They give research subjects a mixture
of amino acids missing phenylalanine and tyrosine. The body, using the in-
gested amino acids to make new protein, has to take free phenylalanine and/
or tyrosine out of the system to make complete proteins, thus lowering the ty-
rosine level in the brain. This has been done in lab animals and in people. The
reverse has also been done, raising brain levels of tyrosine.

The effects on the body of either lowering or raising tyrosine are unclear. Some
have postulated that the catecholamine progression serves as a trigger to increase
protein ingestion if levels are low and decrease it when levels are high. This seems
to be the case in animals.®

Investigators have studied the short-term effects of lowering levels of tyrosine
and phenylalanine on mood. Normal subjects in small studies whose levels have
been lowered reported a depressed mood, which was worsened by stress.®
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A subsequent study of 15 women who had recovered from major depression who
had their tyrosine lowered did not show any return of symptoms, although there
were chemical indications that their dopamine levels were lower.X°

Similar research has been done with other patients who have recovered from
amajor depression. In one study, tyrosine and phenylalanine were lowered in
an attempt to lower dopamine. Lowering tyrosine levels, in one study, did not
cause any depressive symptoms to reoccur. However, there was one param-
eter changed in this study, “lowered sensitivity to reward in a gambling game.”
This was considered a marker of anhedonia in depression, the lack of abil-
ity to enjoy various things. This particular study was designed to lower do-
pamine, but the manner in which it was done would have also lowered other
catecholamines.!!

Mania

Mania is the other side of depression in patients with bipolar illness. Perhaps
lowering tyrosine might help patients with mania. This has been tested using the
method of lowering brain aromatic amino acids by giving BCAAs. The aromatic
amino acids tyrosine, phenylaanine, and tryptophan use the same transport mech-
anism to get into the brain, past the blood-brain barrier, as do the branched-chain
amino acids (BCAAS) leucine, isoleucine, and valine. Giving subjects a lot of
BCAAswill lower levels of aromatic amino acids, including tyrosine, in the brain.
In at least one randomized, blinded, placebo-controlled trial, this was effective.
BCAAs were given to 25 patients with mania. The patients given the BCAASs had
symptoms of mania resolve more quickly than those given placebo. More research
isneeded in this area.'?

Another study showed that pretreating healthy volunteers with tyrosine and phe-
nylalanine-free amino acid mixtures, which lower brain tyrosine and dopamine,
blunt the response to amphetamines. This may serve as a model for mania, in
which dopamine isimplicated.?

Hypertension

There have been a few small studies, none showing a consistent lowering of
blood pressure in response to tyrosine. An early, randomized, placebo-controlled,
double-blind trial in 1985 found that in 13 people with mild hypertension who
were given tyrosine for two weeks, blood pressure remained the same. While
the level of blood tyrosine rose, nothing else changed, including blood levels of
norepinephrine.4

Stress

Tyrosineisthe precursor to neurotransmitters rel eased during stress, epinephrine
and norepinephrine. Thereis some evidence that the body may not be able to make
enough tyrosine from phenylal anine during psychol ogical stress. Tyrosine may im-
prove performance during stress, as well as during sleep deprivation.*
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Tests done by the U.S. military to simulate battle conditions or sleep deprivation
aswell as cold have shown that people taking up to 100 mg/kg of tyrosine perform
better under stressful conditions.'>16

For example, the performance of 10 men and women on multiple task battery
and simple task battery tests was measured, one hour after receiving either placebo
or 150 mg/kg of tyrosine. The subjects given tyrosine showed improvement in only
the memory retrieval part of the tests. This suggested to the military investigators
that tyrosine might be useful in situations involving multitasking.’

Cognitive Function and Memory

Cognitive function and memory have been tested in healthy adults under stress,
to seeif tyrosine would help improve performance. Some of the tests have been
done by the military, such as the one above.

In another study, 16 healthy young adults were given either tyrosine (100 mg/
kg) or a placebo. They were then tested, doing stress-sensitive tasks while being
stressed with high levels of noise. The subjects given tyrosine showed improved
performance doing cognitive tasks while stressed.®

Parkinson’s Disease

As explained previoudly, tyrosine can be metabolized into dopamine, which
should help patients with Parkinson’s disease who have low amounts of dopamine.
Treatment with L-dopa helps patients with Parkinson’s. However, studies have not
found tyrosine useful in this condition.®

Migraine Headaches

There has been some evidence that products of tyrosine metabolism, which can
include dopamine and other amines, might be part of what precipitates migraine
as well as cluster headaches.’® If this is true, tyrosine-lowering techniques might
prove helpful.

ADHD

There have been anumber of small studiesindicating that tyrosine could help the
symptoms of ADHD. However, any improvement wears off quickly; there seems
to be atolerance built up to tyrosinein this situation.®

Athletic Performance Enhancer

While there are athletes that use tyrosine to enhance their performance, there is
no clear evidence of its effectiveness.*

Some studies have shown minimal or conflicting results. For example, in one
study, 10 male athletes were given a variety of substances to try and enhance per-
formance. They were given placebo, tyrosine (20 g), 21 g of branched-chain amino
acids (BCAA), or paroxetine (Paxil, an antidepressant) and then exercised. There
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was little difference of significance between any measure of function or fatigue
between the groups given amino acids.?* This study did indicate that subjects
perceived exhaustion earlier when treated with paroxetine, which increases brain
serotonin.

Thisrelates to atheory that exercise fatigue is mediated by serotonin. If tyrosine
is given in high enough levels to compete with and reduce uptake of tryptophan,
the serotonin precursor, there will be less serotonin in the central nervous system
and less fatigue. Other studies have not confirmed this hypothesis.??

Cirrhosis

People with cirrhosis can develop what is called encephal opathy, a dysfunction
of the brain that progresses to coma. Many of the symptoms are from elevated lev-
els of aromatic amino acids, which may be metabolized into other amines that af-
fect the brain. Giving patients with cirrhosis branched-chain amino acids (BCAAS)
has been found to decrease neurologic symptoms.?® This would be another situa-
tion where less tyrosine is needed, not more.

DEFICIENCY

Patients with phenylketonuria (PKU) cannot make tyrosine from phenylalanine.
Eating a normal diet will lead to a buildup of phenylaanine in the system in pa-
tients with PKU, and it is the phenylalanine that causes brain damage. Babies are
tested for PKU at birth. Treatment with a phenylalanine-free diet is extremely ef-
fective. They do not usually need supplements with tyrosine unless there is not
enough tyrosine in their diet.

There are other, rare genetic defects in which tyrosine or other neurotransmitter
precursors cannot be metabolized. None of these is treated with tyrosine.*

There is no specific, described deficiency state due to low tyrosine.

FOOD SOURCES

Tyrosine existsin al protein sources, vegetable and animal. Some good sources
of tyrosineinclude poultry, eggs and dairy products, fish, soy products, limabeans,
avocados, bananas, almonds, peanuts, sesame and pumpkin seeds, wheat germ and
oats.®

Ingested tyrosine goes to the liver. Any tyrosine not taken up by the liver will
then be shuttled into one of three metabolic pathways. One pathway involves ty-
rosine in tissues all over the body, being used in protein synthesis, as well as the
synthesis of peptides. A second pathway is the conversion of a small amount of
tyrosine into thyroxin (thyroid hormone), melanin (skin pigment), and neurotrans-
mitters (see above). Finaly tyrosine can also be metabolized to an intermediate
substance used for the production of glucose, called gluconeogenesis.

As stated previoudly, the aromatic amino acids including tyrosine use the same
transport mechanism to get into the brain, past the blood-brain barrier, as do
branched-chain amino acids. Since there are alot of BCAAsin most protein, and
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large amounts get into the circulation, they regularly compete for transport into the
brain with the aromatic amino acids. This direct competition has been well docu-
mented in animals.?® It also occurs in humans.

MECHANISM OF ACTION

L-tyrosine is considered a conditionally indispensable amino acid. Tyrosine can
be made from other amino acids under normal conditions. Tyrosine can be made
from phenylaanine in the liver, and probably other places in the body, like the
kidneys.

However, people with phenylketonuria (PKU) cannot make tyrosine from phe-
nylalanine; they must ingest tyrosine itself. Usually people with PKU need to eat
proteins rich in tyrosine but do not need to take supplements. The most important
thing is that people with PKU cannot ingest phenylaanine because they cannot
metabolizeit. Excess phenylalanine causes the brain damage that is seen in people
with untreated PKU.# Babies are tested for PKU at birth.

Tyrosine itself is the precursor of a number of important substances, which in-
clude certain neurotransmitters (catecholamines), hormones and skin pigments.

Tyrosine does cross the blood-brain barrier, which does not allow everything in
the blood to reach the brain. As explained previously, under some conditions, there
is competition over this transport mechanism between the aromatic amino acids
and branched-chain amino acids. Once in the brain, tyrosine can be metabolized
to the catecholamines norepinephrine, epinephrine, and dopamine. This is why
tyrosine has been considered as a possible antidepressant.?

Melanin, the skin pigment, is derived from tyrosine, asis thyroxin (thyroid hor-
mone). Tyrosine influences adrenal and pituitary function and stimulates growth
hormone. Many substances with biologic activity contain tyrosine, including en-
kephalins, which are natural opioid-like pain killers made in the body. It isalso an
antioxidant, capable of stopping free radical damage.?

While tyrosine plays an essential role in maintaining neurotransmitters as well
as the other hormones and chemicals mentioned, it is aso an amino acid that the
body uses to make protein. As an amino acid, tyrosine is distributed in tissues and
incorporated into protein. Amino acids are necessary for making the many types of
protein in the human body, proteinslike keratin, elastin, and collagen. Proteins are
keys to the structure and function of most cells. Carrier molecules, like the ones
that transport iron, are proteins. Thereis protein in hair, fingernails, hormones, and
more. Amino acids can aso be converted to coenzymes, nucleic acids, and other
essential molecules. Health, including a vigorous immune system, growth, devel-
opment, and reproduction is not possible without adequate protein.

Proteins are made from strings of amino acids. All the amino acids are at least
dightly different from one another and perform slightly different tasks in combin-
ing to make proteins. Some amino acids are modified after joining others to make
aprotein.?®

Proteins make up alarge part of the human body. The largest single type of pro-
teinisthat found in skeletal muscle (43%). There is aso protein wherever thereis



L-Tyrosine 197

aneed for structural support; approximately 15 percent of the protein isin blood
and another 15 percent isin the skin. Organs do not contain as much protein. Liver
and kidney contain about 10 percent of the protein, together. The rest is in other
organs and bone.

The proportion of muscle in the body increases with age, from newborn to adult.

There are four proteins that constitute almost 50 percent of the body’s protein.
They are myosin and actin (in muscle), collagen (connective tissue), and hemoglo-
bin (in red blood cells).

Thereis only avery small reserve of protein that can be used during conditions
of insufficient dietary intake for whatever reason. This small reserve is made up
of structural proteins that are probably stored in the liver and visceral tissues. It is
perhaps 1 percent of the body’s protein. It will be used by the body when enough
protein is not being consumed.

Normally the body can adapt to a wide range of protein intake. But there are
certain pathological states, such as severe disease or injury, in which protein will
be used for energy. Muscle protein islost in these cases.

The body needs both sufficient protein and the correct balances of amino acids
to grow and survive. The body loses protein every day through the intestinal tract,
urine, and from skin and hair to a lesser extent.

Whileit is not the primary source of energy for the body, protein can be used to
produce energy and will be when there is no other source.

PRIMARY USES

» Tyrosine and phenylalanine are parts of anormal diet.

» Tyrosine may be taken for depression.

Athletestake it to try and improve performance.

» Others may takeit to try and reduce symptoms of fatigue.

It may be used in the military to improve performance under conditions of stress.

COMMON DOSAGES

For use as a supplement, tyrosine can be taken in doses of 500 to 1,000 mg three
times a day, usually before each meal .#

Every person needs protein, which will include phenylalanine with or without
tyrosine, depending on the source of the protein. The RDA for men and women
is 0.8 g of good-quality protein per kilogram per day. The protein needs to con-
tain tyrosine and/or phenylalanine in a certain proportion, which is 47 mg/g of
protein.?

Protein in General®

The recommended amounts of protein at various ages have been calculated
by the Institute of Medicine (IOM), Food and Nutrition Board using a variety
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of methods. The higher quality the protein, the more will be absorbed and the
more specific requirements for amino acids will be met. It is recommended in
general that phenylalanine and tyrosine together make up 47 mg per gram of
protein.

The Al (Adequate Intake) for infants O to 6 monthsis 1.52 g/kg/day. The EAR
(EstimatedAverageRequirement) for ol derinfantsages7to12monthsis1.0g/kg/day.
The RDA (Recommended Dietary Allowance) for this group is 1.2 g/kg/day
or 11.0 g/day of protein.

The EAR for boys and girls 1 to 3 years of age is 0.87 g/lkg/day of protein. From
4 upto 13 yearsit is 0.76 g/kg/day. The RDA for children 1 to 3 years old is 1.05
g/kg/day or 13 g/day. For children ages4 to 13 years, it is0.95 g/kg/day or 34 g/day
of protein.

TheEARforboysages14to18is0.73g/kg/day; forgirlsof thatageitis0.71g/kg/day
of protein.

The RDA for boys 1418 years of age is 0.85 g/kg/day of protein or 52 g/day of
protein. The RDA for girls 14-18 yearsof ageis0.85 g/kg/day of protein or 46 g/day
of protein.

The EAR for men and women ages 18 to 50 is 0.66 g/kg/day of protein. The
sameistrue for older adults.

The RDA for men ages 19 through 50 is 0.80 g/kg/day or 56 g/day of protein.
For women it is 0.80 g/kg/day or 46 g/day. The same is true for older men and
women.

The EAR for pregnancy in any age group is 0.88 g/kg/day of protein or plus an
additional 21 g/day of protein. The RDA for pregnancy is 1.1 g/kg/day of protein
or plus an additional 25 g/day.

The EAR for lactation is 1.05 g/kg/day of protein or plus an additional 21 g/day.
The RDA for lactation is 1.3 g/lkg/day of protein or plus an additional 25 g per day.

Tyrosine Plus Phenylalanine?

Tyrosine can be made from phenylalanine. These recommendations are for the
total of one plus the other.

TheAl for infants 0 to 6 months is 807 mg/day or 135 mg/kg/day of phenyla-
lanine plus tyrosine. At 7 to 12 months, the EAR is 58 mg/kg/day and the RDA
is 84 mg/kg/day. For boys and girls ages 1 to 3 years, the EAR for lysine is
41 mg/kg/day, and the RDA is 54 mg/kg/day. For boys ages 4 to 13, and girls
ages 4 to 8, the EAR for the two amino acids is 33 mg/kg/day, and the RDA is
41 mg/kg/day. The EAR for girls ages 9 to 13 is 31 mg/kg/day, and the RDA
is 38 mg/kg/day.

The EAR for adultsis 27 mg/kg/day of tyrosine and phenylalanine. The RDA is
33 mg/kg/day.

The EAR for pregnant women is 36 mg/kg/day, and the RDA is 44 mg/kg/day.
The EAR for breast-feeding women of all agesis 41 mg/kg/day, while the RDA is
51 mg/kg/day.
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POTENTIAL SIDE EFFECTS

There have been no adverse effects noted with any amino acidsin the diet. Taken
as a supplement, tyrosine has not been associated with any adverse effects even at
very high doses of 500 mg/kg/day. Large amounts of tyrosine do raise the level of
the amino acid in the blood, and of some of the brain neurotransmitters, but there
have not been any clinical problems as aresult in normal individuals.

However, in the autosomal -recessive genetic disease, tyrosinemiall, high levels
of tyrosine can lead to skin problems and lesions on the cornea of the eye.

The IOM has not been able to set a UL (Tolerable Upper Intake Level) for ty-
rosine or any other amino acid. It is not known what level might cause the eye and
skin lesions or what the changes in the neurotransmitters might mean.?

Tyrosine can cause migraine headaches in some people, as well as stomach
upset. Tyrosine can elevate the levels of thyroid hormone. It should not be taken
by people who aready have a condition associated with elevated thyroid hormone,
like Grave's disease,* or who are taking replacement thyroid hormone.

As stated previously, tyrosine may exacerbate mania. It should not be taken by
anyone with liver cirrhosis or failure from any cause.

Interactions

Tyrosine must not be taken by people on monoamine oxidase inhibitors for de-
pression. These include Marplan (isocarboxazid), Nardil (phenelzine), Parnate
(tranylcypromine), and selegiline. Anyone taking one of these medications who
ingests tyrosine can have a* hypertensive crisis’ with elevated blood pressure and
risk of heart attack and stroke.

FACT VERSUS FICTION

Research is ongoing in every area mentioned. So far there is little proof that
supplemental tyrosineis helpful for most conditions related to the central nervous
system. It may be, as stated previoudly, that since the rate-limiting step in the syn-
thesis of catecholamines from tyrosine is tyrosine hydroxylase, it may be difficult
to actually raise brain levels by simply taking supplements of tyrosine.

While it is clearly vital to all brain functions, tyrosine may not be helpful as a
supplement in many conditions. In fact, in some cases, lowering tyrosineis advis-
able. More research needs to be done to clarify the benefits of tyrosine.

Tyrosineis possibly useful in the following cases:

* Depression: results are mixed and definitive conclusions cannot be made.
» Stress: there is some evidence tyrosine may help the reaction to stress.

 Cognitive function and memory: tyrosine may help strengthen these, especialy
under stress.

 Athletic performance: although there is no solid evidence for performance en-
hancement, tyrosine may lessen fatigue.
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Tyrosine does not seem to have any long-term benefit for the following
conditions:

» Hypertension: tyrosine does not lower blood pressure.
 Parkinson's disease: tyrosine does not improve Parkinson’s disease.

» ADHD: Although tyrosine may temporarily improve symptoms of ADHD, the
improvement is short-lived.

Tyrosine should not be taken in the following cases:

 Cirrhosis: symptoms such as brain dysfunction (encephal opathy) can worsen
with tyrosine. Tyrosine may need to be lowered.

» Mania Lowering tyrosine may improve mania.
» Migraines: Tyrosine can worsen migraine and cluster headaches.
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Melatonin

BRIEF OVERVIEW

Melatoninis ahormone produced in a part of the brain called the pineal gland. Itis
most commonly known for its role in maintaining the circadian rhythm of humans.
Also called “The Dark Hormone,” it is secreted mainly during the night. Melatonin
secretion markedly decreases during the day.

Melatonin is one of the regulators of sleep, which it affects in a number of dif-
ferent ways. It is part of the biological clock of every person. When the rhythm of
melatonin secretion is disrupted, for example, by night-time light exposure, there
are adverse consequences. Sleep problems often occur, but there are other less
obvious effects.! In addition to melatonin’s key role in chronobiology, it is now
known to be a powerful antioxidant with other functions.

THE HYPE
Sleep

The suprachiasmatic nucleus (SCN) is a part of the brain that is called the cir-
cadian pacemaker. It receives information about conditions of light and dark, and
in dark, sends signals to the pineal gland to secrete melatonin. Melatonin acts on
other parts of the brain to induce sleep.

Since melatonin affects the sleep-wake cycle, it has been used to treat insomnia.
As a natural substance, it should be a safe insomnia treatment. Since so many
people suffer from difficulty sleeping at one time or another, there is much interest
in melatonin for this purpose. There are many ongoing trials looking at the best
ways to use melatonin to help people who cannot sleep. As a consequence, there
have been many studies, as well as reviews, trying to analyze the data from the
different studies.

There are different kinds of sleep disturbances. In one called delayed sleep phase
syndrome, people have difficulty going to sleep at the appropriate time, as well as
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waking up at the desired time. Studies have shown that melatonin may be effective
in treating this condition; people fall aseep more quickly when they take it.?3
Melatonin does seem to shorten sleep onset latency, which may help people with
other disorders of sleep onset as well as delayed sleep phase syndrome.®

Melatonin seemsto work best when used to help initiate sleep, but not to maintain
it. In primary insomnia, there is difficulty falling asleep as well as staying asleep.
Therefore, melatonin has not proven to be helpful in primary insomnia?* Mela-
tonin is metabolized very quickly, which may prevent it from maintaining sleep.
Melatonin does not cause deep directly. It interacts in a complex way with many
areas of the brain. The SCN aswell as other parts of the brain are all involved in the
deep-wake cycle.

It is possible that melatonin does not help maintain sleep because of its short
half-life. To test that theory and try and find a way to help people with primary
insomnia, prolonged-release formulations of melatonin have been developed, as
have synthetic drugs with melatonin-like actions.®

Prolonged-release melatonin has been studied, and in Europe, studied and ap-
proved under the trade name Circadan. In one of the larger studies, Circadan de-
creased sleep onset latency in elderly patients with primary insomnia. It did not
necessarily improve measured sleep maintenance. However, many patientsfelt that
they dlept better and were more alert the next day.” Multiple studies of prolonged-
release mel atonin demonstrated that it may be useful in reducing the length of time
it takes to fall asleep for elderly individuals with insomnia.®

Morestudiesare being donewith Circadan and other extended-releaseformulations
of melatonin. Immediate-rel ease melatonin, as well as prolonged release, may aso
improve the deep of children with neuropsychiatric disorders.® Other populations
that may benefit include schizophrenics and patients with Alzheimer’s disease.®

Melatonin definitely helps reduce symptoms of jet lag. There are conflicting re-
ports about how melatonin hel ps. Doesit actualy improve leep, or doesit just reduce
symptoms? In the case of jet lag, it probably helps reset the deep-wake cycle.238

Melatonin agonists—drugs that are similar to melatonin in structure and
function—have been made, studied, and at | east one (Rozerem—ramelteon) hasbeen
FDA approved for insomnia. Thisisa prescription drug and not a supplement.

Depression

There is evidence of phase shifting of melatonin in depression.® When depres-
sionistreated by any one of anumber of antidepressants, thereisusually anormal-
izing of melatonin secretion. There is also a melatonin agonist called agomelatine
that has been used successfully to treat depression.'©

It is not clear that melatonin itself can help people with depression. There are
ongoing investigations into the antidepressant properties of melatonin.

General

As people age, the circadian rhythm is disrupted. Melatonin production declines
and is shifted to later in the evening. Cortisol secretion is increased and occurs
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earlier in the night. In addition to causing delayed sleep onset, thisimbalance may
influence blood pressure, metabolism, and mood. Giving melatonin to elderly pa-
tients with insomnia can readjust the excessive and early cortisol secretion. This
may have many other benefits.'t

The list of illnesses and conditions thought by some to be influenced by me-
latonin secretion is a long one.’® In some cases, increased or altered melatonin
secretion may actually cause or worsen certain illnesses, including autoimmune
diseases like rheumatoid arthritis. Melatonin may help increase bone mass. It may
have an effect on body mass and composition, as well as sexual maturation.©
Low melatonin levels may contribute to idiopathic scoliosis.’®? Some of these
associations are based on observations made about melatonin in animals and may
not be significant in humans.

Cancer

As an antioxidant, melatonin might be useful in treating diseases due to oxida-
tive stress and the damage it causes, like cancer. A review article in 2005 came
to the conclusion that, when used as either a treatment itself, or as an adjunct to
other treatment of solid-tumor cancers, melatonin reduced the risk of death at one
year across al the trials reviewed. There were few adverse effects.'® The authors
pointed out that the trials they reviewed were not blinded (doctors and patients
knew what they were getting), and all took place in the same institution. More
studies are needed and are being done.

One study in 2002 randomly assigned patients with metastatic non—small cell
lung cancer to receive chemotherapy with or without melatonin. The two-year sur-
vival rate was zero in the patients who received only chemotherapy, while 6 per-
cent of the patients who also received melatonin were alive after five years. The
patients receiving melatonin also tolerated the chemotherapy better.

Melatonin may be an inhibitory factor to cancer cells, both in culture, and in
actua patients. In 2006, the International Agency for Research on Cancer (IARC)
stated that shift work disrupting the circadian rhythm is probably carcinogenic
to humans. There is a higher incidence of breast cancer and colorectal cancer in
shift workers, for example.’® Ongoing research is investigating this phenomenon,
which may very well be related to melatonin levels.!

Whether or not changes in melatonin levels contribute to the development of
cancer is a separate issue from whether or not melatonin can help treat cancer.

Degenerative Neurologic Diseases

As an antioxidant, melatonin may be able to play a role in degenerative dis-
eases thought to be caused by oxidative stress in the nervous system. These could
include Alzheimer’s disease, amyotrophic lateral sclerosis, and others. There is
a model of Alzheimer’'s disease in mice; melatonin is effective therapy for the
disease in mice. Obviously humans are not mice. Thereis continued investigation
of this treatment. Melatonin has been shown to help patients with Alzheimer’s
disease sleep better and possibly slow the progression of the disease.'”
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However, in 2006, a (systematic) Cochrane Review of studies using melatonin
for patients with cognitive decline and dementia showed insufficient evidence to
conclude that it is of any benefit.’>

DEFICIENCY

There is no known melatonin deficiency state. There can be alterations in mela-
tonin secretion, which happensin the elderly.

Melatonin is not just synthesized by the pineal gland, but also in multiple other
places in the human body.

FOOD SOURCES

Although melatonin is found in just about all sources of food, both plant and
animal, there are some experts who note that it has not been proved that consuming
melatonin in food raises levels of melatonin in humans.'®

However, melatonin in chicken feed has been proven to raise plasma levels of
melatonin in chickens. Plant melatonin fed to rabbits inhibits binding of tagged
melatonin to the brain. While this does not prove that melatonin in food raises
levelsin humans, it is certainly likely that it does.'’

Others assume that dietary melatonin can be absorbed. It has been noted that
many Chinese herbal medicines are rich in melatonin. They are considered to have
medicinal effects on multiple diseases.’®'® Melatonin found in herbsis absorbed.

Assuming people can absorb melatonin from food, they can get it from any ani-
mal or plant source. However, since it is a hormone produced by the human body,
it is not something that people need to take as a supplement.

MECHANISM OF ACTION: HOW DOES IT WORK?

While the pineal gland is part of the brain, it is outside what is called the blood-
brain barrier. This means that the melatonin it produces gets into both the blood-
stream, into the cerebrospinal fluid around the brain and spinal cord, and directly
into cellsin the nervous system and el sewhere.

Melatonin is made by the body from the amino acid tryptophan via a number
of steps. Tryptophan is converted to serotonin, which isin turn converted to me-
latonin. Serotonin is stored in the pineal gland. When signals come in from the
suprachiasmatic nucleus of the brain, this information is transmitted to the pineal
gland and triggersthe conversion of serotonin to melatonin. Melatoninisvery lipid
soluble and can get into cells and fluids anywhere in the body.

There are melatonin receptors located throughout the body. The best known are
MT,, which is found in the brain and blood vessels in the heart, MT,, which is
found in other areas of the brain, and MT;, which is found in many organs in-
cluding kidney and brain. Both MT, and MT, can be found in the suprachiasmic
nucleus, so that melatonin acts on the very area that causes it to be secreted.®
Melatonin supplements do not just go to the brain, but also to these other receptors.
Most of melatonin’s actions occur viaits effects on the melatonin receptors. All of
its functions are not yet completely understood.*?
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Light intensity is not the only signal that affects melatonin synthesis. When
people are placed in darkened rooms around the clock, it takes a number of days
for their melatonin secretion patterns to change. If the secretion was simply light
dependant, it should change more quickly.

Melatonin influences the circadian rhythm in humans, and thus the phasing (tim-
ing) of sleep. It also directly promotes sleep.

Some of melatonin’s actions may occur because of its antioxidant properties.

PRIMARY USES

e Melatonin is used for jet lag, which is especially problematic for people travel-
ing east and across two to five time zones.’® It works less well for travelers
going west and across fewer time zones.?

* It is aso used to treat patients with circadian rhythm sleep disorders. People
with prolonged sleep onset latency from whatever cause may benefit from tak-
ing melatonin. This can include people with delayed sleep phase syndrome, shift
workers, and others. It is also effective in treating the elderly with insomnia.

» Some blind people lose the synchronicity of their circadian rhythms, and mela-
tonin can help to return them to a 24-hour cycle.?®

« Melatonin has not proved effective in patients with chronic primary insomnia.®
However, many people choseto try it.

COMMON DOSAGES

Melatonin can be synthesized or isolated from the pineal glands of beef cattle. It
can be obtained in a short-acting form or in a prolonged-release form.

Many authorities believe that melatonin should not be sold as a supplement and
should be regulated by the FDA. Instead of being available over-the-counter, it should
be given to patients by prescription, since it is a hormone like estrogen or thyroid
hormone.*6 At the current timeit is sold as a supplement in awide variety of doses.

For jet lag, dosesfrom 0.5 mg to 5 mg of melatonin can be taken at about the des-
tination bedtime starting the day of travel and continuing for two to four nights.8
The dose of 5 mg works best; larger doses do not seem to work any better. It ap-
pears to be safe and effective for this short-term use.

Asmuch as 50 mg of melatonin has been taken for sleep, although 5to 10 mg are
more commonly used. Both quick-release and prolonged-release forms are avail-
able. Research is being done on transdermal preparationsthat may allow for longer
daytime sleep for night-shift workers who have to sleep during the day.?

POTENTIAL SIDE EFFECTS

Melatonin is generally safe when used for a short term.> Long-term safety has
not been documented.

A number of side effects have been reported, including headache, drowsiness,
and depression, nausea, and dizziness.>*® Melatonin must be taken at the appro-
priate time so as to avoid daytime sleepiness.®
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Melatonin has so many effects on the body, involving multiple systems, that there
are certain groups of people that should not take melatonin. Melatonin affects other
hormones, as well as the immune system, the gastrointestinal tract, and blood ves-
sels, among other things. 1t should probably not be taken by men or women actively
trying to conceive a baby. It is also not recommended for patients with Parkinson’s
disease.b

Since melatonin can stimulate the immune system, it is not a good choice for
people with autoimmune diseases. There are studies that show melatonin can
worsen rheumatoid arthritis.?

Melatonin may increase the risk of seizures in patients with epilepsy and may
interfere with the actions of the anticoagulant warfarin® and possibly other blood
thinners. There have been reports of elevated cholesterol and elevated blood sugar.
Melatonin can alter mood and should be used with caution by peoplewith psychiat-
ric disorders. Anyone contempl ating taking large doses of melatonin, or taking any
dose for a prolonged period of time, should consult a health care professional .

FACT VERSUS FICTION

There is no doubt that melatonin is an active hormone involved in many pro-
cesses. It is an important component in the regulation of the human biologic clock
and circadian rhythm. It can be used to help restore normal sleep to people whose
sleep cycle has been disrupted by a wide variety of causes. In a long-acting for-
mulation, it may also be useful to help treat primary insomnia, but that has not yet
been proved.

There may be other uses for melatonin, in treating depression, cancer, and pos-
sibly other illnesses. These uses for melatonin are being studied. It may turn out
that a melatonin agonist—a drug with some of melatonin’s features—will actually
be useful, when plain melatonin is not. These agonists are already arriving on the
market, as prescription medications.

There is no need to take melatonin as a supplement because thereis no evidence
of adeficiency state. Taking it as suggested for jet lag or other sleep phase disrup-
tions seems very reasonable.
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MSM

BRIEF OVERVIEW

MSM standsfor methylsulfonylmethane, which is aso known as dimethyl sulfone.
It occurs naturally in plants and animals.

It is a close chemical relative, a metabolite (a metabolic product), of DM SO,
dimethylsulfoxide. DM SO has been used for decades to treat horses with painful,
inflammatory conditions, in a topical form as well as orally. While effective in
horses, DM SO has side effectsincluding skin irritation and a garlic odor imparted
to the user.

Some DM SO is converted to MSM in the body. MSM appears to have the same
effects, but not the same side effects as DMSO. Like DMSO, it has been used
for painful and/or inflammatory conditions such as arthritis. Other uses are being
investigated.

MSM issold asadietary supplement, not adrug. Sal es have made the supplement
its own industry. Long before any real evidence was accumulated for its efficacy,
MSM was being sold in large quantities online, in vitamin and supplement stores,
and in bulk for consumers at places like Costco. Many books were published, such
as The Definitive Guide. A Comprehensive Review of the Science and Therapeutics
of Methylsulfonylmethane' and The Miracle of MSM: The Natural Solution for
Pain, claiming it was a cure for just about everything, especially pain.?

THE HYPE
Arthritis and Other Pain

MSM is a very popular supplement for people with osteoarthritis (OA), for a
reason. There is a real need for safe and effective treatment for arthritis. People
with serious osteoarthritis of large joints like the knees do not have good choices.
They can take nonsteroida anti-inflammatory medicines (NSAIDs) but not over
long periods of time. The older the person, the more likely a bad reaction, such as
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gastrointestinal bleeding, can occur. Acetaminophen does not give the same kind
of painrelief. People with very bad osteoarthritisin the knees or hips can have their
joint or joints replaced but often put surgery off for as long as they can. The hip
surgery is very successful but the replacement joints don’t last forever. The knee
surgery is still very difficult.

In addition to osteoarthritis, there are other forms of arthritis like rheumatoid
arthritis that can be very difficult to treat. Patients with pain from most forms of
arthritis, as well as other painful conditions like fibromyalgia rheumatica, are all
looking for safe alternative treatments.

MSM appears to be very safe, according to researchersin the field.2 It has been
said, “Methylsulfonylmethane is one of the least toxic substances in biology, simi-
lar in toxicity to water.”*

The questioniis, isit effective? Early trials were small, unpublished, and lacking
alot of relevant data. One unpublished study, said to be double-blind, using 750 mg
of MSM aday for six weeks, found improvement in 80 percent of those treated for
osteoarthritis, compared to 20 percent improvement in the placebo group.®

Two trials were sponsored by a manufacturer of MSM, Lignisul MSM, which
is sold on the Web site www.msm.com. Lignisul’s first sponsored study, called
“MSM (methylsulfonylmethane): A Double-Blind Study of ItsUsein Degenerative
Arthritis,” was on the Lignisul Web site in 2002,* although it was apparently not
therein 2009. It can be found at http://www.vitaflex.com/res_msmdjdstudy.php. It
describes a small trial involving 16 patients with x-ray evidence of degenerative
arthritis as well as pain. In total, 10 were randomly chosen to receive 2,250 mg
of MSM per day, while the other 6 received placebo. There was an average of an
82 percent decrease in pain for the subjects given MSM, versus 18 percent with
placebo.® There was no raw data presented, and the study was never published in
amedical journal.

The second report, called “MSM in the Treatment of Acute Athletic Injuries,”
was also on the Lignisul Web site in 2002, although it was apparently not there in
2009 (it can be found on the Web site http://www.vitaflex.com/res_lignisulmsm.
php). Twenty-four patients with athletic injuries requiring chiropractic treatment
were randomly split into two groups. Both got the same other care, but one group
received an unspecified dose of MSM, the other, placebo. The report says that the
patients and chiropractors did not know who got MSM. The injuries in one group
caled “A” included nine sprain/strain injuries, one case of knee pain from the
kneecaps, one case of tennis elbow, and one person with back pain with radiation
of pain. The other group, B, comprised patients with similar diagnoses, with one
more strain/sprain and no patient with kneecap pain. Pain was assessed by the pa-
tients and the chiropractor.

The MSM-treated group (A) reported a 58.3 percent reduction of symptoms as
opposed to a 33.3 percent reduction for patients given placebo. The M SM-treated
patients needed two less visits to the chiropractor. This was a double-blind, ran-
domly controlled trial, but the assessments were al subjective. The diagnoses
varied. The report used the patients' assessments, for example, stating that their
symptoms resolved in two weeks less than with treatment they had received at a
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previous time.® This report was never published in a medical journal and again
was sponsored by an MSM manufacturer.

In 2004, a review article was published documenting how many people were
aready taking MSM, often in addition to other supplements for their OA or other
pain. Researchers gave a questionnaire to approximately 600 people seen in a pri-
mary care, university-based setting, including Spanish speakers. The patients had
OA, rheumatoid arthritis, or fibromyalgia. Of these patients, 90 percent had at
least tried alternative therapy; 4.6% of the patients with OA were using MSM, as
were 4.2% of the patients with rheumatoid arthritis, and 9.9% of the patients with
fibromyalgia.”

Researchers have looked at some of the combination supplements for arthritis
that contain MSM. There isaspecific formula used for OA called AR7 Joint Com-
plex that has been on the market for many years. It includes sternum collagen,
methylsulfonylmethane, cetyl myristoleate (CMO), lipase, vitamin C, and bro-
melain. A randomized, blinded, placebo-controlled trial of 89 subjects was done,
using this formula for osteoarthritis. After three months, the patients treated with
ART reported significantly less pain and stiffness and improved quality of life. Itis
not possible to separate out the effects of MSM .8

Larger and more rigorous trials were eventually undertaken. In 2004, 118 pa-
tients with “mild to moderate” osteoarthritis of the knee were randomized to take
MSM, glucosamine (also an alternative treatment for arthritis), the two together, or
placebo. Patients were evaluated for 12 weeks, with a number of relatively objec-
tive scales, such as 15-minute walking time, the Leguesne Index, and the need to
take rescue medication—meaning pain was bad enough to take something else,
like an NSAID or stronger pain medicine. MSM alone significantly decreased pain
and swelling, and the combination of MSM and glucosamine improved symptoms
more than either alone.®

In 2006, another randomized, double-blind, placebo-controlled trial of MSM
was done, with 50 men and women who had knee osteoarthritis. They received
MSM 3 g or placebo twice a day. Using the WOMAC scale (Western Ontario
MacMaster Osteoarthritis Index pain subscale) to assess pain and function, the
researchers found that MSM produced significant decreasesin both pain and func-
tional impairment. There were no major adverse events. The authors of this study
stated that more investigation is needed.®

Reviewersin 2006, writing for Arthritis Research & Therapy, thought that there
was moderate evidence of efficacy of MSM for osteoarthritis based on the previ-
ous two trials.*' In an article in the American Family Physician, other writers
concluded that, as of 2008, there was not enough evidence of long-term effective-
ness or safety of MSM to recommend its use.? Yet another analysis of the various
trials in 2009 concluded that neither MSM nor DM SO have been proved effective
in reducing joint pain.3

Since there has been some successin the small trialsusing MSM, further research
would be very useful in determining if MSM can be used safely over aprolonged pe-
riod, and how much relief it might provide to people with arthritis. Many reviewers
note that MSM has promise,* calling it at the current time, “possibly effective.”1°
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MSM Is Also Proposed as a Treatment for Allergic Rhinitis (Hay Fever)

In one open-label trial 50 patients were give 2,600 mg of MSM for 30 days.
Patients reported decreased upper and lower respiratory symptoms as well as more
energy.® There were no changes in laboratory tests such as IgE levels.’® There
was aletter criticizing the study published in the Journal of Alternative and Com-
plementary Medicine, the same journa that first published the study. Requests
were made for pollen counts and other data that might make the study more per-
suasive. Pollen counts were later supplied. However, there have not been further
controlled studies of this treatment.

MSM Is Proposed as Treatment for Interstitial Cystitis

Both MSM and DM SO have been used to treat interstitial cystitis, a painful
inflammation of the urinary bladder without a clear cause, with some success.34
A researcher reported on one small group of six patients with interstitial cystitis
who were given 30 to 50 cc of MSM, instilled into the bladder. Four patients de-
rived benefit from this treatment.*’

MSM [s Proposed as a Cancer Preventative

Tests in animals and in labs have suggested that MSM might prevent tumor
growth.®

There has been little actual study of MSM and cancer in humans. One large study
called the VITamins and Lifestyle study found an inverse association between
the use of MSM and incidence of colorectal cancer.'

Other Indications

MSM has been suggested as treatment for autoimmune disorders and stress in-
juries.® There was also asmall trial using MSM topically to the throat for snoring.
The patients and their bed partners indicated snoring decreased during the four
nights of the trial .1°

DEFICIENCY

There is no deficiency disease related to MSM. It is a source of sulfur (see
below), but there are many other sources of sulfur in the diet.

FOOD SOURCES

MSM can be found in many foods of plant or animal origin. Cow’s milk is possi-
bly the best source, with probably the highest concentration of MSM. It can also be
found in tomatoes, Swiss chard, corn, fruit, and alfalfa. MSM is aso in beer, cof-
fee, and tea. In terms of herbal sources, MSM has been isolated from horsetail .2

However, supplements of MSM are manufactured rather than extracted, be-
cause the concentration of MSM in food sources is very low. Dimethyl sulfoxide
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(DM SO) and hydrogen peroxide are combined to make MSM, which can aso
be called dimethyl sulfone. After it is synthesized, it is purified, usually by dis-
tillation, using heat to separate out any other substances. Manufacturers who
are making MSM properly and safeguarding its purity have ways to check for
contamination.

MECHANISM OF ACTION: HOW DOES IT WORK?

Inlaboratory testing, MSM shows anti-inflammatory and antioxidant properties.®
MSM may stabilize the membranes of damaged cells to prevent leakage and may
also stop the injury that can be caused by free radicals.*®

However, it is possible that MSM helps with pain and inflammation not nec-
essarily because of these properties, but because it is a source of sulfur.**3
Sulfur is found in all connective tissue and is needed for repair of cartilage.
MSM is one of the sources of sulfur in the diet. It had been thought that the
main dietary sources of sulfur for humans were the sulfur-containing amino
acids methionine, cysteine, and taurine. It is now believed that MSM may
also be an important source of sulfur.* Approximately one-third of MSM is
sulfur.? There is sulfur in chondroitin sulfate and glucosamine sulfate, which
are also promoted as good for joint health, and often combined with MSM in
supplements.*

Sulfur is a critical element of the diet. Sulfur is found both in colostrum and
breast milk. Of the minerals in the adult body, sulfur is the third most prominent.
Sulfur isinvolved in the human clotting system, since some of the elements contain
sulfur. It isalso critical in anumber of metabolic reactions.*

Forms of sulfur have been used to treat many skin problems including dandruff
and acne. Sulfur isafolk remedy for many other skin conditions. Sulfur-containing
baths were used for centuriesto treat patients with rheumatism and other ailments.
“Taking the waters” in Europe usually meant water containing sulfur.

PRIMARY USES

» Most people who take MSM take it for pain, usualy arthritis pain, or muscular
pain. Some people takeit for joint health, based on the ideathat it might prevent
joint problems in the future.

COMMON DOSAGES

For osteoarthritis, some suggest 1 to 3 g of MSM a day.® Others suggest 2 to
5 9.2 Up to 18 g a day have been given.® For alergic rhinitis, 2,600 mg a day
have been given in two divided doses. For snoring, one spray containing 150 mg
of MSM was used.

MSM is often packaged with other supplements for ‘joint health,” which can
include glucosamine and chondroitin sulfate, among other ingredients.

For interstitial cystitis, 30 to 50 cc are instilled into the urinary bladder.
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POTENTIAL SIDE EFFECTS

Large doses of MSM have caused gastrointestinal symptoms like diarrhea.'®
There has been one report of bladder spasm caused by MSM, when used for inter-
dtitial cystitis, but this could have been a symptom of the disease. One personin the
hay fever trial developed hives. It isunclear if MSM provoked this reaction.*

It has been written that MSM is believed to be nontoxic because of animal
testing.? The lethal dose of DMSO in mice is more than 20 g per kg of body
weight. Since MSM isametabolite of DM SO, it is thought to have asimilar safety
protocol .4

When given to pregnant rats, doses as high as 1,000 mg/kg/day caused no dam-
age to the female rates or the fetuses.?! In another study, the rats tolerated acute
doses of 2 g/kg and subacute chronic doses of 1.5 g/kg.?

FACT VERSUS FICTION

There appears to be some evidence, however limited, that MSM may help with
the pain of osteoarthritis and possibly other arthritis. This may be because MSM
isasource of sulfur or because of its anti-inflammatory or antioxidant properties.
Many more studies are needed to confirm long-term safety and efficacy.

Other claimsfor MSM are not substantiated at thistime.
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4
N-Acetylcysteine

BRIEF OVERVIEW

N-acetylcysteine has been in medical use for more than 50 years as a mucolytic
agent—a chemical that helps make sputum (phlegm) more liquid and easier to
cough up and out of the lungs. It is aso well known as a treatment for acetamino-
phen overdose, which can cause liver failure.

However, N-acetylcysteine (NAC) is a much more versatile supplement. By
providing the body with a precursor to glutathione, it increases glutathione and
all its antioxidant and other mechanisms of detoxifying foreign substances; see
Chapter 13, “Glutathione (GSH).” NAC may also act as avasodilator aswell asan
antioxidant in its own right.

NAC is now being studied as treatment for awide variety of diseases and problems.

THE HYPE

NAC is proven to raise levels of glutathione,® which means that it should have
all the effects of glutathione, including its protective effects on cells. Thisis because
of glutathione's antioxidant capabilities, as well as other cellular protective mecha
nisms. In addition, NAC is also a vasodilator, increasing the action of nitric oxide.?

NAC is being used or studied for use as a treatment for chronic obstructive pul-
monary disease (COPD), influenza, idiopathic pulmonary fibrosis, and asapreven-
tative of contrast dye-induced kidney damage. It is being used to treat polycystic
ovary disease and has been tested as a chemoprotective agent in cancer treatment,
a substance that can help get rid of Helicobacter pylori in the stomach (associated
with ulcers), and a preventative of hearing loss in certain toxic situations.?

COPD

Chronic obstructive pulmonary disease is a progressive deterioration of lung
function most often due to cigarette smoking. Multiple studies have found NAC
useful for treatment of COPD symptoms, as well as prevention of worsening lung
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function. Laboratory research has focused on showing how much oxidative stress
doesto cause COPD. Many experts believe that oxidative stressis amajor compo-
nent of COPD.

In COPD patients, NAC provides some of its own antioxidant capacity, as well
as delivering an important precursor so that glutathione can be synthesized. Many
studies have shown that NAC use can cause a measurable decrease in various mea-
sures of oxidative stressin the lungs.

In one large, open-label trial, COPD patients taking NAC showed less dete-
rioration in lung function over a period of five years than patients not taking it.
In another open-label study, patients given NAC had clinical improvement in
symptoms.?

Multiple studies have looked at whether or not NAC can reduce the normal deteri-
oration that occursin COPD and prevent the exacerbationsthat are the natural course
of the disease. More than one analysis of alarge number of availabletrials showed a
definite decrease in the number of exacerbationsin patientstreated with NAC. There
was also asmall improvement seen in measures of lung function.?2 One study dem-
onstrated a lower rate of hospitalization in patients taking NAC.* Doses in various
studies have ranged from 600 mg three times aweek to 1,200 mg a day.

However, alarge, prominent trial called BRONCUS that followed patients for
three years did not show any benefit to the use of NAC in terms of number of ex-
acerbations or deterioration of lung function. There may have been some improve-
ments in subgroups of the BRONCUS trial, such as patients not taking inhaled
steroids, who had fewer exacerbations.?® It is also possible that the 600-mg dose
used was not high enough. More controlled studies are needed.

Other Lung Diseases and Upper Respiratory llinesses

Idiopathic pulmonary fibrosisis a scarring lung disease of unknown cause. In at
least one study, patients taking NAC 600 mg three times a day showed |less dete-
rioration in lung function than those not taking NAC. Both groups were already on
a standard regimen of azathioprine, and patients taking NAC had less damage to
their bone marrow from the azathioprine than those who did not take it.?

NAC might be useful in cystic fibrosis, acute respiratory distress syndrome in
adults, and bronchopulmonary dysplasia in premature infants, but studies to date
have not demonstrated any definite benefit.*

Some have used NAC for the upper respiratory symptoms of rhinosinusitis, due
to allergy and/or infection, attributing its successin these casesto its ability to thin
mucous.®

Viral llinesses

One study reported a decrease in influenza and influenza-like diseases when
NAC was given during winter, especialy in elderly people.?4

People with AIDS have significant glutathione deficiency, which NAC can help
reverse. However, there are excellent antiviral treatments available, and NAC has
not been tested for use along with these medications.*
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Liver Disease—Acetaminophen Overdose and More

NAC is the established treatment for acetaminophen overdose, either accidental
or purposeful, to prevent severe liver damage. A small amount of any ingested
acetaminophen (called paracetamol in other countries, brand name Tylenal) is me-
tabolized into a toxic metabolite. In overdose situations there can be enough of
this metabolite to cause severe liver injury and death. The metabolite is detoxified
via interaction with glutathione. NAC replenishes glutathione in acetaminophen
overdose situations. It also has separate actions that limit the liver injury, improv-
ing blood flow and oxygen use. There are protocols for when and how much NAC
to use in the case of acetaminophen overdose, in the emergency room or other
hospital setting.®

What about NAC and other liver insults or diseases? There have been conflicting
results from small studies, for example, in patients with chronic hepatitis C.*

One retrospective study done in England, looking at the outcomes for children
with acute liver failure (not associated with acetaminophen) with and without
NAC treatment, showed a beneficial effect of NAC on a number of parameters.
Children with acute liver failure of unknown origin treated with NAC had shorter
hospital stays, greater survival with their own liver and not a transplant, better
survival after liver transplant if it was done, and longer overall survival. This study
also looked at side effects and found that NAC was well tolerated by children.
As of 2008, these investigators were participating in a prospective, randomized
controlled trial.”

There have aso been case studies of NAC helping to treat poisoning by other
xenobiotics (chemicals not natural to the body), from carbon tetrachloride to heavy
metals. These are preliminary reports.® NAC been suggested as a treatment for
mushroom poisoning by Amanita phalloides.*

Protection against Kidney Damage from Intravenous Contrast Media
Used in X-Ray Studies

Thereisarisk of kidney damage from the agents given intravenously to enhance
images in many different kinds of x-ray studies. People with preexisting reduced
kidney function are at higher risk, as are diabetics. But it can happen in approxi-
mately 2 percent of people with apparently normal kidney function. It can cause
increased mortality, the need for dialysis, and other problems.

When an articlein the New England Jour nal of Medicine reported success using
NAC to protect against contrast-induced nephropathy (kidney damage) in 2000,
many randomized clinical trials were started. There have been at least 20 trials
and 13 meta-analyses looking at all the data. Of the analyses, seven found benefit
from the use of NAC, five said the data was inconclusive, and one concluded that
NAC was ineffective for this purpose. It has been noted that the clinical stud-
ies were very different from one to the other.? One analysis in 2008 noted that
NAC is more protective of renal function than any other medication tested. Since
it is safe and inexpensive, it seems reasonable to use it, especialy in high-risk
patients.®
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In one trial of patients set to undergo angioplasty (opening of the coronary ar-
teries) who needed contrast media—enhanced radiography to visualize the arteries
before the procedure, those who took NAC before and after had alower incidence
of kidney damage, alower mortality rate in the hospital, lower rates of acute renal
failure, and less need for mechanical ventilation. This group of patients was being
treated because of coronary artery disease and had evidence of cardiac damage, so
they were at higher risk of complications. This was a prospective, randomly as-
signed, placebo-controlled study. The investigators also concluded that NAC may
have been protective of the heart during these procedures.*®

The protocol used in this study isthe only one that has shown reduced mortality.
While NAC is not the standard of care during the use of intravenous contrast mate-
rial, when it is used, the protocol from the above study is often followed.?

Protection against Acute Kidney Failure during Surgery

N-acetylcysteine may help prevent some of the complications that occur during
major surgery, such as kidney failure.?

There have been small studies that show benefit under specific circumstances.

It has been tried for patients undergoing cardiothoracic surgery, including sur-
geries during which the heart is bypassed temporarily. An analysis of a number of
thesetrialsfailed to show any benefit to NAC, except for alowered risk of atrial fi-
brillation, an abnormal heart rhythm. This particular analysis noted a trend toward
lower risk of acute kidney failure, stroke, heart attack and death, but these trends
were not statistically significant. More studies need to be done.*

A very recent analysis concluded that there have not been enough good-quality
trials to know if NAC or any other tested medication can actually prevent acute
kidney injury during cardiac surgery.*?

Polycystic Ovary Syndrome (PCO)

Women with PCO have cystic ovaries, obesity, infertility, and insulin resistance,
which contributes to their infertility. NAC may be able to increase insulin sensitiv-
ity. In two double-blind, placebo-controlled studies, adding NAC to the treatment
resulted in increased ovulation and pregnancy.?

Cancer

There has been interest in using NAC to help prevent reoccurrence of cancer, and
also to minimize side effects of chemotherapy. EUROSCAN, alargerandomizedtria,
looked at whether or not NAC and vitamin A could prevent tumor recurrence, or pre-
vent new primary cancersin patientswith head and neck cancer aswell aslung cancer.
During the two years of thetrid, neither NAC nor vitamin A was of any benefit.

There has been some success in reducing markers of inflammation and stress
in some patients with cancer, and NAC has also been able to reduce liver damage
from the anticancer agent busulfan.*
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Raynaud’s Phenomenon

Raynaud’s phenomenon is a problem with circul ation to the hands that can occur
by itself or in association with other diseases such as scleroderma. In at least one
small study, NAC treatment improved Raynaud’s phenomenon in 20 patients with
scleroderma.®

DEFICIENCY

There is no deficiency syndrome associated with lack of NAC as it is not an
essential nutrient. It is synthesized from cysteine, an amino acid that is also not
essential. Cysteine can be synthesized in the body from other sulfur-containing
molecules such as methionine. NAC is made outside the body.*

N-acetylcysteine may be used to treat glutathione deficiency; see Chapter 13,
“Glutathione (GSH).”

FOOD SOURCES

N-acetylcysteine is not found in food. It is synthesized from the amino acid
cysteine, which is found in protein-rich foods.**

MECHANISM OF ACTION: HOW DOES IT WORK?

NAC works in a number of different ways. As a mucolytic, it breaks bonds be-
tween parts of the glycoproteins contained in mucus.

One of NAC's functions is its contribution to protection from damage done by
reactive oxygen species and other toxic substances. NAC has direct antioxidant
effects of its own.?

Additionally, NAC supplementation is one of the best ways to provide the
cysteine group for glutathione synthesis, which must occur in the body. It is the
body’s main antioxidant. A rate-limiting step in glutathione synthesisis the amount
of cysteine available. Increased levels of GSH can be measured after oral admin-
istration of NAC.!

Glutathione can detoxify many drugs and poisons, and giving NAC to increase
glutathione is an effective way to achieve detoxification. A key example is the
treatment of acetaminophen’stoxicity to the liver.

NAC also has other actions. For example, it can inhibit the activation of certain
white blood cells, and also cause vasodilation.*

PRIMARY USES

» N-acetylcysteine is used to help reduce symptoms and slow deterioration of
lung function in patients with COPD. It may be useful for treating other lung
diseases.

* It can be given to patients with coughs or respiratory illness to help thin mucous.
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* It is the cornerstone treatment for acetaminophen poisoning, where it can save
lives. It is proving to be useful in other cases of ingestion of poisons that can
damage the liver.

* It can protect the kidney during administration of intravenous contrast material
and possibly during avariety of surgeries.
* It can help replenish glutathione anytime the body is under stress.

COMMON DOSAGES

NAC is sold as capsules containing from 500 mg to 1,000 mg. The 600-mg dose
is the most commonly used. It is sold as a solution for intravenous administration
and also as a solution to administer with a nebulizer into the lungs.

Asamucolytic agent, the oral doseis 400 to 1,200 mg daily.*

For COPD, many of the clinical studies used 600 mg aday. However, laboratory
studies indicate that 1,200 mg a day cause a bigger measurable drop in markers of
inflammation.

Totreat or prevent influenza, 600 mg twice aday is used, before and throughout
influenza season.

For idiopathic pulmonary fibrosis, doses of 1,800 mg a day have been used.

The FDA-approved protocol for an acute acetaminophen overdose is 140 mg/kg
of body weight, followed by repeated doses of 70 mg/kg every 4 hours until
17 doses are given. This is only for use in medical facilities. The intravenous
dose is 150 mg/kg of body weight infused over 15 to 60 minutes, followed by
12.5 mg/kg per hour over 4 hours, then 6.25 mg/kg per hour over a 16-hour pe-
riod. These are extremely high doses relative to what is suggested for COPD and
other diseases.

POTENTIAL SIDE EFFECTS

At 1,200 mg a day, there are few side effects. These include nausea, vomiting,
diarrhea, rash, flushing, stomach pain, and constipation.?

NAC can enhance the effect of nitroglycerin, taken for angina (heart pain). Peo-
ple who take nitroglycerin or related nitrates should not take NAC; together they
can cause very low blood pressure.?

NAC does not smell or taste good; vomiting is common especially with oral
doses for acetaminophen toxicity. Even at those high doses, 95 percent of patients
are able to take the treatment by mouth. Thereis very little serious toxicity even at
high doses.®

Thereis an alergic-like reaction to intravenous NAC, with swelling, rash, itch-
ing, trouble breathing, rapid pulse, and low blood pressure. This may happenin as
many as 14 percent of patients treat with intravenous NAC. Vomiting is common,
as noted, asis flushing.

The alergic-like reactions occur because the large doses of NAC are causing the
release of histamine. They can be treated with antihistamines, corticosteroids, and
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medicines to stop wheezing. NAC can be stopped and restarted when symptoms
are controlled.®

FACT VERSUS FICTION

At the current time there are at least 126 trials in various stages registered with
the U.S. government using N-acetylcysteine on humans. There are countless stud-
iesin progress and being published on NAC effects in the |ab. For example, are-
cent research showed that NAC could reduce noise-induced hearing lossin guinea
pigs.t® There will undoubtedly be more uses found for NAC.

It is safe, inexpensive, and has been found to be effective in treating the condi-
tions mentioned above. It isimportant as a way to replenish glutathione but also
has alot to offer in and of itself.
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Niacin (Vitamin B3)

Niacin has been well known for its positive effects on HDL. Its effects on LDL
have been more modest. Such modesty, however, deserves special attention in that
it isindeed associated with an increase in LDL particle size and a shift from small
LDL to the less atherogenic, large LDL subclasses. Therefore, we are looking at
niacin from a standpoint of quality of LDL that it promotes, not just the quantity
that it would reduce it by. Thisisacrucial point.

Note that a 2006 study in the American Journal of Cardiology showed that
three months of ER niacin use in subjects w/CAD increased large-particle LDL by
82 percent and decreased small-particle LDL by 12 percent.t

BRIEF OVERVIEW

Niacin (nicotinic acid) is a vitamin, a substance that is necessary to prevent a
deficiency disease. The deficiency disease associated with alack of niacin (vitamin
B3) is called pellagra, first described in the 1700s. Pellagrais known by the four
Ds, which are dermatitis (skin rash), diarrhea, dementia (altered mental function),
and death. This disease usually occursin people eating a diet that is severely defi-
cientin niacin.

Inthe body nicotinic acid and its derivative nicotinamide are converted to NAD and
NADP. These chemicals are coenzymes necessary for hundreds of reactionsin which
oxidation-reduction occurs. These energy-producing reactions are essential for many
cellular functionsin the human body. Among many other things, NAD isaso critical
to many processes in which components are added to proteinsinside cells.

In addition to being an essential nutrient, niacin has been shown raise HDL
(high density lipoprotein), sometimes called “good” cholesterol. Niacin is one of
the many drugs used to lower the risk of coronary heart disease as well as other
vascular disease caused by elevated cholesterol and plague formation. Because of
this and many other properties, niacin is both an essential nutrient and a disease-
modifying drug.
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THE HYPE

It is known that niacin prevents and treats pellagra.?

Its effectiveness in treating coronary and other vascular disease has been tested
and proven. However, it does more than raise HDL. It has an effect on the blood
vessels themselves, as well as on other lipids. There is much research being done,
trying to discover all of the ways niacin affects abnormal lipid levels and vascular
disease.?

Since niacin has anti-inflammatory properties, and is important in so many cell
processes, there are research projects underway looking at many different possible
uses. It is possible that niacin and nicotinamide may have many therapeutic uses
that have not yet been fully understood.

It was thought niacin might protect the cells in the pancreas that make insulin
and help prevent diabetes. There have been a number of trials with inconclusive
results when nicotinamide is given to people at risk for diabetes.®4 In diabetics,
niacin can actually cause a small but manageable increase in blood sugar.56

Can niacin help treat or prevent cancer? Can it help halt the progression of HIV/
AIDS®

One researcher titled an article “Pellagra: A Clue as to Why Energy Failure
Causes Diseases?’ in which it was noted that the symptoms of pellagraare similar
to aging, cancer, inflammatory diseases, and metabolic syndromes.” Perhaps nia-
cin can help treat this wide array of conditions.

Other researchers have observed that a complete understanding of all the spe-
cific reactions of nicotinamide (or niacin) in the body must occur before specific
treatments can be fashioned.®

DEFICIENCY

Deficiency of niacin causes the symptoms of pellagra. The dermatitis or rash
from niacin deficiency is symmetrical and pigmented and occurs in areas exposed
to sunlight. In addition to diarrhea, there can also be vomiting and even constipa-
tion. The neurologic symptoms include headache and fatigue, as well as apathy,
depression, and loss of memory. A clueto the diagnosis of pellagraisthe bright red
tongue people with the disease manifest.

Pellagra was common in the United States in the early 1900s, especially in the
southern states. In 1937, it was discovered that niacin cured pellagra. During the
1940s, the federal government aswell asindividual states began to require enrich-
ment of grains with vitamins. In addition, more nutritious food was available to
more people as the decades passed.® Pellagra because of dietary deficiency of
vitamin B3 has essentially disappeared from the United States and Canada and
anywhere that the food quality is high and/or grains are enriched. It can still be
seen in India, China, and Africa? The treatment for pellagra is niacin, although
tryptophan can also help.

Whereasit was originally believed that pellagrawas dueto vitamin B3 deficiency,
itisnow known that it can be due to acombination of niacin and riboflavin deficien-
cies in differing amounts.? Since the amino acid tryptophan can be converted into
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niacin, if there is adequate meat intake, even without enough niacin, tryptophan
will be converted to niacin and pellagrawill be prevented. However, riboflavin de-
ficiency can impair this conversion, as can deficiency of vitamin B6 and iron.

Pellagra still can occur in chronic acoholics with cirrhosis. Medications can
disrupt the conversion of tryptophan to niacin, such asisoniazid, which is used to
treat tuberculosis. People with carcinoid syndrome need more niacin because tryp-
tophan is not available to be converted into niacin; in cases of carcinoid syndrome,
tryptophan is converted to other substances. Hartnup's disease, a genetic disorder,
causes decreased absorption of tryptophan from the intestine and kidney; therefore
more niacin needs to be ingested.? Patients with Crohn’s disease can also become
niacin deficient.0

FOOD SOURCES

Niacin is present in foods derived from plants and animals. However, it is bound
in cereal grains and is not easily absorbed. In areas dependant on corn or maize,
such as the United States and Europe in the early 20th century, pellagra was
common.

Animal protein is the best source of niacin, including poultry, lean meat, dairy
products, eggs, and fish. Cereals and breads that have been fortified with niacin are
also good sources, as are nuts. Milk and eggs are actually good sources because
they arerich in tryptophan.tt

Treating grain with alkali makes niacin easier to absorb. Niacin occurs as NAD/
NADP in meats and is much more fully absorbed. Added niacin (for enrichment)
is also more available for absorption.

Both niacin (nicotinic acid) and nicotinamide are absorbed from the stomach
and intestines. Niacin is converted to NAD and NADP in just about any bodily tis-
sue, wherever it is needed.?

The body can convert tryptophan, from dietary protein, into niacin. There are
other nutrients needed for thisto take place. There are a so diseasesthat prevent the
tryptophan conversion, as well as medications that can interfere (see above).

MECHANISM OF ACTION: HOW DOES IT WORK?

Niacin has many mechanisms of action. Nicotinic acid can be converted inside
the body to nicotinamide, or nicotinamide can be ingested. Nicotinamide is made
into NAD or NADP. These are coenzymes, necessary for what are called “redox
reactions.” This means that either of them can accept or donate electrons, neces-
sary for many cellular functions, from cellular respiration, to fuel utilization and
synthesis of fatty acid and steroids. Many of niacin’s key mechanisms of action
involve these redox reactions.

NAD is needed for DNA synthesis. It is also involved in transferring chemical
components to proteins. These transfers can be catalyzed by substances called
PARPs (poly-ADP-ribose-polymerases), which regulate the transfer of many
ADP-ribose units from NAD to proteins. These reactions are part of DNA re-
pair, cell-to-cell signaling, cell differentiation, cell death, and much more. Much
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research is ongoing, exploring al the functions and actions of niacin, PARPs, and
their relationship to health and disease.?3

Niacin has a number of effects on cholesterol and lipoproteins. There is a con-
stantly evolving level of knowledge about how niacin improves lipid profiles and
reduces vascular disease. The Coronary Drug Project, from 1966 to 1975, followed
more than 8,000 men who had already experienced a heart attack. Five drugs were
tested. Only niacin showed a benefit. It dlightly decreased repeat heart attacks but
not total mortality during the treatment period. However, during the period after
the trial, atotal of about 15 years, the patients treated with niacin had 11 percent
lower mortality.’? This was the first clear evidence of niacin’'s protective effect
against vascular disease.

Studiesinvestigating niacin’s mechanism of action have shown that, anong other
things, it lowers LDL (low density lipoproteins, one of the “bad” cholesterals),
raises HDL, and has effects on plaque and thickness of arterial walls. The ways
niacin does this are very complicated. Much of the changes take place in the liver
and affect the way the liver handles cholesteral, triglycerides, and lipoproteins. For
example, niacin inhibits a specific liver enzyme that isinvolved in the synthesis of
triglycerides; this leads to lower levels of triglycerides. Niacin lowers the expres-
sion of another liver chemical (beta-chain adenosine triphosphate synthase), which
has the effect of increasing HDL by decreasing its breakdown. 1314

By increasing the redox state of vascular endothelial cells lining the inside of
blood vessels, niacin lowers the expression of cytokines, which are involved in the
building up of cholesterol-filled plaquein arterial walls.*

PRIMARY USES

 Niacin or nicotinamide is the treatment for pellagra, which still occurs in some
places and circumstances.

 Niacinisused to treat Hartnup’s disease.'*
* Niacinisusedtotreat abnormal lipids, in order to prevent coronary heart disease

and other vascular disease; it is aso used to prevent existing disease from caus-
ing further problems.

* Niacin is able to significantly lower the likelihood of repeat myocardia infarc-
tion (heart attack) or death after amyocardial infarction.

* Niacin is the most effective medication available to raise HDL cholesterol levels.
Increases of 20 to 35 percent can be expected.*>* Niacin improves lipid profiles
and aso has an anti-inflammatory effect on blood vessals. Niacin is probably the
drug that should be added if a statin does not significantly improve target lipids.*6

COMMON DOSAGES
As a Vitamin

Niacin requirements are often given in terms of niacin equivalents, because nia-
cin may aso be made from tryptophan. Approximately 60 mg of tryptophan are
equivalent to 1 mg of niacin.
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The RDA for niacin is 16 mg of niacin equivalents (NES) per day for men and
14 mg of NEs per day for women. Most people in the United States and Canada
get enough niacinin their diets, as do peoplein countries with high-quality food or
that enrich grains and cereals.?

The Al (adequate intake) level for infants O to 6 months old is around 2 mg. For
infants 7 to 12 months old, the adequate intake is estimated at 4 mg.2

For older children, an estimate of the average requirement, or EAR, has been de-
termined by the Institute of Medicine. The EARs are the same for boysand girlsin
early childhood. From 1 to 3 years of age, children need 5 mg of niacin equivalents
aday, and 6 mg aday is needed by children 4 to 8 years of age. Children between
the ages of 9 and 13 require 9 mg of NEs a day. Boys ages 14 to 18 years of age
need 12 mg of niacin equivalents a day, whereas girls 14 to 18 years old need
11 mg of NEs a day. After 18, the adult RDAs are appropriate. Pregnant women
need more niacin; the RDA during pregnancy is 18 mg of niacin equivalents aday;
the RDA while breast-feeding is 17 mg of NEs a day.?

The tolerable upper limit for niacin has been set at the amount that causes flush-
ing, which is 35 mg a day. People take 50 times that much for dyslipidemia; the
upper limit is meant to signify the most that needs to be taken as a vitamin, not a
medication. Niacin is available without a prescription at up to 400 mg.

The National Health Interview Survey in 1986 found that approximately 26 per-
cent of people were taking supplemental niacin at that time.? Many physicians
believe that it is reasonable for people to take multivitamins that contain water-
soluble vitamins such as niacin in average doses.*’

To Treat Actual Pellagra

When pellagrais advanced, it needsto be treated with injectable and oral niacin.
Nicotinamide can be injected into muscle at doses of 50 to 100 mg three times a
day for three or four days. The same amount should then be taken by mouth, in
addition to aprotein-rich diet (100 g of protein aday). It must also be remembered
that other vitamin deficiencies can contribute to pellagra, and any other deficien-
cies should be corrected.!

For Dyslipidemia

Treatment for low HDL, high LDL, and high triglycerides usually starts with
500 mg a day at bedtime. In order to minimize flushing, the dose should be gradu-
ally increased (see below). The total daily dose can be up to 2,000 mg. The newer
extended-rel ease preparations may be tolerated the best.

Niacin can be given with other medications, such as statins, to improve lipid pro-
files. A niacin/statin combination is very effective.® There are fixed combination
pills available that include niacin and a statin.

POTENTIAL SIDE EFFECTS

There are few side effects when niacin is taken as avitamin. The tolerable upper
limit has been set at the amount that causes flushing, so doses less than that cause
little or no side effects.
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The best-known side effect of niacin is the flush, which usually happens when
niacinis givenin high dosesto lower lipids. Flushing is redness of the face, some-
times with warmth, itching, or tingling. It is not an allergic reaction. The flush is
mediated by specific prostaglandins.**1> The facial flushing can be controlled by
raising the dose slowly, as tolerance to niacin develops quickly and the flushing
decreases. If it isabsorbed more slowly, thereislessflushing. If the prostaglandins
or their targets are blocked, that can also decrease the flushing.

Quickly released crystalline niacin causes flushing essentially 100 percent of
the time. Sustained-release niacin used in the past did cause less flushing but
also caused liver toxicity and worked less well to improve lipid profiles. Newer
extended-release niacin products cause less flushing while still improving lipids
and cause essentially no liver damage. Taking 325 mg of aspirin 30 minutes before
taking the niacin decreases flushing, as does taking it before bedtime. Eating a
low-fat snack also helps, as does avoiding hot and spicy foods. It is also important
to start with alow dose and slowly increase it. There are other drugsin trialsto see
if they can reduce the flush without compromising the effectiveness of the niacin.
However, it may be impossible to separate the flush from the positive clinical ef-
fects. People taking niacin should try and be patient as their dosage is titrated,
knowing that it will not be long before the side effect stops.'4

Very high doses of niacin can cause liver damage, which may also be morelikely
with older slow-release formulations that are no longer in use. Newer extended-
release preparations are able to cause less flushing with less toxicity.'41° How-
ever, there are still reports of liver damage with long-term use of very high doses
of niacin, in the range of 3to 9 g aday.?

Niacin can cause an upset stomach (dyspepsia), nausea, and vomiting. It may be
related to devel opment of ulcers.?

Anincreasein blood glucose levels aswell as uric acid levels can occur in people
taking niacin asamedication.® Theincrease in blood sugar needsto be kept in mind,
because many patients with cardiovascular disease and undesirablelipid profiles are
also diabetic. However, the amount of glucose increase is usualy small and easily
managed with adjustmentsin oral medicationsfor people with type 2 diabetes, when
niacin doses are less than or equal to 2,500 mg. New diabetes as a result of niacin
therapy is infrequent. Significant lowering of cardiovascular risk is still achieved in
individuals on niacin who are diabetic, if the niacin improvestheir lipid profiles.®

Niacin can cause visua side effects including blurred vision and double vision
because of damage to the retina. Thisis very rare and seemsto be reversible.?

FACT VERSUS FICTION

Thereis no question that niacin cures pellagra. There is also no question that in
high dosesit helps abnormal lipid profiles and lowers cardiovascular risk in people
with abnormal lipids.

Individuals without abnormal lipids can take 15 to 20 mg of niacin equivaents a
day in amultivitamin with little risk. Using high doses to treat dyslipidemia should
be done under the supervision of a health care practitioner.
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Because of the myriad of reactions involving niacin and related chemicals, it
seems very likely that there will be other therapeutic uses discovered for niacin. At
the current time, it is not clear what those specific uses will be.
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Omega-3 Fatty Acids

BRIEF OVERVIEW

Whileit is easy to think of fats and fatty acids as bad for your health, in the case
of omega-3 fatty acids, the reverse is true. They are polyunsaturated fatty acids
(PUFAS). Most people get PUFASs in their diet from vegetable oils. While there
are two groups of PUFASs, omega-3 and omega-6 fatty acids, omega-3 fatty acids
are more important for good health. Most vegetable oils have more omega-6 than
omega-3 fatty acids. Omega-3s come from different sources, with fish being the
best-known food rich in omega-3s.

The omega-3sinclude three fatty acids called aphalinolenic acid (ALA), eicosa
pentaenoic acid (EPA), and docosahexaenoic acid (DHA). These have dightly differ-
ent pathways and functions in the body. ALA is converted in small amountsto EPA
and DHA. EPA may be more important for heart health, while DHA may be more
critical to brain function, although both EPA and DHA contribute to good health.

ALA can be found in green leafy vegetables, as well as vegetable oil. EPA and
DHA are found in fatty fish and fish oil. The omega-3s found in fish oil have
probably received the most public attention, and they are found in a myriad of
supplements. They arethe only oils made as a pharmaceutical product that requires
prescription.

Most of the studies and most of the data about omega-3 fatty acids refer to fish
oil and not other sources. This means a mixture of mainly EPA and DHA. Some
studies have used separate components, such as DHA aone, or EPA aone, but
most have not.

Many groups, including the American Heart Association, have endorsed and en-
couraged the consumption of omega-3 fatty acids for heart health. Other uses are
being discovered and investigated.

The North American diet contains more omega-6 fatty acids than omega-3. It
may be that more omega-3 fatty acids than omega-6 fatty acids need to be con-
sumed to gain the full benefit from omega-3s.
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Many groups, including the American Heart Association, have endorsed and en-
couraged the consumption of omega-3 fatty acids for heart hedth. (© Inger Anne
Hulbakdal /Dreamstime.com)

THE HYPE

There is a plethora of evidence about the benefits of omega-3 PUFAs on health,
particularly cardiovascular health. To review this type of data, as they do when
evaluating any medical treatment, investigators look at three levels of evidence.
With supplements, thisinformation is often incomplete, but in regard to omega-3s,
there are all three levels of evidence. The first is epidemiological data that links
increased intake of omega-3 PUFASs to various positive outcomes. Second, experi-
mental studies (in the lab, on animals or tissue cultures) show many types of posi-
tive effects. Most important, there are a number of good prospective clinical trias
that show the effects of omega-3 supplementation on various outcomes, such as
mortality. Putting all of this data together gives a good idea of what is established
and what areas need more research.

Cardiovascular Health

The use of omega-3 fatty acids for heart health is no longer under question. Spe-
cificsremain to be considered. Who should be taking omega-3s, how much should
they be taking, and which ones should they take? Primary prevention meanstrying
to protect people against developing cardiovascular disease. Secondary prevention
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means protecting people who aready have had an adverse cardiovascular event or
known disease from having further damage. Prevention can be achieved by reduc-
ing risk factors.

Experts know that there is a whole host of factors that raise a person’s risk for
coronary heart disease, from high blood pressure to elevated cholesterol. They also
know that the trigger for a heart attack may have more to do with inflammation and
dysfunction in the walls of the coronary arteries than simply a plugged up pipe.

From epidemiologic evidence plus clinical trials, it seems very clear that both
DHA and EPA provide cardioprotective benefits by lowering triglycerides, lower-
ing blood pressure, and decreasing inflammatory chemicals involved in heart dis-
ease. They also lower therisk of irregular heart rhythms (arrhythmias) and sudden
cardiac death. Studies have been done with fish, fish oil, and specific omega-3s.
Most have shown that increased fish intake and supplementation with fish qil or its
components can be beneficial.

In 2004, the Agency for Healthcare Research and Quality (from the Institute of
Medicine) announced to the public that fish oil can help reduce deaths from heart
disease, according to all the evidence available. It detailed certain specifics of how
fish oil reduces the risk of more cardiovascular problems in patients with cardio-
vascular disease. Fish oil lowers the risk of irregular heartbeats and sudden death.
Fish oil can lower triglycerides, dlightly lower blood pressure, reduce the risk of
coronary arteries becoming blocked again after being surgically opened, and may
increase exercise capacity.?

There were three reports from the AHRQ that analyzed the data in regard to
fish oil and heart disease.3*5 After these reports, groups like American Heart
Association came out with guidelines for the use of fish oil. For example, in
2006, when treating patients with coronary or other vascular diseases, the AHA
advised physiciansto “encourage consumption of omega-3 fatty acidsin the form
of fish or in capsule form.. . for risk reduction.”® Thisis an example of secondary
prevention.

There have been a number of large, randomized, controlled clinical trials that
demonstrated the effect of omega-3s with results published since the AHRQ re-
ports. For example, the JELIS (Japan EPA Lipid Intervention Study) study followed
almost 19,000 people with elevated cholesterol over approximately five years. One
group was given statin therapy (prescription medication to lower cholesterol), the
other statin plus 1,800 mg of EPA aday. The EPA group had a statistically signifi-
cant decrease in major coronary events, including nonfatal events.” A follow-up
study on secondary prevention showed a significant decrease in magjor coronary
eventsin patients with preexisting coronary heart disease who took 1,800 mg EPA
in addition to statins.

Evidence continues to be gathered about the positive effects of omega-3s on
heart health. The GI SSI-HF isalarge, double-blind, multicenter trial in Italy, which
evaluated the effect of omega n-3s on heart failure. It followed 7,000 patients for
four years. A 2008 report indicated that there was a definite benefit to supplemen-
tation, with lowered risk of mortality and hospital admission. Although the benefit
was small, it was statistically significant. The omega n-3 supplementation was free
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of serious side effects, which makes it a good addition to the treatment of patients
with heart failure.®

Questions still remain about the best way to get the needed omega-3s, diet or
supplement, which ones should be taken in the greatest amount, and what is the
best amount to take for cardioprotection. There has been some evidence that DHA
is more effective than EPA.1° However, many of the studies and the large clinical
trials have used fish or fish oil containing both, or used EPA.

Epidemiologic studies and clinical trials have yielded mixed results in terms of
the effects of ALA, the third omega-3 fatty acid, on cardiovascular disease. At the
current time, it is not recommended.!!

Heart Rhythm Disorders

Fish il and omega-3 fatty acids (EPA and DHA) can prevent arrhythmias. The
AHRQ review collected the evidence to date that showed antiarrhythmic effectsin
animal studies. ALA did not confer the same protection.®

The AHRQ press statement also let the public know that fish oil and omega-3
fatty acids can reduce the risk of arrhythmias after a heart attack.? This reduces
the risk of sudden cardiac death.

Cardiovascular Risk/Markers of CHD

As stated, DHA and EPA lower a number of cardiovascular risk factors. In ad-
dition to decreasing blood pressure and triglycerides, they have been shown to im-
prove arterial and endothelial function (the workings of the artery walls and their
linings) and decrease platelet clumping.

Large scale trials-have proved the usefulness of the omega-3s for both primary
and secondary prevention of coronary heart disease as well as advanced heart
failure. The American Heart Association recommends 1 g per day of acombination
of DHA and EPA for individuals with coronary heart disease. It recommends at
least 500 mg a day of the same as primary prevention, to prevent cardiovascular
disease.>®

Elevated triglycerides, especially after meals, are arisk factor for CHD indepen-
dent of cholesterol and other factors. DHA and EPA have large effects on elevated
triglycerides. This has been demonstrated in multiple clinical trials. Studies indi-
cate that omega-3 fatty acids can help lower triglycerides by themselves, or along
with commonly used statins. A lot more omega-3 needs to be taken to reduce very
high triglyceride levels, some 3to 4 g of EPA plus DHA .

Asthma

As noted in “Mechanism of Action,” omega-3 fatty acids, especially EPA and
DHA, are metabolized into a number of chemical mediators of inflammation.
Asthma is a disease of airway inflammation; substances like omega-3s involved
in inflammation might help asthma. The AHRQ report reviewed alarge amount of
data and many studies. There was not adequate information to say that omega-3
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fatty acids are of any benefit for asthma. Studies were either flawed or incon-
clusive. There has also been very little research done on North American popu-
lations.

It was suggested that more, well-designed, and well-controlled studies are
needed. Omega-3 fatty acids do seem to be very safe when used for asthma. There
was also a suggestion that alowering of dietary omega-6 fatty acids might need to
take place along with supplements of omega-3 fatty acids for benefits to occur.*?

Central Nervous System Disorders/Neurologic Development

There have been epidemiologic studies as well as lab studies indicating that
DHA may protect against Alzheimer’s disease as well as ensure the proper de-
velopment of the brain. For example, one population study of a group (called the
Framingham group) showed that the highest levels of measurable DHA were as-
sociated with the lowest risk for developing Alzheimer’s disease over the course of
approximately nine years.'®

The AHRQ report also noted that there is not enough data yet to reach definite
conclusions. There is data that indicate a reduction in the risk of Alzheimer’s or
cognitive decline with fish or fish oil consumption, but there are not yet definitive
results from clinical trials using omega-3s.

Clinical trials need to be done examining the effect of taking fish oil or omega-3
fatty acids on the risk of developing a number of neurological diseases, aswell as
the possibility that omega-3s may help treat these diseases.’* There is currently
a large clinica trial in progress evaluating the effect of DHA on Alzheimer’'s
disease.®

It is hypothesized that adequate levels of DHA are necessary for normal neu-
rologic development of the fetus, in infancy and childhood. Pregnant women are
advised to take DHA. 1

There have not been adequate studies to indicate a link between omega-3 fatty
acids and depression, ADHD (attention-deficit hyperactivity disorder), or other
neurologic or psychiatric conditions. Large well-designed studies are needed. 6’

Organ Transplantation

The studies reviewed by the AHRQ did not provide enough information to say
whether or not omega-3 fatty acids might improve the outcome of kidney or heart
transplants. Fish oil supplements do lower triglycerides in transplant patients; this
might improve long-term success of kidney transplants, as well as help prevent
coronary atherosclerosis from occurring after heart transplant. However, these
benefits have not been found in clinical studies.®

Miscellaneous

DHA has anti-inflammatory properties, possibly more so than EPA, although
they both are metabolized into chemicals with anti-inflammatory functions.*°
Therefore, they may be useful in treating a wide variety of diseases.
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» Typell diabetes and the metabolic syndrome

The AHRQ found no clear evidence that fish oil or omega-3 fatty acids affect
diabetes. While omega-3 fatty acids clearly lower triglycerides, they do not
affect other components of the metabolic syndrome. They cause no significant
effect on fasting blood sugar or glycosylated hemoglobin, a way to measure
sugar levels over the long term. The report also indicated that there has not
been a demonstrated effect on insulin or insulin resistance.®

 Inflammatory bowel disease, systemic lupus erythematosus, and rheumatoid
arthritis

There is no clear evidence that omega-3 fatty acids make a difference in any
of these disease states. Research continues on these and other illnesses with an
inflammatory component.*®

Cancer

The AHRQ review found that there is not enough clear evidence that fish or
omega-3 fatty acids can help prevent or treat cancer. There is some evidence in
animal models that omega-3s might reduce tumor growth.?® Many of the studies
to date have come to opposing conclusions. In an analysis of some 40 years of re-
search, and many studies looking at many kinds of cancer, other reviewers agreed
that there is not enough evidence to say that omega-3 fatty acids can prevent or
treat cancer. This was published in the Journal of the American Medical Associa-
tion in 2006.2 More studies are needed.

DEFICIENCY

The only actual deficiency of polyunsaturated fatty acids occurs when there is
not enough linoleic acid (LA) or aphalinolenic acid (ALA) in the diet. These
two fatty acids cannot be made by the body. LA is an omega-6 PUFA, not an
omega-3.

ALA is converted to EPA and DHA. However, there may be circumstances in
which there is a need for more EPA and DHA than the body can convert from
ALA. In that case there would be a situational deficiency of EPA and DHA. For
example, investigations have shown that 5 to 10 percent of ALA is converted to
EPA, and 2to 5 percent of ALA is converted to DHA. Some studies show even less
conversion.

The International Society for the Study of Fatty Acids and Lipids (ISSFAL)
has made an official statement that the conversion of ALA to DHA is 1 percent
in infants and less in adults. This makes deficiency of DHA a possihility, espe-
cialy for individuals who do not eat fatty fish and vegetarians who do not take
supplements.*

EPA can also be converted via a number of stepsto DHA.©

Thereisno specific deficiency disease. Rather, it isbelieved that enough of these
fatty acids are needed for health, growth, and devel opment. 01617
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FOOD SOURCES

ALA can befound in green leafy vegetables, nuts (especially walnuts), and veg-
etable oilsincluding soy, canola, and flaxseed oil. Flaxseed and flaxseed oil arethe
richest source of ALA. However, flaxseed oil tends to go rancid and must be kept
inacool, dark area.

EPA and DHA come from fish, especially fatty fish and their eggs, aswell as ail
derived from fish. Organ meats also contain EPA and DHA.??> Some of the best
fish sources are from the ocean, including salmon, herring, mackerel, halibut, and
tuna. Freshwater fish with omega-3sinclude lake herring, lake trout, whitefish, and
freshwater trout.?®

Most fish oils contain much larger amounts of EPA than DHA; the DHA comes
from algae eaten by the fish. Pure DHA comes from fermentation of microalgae.
Thisisthe only DHA allowed in infant formulain the United States.'°

Flaxseed oil isasource of ALA for vegetarians, and it will be converted in small
amounts to EPA and DHA. LA can be found in oil from algae, as well as other
vegetable oils, seeds, and nuts.

The American diet contains 10 times more omega-6 fatty acids than omega-3
fatty acids. More omega-3 and less omega-6 would be beneficial. The average
intake per person of DHA and EPA in North Americais 0.1 to 0.2 g aday. Around
1.4 gramsaday of ALA isingested.'!

MECHANISM OF ACTION: HOW DOES IT WORK?

Omega-3 fatty acids are absorbed in the small intestine. ALA can be convertedinto
DHA and EPA in the body. More ALA is converted in healthy young women than
men; this may be related to estrogen levels.>* Omega-3s are used all over the body.

Omega-3 PUFASs are very important to cell membranes. They are parts of phos-
pholipids, which help determine many properties of the cell membrane, like what
the membrane will allow in, and what to keep out. More DHA isincorporated into
the cell membranes in the nervous system.?* It is the main PUFA in the brain and
is believed to be critical for brain development and brain function. It may be in-
volved with the transmission of signal from nerve cell to nerve cell. It may also be
made into compounds that help reduce brain inflammation that comes from lack
of blood flow.?

While LA is an omega-6 PUFA, it is metabolized to arachidonic acid (AA),
which is metabolized like EPA into the biologically active eicosanoids. Eico-
sanoids are hormone-like chemicals with multiple activities, principaly relating
to inflammation. Eicosanoids include prostaglandins, thromboxanes, and leu-
kotrienes. However, the specific eicosanoids differ depending on the precursor.
AA-derived eicosanoids tend to be released in response to stress and increase ten-
dencies to clot blood and constrict blood vessels. Those from EPA help decrease
some of the chemicalsthat can actually cause injury. This gives them the ability to
protect against heart attacks and inflammatory diseases, in which prostaglandins
play a causative role.?

The more EPA in the diet, the more of its prostaglandins and other metabo-
lites will be made. EPA metabolites can help inhibit platelet aggregation and
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vasoconstriction, which can reduce the damage caused in atherosclerotic vascular
disease. At the same time, EPA metabolites increase vasodilation, which again
hel ps protect against more damage.*

Recently, new classes of inflammatory mediators derived from ALA, EPA, and
DHA have been discovered. These may be equally important to the biological ac-
tivities of these PUFAs and are being studied. The names give an idea of their
function, including lipoxins, resolvins, and neuroprotectins.

Omega-3 fatty acidsarethought lower triglycerides by reducing synthesisof trig-
lycerides, aswell asincreasing clearance of triglycerides from the circulation.?

There are many more biologic activities of omega-3 fatty acids that are being
studied. They each seem to have somewhat different mechanisms of action. At the
current time, EPA and DHA are thought to be the most active in preventing cardio-
vascular disease as well as other conditions. Some think that DHA may be more
active in the central nervous system.'%2

While the focus has not been on ALA, it may have beneficia activities as well.
It is the main omega-3 in the North American diet, and only a small amount gets
converted to DHA and EPA. It seems likely that ALA itself may have biological
activity apart from DHA and EPA, but thisis not well understood.*

PRIMARY USES

» Primary prevention of coronary heart disease and cardiovascular disease; main-
taining good health.

» Secondary prevention of further cardiovascular events.

» Reduction of elevated triglycerides. Thisincludes very high triglycerides (equal
to or greater than 500 mg/dL) or high triglycerides (above 150 mg/dL).

» Supply of the essential nutrient, alpha-linolenic acid.

COMMON DOSAGES

There has only been an Adequate Intake level set for ALA by the Institute of
Medicine, which is 1.1-1.6 g per day for adults, the lower dose suggested for
women, the higher, for men.? In 2002, the IOM indicated that there were not
enough data to recommend an Al for EPA and DHA.

However, in 2008 the Technical Committee on Dietary Lipids of the Interna-
tiona Life Sciences Institute North America did come to consensus on adequate
doses of EPA and DHA. Based on the evidence regarding the reduction in risk of
coronary heart disease achieved by these PUFAS, it recommended aDietary Refer-
ence Intake (DRI) of between 250 mg and 500 mg of EPA plus DHA. It further
stated that since very little ALA gets converted into EPA and DHA, these require-
ments must be met by consuming EPA and DHA '

The committee also indicated that, although evidence is being accumulated on
the effect of these PUFA s and cognitive decline, there is not enough to recommend
any different amount than the amount for cardiovascular protection. It also stated
that there does not appear to be evidence that DHA and EPA reduce cancer. There
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is also no reason to suggest that the level of supplementation suggested would be
dangerous.®®

The dose recommended by the American Heart Association for primary preven-
tion of cardiovascular disease is 500 mg a day of EPA and DHA.. This can be ac-
complished by eating two meals aweek of fatty fish, or with supplements.

For secondary prevention, the AHA recommends 1 g aday of EPA/DHA. This
will probably mean taking a supplement for most people.

To reduce very high triglycerides, 3 to 4 g aday of the two omega-3 fatty acids
need to be taken every day. This necessitates the consumption of a highly purified
and concentrated source of fish oil. A prescription supplement can be used.!

There is one prescription form of omega-3 fatty acids in the United States. It is
caled Lovaza®, which is a 1-g capsule with 465 mg of EPA and 375 mg of DHA
that have undergone a five-step purification process. The omega-3s are derived
from fish and not synthesized. The usual dose for very high triglycerides is four
capsules a day.?3?’

Pregnant women are advised to take 200 mg of DHA aday. Thereisaso DHA
in infant formula, and there are suggestions the amount in infant formula should
be raised.015

POTENTIAL SIDE EFFECTS

Omega-3 fatty acids are very safe. There has been no significant toxicity noted
in any of the large studies. The three biggest, the JELIS, GISSI-Prevencione, and
GISSI-Heart Failure, had no significant adverse events with atotal of 35,000 peo-
ple taking DHA and EPA.*°

Common complaints are gastrointestinal, including dyspepsia, belching, and
belching afishy odor/flavor.

With prescription omega-3 fatty acids at the 4 g aday dose, eructation, infection,
flu syndrome, and dyspepsia were observed in studies. Elevations of liver function
tests have been seen.

There was a concern that omega-3s might increase bleeding in patients on antico-
agulants. In fact, bleeding has been observed very rarely and has not been serious.?’

There is adso a rea concern about the mercury content of some fish, for people
who want to meet the omega-3 requirements without supplements. In one analysis of
the risk to benefit ratio in 2008, there were a number of fish recommended for daily
consumption (presuming no other contaminants). These include tilapia, pollock,
flounder, shrimp, trout, herring, and salmon. Fish to be eaten twice a week include
cod and canned tuna, while tuna steak should not be eaten more than once a week.
Swordfish and shark should not be eaten based on mercury levelsin this study.?®

The contamination of seafood varies from place to place and should be checked
before making a dietary change, if possible.

FACT VERSUS FICTION

There are lats of facts, and very little fiction, in claims made for omega-3 fatty
acidsin terms of cardiovascular disease. While there are differences of opinion as
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to dose, and DHA:EPA ratios, many regulatory agencies and health care groups
around the world advocate the use of fish, fish oil, or omega-3 fatty acids to pre-
vent cardiovascular disease. Thisistrue for healthy people, as well as people who
already have evidence of heart or vascular disease, although the dose should be
higher for those who already have damage.

There may very well also be a protective effect on the central nervous system
conferred by the omega-3s. Eveniif thisis proven to be true, the recommended dose
of omega-3 fatty acids will probably not change for most people.

Individuals with high triglycerides may be advised to take more EPA and DHA,
even as much as 4 g aday, which can be taken in the form of a prescription capsule.

As of 2008, there were at least two dozen ongoing trials using prescription
omega-3sfor many different conditionslisted with the National Institutes of Health.
As of 2010, there were 372 trials in total investigating the use of omega-3 fatty
acids on alarge range of conditions, with others listed under EPA and DHA.?°
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Saccharomyces Boulardii

BRIEF OVERVIEW

Saccharomycesboulardii isaprobiotic.
Probiotics are live microbes that are
beneficial to human health. Right now,
thereisalot of advertising for probiot-
ics on television. It seems like it must
be a brand-new concept, but it is not.
Scientists have known about probiot-
ics for along time. The first definition
waswritten in 1989 by Robert Fuller. A
probioticsis, he said, “A live microbial
feed supplement which beneficially
affects the host animal by improv-
ing its intestinal microbial balance.”*
According to the World Health Orga-
nization, it now includes “live micro-
organisms that, when administered in

adequate amounts, confer ahealth ben-  #=

efit to the host.”?

While probiotics have been in use
for decades, they are now being taken
by more people than ever before. Most
probiotics are bacteria. These organ-
isms can be found in yogurt and other
milk products that say on the packag-
ing that they contain probiotics. They
are being sold to promote good gastro-
intestinal health.

S. boulardii was originally isolated from
the lychee fruit in Indonesia by Henri Bou-
lard in the 1920s. (© Margouillat/Dreams
time.com)
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S. boulardii is one of the most effective probiotics in helping prevent or treat
disease. It is a yeast, not a bacteria like most of the other probiotics. There is a
patented preparation of the yeast, lyophilized into powder that is placed inside a
capsule. These capsules have been used for decades in Europe to treat diarrheal
diseases.

THE HYPE

Saccharomyces Boulardii Can Help Treat and Prevent
Most Diarrheal lliness without Any Risk

S. boulardii has been proposed as atreatment or preventative measure for almost
every kind of diarrheal illness, from infectious to inflammatory. It has been used
in Europe for 30 years. S. boulardii is either closely related to or a subspecies of
S. cerevisiae, which is brewer’s yeast and not considered dangerous.

Studies have been done and research continues to try and ascertain when treat-
ment with S. boulardii istruly effective and a so to understand what the risks might
be of taking it.

Prevention of Traveler’s Diarrhea

Traveler's diarrheais usually infectious, caused by one of three known bacteria
in 80 percent of cases. The remaining 20 percent are caused by viruses. S. boular-
dii taken in doses of 1 g per day lowered the incidence of traveler's diarrhea from
40 to 29 percent in one study of more than 1,000 travelers. Analyses of a number
of separate studies came to the conclusion that S. boulardii can be successful in
preventing traveler's diarrhea.34

Prevention and Treatment of Childhood Diarrhea

For children suffering from diarrhea as the result of acute gastroenteritis, add-
ing S. boulardii to oral fluid treatment shortens the length of the diarrheal illness.
Good results have been obtained treating children with acute gastroenteritis in
many parts of the world.>6

Most cases of gastroenteritis are from viruses or specific bacteriasuch asE. coli.
Reports have also indicated S. boulardii can help treat diarrhea in children suffer-
ing from infection with amebiasis and giardiasis, both parasitic infections.’

S. boulardii can help prevent diarrheain children at risk, in addition to treating
them 8

Prevention of Antibiotic-Associated Diarrhea

Treatment with antibiotics frequently causes diarrhea. It has been estimated that
between 5 and 30 percent of people treated with antibiotics will develop diarrhea
during treatment or afterward, as many as two months after the end of treatment.®
Children are somewhat more likely to develop diarrhea this way than adults; as
many as 11 to 40 percent of children will have antibiotic-associated diarrhea.
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This can happen as the result of trestment with aimost any antibiotic, but cer-
tain antibiotics are more likely to cause diarrhea. These would include amoxicillin
with or without clavulanate, cephalosporins, and clindamycin. The more broad
spectrum the antibiotic, the more likely it is to cause diarrhea. Broad-spectrum
antibioticskill more of the good bacterianormally found in the intestinal tract. The
change can cause diarrhea by allowing other bad bacteriato grow.

S. boulardii has been proven to lower the risk of antibiotic-associated diarrhea,
in both adults and children. Early trials have also indicated that S. boulardii may
also be effective in treating antibiotic-associated diarrhea and shortening the course
of theillness.*

In one double-blind, randomized, placebo-controlled study, children placed
on antibiotics were given either the antibiotic plus placebo, or the antibiotic plus
S. boulardii. Approximately 120 children completed each part of the study. S. bou-
lardii reduced therisk of antibiotic-associated diarrheafrom 23 to 7.5 percent. This
is statistically significant. The yeast also lowered the number of cases of Clostrid-
ium difficile-induced diarrhea, from 7.9 to 2.5 percent, but this was not statisti-
caly significant. The probiotic was well tolerated.°

Similar results have been obtained when studying adults and in other trials with
children. A review of many of the studies concluded that S. boulardii is an effec-
tive way to lower the number of cases of antibiotic-associated diarrhea. It is esti-
mated that for every 10 patients taking the two together, 1 less patient will develop
diarrhea.®

S. boulardii also lessens the risk of diarrhea after treatment for Helicobacter
pylori, the bacteria that can cause ulcers.®

The most severe cases of antibiotic-associated diarrhea are usually caused by the
bacterium Clostridium difficile.

Prevention and/or Treatment of C. Difficile Diarrhea

The bacterium Clostridium difficile can cause diarrhea during and after antibi-
otic treatment. While antibiotics kill many of the bacteriathat live in the intestine,
C. difficile can survive, grow, and cause diarrheal disease through toxins it se-
cretes. Some 2 percent of people carry the bacteria without symptoms, an amount
that risesto 20 to 30 percent of adults who are in the hospital. Hospitalized elderly,
or those in nursing homes, are more at risk for C. difficile illness.** The range
of this disease is from a smple, diarrheal illness to something much more seri-
ous called pseudomembranous colitis, which can lead to intestinal perforation and
even death. C. difficileisdifficult to treat becauseit isresistant to many antibiotics.
It isusually treated with vancomycin or metronidazole.

Some studies have shown that adding S. boulardii to treatment with anti-
biotics has been safe and effective therapy for treatment of recurrent cases of
C. difficile?* In one early study, adding the yeast to antibiotic treatment of pa-
tients with recurrent C. difficile resulted in approximately twice as many treat-
ment successes—34.6 percent recurrence with S. boulardii versus 64.7 percent
without.*? Other studies have confirmed that S. boulardii is effective in treating
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recurrent C. difficile, and reviews of available study datasuggest that it isareason-
able choice for recurrent C. difficile infection.38*

It has not been shown to prevent or improve treatment of an initial infection with
C. difficile.® Thisis still an area of active investigation.

Prevention or Treatment of Other Adult Diarrheal llinesses

Adults, like children, may contract infectious gastroenteritis, although it is less
frequent and less severe in adults. Taking S. boulardii can lower the risk of infec-
tion, although there have not been very many studies using healthy adults.®

Treatment of Inflammatory Bowel Diseases

There have been small trialsusing S. boulardii to help treat inflammatory bowel
diseases like Crohn's disease or ulcerative calitis. In one such trial, 25 patients
having dlight flare-ups of ulcerative colitisreceived S. boulardii in addition to their
normal treatment; 17 patients had remission of their flare-up.*

In another study, 32 patients with Crohn’s disease in remission were ran-
domly assigned to take mesalamine (a standard treatment) 1 g three times a day
or mesalamine two times a day plus S. boulardii. After six months, 37.5 per-
cent of the patients taking only mesalamine had suffered relapses, as opposed to
6.25 percent of the patients who also took S. boulardii. Again, this was a very
small study.*®

Larger well-controlled trials need to be done to determine how much benefit can
be gained by using S. boulardii to treat inflammatory bowel disease.

Treatment for Irritable Bowel Syndrome

There has been some success treating irritable bowel syndrome with S. bou-
lardii, as well as other probiotics.® In one French controlled trial involving 34
patients with irritable bowel syndrome, treatment with S. boulardii resulted in less
diarrhea but did not help other symptoms.’

Diarrhea in Other Situations

S. boulardii has aso shown success in treating diarrhea associated with tube
feedings as well asin AIDS patients.'® However, since these patients often do not
have strong immune systems, S. boulardii may not be a good choice for them (see
“Potential Side Effects”).

DEFICIENCY

Since S. boulardii is not an essential nutrient, there is no deficiency state. There
are no symptoms specifically found in people who do not ingest S. boulardii.

FOOD SOURCES

S. boulardii was originally isolated from the lychee fruit in Indonesia by
Henri Boulard in the 1920s. It is one member of the Saccharomyces species
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but may differ from other members of the species that are more often used
in beverage fermentation, like S. cerevisiae.’® There are investigators who
believe the two are the same organism. This may be an important distinction,
because many of the systemic infections caused by Saccharomyces are typed
as cerevisiae, even when the yeast in use was boulardii (see “Potential Side
Effects’).

Theyeast can be found in certain beverages and fermented foods, but not in high
amounts. To be effective as a probiotic, enough yeast must be present. S. boulardii
isusualy taken in a capsule filled with lyophilized yeast.

MECHANISM OF ACTION: HOW DOES IT WORK?

S. boulardii works in a multitude of ways in the intestine, depending on what
kind of infectious agent or inflammatory process is stimulating intestinal cells.
These properties are being studied in cell cultures, in anima models, with whole
yeast, and with chemicals derived from S. boulardii.

In some cases of infectious diarrhea, the yeast may simply compete with
the infecting organism and win.*® However, many of its activities are very
complex.

Experimental studies have shown that S. boulardii has antimicrobial properties,
as well as anti-inflammatory and antitoxic properties.'®

S. boulardii can stimulate the immune response in the intestine.® It releases
substances called polyamines, which may in turn stimulate enzymatic activity in
the intestinal mucosa.*®

The yeast secretes a substance that can neutralize both toxins A and B made by
C. difficile, as well as digesting toxin receptors on the intestina cells.? S. bou-
lardii increases production of immunoglobulins by the intestinal cells, which help
fight the infection. There are also substances made by S. boulardii that prevent the
release of awhole cascade of inflammatory substances from the intestinal cellsin
response to C. difficile.?

E. coli is a common cause of infectious diarrhea around the world. S boulardii
is able to prevent the release of many of the chemicals and mediators that E. coli
triggersin the intestinal cells. E. coli also sticks to S. boulardii, so fewer bacteria
are able to enter the intestina cells. S. boulardii makes a substance that inacti-
vates an inflammatory chemical released by E. coli.?! It also reduces the ability of
E. coli to cause intestinal epithelial cell apoptosis or death.!’ S. boulardii isable to
inhibit protein kinases that are involved in communication between intestinal cells
when they are infected.

Looking at the whole picture, investigators have surmised that the two main
ways S. boulardii helps shorten disease caused by infecting organisms is by neu-
tralizing their toxins and affecting the signaling responses between the infected
cells and thereby decreasing the inflammatory response of the cells.®

There are similar chemical mediators involved in inflammatory bowel disease,
which is why S. boulardii administration may help reduce symptoms of these
diseases.?
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PRIMARY USES

In Europe, S. boulardii has been used for decades as treatment for diarrhea. It is
increasingly being accepted in the United States. Its primary uses are:

 Prevention of antibiotic-associated diarrhea.

» Prevention of recurrent C. difficile diarrhea.

 Prevention/treatment of acute diarrheain children.

» Prevention of traveler's diarrhea.

» Prevention/treatment acute diarrheain adults. (This useisless well accepted.)

S. boulardii may aso be useful for other types of diarrhea and other intestinal
ailments as indicated previously, but more research needs to be done.

COMMON DOSAGES

Doses for prevention of antibiotic-associated diarrhea are 250 to 500 mg per
day.28

In some studies, 1 g aday has been used to prevent antibiotic-associated diarrhea.

In terms of actual numbers of live yeast, 10 to 20 billion organisms a day are
usually needed to treat adults.'” These numbers are not usually used, but rather the
amount in milligrams or grams.

POTENTIAL SIDE EFFECTS

S. boulardii isvery well tolerated. A few side effects have been reported, includ-
ing mild abdominal discomfort or excess gas. It has not been shown to interact
with prescription medications.

However, in immunocompromised patients, such as people with cancer on
chemotherapy or organ transplant patients, generalized infection (septicemia or
fungemia) with Saccharomyces has occurred. Some of the cases have been in pa-
tients not given yeast themselves, but with central lines (direct access into the
blood for medicine or nutrition) whose access lines had been contaminated by the
yeast. An outbreak of this kind in 3 ICU patients was believed to have occurred
secondary to contamination in the area from preparations of S. boulardii given to
other patients.?? The authors of this paper noted reports of other cases, for atotal
of 27 patients, 4 of whom died, probably as aresult of the S. boulardii infection.

There have been anumber of articles reviewing the cases of fungemia. Whilethe
amount may appear small compared to the number of patients treated, as noted,
there have been deaths. In one study, 28 percent of the patientswith fungemiadied.?
The seriousinfections have amost all occurred in patients with many other critical
illnesses. Many of the infections apparently happened because of yeast contamina-
tion in the areawhere S. boulardii was being readied to give to other patients.*®

Patientsin intensive care units, and many othersin hospital, should probably not
get S. boulardii. Great care needs to be taken when preparing it for use. It should
not be used in immunocompromised patients. This could include people with
cancer, AIDS, and rena failure. It could aso include patients with autoimmune
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diseases taking medicines that reduce their immune response. Fungemia has even
been reported in hospitalized infants.t” Anyone who is not sure about his or her
immune system should consult a physician before taking S. boulardii.

It is still unclear if there is a subtype of the yeast that is more dangerous and
pathogenic. There may be a separate fungus S. cerevisiae (brewer’s yeast), or it
may be asubtype of S. boulardii. There are at |east two strains available in Europe,
where this has been used to treat diarrhea for decades. However, many consider
these to be the same yeast. There is an ongoing argument of a sort over this, as
new techniques are available to type yeast and new results are reported. It is prob-
ably best to view S. boulardii as a subtype of S. cerevisiae.??

FACT VERSUS FICTION

S. boulardii is effective in preventing and treating most antibiotic-associated di-
arrhea, as well as acute diarrheal illnesses in children and possibly adults. It may
reduce the reoccurrence of antibiotic-associated diarrhea due to Clostridium dif-
ficile, but it has not been proven to prevent or treat initial infections. S. boulardii
can prevent traveler’s diarrhea. It may prove useful in treating both inflammatory
bowel disease aswell asirritable bowel disease, but this has not been proven.

Healthy adults and children can take S. boulardii as apreventative measure when
on antibiotics or when traveling to another country. They can also take the yeast
if suffering from an acute diarrheal illness. Patients with the diagnosis of irritable
bowel syndrome who are otherwise healthy could consider atrial of S. boulardii to
seeif it lessens their symptoms. However, patients with chronic medical problems
that affect the immune system should not take the probiotic unless a doctor tells
them it is safe for them to do so.

It must be emphasized that not all probiotics are the same. S. boulardii has dif-
ferent effects than many of the bacteria used in yogurt and other milk products.
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S-Adenosylmethionine (SAMe)

BRIEF OVERVIEW

S-Adenosylmethionine, discovered in 1952, is an organic substance that is a key
component of many biochemical reactions in humans as well as all other biologi-
cal organisms. Its transferable methyl group is what makes SAMe so important.
Methylation, in which amethyl group is donated to another molecule, often activates
the now-methylated compound. There are more than 40 known reactions in which
SAMe donates its methyl group, called transmethylation reactions. These can in-
volve lipids, proteins, and nucleic acids, which make up DNA. The methylation of
DNA isextremely important, because if it is not methylated, cells are morelikely to
become cancerous. DNA and aso protein methylation affects inheritance of genes.
A large percent of al the body’s genes are methyltransferases dependent on SAMe.

S-Adenosylmethionine is formed from the amino acid methionine and ATP.
Cdled SAM, SAMe, and AdoMet, it can also donate other components including
sulfur where needed.

SAMe is distributed throughout the body. Most of its activity takes place in
the liver, where 85 percent of methylation reactions occur. Therefore, much re-
search has been devoted to understanding its actions in the liver and evaluating it
as atreatment of avariety of kinds of liver damage. It is also active in the central
nervous system and joints. It has been advertised as a treatment for depression,
osteoarthritis, fibromyalgia, and Alzheimer’s disease.

In 2002 it received atitlein ajournal article,® as follows: “S-Adenosylmethion-
ine: A Control Switch That Regulates Liver Function.” However, itsimportance is
not confined to the liver. The many processes affected by SAMe have been called
the “SAMe Empire”

THE HYPE
Osteoarthritis

In some studies, SAMe has been found to be as effective as conventional treat-
mentsfor osteoarthritis, or “wear and tear” arthritis. It has been compared to placebo



956 Vitamins and Minerals

as well as to nonsteroidal anti-inflammatory agents (NSAIDS) and the COX-2 in-
hibitor celecoxib (Celebrex). Initia trials used injectable forms of SAMe because
the oral form was unstable. Onceastable oral preparation wasavailable, preliminary
studies determined an effective dose to be 600 mg to 1,200 mg of SAMe. Review of
early studiesin the 1980s and 1990s indicated that SAMe might be useful .2

SAMe may be directly protecting joints, as opposed to providing a general anti-
inflammatory effect. SAMe seems to cause an increase in the synthesis of a num-
ber of substances by the cells lining the joints. This would reduce damage to the
cartilage lining the joints.

SAMe may also oppose the effect of tumor necrosis factor (TNF).2 Tumor ne-
crosis factor is a compound responsible for the symptoms of many diseases asso-
ciated with inflammation. It causes the release from cells of chemicals that cause
inflammation. In the case of arthritis, TNF causes the cells in the joints to release
pain-causing chemicals as well as chemicals that can destroy the joints. TNF isa
major cause of symptoms in rheumatoid arthritis.

A trial comparing SAMe to celecoxib over four months for osteoarthritis of the
knee found SAMe to be effective, although it took longer to relieve pain.2

A Cochrane Review in 2009, in which the many studies were analyzed according
to their scientific validity and findings, could not come to a definitive conclusion
about the use of SAMe for osteoarthritis of the knee or hip. The studies were too
small and of questionable quality. Asis often the case, more high-quality research
needs to be done. The authors could not recommend SAMe for osteoarthritis, also
noting that there were no data on long-term side effects.*

The American Family Physician undertook a similar review and stated that al-
though SAMe may reduce pain, its high cost and problems with the quality of the
preparations must limit its use.®

Depression

As amethyl group donor, SAMe is involved in the synthesis of neurotransmit-
ters, like serotonin. Neurotransmitters are chemicals in the brain that signal from
one cell to another. Decreased levels of various neurotransmitters can cause many
symptoms and diseases, including depression. Low SAMe could be expected to
cause lower levels of some of these neurotransmitters. Lowered neurotransmitters
have been found in association with lowered SAMe in the central nervous system.
Logically, SAMe has been studied as a treatment for depression.®

There have been anumber of trials using SAMeto treat depression. Many of the
trials took place in the 1980s and 1990s and compared SAMe to older antidepres-
sants. Studies of medications to treat depression, like other clinical research, need
to compare the substance being studied to placebo. This is particularly important
intrials of psychopharmaceutical treatments. Some studies used injectable SAMe,
and they did not compare SAMe to placebo. The studies have been small, and al'so
short term.

One of the main studies referred to when discussing SAMe and depression
compared the supplement to imipramine, one of the older, so-called tricyclic
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antidepressants. This trial, done in 1988, compared SAMe to imipramine in 18
patients. Nine were given intravenous SAMe, and nine were given low doses of
the antidepressant. The study lasted two weeks. The authors concluded that SAMe
produced more improvement after one week, and that after two weeks, 66 percent
of the patients treated with SAMe improved, versus 22 percent of the patients tak-
ing imipramine. They also noted fewer side effects.’

This is the type of study that is not a reliable predictor of actual benefit. Most
antidepressants need weeks to months until their maximum benefit is achieved.
SAMe intravenously may have no relationship to the oral form. It would be easy
for the intravenous medication to have a placebo effect, as many people think in-
jectable medicationis* stronger.” However, thefact that SAMeworks more quickly
than traditional antidepressants may be an advantage.®

SAMe has aso been used to treat depressed patients with Parkinson’s disease.
There is less SAMe in the cerebrospinal fluid and brains of people with Parkin-
son’s. In one small study, 13 patients with Parkinson’s disease and depression who
had not responded to conventional antidepressants were treated with SAMe. Ten
improved and chose to continue the supplement after thetrial ended. The research-
ers noted that the placebo effect is strong in psychiatric drug trials, and they sug-
gested further long-term, controlled studies.®

In another study, 20 patientswith HIV and depression were improved after eight
weeks of treatment with SAMe. There was no control group, no blinding, and no
long-term assessment.*°

More research is needed, comparing SAMe to placebo, and to newer antide-
pressants. Long-term studies must also be done. SAMe may be of benefit for
depressed adults.*''? However, the research does not yet exist to state that it
is definitely safe and effective. There are questions about length of treatment,
dosage, long-term effects, and stability of the medication, all requiring further
study.*?

Alzheimer’s Disease

Research into Alzheimer’s disease has uncovered a connection between SAMe
and the disease. Thisresearchisin early stages. Alzheimer’s disease is multifacto-
rial, which means that many things contribute to cause it. In animals, SAMe can
reverse pathology in the brain that is similar to what is seen in humans.*#

SAMe may be able to exert a neuroprotective effect on the brain and can be
given to patients with mild dementia. Recent studies have given some support to
thisidea, as well as using SAMe with other nutriceuticals such as PUFA, polyun-
saturated fatty acids.'®

Fibromyalgia

There is some evidence that SAMe may improve symptoms of fibromyalgia.®
Some small trials have been done. In one, 11 of 17 patients showed improve-
ment in depressive symptoms and also trigger-point pain after treatment with
SAMe.Y’
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The Liver: Alcoholic Liver Disease: Cirrhosis: Other Liver Disease;
Liver Cancer

Alcohol ingestion lowers the level of SAMe in the liver via a number of path-
ways (see “ Deficiency” below). Thisleaves the liver with lowered defense against
damaging chemicalslike free radicals. The many reactions dependent upon SAMe
are down-regulated with a decrease in SAMe. 8

In addition, many things that damage the liver inactivate the genes that code for
SAMe, so there is even less SAMe available. Cirrhosis further limits the ability
to make SAMe. Does that mean that SAMe might be a treatment for liver dis-
eases? There have been studies to show benefit from SAMe in a variety of liver
problems.*

In animals, SAMe can prevent acohol-induced liver damage. In nonalcohol-
related liver damage, animal testing has shown that SAMe can lessen liver injury
and protect against cancer. There have been a number of human studies, treating
both alcohol-induced liver disease aswell as acoholic cirrhosis. Some of the early
animal and human studies led to predictions of SAMe as a treatment for many
types of liver disease.”®

An example of astudy using SAMeto treat patients with cirrhosis was adouble-
blind, randomized, placebo-controlled trial following 123 patients for 24 months.
SAMe was given oraly. The overall mortality rate and liver transplantation rate
was dlightly lower in the patients taking SAMe, but it was not statistically signifi-
cant. The data suggested that it was more efficaciousin patients with less advanced
cirrhosis. In that subgroup, there was a significantly lower mortality and transplant
rate in the treated group (29% in untreated group vs. 12% in treated group). There
were no adverse reactions to the supplement.?®

There have been studies showing that supplementation either orally or in-
travenously with SAMe can help patients with intrahepatic cholestasis and
cholestasis of pregnancy.! These are conditions in which the bile does not flow
normally.

Although some of the initial reports of treatment benefits for patients with ava-
riety of liver diseases are available, an overall benefit is not clear at thistime.'

In 2006, reviewers of available research could not find definitive evidence of
a benefit from treating alcoholic liver disease with SAMe; they could also find
no serious risks. The reviewers agreed that more long-term, randomized, high-
quality trials are needed before SAMe can be recommended outside of clinical
trials.?!

A confounding factor may be the discovery that too much SAMe can also dam-
age the liver. Animals and humans with specific mutations in one of the methyl-
transferases cannot metabolize SAMe, and they can develop steatohepatitis (fatty
liver), fibrosis, and liver cancer. Since too much and too little SAMe can damage
the liver, more study needs to be done to try and discover how to create the right
balance.??

It has al so been suggested that SAMe might exert achemoprotective effect and pre-
vent hepatic cancer in patients with chronic liver disease. It seemsto protect normal
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liver cells while stimulating apoptosis (death) of hepatic cancer cells. It is possible
that these effects of SAMe are separate from its role as a methyl donor.?>23

DEFICIENCY

There is no specific deficiency of SAMe. The body makes al the SAMe that is
needed. Deficiency of sulfur or sulfur-containing amino acids can lead to a defi-
ciency in SAMe because it is made from methionine, a sulfur-containing amino
acid. Aslong as a person is getting enough sulfur in the diet, SAMe will be pro-
duced and available.

Other vitamins are necessary to make and utilize SAMe, including folic acid
and B12.

However, SAMe can be decreased in certain areas, like the liver or brain, with
Serious consequences.

Chronic acohol exposure leads to decreased levels of SAMein theliver in animal
studies and in humans. It is unclear exactly why SAMe levels drop when the liver is
exposed to alcohol. It is possible that the ethanol inactivates the enzyme needed for
SAMesynthess. Ethanol may increase SAM e usage/consumptionintheliver. A third
possihility isthat alcohol decreases other molecules needed for SAMe synthesis.

What happens to the liver when it is deficient in SAMe?

A decrease in SAMe leads to a deficiency of glutathione in the liver. Thereisa
two-step process by which it is synthesized, one involving SAMe. Glutathione is
an antioxidant that helps protect liver cells against free radical damage. Decreased
levels of SAMe can cause decreased levels of glutathione, and thereby leave the
liver relatively unprotected.8

SAMe is the main methyl donor in al cells, required by, among other com-
pounds, DNA, RNA, phospholipids, and proteins. It is the precursor of polyamine
synthesis, necessary for cell growth and viability.

The decreases of these three—glutathione, methyl groups for donation, and pre-
cursors for polyamines—can all be part of the mechanism by which SAMe defi-
ciency causes liver damage.

Additionally, there can be problems with the genes coding for SAMe. There
are different genes in different parts of the body. There are genes associated with
normal liver cells that are not active in hepatocellular carcinoma (liver cancer). In
cancer, a different gene helps the cancer cells grow.!

SAMe regulates normal hepatocyte (liver cell) growth. SAMe deficiency can
result in abnormal liver cell growth and adecreased response to growth factorsthat
would cause normal growth. SAMe also induces apoptosis (death) of cancerous
liver cells but not normal cells.?

FOOD SOURCES

SAMe is made in the human body from methionine and ATP. The body needs
enough of the essential, sulfur-containing amino acid methionine in order to make
SAMe. Enough B12 and folic acid are also needed.

SAMeis not found in any food sources in appreciable amounts.
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MECHANISM OF ACTION: HOW DOES IT WORK?

SAMeanchorsthree metabolic pathwaysin humans. One, it isasource of methyl
groups for many substrates. Thisis called transmethylation. Two, SAMeisalso ac-
tive in polyamine synthesis. In these cases, it donates its n-propylamine group,
a process called aminopropylation. Three, the transulfuration of homocysteine
makesit cysteine, which is eventually converted to glutathione. In thisway, SAMe
isaprecursor of glutathione. Transulfuration mainly takes place in the liver.

Additionally, SAMe is needed for cell repair and growth. It donates methyl
groups to nucleotidesin RNA.

SAMe s necessary for the synthesis of a number of neurotransmitters and hor-
mones, including dopamine and serotonin in the central nervous system. It donates
amethyl group during the synthesis of neurotransmitters. Its effects on depression
and cognition may be related to neurotransmitter synthesis. Or they may be related
to SAMe's effects on cell membranes. Other effects may be secondary to SAMe's
polyamine synthesis, because polyamines affect intracellular signals.®

Separate from its actions on the central nervous system, SAMe can be an anti-
inflammatory as well as analgesic compound. Its effects on osteoarthritis may be
related to its ability to stimulate proteoglycan synthesisinside the joints.?

In the liver SAMe is involved in growth and differentiation. The liver regu-
lates blood methionine concentrations, to a large extent via SAMe methylation
reactions. SAMe does not just donate methyl groups and regulate methionine
metabolism, but also acts as a signal inside liver cells that controls their growth,
differentiation, and sensitivity to injury. From other parts of the body, hormones,
growth factors, and cytokines regul ate the synthesis of SAMe.!

The mechanism by which SAMe protects the liver in animals, and possibly in
humans, includes the following: SAMe causes an increase in glutathione, which
protects the liver against oxidative stress. SAMe may be able to blunt the inflam-
matory response in the liver. It may be able to prevent normal liver cell desath,
while causing the death (apoptosis) of cancerous cells.*® SAMe also regulates the
growth of liver cells.?

PRIMARY USES

» There are people taking SAMe, and doctors recommending it, for a number of
conditions. However, the effectiveness and long-term safety of SAMe has not
been proven. Much of this should still be considered experimental until more
data are available.

Osteoarthritis

Probably the most common use at thistime is for osteoarthritis. SAMe is mar-
keted and sold directly to people for knee and hip osteoarthritis. As noted in “The
Hype,” this use has not been proven completely safe and effective. It has, however,
been effective in a number of clinical trials, and significant side effects have not
been discovered. People who cannot take NSAIDsfor their arthritis might consider
SAMefor this purpose.
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Liver Disease

At thistime, SAMe should only be used for liver diseasein clinical trials. There
is too much uncertainty about it to recommend it in general.

Depression

Studies are not adequate to recommend this except as part of a clinical trial.
Anyone who needs to take medication for depression should be under the care
of a health practitioner. If SAMe actually does improve depression, there is the
possibility for mania to be induced in people who actually have bipolar illness.®
Long-term therapy has not been studied.

Alzheimer’s Disease, Fibromyalgia

Research in both of these areas is underway, but there is not enough information
to recommend its use in general clinical practice.

COMMON DOSAGES

An adequate dose to treat osteoarthritis is 400 mg three or four times a day. If
it causes stomach irritation, the dose can be started lower, at 200 mg twice a day,
and increased gradually. Some people start at the higher dose and find that once
symptoms improve, they are able to lower the dose.

SAMe is very expensive at the recommended dose, costing more than $200 a
month.?* It also should be noted that both SAMe and its precursors can lose po-
tency, sometimes very quickly when exposed to air at room temperature.® This has
been noted in clinical trials and remains a concern.®

However, there have been some patented salts of SAMethat are said to be stable,
enteric-coated SAMe-1,4-butanedisul phonate in particular.®

There continue to be questions about its potency and cost, as it is marketed di-
rectly to consumers.?

POTENTIAL SIDE EFFECTS

SAMe has very few side effects. There can be some gastrointestinal distress as-
sociated with the supplement, but there is no actual damage.

As noted above, when used for depression, SAMe has the potentia for inducing
maniaor hypomaniain people with bipolar illness.

FACT VERSUS FICTION

SAMe shows promise in treating osteoarthritis, depression, early dementia such
asin Alzheimer’s disease, and possibly other central nervous system disorders. It
may turn out to be of great benefit for patients with certain liver diseases that have
no other treatment.

At the current time, conferring with a health care practitioner before starting on a
course of SAMewould be recommended, especially beforetaking it for depression or
other problems in the nervous system, as well as before taking it for liver problems.
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Taking SAMe for osteoarthritis seems to be relatively safe; people taking it can
judge for themselves if it reduces their symptoms.
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Selenium

BRIEF OVERVIEW

Selenium isatrace mineral that isfound naturally in soil. In small amounts, itises-
sential to good health. Ingested selenium is made by the body into selenoproteins.
Between 25 and 30 selenoproteins have been identified, but not all their functions
are understood. Thereis active research al over the world trying to define therole
of selenium in health and disease.

One of the functions of selenoproteins appears to be prevention of free radi-
cal damage. When oxygen is metabolized in the body, free radicals are pro-
duced. These free radicals have been linked to cancer, heart disease, and other
chronic illnesses. Antioxidants are important because they help prevent the
damage that free radicals can do to cells. Some selenoproteins are antioxidant
enzymes.

Selenoproteins are not just antioxidants. At least three are involved in the regu-
lation of the thyroid gland and others help the immune system, the reproductive
system, and more.?3

The optimal amount of selenium for humans to ingest has not been conclusively
determined.! However, in 2000, a recommended dietary allowance for the United
States and Canada was set at 55 ug a day for adults.* Other countries have recom-
mended different amounts.®

A deficiency of selenium can cause specific heart, thyroid, and immune system
dysfunction. A large excess of selenium also causes symptoms. In between those
two amounts is an amount that may be useful not only to prevent deficiency but
also to help protect the body from free radical damage. Additionally, selenium sup-
ports immunocompetence.® Selenium, possibly in larger amounts, may be useful
in helping to treat disease as well as prevent it.>
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THE HYPE
Overall Use of Selenium

Generally speaking, as an antioxidant, selenium may be able to decrease the risk
of cancer, cardiovascular disease, autoimmune disease, and other chronic illnesses.

Selenoproteins acting as enzymes may directly reduce therisk of cancer. For ex-
ample, selenoenzymes can help remove damaged DNA.® In this regard, selenium
is sometimes grouped and tested with other antioxidants including vitamin E, C,
and others. For example, SELECT (Selenium and Vitamin E Cancer Prevention
Trial) was alarge trial designed to determine if selenium and/or vitamin E would
reduce the risk of prostate cancer in healthy men.’

It is also possible that selenium can decrease the risk of chronic illness by other
means than simply as an antioxidant.®

A lack of selenium increases the risk of cancer, and giving people adequate
amounts of selenium removes that risk. Does taking more than the recommend-
ed amount of selenium increase the protective effect against cancer?

Since adequate selenium provides immunocompetence, would elevated levels
of selenium, “supra-nutritional” levels, increase immunocompetence further? In
2002, Margaret Rayman, in an article entitled “The Argument for Increasing Sele-
nium Intake” brought up two key points about selenium levels. One was a concern
that even in Europe and the United Kingdom, there are people with low selenium
intake. In fact, selenium levels are dropping.® The other was the idea of supra-
nutritional therapy. Would higher intakes confer even more benefits? At that time,
studies were being designed in an attempt to answer this second question, includ-
ing SELECT, HIV and AIDS studies,®> among others.

There are a number of basic unanswered questions that affect the interpretation
of information about selenium. One is, “How should selenium levels in the body
be measured?’ Another is, “Is there a basic difference between giving selenium
to people known to be deficient in selenium, and giving extra selenium to people
thought to have anormal amount?’ Thisisthe so-called superimmunocompetence.
A third is, “Do we really know how much selenium is normal and necessary for
the human body?’

An equally important question to which the answer is no, is, “Do we know ev-
erything that selenoproteins do?’?

In 2002, Rayman believed that the correct supra-nutritional intake of selenium
at 200 ug a day might optimize health, and, for example, prevent cancer.®> Support
for this theory was expected to materialize from the SELECT study, but it did not.

Researchers make certain assumptionsin every study. Incorrect assumptions can
lead to faulty reasoning and unclear results.

There are many ongoing studies about selenium, as there should be.

Selenium Supplementation can Decrease the Risk of Cancer

Selenium has been documented to reduce cancer rates in areas of selenium de-
ficiency. In one study in rural Chinawhere selenium levels are low, giving people
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supplements with selenium, beta-carotene, and alpha tocopherol lowered gastric
cancer mortality aswell as all-cause mortality. There is no way to know which of
the supplements specifically caused the decrease.**°

A trial in 1996, giving selenium to patients with treated skin cancer (not mela-
noma), led to an unanticipated result—a decrease in the rates of prostate, colon,
and total cancers.'**2 A third study indicated that 200 ug of selenium a day
might lower the rate of prostate cancer.’®* Data from some studies have shown
that the patients with the lowest selenium levels at onset benefit the most from
supplementation.® The Nutritional Prevention of Cancer Trial (NPC) did show
modest protection against some cancers, especially prostate, and also especially
among people with lower selenium levels at the onset.*

However, other studies do not show an association between higher selenium
levels and lower cancer rates. The Nurse's Health Study Cohort examined more
than 120,000 women over the course of 41 months. Selenium levels, as determined
from toenail clippings (which are believed to reflect selenium intake over a pe-
riod of time), showed no inverse (or any other) association with the incidence of
cancer.'

The SELECT trial was set up to answer the question in regard to selenium and/
or vitamin E. Would supplements lower the incidence of prostate cancer in healthy
men? More than 35,000 men were in the study, which was stopped in 2008. After
around 5.5 years, it was clear that the supplements were not decreasing the risk of
prostate cancer.16

Further studies are being done, because this question has not been answered
completely.

Increased Immunocompetence Helps Fight Viral llinesses

Coxsackie virus has been found in patients with Keshan disease, a heart disease
found in areas of China with low selenium (see “Deficiency”). This may be a co-
factor that is necessary along with selenium deficiency for the development of this
illness.

Selenium has been shown to inhibit HIV (human immunodeficiency virus) rep-
lication in the lab. Selenium status is a predictor of mortality as aresult of HIV,Y’
including that of pregnant, HIV-positive women.!8

Some studies have shown suppression of HIV vira load in patients who are
given selenium, which isinexpensive and relatively easy to do.*®

Selenium may also help prevent the progression of disease in patients with hepa-
titisB and C.°

Some viruses, including HIV, can incorporate seleniuminto viral selenoproteins,
which makes the selenium unavailable to help fight the infection.®> Higher dosages
may be needed in patients with severe viral infections.

Selenium Supplementation Can Help Treat Thyroid Disease

Since anumber of selenoproteins areinvolved iniodine regulation, investigators
have suggested that selenium may help treat thyroid disease. One study showed
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that patients with autoimmune thyroiditis given selenium supplementation made
less autoantibodies and reported an improved quality of life.?°

People with myxedematous cretinism (see “ Deficiency”), whose thyroid glands
do not work, can improve when given selenium along with iodine.

Selenium May Protect against Development of Type Il Diabetes

Since impaired glucose metabolism is thought to be related to oxidative stress,
an antioxidant such as selenium could improve glucose metabolism. However,
studies have not shown this protective effect. One study provided data that suggest
that selenium supplementation may increase the risk of diabetes.?!

Selenium Supplementation can Protect against Cardiovascular Disease

Theoretically, this makes sense. It is believed that many antioxidants can lower
atherosclerotic heart disease. Selenoproteins can interrupt many of the steps in-
volved in the buildup of arterial plague. Conversely, a deficiency of selenium can
cause platelets to become stickier and blood vessels more constricted. However,
studies have not shown a convincing benefit from selenium administration in terms
of reducing cardiovascular events.®

Thereisadefinite association between selenium deficiency and cardiomyopathy,
such as in Keshan disease (see “Deficiency”). It may also play arolein a specific
kind of heart problem called nonischemic dilated cardiomyopathy. This disease
occurs after a viral exposure in a patient with altered immunity.?? Low selenium
levels may also be involved.

It isnot yet clear what other relationships exist, if any, between selenium status
and cardiovascular disease.?®

Selenium Has Both an Antioxidant and Anti-Inflammatory Action.
This Should Make Selenium Useful in Combating Any llinesses
Associated with Inflammation and/or Oxidative Stress

[lInesses of this type include rheumatoid arthritis, asthma, and pancrestitis,
among others. Trials of supplementation of selenium in rheumatoid arthritis have
yielded mixed results. However, a number of studies have shown benefit from
giving selenium to patients with pancreatitis.>?* A protective benefit of selenium
for patients with asthma has been found in some studies.® Selenium may help
critically ill patients with systemic inflammatory response.® All of these areas con-
tinue to be studied.

Selenium Supplementation can Augment Fertility

Selenium is necessary for normal, motile spermatozoa, but too much selenium
damages sperm. It seemsthat selenium is stored in the male reproductive systemin
such away as to protect sperm from excessively high levels of selenium.? It also
may protect against miscarriages. Studies have been inconsistent.®
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Mood and Cognition May Be Affected by Selenium Status

Lower levels of selenium are associated with depressed mood as well as difficul-
ties with cognition. Selenium may have an effect on neurotransmitters.® Studies
are ongoing.

DEFICIENCY
Diseases Known to Be Associated with Deficiency

Selenium deficiency exists in some parts of the world. There are areas where
thereisvery little selenium in the soil, including parts of Chinaand Russia, aswell
as New Zeadland! and parts of Africa.?® People living in areas where selenium is
low seem to be more susceptible to certain illnesses. Selenium deficient individu-
als are more likely to develop certain types of heart disease, osteoarthritis, hypo-
thyroidism (low thyroid), and weakness in their immune system.

One illness associated with severe selenium deficiency is called Keshan disease.
This is a cardiomyopathy that is endemic in China, where selenium soil levels are
very low. However, this disease may only occur when children who are deficient in
selenium are exposed to a second stress, which might be a vird illness or a toxin.*4
WHO has suggested that the amount of selenium necessary to prevent Keshan disease
asthebasal requirement for selenium (the amount needed to prevent deficiency). That
is 21 ug per day for men and 16 pg a day for women.* Administering selenium to
peoplein the affected area has markedly reduced the number of new cases of Keshan
disease.®

A second endemic deficiency diseasein China, Tibet, and Siberiaiscalled Kashin-
Beck disease, which is a type of cartilage damage that leads to osteoarthritis.® It
occurs in the same age group as Keshan disease* and may also require a second
trigger. In this case, the trigger may be iodine deficiency, toxins from fungus, or
fulvic acid.#% In China, supplementation of salt with selenium has decreased the
incidence of this disease in the endemic aress.

In areas such as parts of Africa where selenium intake is low aong with low
iodine intake, pregnant women given iodine but not supplemental selenium give
birth to babieswith “ myxedematous cretinism.” These children have small, damaged
thyroids,° as well as abnormal skeletal and neurological development.?® Treatment
of this condition can only be accomplished by giving both iodine and selenium.

How to Diagnose Deficiency Outside of Geographic Areas
with Low Selenium

There are many questions about the best way to measure selenium in humans, in
order to detect deficiency. It can be found in blood, nails, and hair. A blood level
may reflect the amount of selenium currently available while the amount in red
cells or nails may reflect stores of selenium.* Most of the research has measured
blood levels of selenium.

There are five selenoproteins that are glutathione peroxidases (GPx), includ-
ing cellular GPx (GPx1). The United States and Canada use the level of selenium
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in the blood that maximizes the functioning of GPx as the best estimate of daily
requirements.* They have set the rate at 55 ug a day.

The World Health Organization set the requirements at 30 ug a day for women
and 40 for men. Australia set its RDI at 85 ug per day for men and 70 for women.
Different countriesin Europe recommend different amounts of selenium.!

Selenium deficiency occurs when none is ingested, such as when a patient is
getting all of his or her diet through hyperalimentation, either by feeding tube or
intravenously. When this was first done, for patients who could not take in food
normally, selenium was not recogni zed as essential . These patients devel oped mus-
cle weakness and tenderness, cardiomyopathy, and nail bed abnormalities. These
problemswere largely reversible with selenium administration.?® Similar problems
can occur in patients whose gastrointestinal tract is so damaged that selenium can-
not be absorbed.

It has also been suggested that critically ill, hospitalized patients may be
relatively low in selenium and need supplementation way above the 50 pg sug-
gested for healthy people, to the 400 ug suggested as an upper level, and even
beyond.?’

Selenium deficiency in patients with celiac disease, who cannot absorb enough,
may be responsible for the development of autoimmune thyroid disease in these
patients.?®

FOOD SOURCES

Selenium occurs naturally in the soil. The amount in soil varies from almost
nothing in some areas of China, Russia, and New Zealand, among other places,
to areas of very high concentration, such as the high plains of northern Nebraska
and the Dakotas in the United States. Plants growing in selenium-rich soil can be a
good source of selenium in the diet.

Animals, like people, need selenium. Now that the importance of selenium is
understood, many governments have tried to make sure that there is enough in the
foot chain. In New Zealand, for example, chicken feed has added selenium as do
the foods given to other animals. New Zealand also imports a lot of wheat from
Australia, which has selenium-rich soil.2°

In the United States there are areas of high and low selenium. Action has been
taken to prevent selenium deficiency or toxicity. In the United States, animals are
not raised for meat in the high plains areas of the Dakotas where there is too much
selenium in the soil .4

Because so much food is transported around the world, most people in many
countries get enough selenium in their diet to prevent obvious deficiency disease.

However, people who live in low selenium areas like parts of China, and who do
not have enough money to buy anything but local, plant-derived food, can and do
become selenium deficient.

The only selenium-fortified food of any kind in the United States is baby for-
mula. Selenium isincluded in many kinds of multivitamins. It has been estimated
by many groups that Americans have enough selenium in their diet already.*
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Ingested selenium is well absorbed. Excess selenium is stored in some of the
selenoproteins used in enzymatic reactions.

Because selenium isatrace element and is also used in manufacturing as a semi-
conductor, because so many humans are deficient, and there is a finite amount
of selenium in the world, there may actually one day be worldwide selenium
deficiency.®

MECHANISM OF ACTION: HOW DOES IT WORK?

The mechanism of action of selenium inthe body isbeing studied, and new prop-
erties are discovered frequently. One very interesting fact is that selenium is the
only trace element that is specified in the genetic code, as selonocysteine, which is
like the amino acid cysteine but with the selenium attached. In certain kinds of pro-
tein synthesis, human genes specify the incorporation of selenocysteine into pro-
tein to make a selenoprotein. Selenocysteine isthe 21st amino acid. Selenocysteine
has different chemical properties than cysteine, which alow selenoproteins to act
as enzymes.®

Indeed, much of the action of selenium occurs via selenoproteins that act as
enzymes. These are still being identified and characterized. There are five gluta-
thione peroxidases dependent on selenoproteins. These peroxidases are defenses
against oxidative stress. Other selenoproteins also defend against oxidative stress*
via other pathways. There are three known selenoproteins that help regulate thy-
roid metabolism. There is selenoprotein necessary to synthesize selenophosphate,
which is the precursor of selenocysteine. In thisway, selenium is necessary to use
selenium. Multiple selenoproteins are associated with spermatozoa.® Selenopro-
tein P is an antioxidant that may protect endothelial cells.

Other selenoproteins may operate outside the enzymatic processes. It is thought
that some of the protective effects against cancer and chronic disease may come
from selenium-containing moleculesthat are not enzymes. Selenoprotein W seems
to be involved in the metabolism of both skeletal and cardiac muscle.® There is
a selenoprotein called 18kDa, found in the kidneys and many other places, which
is preserved even in selenium deficiency, so it is presumably a very important
protein.

Selenium deficient animals as well as humans seem to be susceptible to certain
viruses and other vitamin deficiencies that they could otherwise tolerate.* How
this happensis still not clear.

Current evidence suggests that a plasmalevel of around 120 ug per liter may be
optimal for cancer protection, at least against some cancers,®! as well as benefi-
cial in terms of immunocompetence.®> People may have to take as much as 400 ug
daily to reach thislevel.

PRIMARY USES

» Selenium isused to treat deficiency diseases, including Keshan disease, Kashin-
Beck disease, and myxedematous cretinism.
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* Itisused to prevent deficiency in patients who receive al of their nutrition in-
travenoudly. Thisis called total parenteral hyperalimentation (TPR), and at one
time patients on TPR became selenium deficient because the need for selenium
was not known. It is now added to TPR solutions. It is added to liquid nutrition
given by tube into the intestinal tract.

» Selenium is also given to people whose gastrointestinal tract cannot absorb
enough nutrients because of extensive disease. It can be given intravenously.

 Selenium isbeing given to boost immunity in patients sick with viral illness, and
sometimes other illnesses.>3!

» Because of the inconsistency of dietary selenium, and the limitations in the pro-
cess of trying to establish the best amounts of selenium for good health, many
multivitamins contain selenium.

COMMON DOSAGES

The RDA for selenium in the United States is 55 ug a day. That is the recom-
mended dietary allowance for adults. The definition of RDA is*“The RDA recom-
mends the average daily dietary intake level that is sufficient to meet the nutrient
requirements of nearly al (97-98%) healthy individuals in each age and gender
group.”?

The FDA, on the other hand, quotes a Daily Value for selenium of 70 ug a day.

TheDRIs(Dietary Reference Intakes) refer to the following val ues, when quoted
by the National Academy of Sciences in the United States. the Recommended
Dietary Allowance (RDA), the Adequate Intake (Al), the Tolerable Upper Intake
Level (UL), and the Estimated Average Requirement (EAR). These numbers are
not always easy to determine. Other countries use different terminology and meth-
ods. They are also different for different ages, as well as sometimes being different
by sex.

The RDA for selenium was calculated by measuring the amount necessary to
maximize synthesis of the selenoprotein glutathione peroxidase, using the plateau
in activity of the enzyme. Other countries have used other methods for determining
adequate intake.

There are researchers and clinicians using higher doses to boost immunity.>3!
This is especialy true for criticaly ill, hospitalized patients. There are no clear
studies of how much selenium these patients need.*?

POTENTIAL SIDE EFFECTS

In the normal range, selenium is very well tolerated.

There is aknown state of chronic excess selenium in the body, called selenosis.
It happensrarely to people living in areas with high levels of selenium. There have
also been reports of an areain Chinawith selenosis. The affected individuals were
consuming 3,200-6,690 pg of selenium a day.®! It has also happened accidentally
because of supplements containing too much selenium. The symptoms of chronic
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selenosis include garlic breath odor, gastrointestinal complaints, white, blotchy
nails and lined nails, brittleness and loss of hair, irritability, fatigue, skin rash, and
mild nerve damage. The symptoms usually go away when selenium levels become
normal .>42° There is no treatment or way to remove selenium.

Acute poisoning is very rare. There have been documented cases of accidental
or suicidal ingestion of large amounts of selenium, which would have to be grams.
There have al'so been murder attempts using selenium. Gun blue, alubricant, con-
tains large amounts of selenium and has been used. Symptoms include severe gas-
trointestinal and neurological disturbance, acute respiratory and renal failure, and
heart attack.®® If the person does not survive, autopsy shows necrosis of kidney
and intestines, a damaged heart, and fluid in the lungs.

Chronic selenosisisrare in the United States. It has happened with industrial ac-
cidents and manufacturing errors. The tolerable upper level of ingestion for adults
is considered to be 400 ug per day. That means there is awide range between what
is suggested daily and what is considered excessive.

FACT VERSUS FICTION

The fact isthat thereis still alot unknown about selenium.

It should definitely be given to people with known deficiency diseases such as
Keshan disease.

It should definitely be added to solutions of total parenteral nutrition, or any
similar diet.

More should be given to people with diseased gastrointestinal tracts who may
have trouble absorbing it.

It is reasonable to give supplements to people sick with viral or other diseases,
which may use up the selenium they already have. This would include patients
with HIV, hepatitis B, hepatitis C, and probably tuberculosis.

There are no reasons not to try a supplement in the 200-ug range to see if it
will boost immunity, on a person-by-person basis. Even higher ranges are probably
safe.

However, sinceit is not clear that selenium protects against cancer or cardiovas-
cular disease, and may cause more diabetes, it seems premature to recommend its
use to peoplein general for those reasons.
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Vitamin A

BRIEF OVERVIEW

In the early 1900s, researchers began to discover that animals needed substances
other than proteins, carbohydrates, and fats to live. Vitamin A, first called “fat-
soluble factor A,” was the second recognized vitamin. Vitamin A is necessary for
many normal functions, including reproduction, growth and development, immu-
nologic competence, and vision, among others.

Vitamin A deficiency can be deadly. While most people in Western countries
get enough vitamin A, in poor countries, millions of children, perhaps as many
as 10 million, are deficient in the vitamin enough to cause xeropthalmia, an eye
condition that can lead to blindness. Vitamin A deficiency makes children more
susceptible to infectious illnesses and can lead to death at a young age.

Too much vitamin A can also prove deadly. An early description of hypervita-
minosisA was penned by an explorer named Gerrit de Veer, who was attempting to
find the Northern Passage to Indonesiain 1597. During the winter in NovaZembla,
he and his men were forced to eat polar bear for food, and all the men almost died
after eating polar bear liver. They survived, and he very accurately described their
symptoms of vitamin A toxicity.

Liver has an extremely high concentration of vitamin A. It can befatal if eatenin
large amounts. In addition to an acute toxic reaction, thereisaso an illness caused
by taking in too much vitamin A over long periods of time.

Vitamin A, also caled retinal, is part of a group of compounds called retinoids.
In addition to vitamin A, there is beta-carotene, a pro-vitamin that the body can
convert into retinol, giving it vitamin A activity. The amount of beta-carotene that is
actually converted into vitamin A is dependent on how much retinol isalready in the
body, among other factors. It appearsthat people cannot get vitamin A toxicity from
too much beta-carotene, because the body stops converting it when there is enough
retinol. There are other carotenoids, some of which have vitamin A activity, others
that do not. The information herein pertains to beta-carotene and vitamin A only.
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This vibrant red watermelon, shown at a makeshift fruit stand near Los Fresnos, Texas, is
the leading source of lycopene, an antioxidant believed to have cancer prevention benefits.
Watermelons are also are high in vitamins C and A. The fruit can be atasty base for salsas,
jams, and chutneys. (AP Photo/Joe Hermosa)

Vitamin A has been known in one form or another for centuries. Long before
they knew its name, people recognized that there was something of nutritional
valuein liver. They also connected carrots (and therefore beta-carotene) with good
eyesight.

THE HYPE

Supplementation with Vitamin A or Beta-Carotene Will Lead
to an Overall Decrease in Chronic Diseases and Mortality

Both vitamin A and beta-carotene are antioxidants, like vitamin E and selenium.
Since antioxidants can counteract free radicalsin the body, it is thought they might
prevent damage to DNA and blood vessels. If this is true, then supplementation
should help prevent cancer and cardiovascular disease as well as other diseasesin
which oxidation plays arole. Much of the research about vitamin A has been done
with beta-carotene, because high doses of vitamin A can cause toxicity. Some in-
vestigations have used both.
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Many observational studies show an inverse relationship between various dis-
eases and beta-carotene levels. With an inverse relationship, the higher the beta-
carotene levels, the lower the incidence of certain diseases. Studies also show an
inverse relationship between mortality and beta-carotene level. For example, in
one study, blood samples were drawn from a group of men and women, and they
werefollowed for approximately eight years. There was an inverse relationship be-
tween beta-carotene and cardiovascular and cancer mortality, as well as al-cause
mortality.?

However, prospective studiesdo not seem to confirm these results. A well-designed,
double-blind, placebo-controlled primary prevention trial called the Beta-Carotene
and Retinol Efficacy Trial, or the CARET trial, studied 18,314 smokers, former
smokers, and people exposed to ashbestos (also a cancer risk). The treated group got
vitamin A and beta-carotene. After four years, no benefit was seen from the supple-
ments, and there were adverse effects, with an increased risk of lung cancer, death
from lung cancer, cardiovascular disease, and death from all causes. This trial was
discontinued early.®

Supplementation can Protect against Cardiovascular Disease

There have been observational studies showing a higher risk of cardiovascular
disease in patients with low carotenoids and/or vitamin A .#

However, many trials using a variety of antioxidant vitamins as supplements
have shown no benefit from most. The Women's Antioxidant Cardiovascular
Study, the results of which were published in 2007, tested a number of antioxi-
dants to see if they would provide cardiovascular protection over approximately
10 years. There was no effect of beta-carotene on any cardiovascular disease or
cause of death.’

Onereview of al the available research trials concluded that vitamin A and beta-
carotene may increase mortality and do not decrease the risk of cardiovascular
disease or cancer.®

The American Heart Association’s position on beta-carotene and other antiox-
idants was stated in an article in Circulation in 2004, and it remains the same
in 2009. The association does not advise giving high doses of any antioxidants,
including beta-carotene and vitamin A, as supplements to reduce cardiovascular
disease risk.’

Vitamin A (or Beta-Carotene) Will Decrease the Risk of Certain Cancers

In one study in rural Chinawhere selenium levels are low, giving people supple-
ments with selenium, beta-carotene, and alpha tocopherol lowered gastric cancer
mortality as well as all-cause mortality. There is no way to know which of the
supplements specifically caused the decrease.®®

There are hundreds of observational studies looking at the relationship be-
tween beta-carotene and cancer. Many show an inverse relationship between
beta-carotene levels and/or consumption and devel opment of cancer.®1°
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The ATBC study of Finnish smokersfound the opposite from what was expected
based on the observational studies. Supplementation with beta-carotene increased
the number of new lung cancers in this group and had no effect on numbers of
other cancers. The beta-carotene part of the study was stopped because of the in-
creased cancer risk.!!

Similar results were found in the CARET study as noted above. In the CARET
study, participants were given both beta-carotene and vitamin A daily, compared
with a group given placebo. This study showed no benefit from the vitamins, but
there were excess lung cancer cases and mortality, so that the study was stopped
early.1213

In 2003, the U.S. Preventive Services Task Force recommended against rou-
tine supplementation with vitamin A and beta-carotene, based on al the available
evidence.'

DEFICIENCY

Vitamin A deficiency is uncommon in the United States. It can happen to peo-
ple who are chronically ill and malnourished, especially the elderly in the United
States and children in other parts of the world. Vitamin A deficiency can occur asa
result of inadequate intake of vitamin A and beta-carotene, impaired absorption in
the gastrointestinal tract, or altered metabolism of the vitamin. It can also occur if
there is an increased need for the vitamin because of illness.’> Causes of second-
ary vitamin A deficiency include any intestinal diseasesthat cause chronic diarrhea
including celiac sprue and cystic fibrosis, among others. Cirrhosis of the liver,
surgical bypass of the small intestine, and pancreatic insufficiency can all reduce
the absorption of vitamin A.

Thereisno beta-carotene deficiency state. The only time aperson needsacertain
level of beta-carotene isif he or sheisvitamin A deficient. Enough beta-carotene
can be converted into vitamin A and prevent deficiency disease.*

The metabolism of vitamin A and beta-carotene is very complex. Both are ab-
sorbed as are other fatsinto theintestinal cells. Some beta-carotene is transformed
into retinol in the cells of theintestinal lining. Theretinol and carotene are released
into the lymphatic system and eventually delivered to the liver in chylomicrons
remnants. Retinol is bound to cellular retinol-binding protein (RBP) in the liver. It
isreleased into the circulation as necessary, in combination with RBP. In addition
to theliver, where 80 to 90 percent of the vitamin is stored, excessretinol and beta-
carotene may also be stored in kidney, lung, and fat. It is believed beta-carotene
can be converted into retinol in multiple places in the body.41516.17.18

Anything that interrupts the absorption of vitamin A and beta-carotene, or pre-
vents the conversion to retinol, or inhibits the delivery of the vitamin to tissues can
cause deficiency.

Adults can store about a year's worth of vitamin A if they have been taking in
enough. Children can usually only maintain storage of enough vitamin A to last
a couple of weeks. If the diet is low in vitamin A and beta-carotene, retinol will
be released from the liver, and beta-carotene will be converted to retinol. Since
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vitamin A needs retinol-binding protein (RBP) to travel, problems with RBP can
affect vitamin A status. Zinc deficiency is thought to lower vitamin A by inter-
fering with RBP synthesis. Lowered iron stores also can contribute to vitamin A
deficiency.151%20

The first symptom of vitamin A deficiency is aloss of night vision. If the defi-
ciency is not corrected, the eyes become more damaged. Xeropthalmiaoccurs as a
result of lack of vitamin A. Thefront parts of the eye including the covering layers,
called the conjunctiva, and the clear part of the center of the eye, called the cornea,
become dry and thickened. There may be spots on the eye. The cornea can develop
ulcers and holes. Eventually, this may lead to blindness.

Children who are vitamin A deficient as well as severely calorie deficient and
protein deficient are the most at risk for xeropthalmia and blindness. Thisisasig-
nificant problem in parts of the world where children and others do not get enough
to eat.

The lining of multiple systemsin the body can weaken without enough vitamin A.
The hair becomes dry, as does the skin. The skin will also be scaly. Linings of
the urinary tract, intestinal tract, and lungs get stiff and lose proper function.
Blood cells may not be made normally. A weakened immune system secondary
to vitamin A deficiency makes infectious diseases a serious problem for people
with vitamin A deficiency, especially children. They may die from measles, gas-
trointestinal viruses, HIV/AIDSs, or other infections. Children may not grow and
develop normally.51819.20 The mortality rate of severe vitamin A deficiency may
be as high as 50 percent in children.

Vitamin A deficiency can be diagnosed in patients with night blindness and xe-
ropthalmia. There are specific vision tests to ascertain if vitamin A deficiency is
present. Plasmaretinol level can be measured, but this does not always reflect the
amount of vitamin A in the body. Sometimes, giving vitamin A and seeing im-
provement can make sure that it is the right diagnosis.

The dosages of vitamin A needed to treat deficiency are high; such amounts can
cause toxicity in a patient with adequate stores of vitamin A.1820

FOOD SOURCES

Retinal is found in foods derived from animals, including meat, eggs, and milk
and fish. Thereare very large amounts of vitamin A in liver. Three ounces of cooked
beef liver contains 245 percent of the daily value for vitamin A, which is 5,000 |U.
The vitamin A naturally found in milk is removed when fat is removed. Milk is
then fortified with vitamin A, so that a cup of skim milk has about 10 percent
of the daily value. Vitamin A isreadily absorbed and used. People who eat meat
and animal products usually do not need any more vitamin A.2° Too much vitamin
A can cause disease.

Beta-carotene is found in plant-derived foods, especialy certain darkly colored
vegetables and fruit. One raw carrot contains about 175 percent of the daily value
for vitamin A. Spinach, cantaloupe, papaya, and apricots al contain significant
amounts, as do other fruits and vegetables. Beta-carotene is not well absorbed



282 Vitamins and Minerals

and has to be converted in the body to retinol. For vegetarians, that means a sig-
nificant amount of beta-carotene foods must be eaten, or supplements must be
taken.?°

MECHANISM OF ACTION: HOW DOES IT WORK?

Vitamin A is essential for many normal functions in humans. It is especialy
important to maintaining vision. It is also essential for reproduction and immune
function.’® It has effects on bone growth and helps maintain the linings of the in-
testinal tract, aswell asthe urinary tract and respiratory tract. During fetal develop-
ment, vitamin A is necessary, and it has a regulatory effect on some genes.'>1°

Vitamin A is needed to make rhodopsin, a pigment in the retina that is a pho-
toreceptor. As levels of vitamin A fall, the retina suffers. Vitamin A is necessary
for the health of the eyes conjunctival cells, as well as protective goblet cells that
secrete mucin.

Vitamin A aso helps keep epithelial cellsintact, so that there are skin abnormali-
ties with vitamin A deficiency. Lowered numbers of white blood cells have been
associated with vitamin A deficiency, including cells necessary to mount an im-
mune response to illness and tumors. Vitamin A has a complex effect on multiple
components of the immune system, so that deficiency leads to increased rates of
severeillness and death from measles, diarrheal disease, and other infections. 1921

Both vitamin A and beta-carotene do act as antioxidants in the body and help
prevent damage to cells and DNA.Y

Beta-carotene may increase cell-to-cell communication, improve immunity,
lower the risk of certain cancers, and lower mortality rates.® It is difficult to sepa-
rate actions of beta-carotene from actions of retinol, becauseingested beta-carotene
is converted to retinol at variable rates.

All of the functions of vitamin A and beta-carotene are not completely under-
stood. There are complex interactions and reactions in the body involving these
vitamins and many pathwaysin many systems.

PRIMARY USES

» Vitamin A is used to treat clinically obvious deficiency of vitamin A, meaning
people with symptoms due to lack of the vitamin.

* Itisalso used asadietary supplement for people who may not get enough from
their diet. Beta-carotene can be used for the same purpose.

 Large doses of beta-carotene are used to treat a condition called erythropoietic
protoporphyria, a disease in which people devel op reactions to sunlight.*

 |nterms of supplementation, vitamin A can cause toxicity and is not considered
asafe supplement in high doses. High doses of beta-carotene are better tolerated.
Most of thetesting to seeif the antioxidant properties of these compounds could
help prevent chronic disease has been done with beta-carotene. As previously
indicated, there has not yet been clear evidence that supplementation prevents
disease. To the contrary, there is evidence that beta-carotene can cause excess
mortality in certain groups of people, for example, cigarette smokers.
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COMMON DOSAGES

Despite continued attempts to standardize measurements for vitamin A, the
amounts needed by the body are still confusing. Vitamin A and beta-carotene are
not equivalent. Furthermore, there is different absorption of natural versus syn-
thetic versions of these compounds, as well as different absorption depending on
the way the vitamin is delivered.

Vitamin A

The Food and Nutrition Board (FNB) at the Institute of Medicine (IOM) of the
National Academies setsthe recommendations, such asthe Recommended Dietary
Allowances (RDASs) and Tolerable Upper Intake Levels (ULS).2%% The levels for
vitamin A are expressed as Retinol Activity Equivalents (RAES) because vitamin
A and beta-carotene are not equivalent microgram for microgram. The following
table lists the RDAs in microgram REAS, and aso International Units. 1 RAE
equals 3.3 IUs. The IUs are listed on food labels.

Vitamin A
Age(years)  Children Males Females Pregnancy  Lactation
1-3 300 ug
(1,000 1U)
4-8 400 ug
(1,320 1U)
9-13 600 ug
(2,0001U)
14-18 900 ug 700 ug 750 ug 1,200 nug
(30001U) (2,3101U)  (2,5001V) (4,000 1U)
19+ 900 ug 700 ug 770 ug 1,300 ug

(30001U) (23101U)  (25651U)  (4,3001U)

The Food and Drug Administration also sets a target for vitamins, called the
Daily Value (DV). For vitamin A, that level is5,000. When acontainer of food says
on the label 20% DV for vitamin A, it has 1,000 [U of the vitamin. Most foods,
however, do not have labels including vitamin A.

These are the amounts of vitamin A considered to be best to keep healthy people
healthy. These amounts do not apply to treating patients who are deficient in vita-
min A. Both too much and too little vitamin A are dangerous. For healthy individu-
as, the Tolerable Upper Intake Levels are approximately three times the RDA for
vitamin A (see “Potential Side Effects’).

Beta-Carotene

Thereis no RDA for beta-carotene or other carotenes. Beta-carotenes and some
but not all other carotenes are converted to retinol in the body. The IOM has stated
that 3 to 6 mg of beta-carotene a day may be reasonable because that amount of
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intake leads to levels in the blood that are associated with lower risks of chronic
disease.’ There is no deficiency disease from low beta-carotene in people getting
enough vitamin A. There is also no toxic amount of beta-carotene. People who eat
large amounts of beta-carotene may have yellow skin, called carotenemia, but it is
not dangerous.® If this happens, the person just needs to eat fewer vegetables if
concerned about the color.6

Peopletreated for erythropoietic protoporphyriaat doses of approximately 180 mg
aday of beta-carotene have shown no evidence of toxicity.®

Interms of beta-carotene, the Dietary Reference Intakes (DRI) isrecommending
at least five servings of fruit and vegetables a day for good health, but not suggest-
ing supplementation.

Thereis also the risk to smokers demonstrated in the ATBC trial.

There are questions about supplemental beta-carotene in certain circumstances,
asdiscussed in “ The Hype" section.

For Vitamin A Deficiency

For treatment of vitamin A deficiency, large doses must be given. Usually vita
min A in oil is used, because the oil increases absorption of the vitamin.518
A sample regimen would be 60,000 IU for two days, then 4,500 1U daily. If the
person is vomiting or has intestinal problems that decrease absorption, or if xe-
ropthalmiais present, as much as 200,000 U may be given to adults, for two days,
and then a third dose two weeks later. Infants and children born to HIV-positive
mothers and children with measles need large amounts of vitamin A.

In countries where many people are malnourished, large doses of vitamin A are
often given to amother after she gives birth, and again anumber of monthslater. This
isto improve the health of the mother, aswell as get vitamin A to breast-fed babies.

Care must be taken as deficiency is corrected not to give excessive vitamin A8

POTENTIAL SIDE EFFECTS

The body cannot eliminate excess vitamin A. Too much can cause toxicity, im-
mediately in large doses, and also over along period of time. Vitamin A isthought
to be teratogenic, meaning it can cause birth defects. Since most people in the
United States get enough vitamin A in the diet, supplementation with excessive
amounts of vitamin A (not beta-carotene) can cause toxicity. The exact amount of
vitamin A that causes acute and chronic toxicity is not absolute. It may depend on
the source of the vitamin, what else was ingested at the same time, and many other
factors. Alcohol use may potentiate the damage of vitamin A.??

Someone taking about 25,000 IU vitamin A per kilogram of body weight all
at one time, usually by accident, can suffer acute vitamin A toxicity.1%8 If this
happens, the person may have many symptoms, including loss of appetite, nausea,
vomiting, and abdominal pain. Someone with vitamin A toxicity may be sleepy,
irritable, or demonstrate what is called altered mental status, which can appear as
confusion and forgetfulness. Other symptoms include headache, muscle pain and
weakness, and blurred vision. If adoctor examines a patient in this condition, he or
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she may find tenderness over long bones, aswell as an abnormal neurologic exam.
This type of acute toxicity usually occurs with accidental ingestion of vitamin A
by children, or in adults exploring the Arctic who eat either polar bear or sedl liver,
which does actually still happen.t®

Some of the same symptoms can be seen in someone who is taking 25,000 to
100,000 IU aday of vitamin A over along period. Toxicity has been reported with
lower doses over alonger period of time. This can occur in individuals taking ex-
cessive amounts of supplemental A. Large doses are occasionally prescribed for
acne or other skin problems.*®

There are additional problems with chronic toxicity. There may be dry mucus
membranes in the mouth and cracks in the lips. The person may lose hair and may
lose weight. There may be itching and fever and difficulty sleeping. Chronic over-
doses of vitamin A can cause fractures of bone, low blood count (anemia), pain
in the bone and joints, nosebleeds, diarrhea, and abnormal menstruation. Some
of these things will be apparent to an examining doctor. The doctor might also
find that the skin is red and peeling. There may be inflammation of the outer eye
coverings (conjunctivitis) and tiny pinpoints of bleeding under the skin. The liver
and spleen may be large; later the liver may be scarred and small (cirrhotic). Many
abnormalities of the nervous system will be visible, from obvious serious eye prob-
lems, to difficulty walking and trouble controlling the limbs. These are just some
of the things a person might experience and a doctor might see.

There are a number of blood tests, x-rays, and scans that can confirm that
someone has vitamin A toxicity. The main treatment is supportive, in addition to
stopping the ingestion of vitamin A. If a person is very sick, he or she would be
admitted to the hospital for monitoring and to administer anumber of medications
that can help. People with vitamin A toxicity usually recover.51® However, since
vitamin A is teratogenic, infants can be born with a birth defect as the result of
excess vitamin A in the mother’s system.

It isimportant to note that too much vitamin A can cause bone fractures. There
is a possibility that excess vitamin A can contribute to osteoporosis. There have
been many studies showing that people who have high levels of retinol also have a
higher incidence of osteoporosis and fractures.1.162223

Beta-carotene is very well tolerated and not converted enough to vitamin A to
cause toxic reactions. Side effects, not proven but associated with beta-carotene
intake, include alergic reactions, possible increase in prostate cancer, retinopathy,
low white blood cells, and trouble with reproduction.®

As stated previously, beta-carotene supplementation may be associated with
increased mortality and increased cancer in certain groups. Other analyses have
shown that treatment with a number of antioxidants, including vitamins E and A as
well as beta-carotene, may increase mortality.?*

FACT VERSUS FICTION

At the current time, supplementation with large doses of either vitamin A or
beta-carotene does not seem wise. With vitamin A, thereisarisk of toxicity aswell
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as the possible negative effects on cardiovascular disease, cancer, and mortality.
While beta-carotene does not cause toxicity, it is associated with the other negative
outcomes.

The doses in commonly used multivitamins may even be too high. Anyone who
feels he or she does not get enough retinol in the diet should pick avitamin supple-
ment that includes adose of vitamin A closeto the RDA or DV. While supplements
are not recommended for beta-carotene, beta-carotene supplements may be a safer
way to get vitamin A. The best choice is to eat a well-balanced diet and get these
nutrients from food sources.
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Vitamin B12

BRIEF OVERVIEW

Vitamin B12, also called cobalamin, is an essential factor in the production of red
blood cells. People who do not have enough B12 in their systems suffer from ane-
mia. B12 is aso necessary for the production of other blood cells, as well as nor-
mal neurologic function. Someone with severe B12 deficiency may have anemiaas
well as a variety of neurologic and psychiatric problems. These symptoms can be
asmild asirritability, aslight memory loss, and the sensation of pinsand needlesin
the extremities. They can be severe, including, among other things, shaky, unsteady
gait, weakness, incontinence, peripheral neuropathy, dementia, and psychosis.

One disease associated with low levels of B12 was known even before the spe-
cific vitamin was discovered. It was called pernicious anemia. Doctors knew that
something collected in animal livers cured the disease, so people with pernicious
anemiawere effectively treated with large amounts of liver. Eventually the vitamin
was isolated and its chemical composition understood.

Research hasled to much greater knowledge of B12 and itsrole in health aswell
as disease.

Vitamin D is necessary for normal DNA synthesis. It works along with folic acid
in awide variety of ways. Normal amounts of both B12 and folic acid are neces-
sary to prevent a substance called homocysteine from accumulating in the body.
Elevated homocysteine levels are implicated in many common medical problems,
including cardiovascular disease, neurologic disorders, and cancer.*?

It is somewhat difficult to look at Vitamin B12 in isolation from folic acid.

THE HYPE
The Pick-Me-Up Injection

B12 became known as a pick-me-up for a whole generation of people. People
with pernicious anemia given B12 injections started making more red blood cells,
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Experiments in the biochemistry laboratory
at the University of Wisconsin established
that one gram—about two thousandths of a
pound—of the new vitamin would supply the
daily requirements of 20 million rats. A mil-
lionth of a gram daily is used to tread per-
nicious anemia in humans. The rat at right,
whose diet lacked B12, besides being smaller
is also more nervous than his “brother” U.
D. Register, graduate student in biochemis-
try at the university, is drawing a quantity of
the vitamin from atiny vial, August 10, 1949.
(AP Photo)

and as their anemia went away, they
got back their normal energy. What
worked for one person feeling tired
seemed like it might work for other
people that were tired. Patients would
go to the doctor and ask for their
monthly B12 shot. Most doctors do
not give B12 injections for this reason
anymore, but it was not that long ago
when they did.

B12 and Homocysteine

Elevated homocysteine levels have
been found in a wide range of com-
mon and less common medical prob-
lems. B12, with or without folic acid,
can lower levels of homocysteine.
There is a lot about this that is not
well understood yet. Are elevated ho-
mocysteine levels the cause of these
diseases or just a marker for some
other problem? Will giving B12 to
people with elevated homocysteine
levels actually lower the risk or even
help cure some of these diseases?
Is this hype, or are there actually
studies to answer these questions?
Here are some of the problems as-
sociated with both low B12 and high
homocysteine.

Alzheimer’s Disease, Depression, and Other Psychiatric

and Neurolosgic Problems

Since a lack of B12 is known to cause dementia, depression, and other neuro-
logic and psychiatric disorders, researchers have considered the possibility that
low B12 levels might be found in patients with these conditions. Researchers have
found low levels of B12 in elderly patients with depression,* patients with Al-
zheimer's disease and other cognitive disorders,>® and even psychosis.”®

In many studies, such as the Rotterdam study published in 2002,* participants
were found to have elevated homocysteine levels along with lowered levels of
B12. There is a Homocysteine Hypothesis of Depression, which postulates that
elevated homocysteine levels may cause depression.®° Anything decreasing ho-
mocysteine might help patients with depression, including supplements of B12
(and folic acid).
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A similar mechanism involving elevated homocysteine may contribute to symp-
toms of Alzheimer’'s disease and dementia.® However, some studies have found
lower B12 levels, but not elevated homocysteine levels, associated with declining
cognitive function.*t

Even if patients with low B12 levels and/or high homocysteine levels are more
likely to be depressed or have difficulty with cognition, such as what is found in
Alzheimer’s disease, does that mean that supplements will improve their symp-
toms? Thisisthe question that hasto be answered in relationship to B12 and many
neurologic and psychiatric conditions.

Cardiovascular Disease and Stroke

Sincethe level of B12 affectsthe level of homocysteine, and high homocysteine
levels are associated with higher risk of cardiovascular disease, including coronary
heart disease and stroke, it has been suggested that B12 supplementation might
lower the risk of these conditions, in patients with elevated homocysteine.>?

Cancer

Since B12 is necessary for DNA synthesis, low levels of the vitamin might hin-
der cell repair and lead to higher incidence of cancer. Perhaps supplemental B12
can reduce therisk of cancer. Lower rates of colon cancer and cervical cancer may
be related to higher B12 levels.??

Other Possibilities

There are a number of other conditions that may be related to low B12 levels.
They are al so often associated with low folic acid level sand elevated homocysteine
levels.

Folic acid is known to be necessary to prevent defects in the neural tube of the
devel oping embryo. In some people, vitamin B12 may also be necessary.?

High levels of homocysteine may be related to early pregnancy loss and preec-
lampsia. This may be secondary to insufficient B12.*

Macular degeneration, a deterioration of the retina that can lead to blindness,
is associated with high levels of homocysteine. It is possible that B12 might help
treat this condition.®

There are many other conditions that may be related to elevated homocysteine
levels and/or low B12 levels.

MECHANISM OF ACTION: HOW DOES IT WORK?

There are two specific enzymatic reactions in the body that are dependent on
B12. The one that has received the most attention is the conversion of homo-
cysteine to methionine. When there is a lack of B12, homocysteine levels rise.
Elevated homocysteine levels are being discovered in a wide variety of diseases,
as noted elsewhere in this chapter. The other reaction involves the conversion of
methylmalonic acid to succinyl-CoA 242
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B12isneeded for normal DNA synthesis. It isneeded to make blood cells. When
there is not enough B12, not enough red blood cells are made. Eventually, with
severe deficiency, other blood cells will also decrease. The nervous system needs
B12 and will show the effects of deficiency.

Vitamin B12 and folic acid work together in the body. In many cases it is dif-
ficult to separate their effects.

PRIMARY USES
B12 Deficiency (of All Types)

It is clear that vitamin B12 is necessary to al people for good health. It isindi-
cated as a supplement for anyone who is deficient in B12.

Who develops a B12 deficiency? B12 exists in nutrients that come from animal
tissues. Normally, B12 in food must be separated from the food in the stomach. It
is there that intrinsic factor, made by parietal stomach cells, attachesto B12. The
combination B12-intrinsic factor continues down the intestinal tract to the end of
the small intestine called the terminal ileum. It is absorbed through the lining of the
ileum, and from there, into the bloodstream. It binds to transcobolamin Il and can
then travel to the rest of the body.

The original understanding of B12 came from the study of people with perni-
cious anemia. Pernicious anemiais an autoimmune disorder, adisease in which the
body mistakenly attacks itself. In this case, the body makes antibodies against the
cellsin the stomach that make intrinsic factor. People without intrinsic factor have
trouble absorbing food-bound B12. They develop pernicious anemia.

Other Causes of B12 Deficiency

Most people get enough B12 in their diet, and in fact, have enough stored in
their body that it takes yearsto develop adeficiency. Strict vegans can become low
on B12 if they never eat anything from an animal source, as can the elderly and
alcoholics, who may not be ingesting enough B12. More commonly, people who
do not have enough hydrochloric acid in their stomachs develop B12 deficiency.
The acid is needed to dissolve the B12 from its food source. Elderly people can
become B12 deficient because they develop atrophic gastritis, and the stomach
does not make enough acid. People of all ages take histamine blockers and proton-
pump inhibitors to stop heartburn. These medicines are available over the counter,
in generic and brand forms, from Zantac to Prilosec. With acid suppressed over a
long period of time, people can devel op adeficiency of B12 because it does not get
separated from food.

Other less common causes include other causes of malabsorption in general,
such as inflammation in the intestine from Crohn’s disease, tapeworm, and bacte-
rial overgrowth. Surgery involving removal of parts of the stomach or small bowel
can also contribute to B12 deficiency.

Itis possible for vitamin B12 deficiency to occur without anemia, and even with
apparently normal blood levels of B12.2 It may be necessary for other blood tests
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to be donein order to diagnose B12 deficiency, including checking homocysteine
and methylmalonic acid levels. It is also possible for psychiatric and neurologic
disease to be present without anemia. Anyone who might be at risk for B12 defi-
ciency needs to keep thisin mind.

Elderly Patients at Risk for Dementia and Vitamin B Deficiency

In one study, 20 percent of elderly patients had undiagnosed vitamin B12
deficiency. Some doctors give B12 and folic acid to elderly patients for this
reason.

Depression

There is evidence that people with higher levels of B12 improve faster when
treated for depression.’®> Some psychiatrists are giving B12 to patients treated for
depression.'6

Macular Degeneration

One study showed that giving women at risk for cardiovascular disease supple-
ments of B vitamins, including B12, lowered the risk of macular degeneration.3

COMMON DOSAGES
For Deficiency

Injections are not necessary for B12 deficiency or pernicious anemia. Large
doses by mouth work just as well.11* There are apparently other pathways by
which B12 is absorbed in small amounts. If enough is take in, enough will be
absorbed.

Oral doses of 1,000 to 2,000 ug per day are enough to correct deficiency but
have to be taken for life if the cause is pernicious anemia or something else that
cannot be corrected. Alternatively, B12 can be given by injection into muscle; 100
to 1,000 ug must be given every day or every other day for one to two weeks, fol-
lowed by shots of 100 to 1,000 ug every one to three months for life.'4

The Recommended Dietary Allowance (RDA) for B12 is 2.4 ug per day for
healthy adult males and females. This goes up to 2.6 ug a day for pregnant and
breast-feeding women. Most people consume much more than this in their diet.
If, however, they are not absorbing B12 as explained above, they need to take a
supplement containing large amounts of B12.

POTENTIAL SIDE EFFECTS

B12isvery safe to use and well tolerated by most people.

There are no established adverse effects from taking too much B12.

There have been reports of itching and rash following ingestion of B12, and aso
reportsof diarrhea. B12 and pyridoxine together have been associated with rosacea
fulminans, which may need to be treated with steroids. Vascular thrombosis has



204 Vitamins and Minerals

been reported. B12 replacement can make other hidden illnesses apparent, includ-
ing polycythemiavera. B12 should not be taken by patients who are going to have
coronary artery stents placed or who have Leber’s disease—hereditary optic nerve
atrophy.?

FACT VERSUS FICTION

Thereisproof that peoplewith cardiovascul ar diseases, heart attacks, and strokes
have elevated homocysteine levels. Vitamin B12 deficiency can cause elevated ho-
mocysteine levels. However, there is no proof at the current time that using B12 to
lower homocysteine levelswill actually lead to less cardiovascul ar disease, strokes,
heart attacks, or death from cardiovascular causes.'®%% |t may be that further
studieswith larger groups of people over longer periods of time will show that B12
supplements do improve cardiovascular health. Or it may bethat homocysteineisa
marker for something else that is actually causing the damage, and that something
else may need to be addressed.

There are conflicting studies about B12 supplements for neurologic or psychi-
atric problems.?* Some have shown benefit to giving patients with Alzheimer’s
disease B12, with or without folic acid. Some have not.*® There is evidence that
many elderly patients are deficient in B12 without being anemic and go undiag-
nosed. So it may be that B12 supplements are really helping patients whose mem-
ory problems and other difficulties are actually caused by vitamin B12 deficiency.

Adding B12 has been shown in some studiesto help people recover more quickly
from depression.

Considering the fact that B12 is very safe to use and inexpensive, it seems rea
sonable to try supplements for people with depression or Alzheimer’s disease and
other similar conditions.® It also is important to make sure that vitamin B12 de-
ficiency is not overlooked, especially in the elderly.?

The data in regard to neural tube defects are conflicting, and it is difficult to
separate folic acid, B12 deficiency, and elevated homocysteine levels.??! This is
also true for alot of the studies looking at cancer and B12 levels. There is a pos-
sibility that genetics may determine whether or not a B12 deficiency poses greater
risks for certain people than others.'?

It may be some time before there is more certainty regarding the use of supple-
mentary B12 for avariety of conditions.
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Vitamin D

BRIEF OVERVIEW

Vitamin D is a fat-soluble vitamin that is made in human skin when it is exposed
to ultraviolet light. It can also be found naturaly in a few foods and added as a
supplement to other foods. Vitamin D is not active until it has been metabolized
in the body. It must undergo two processes called hydroxylation, one in the liver
and one in the kidney. The active form of vitamin D is 1,25-dihydroxyvitamin D
[1,25(0OH),D], also called cacitriol.

Very few foods have significant amounts of vitamin D; the best source is exposure to
sunlight. (© Boomfeed/Dreamstime.com)
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Vitamin D is absolutely essential for bone health. The most obvious conditions
related to serious deficiency of vitamin D involve bone—the bony deformities of
childhood rickets, the painful soft bones of adult osteomalacia, or the thin, easy-to-
fracture bones of older adults with osteoporosis. However, vitamin D does much
morein the body than wasinitially thought, and new actions of the vitamin are being
discovered and described by current researchers. At the same time, it is becoming
clear that many people have less-than-optimal levels of the vitamin, which in ad-
dition to damaging bones, makes them susceptible to a large range of other health
problems. Many experts consider vitamin D insufficiency aworldwide epidemic.

Vitamin D made in the human body is D5, aso called cholecalciferol. This is
also the form of vitamin D found in animal-derived food. There is another form,
called D,, or ergocalciferol, made from yeast. While supplements used to contain
either form, it is now known that D5 is many times more potent than D,.>2 Most
supplements now contain Ds. It is important to try and see which form of the
vitamin is in any supplement.® In this chapter, vitamin D will mean D5 unless
otherwise noted.

THE HYPE

Thefirst question is—who should take vitamin D? The answer might turn out to
be just about everyone. The next question is—how much should they take?

Many people know that they need vitamin D in addition to calcium for good
bone health. However, thereisalot moreto vitamin D than that. For example, there
is“the vitamin D hypothesis.” It has been observed that the occurrence and mortal -
ity rates of many diseases increase the farther away from the equator the popula-
tionis. In North America, there isincreased mortality from cancer, cardiovascular
disease, and diabetes traveling north. Additionally, patients survive longer if they
are diagnosed with cardiovascular disease and certain cancers during the summer
as opposed to the winter.

The vitamin D hypothesisisthat decreased skin synthesis of vitamin D at higher
latitudes causes the increased incidence of these diseases and the increased mor-
tality. This hypothesis has received support from the discovery of vitamin D re-
ceptorsin cells all over the body; these receptors have many important functions
(see “Mechanism of Action” below). It follows that people with higher levels of
vitamin D should have lower mortality rates. At least one review of multiple stud-
ies that included mortality data showed a decreased risk of overall mortality with
vitamin D supplementation, 400 to 830 IU of vitamin D per day.

Thefollowing information about vitamin D’s possible connection to awide vari-
ety of diseasesis not exhaustive. There are investigators looking at other possibili-
ties, including but not limited to, depression, Alzheimer's disease, specific kinds of
cancer, heart failure, autism, chronic pain, and longevity.

Osteoporosis

When doctors started treating osteoporosis, the first thing given was calcium.
Even though the function of vitamin D was known, sinceit is made in human skin,
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it did not seem necessary. However, it has become clear that many people are vita-
min D deficient. They need supplementary vitamin D along with calcium to build
bones, to prevent osteoporosisin the first place, and to treat it if it occurs.

Studies of supplementation have been done to verify that osteoporosis is being
prevented or improved by treatment. Scans of bone density can tell if supplements
appear to be working. However, since the reason to treat osteoporosisisto prevent
fractures, that is the endpoint that trials need to evaluate.

Some trials of calcium with lower doses of vitamin D do not show evidence of
fracture prevention, whereas with higher doses of vitamin D, fracture risk is usu-
ally decreased. And 400 U of vitamin D may not be enough; at least 1,000 to even
5,000 1U’s may be needed, depending on what one’s vitamin D level is.

In one trial done in the United Kingdom, vitamin D alone was used. The dose
was 100,000 U, once every four months, given to half the study participants at
random. This tria lasted five years. The 100,000 U given every four months is
about 833 1U a day; vitamin D is retained in the body. The group given vitamin
D had a 33 percent lower rate of fractures of the hip, wrist, forearm, or vertebra.
Theinvestigators checked vitamin D levelsfor aportion of each of the two groups,
placebo and treated. It was 74.3 nmol/L (nanomoles per liter) in those given vita-
min D, and 53.4 in the group given placebo.® While these numbers may not seem
worth remembering, the amount of vitamin D measured in the blood is at the center
of the debate about how much vitamin D to take. In this case, according to many
experts, the 74.3 nmol/L would be in the range necessary to prevent fractures.

Ananalysisof vitamin D dose and fracture prevention, reviewing many available
trials, published in 2005 clearly showed that 400 IU was an inadequate amount of
vitamin D for this purpose. It was found that 700 to 800 U vitamin D was associ-
ated with a 26 percent reduction of hip fracture risk and a 23 percent lower risk of
any nonvertebral fracture (any fracture except the backbone). The authors noted
that in addition to strengthening bone, vitamin D has also been shown to prevent
fals, which may contribute to the decrease in fractures.® Most, but not al, other
reviewers have come to similar conclusions.

Despite the evidence that 400 1U of vitamin D are probably not sufficient to
prevent fractures, studies already in progress were using this dose. For example,
in a placebo-controlled, randomized trial reported in the New England Journal
of Medicine in 2006, more than 36,282 women were studied over approximately
seven years. Half received placebo; the other half were given 1,000 mg calcium
carbonate and 400 1U vitamin D. This did slightly reduce the incidence of frac-
tures, but it was not statisticaly significant. The authors of this study noted that
more vitamin D was probably needed.’

This was part of the U.S. Women's Health Initiative Study designed approxi-
mately 20 years earlier, at which time 400 [U of vitamin D seemed enough. De-
spite thisinformation, there were still news reports that vitamin D and calcium did
not reduce fractures in people with osteoporosis; this kind of information most
likely had an effect on both doctors’ and patients’ decisions about vitamin D.8

While fracture risk has not been lowered with 400 IU vitamin D, there isfairly
wide consensus that 700 1U to 800 U of vitamin D, along with calcium, can be an
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effective way to prevent and treat osteoporosis. A number of studies have shown
increases of bone density and decreasesin fractures. Studies that have shown little
benefit tend to be community-based and with a demonstrated compliance prob-
lem. Studies of institutionalized patients who definitely took the supplements have
more consistently shown benefits.6910

Some advocate supplementing al people at risk for osteoporosis or with mea-
sured, low vitamin D levels.®

Unanswered questions revolve around exact vitamin D doses and who should
take supplements.

Falls

There are multiple studies demonstrating that vitamin D by itself lowersthe risk
of falls. The most common cause of injury leading to death in the elderly isafall.
Fallslead to fractures and functional declinein the elderly. Fallslead to 40 percent
of admissions to nursing homes.!

An analysis done in 2004 indicated that vitamin D may reduce the risk of falls
in elderly patients both in institutions and at home by more than 20 percent. The
authors of this review suggested the need for more study, especialy in regard to
vitamin D dose and calcium supplementation. There is also a need for more study
involving men.

Some of the clinical trias evaluating vitamin D (with or without calcium) for os-
teoporosisfound asignificant decreasein fals evenif not fractures. Theretend to be
more falls and more fractures when vitamin D levels are below 25-30 nmol/L.°

Considering the high cost of falls, in terms of the health, longevity, and quality
of life of the elderly, vitamin D should be considered for al older people for this
reason alone. The dose suggested in this study was 800 I1U.*

Muscle Strength

It is believed that the effect of vitamin D on falls has at least in part to do with
improving muscle strength. Active vitamin D binds to receptors in muscles. This
leads to improved function and reduced falls. Muscular weakness tends to occur at
levels of 25(OH)D less than 50 nmol/L.°

Hypertension

Studies have shown an association between higher levels of vitamin D and lower
levels of systolic blood pressure. The association of hypertension with vitamin D
statusis very strong.? One study reported the association in white persons without
hypertension, another in non-Hispanic white as well as black persons. This de-
serves further investigation.*?

Diabetes

Children treated with vitamin D have alower incidence of type 1 diabetes. Con-
versely, vitamin D deficient children have an increased risk of developing type 1
diabetes.!3
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Vitamin D may also help prevent type 2 diabetes. Multiple studies have shown
an inverse rel ationship between vitamin D levels and incidence of type 2 diabetes.**
This may be due to a direct effect of vitamin D on insulin action, or it may be due
to its effects on inflammation.

Cardiovascular Disease

There also appears to be an increased risk of cardiovascular disease in patients
with low vitamin D levels. For example, a study of a group of 1,739 individuals
in 2008 found an association between low vitamin D levels and cardiovascular
disease.’

Increased vitamin D blood levels have been shown to decrease the risk of car-
diovascular disease. In one study of 9,400 patients, most female, the participants
whose vitamin D levels rose above 43 ng/mL over the course of a year had 47
percent less risk of cardiovascular disease than those whose vitamin D levels did
not get that high.

The same group of investigators evaluated 31,000 people, who they placed
into three groups depending on their vitamin D levels. Participantsin each group
who raised their levels above 43 ng/mL had lower rates of cardiovascular dis-
ease, as well as high blood pressure, kidney failure, heart attack, heart failure,
diabetes, depression, and death. The researchers suggested that 1,000 to 5,000
IU of vitamin D might be the right amount of vitamin D to take, for people with
low levels.1®

Cancer

Multiple epidemiologic studies have shown a higher rate of colon and breast
cancer at higher latitudes, where vitamin D levels are lower. There may be atwo-
fold increased risk of colon cancer when levels are less than 50 nm/L. Similar ob-
servations have been made about prostate cancer and cancer in general in northern
Europe.’?

In a double-blind, placebo-controlled trial of calcium (1,400-1,500 mg) and vi-
tamin D (1,100 IU) designed to look at fracture rates, cancer incidence was also
noted. Therewere approximately 1,800 postmenopausal women in the study, which
ran for four years. Vitamin D status was also checked at the beginning and after a
year, which showed a significant rise in the women taking vitamin D. There was
a statistically significant reduction (60%—75%) in all cancer rates in the groups
of patients taking D alone, or vitamin D and calcium, as opposed to the placebo
group. The researchers also found that baseline and treatment-induced vitamin D
levels were good indicators of cancer risk.’

Infection

At least one group of investigators has suggested that the reason for the increase
in influenza (flu) during the winter is vitamin D deficiency from decreased sun
exposure.’® Low vitamin D levels may contribute to reduced resistance to many
types of infection, including tuberculosis.
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Multiple Sclerosis

The association between high latitudes with less sun exposure and multiple scle-
rosisiswell known.*®

Wheezing

There is an association between lower maternal intake of vitamin D during preg-
nancy and wheezing of children at ages 3 and 5. This may result in more children
with asthma. 1920

DEFICIENCY

There is a spectrum of vitamin D deficiency, from childhood rickets, to adult
osteomal acia, to adult osteoporosis, as well asincreased risk of many diseases and
problems throughout life.

Severe deficiency of vitamin D in children causes rickets. Rickets was first de-
scribed as adisease in the middle of the 17th century in England. The main defect
in rickets is soft bones. This leads to characteristic deformities of the skeleton. It
took centuries before the cause of rickets was ascertained. Cod liver oil was noted
to reverse rickets. About 100 years ago, vitamin D, a fat-soluble vitamin in cod
liver il, was identified.

Milk has been fortified with vitamin D for many years. However, there are till
cases of rickets in the United States, as well as the United Kingdom and other Euro-
pean countries. It is most commonly seen in breast-fed infants who are not getting
supplements and whose mothers are not getting supplements. Thisis especialy true
of dark-skinned infants and mothers, as well as those with less sun exposure.®

In adults, lack of vitamin D also causes softened bones, a condition called os-
teomalacia. Weak muscles often go along with the weak bones. Adults often have
bone pain.?

Insufficiency

Inadequate levels of vitamin D, as opposed to little-or-no vitamin D (insuffi-
ciency as opposed to deficiency), increase the risk of awide range of problemsin
adults, from osteoporosis to many of the other problems described in this chapter.

Many groups of people are at risk for vitamin D insufficiency.t?

These include:

» Older adults, 50 years of age and up. About 40 to 100 percent of the elderly in
the United States and Europe who live at home, in some surveys, are vitamin D
deficient. The skin is less able to make vitamin D and the kidneys are less able
to activate it.

* Pregnant and breast-feeding women in most areas of theworld, aswell as breast-
fed infants. There is not enough vitamin D in breast milk (see “Common Dos-
ages’ below).
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 Children and young adults. Estimates place anywhere from 40 to 50 percent
or so of young adults and children as vitamin D deficient, regardless of race or
ethnicity. In one study, 32 percent of healthy students and physicians at aBoston
hospital were vitamin D deficient even when drinking a glass of milk aday, tak-
ing amultivitamin, and eating salmon once a week.*

 People with trouble absorbing fat, since vitamin D is afat-soluble vitamin. This
could include peoplewith cystic fibrosis aswell as Crohn’s disease. After gastric
bypass surgery, vitamin D absorption is reduced.

e Obesity. Vitamin D isstored in fat, and with large amounts of fat, large amounts
of the vitamin can be in the fat and not available to the body for use.

 People with dark skin. Groups with darker skin because of increased pigmenta
tion make less vitamin D in the skin. Vitamin D deficiency is seen more fre-
quently in ethnic groups with darker skin.

» Residents at higher latitudes, where there may not be enough sun exposure dur-
ing part of the year to make vitamin D.

« People who avoid the sun.?* The amount of sunlight necessary varies depending
on location. It has been estimated that it takes 5 to 30 minutes of sun exposure
between 10 a.m. and 3 p.M., leaving uncovered the face, arms, legs or back,
without sunscreen, at least twice a week to meet the necessary requirements for
vitamin D. Many people do not do this. In countries where they are shielded
from the sun due to cultural practices, for example, Saudi Arabia and India, 30
to 50 percent of children and adults are deficient.®

There have been articles like one from the American Society for Nutrition in which
it was argued that vitamin D deficiency is a widespread nutritional disorder and that
the old recommended amounts of vitamin D supplements are not correcting the prob-
lem.?? This articleincluded a pleafor action on the part of health care providers.

How Do You Determine Vitamin D Status?

People need to take enough vitamin D to avoid insufficiency symptoms, but
some of these are not obvious. Researchers are trying to calibrate blood tests to
be very consistent and correct in detecting low, normal, and high, potentially toxic
levels of vitamin D.

The best blood test at the current time to assess vitamin D status is the serum
concentration of 25(OH)D, or hydroxyvitamin D. This gives an indication of D
status as it is produced in the skin or taken in with food or supplements. There
is ongoing research to determine if the cut-off levelsin use currently are actually
best. This test was designated as the best indicator of vitamin D status by the Na-
tional Ingtitutes of Health in 1997, making further work easier.?

There was also a great amount of variation between different laboratories per-
forming the same test. As of 2009, there is a reference sample of vitamin D that
labs can use to validate the accuracy of their testing, provided by the National
Institute of Standards and Technology.?
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Hydroxyvitamin D concentrations of lessthan 37.5 nmol/L (nanomoles per liter)
are too low. Concentrations equal to or greater than 37.5 nmol/L have been
considered adequate in the past, and they are currently “officially” considered
normal .z

Levelsin that range may not be high enough to maintain bone health as well as
other D-dependent functions. Levels greater than75 nmol/L have been suggested
as best. The Food and Nutrition Board indicated in 2006 that it might be recom-
mending something in the range of thislevel in its next official publication.®

In 2007, an article in the New England Journal of Medicine suggested that 52
to 72 nmol/L (or 21 to 29 ng/mL) might be adequate.r Using this or similar cut-
offs, there may be as many as 1 billion people who are at least partialy deficient
invitamin D.

Others have suggested levels equal to or greater than 75 nmol/L,? or approxi-
mately 78 nmol/L. At thislevel, vitamin D causes the maximum efficiency of cal-
cium transport in the intestine.'3

Yet other experts suggest acut-off at 80 nmol/L. That would mean an even higher
dietary intake.?

FOOD SOURCES

Very few foods have significant amounts of vitamin D.% Fish liver oils contain
alot of vitamin D, including cod liver ail, which wasfirst used to cure rickets. Cod
liver 0il has 1,360 U of vitamin D per tablespoon. The flesh of fatty fish such as
salmon has vitamin D, as do the liver and fat from mammals living in and around
cold water, including seals and polar bears. Hens that are fed vitamin D will pro-
duce eggs with vitamin D, but the amount is variable. The vitamin isin the yolk.

Most fish can contain 200 to 600 IU vitamin D per 100 grams. Atlanta herring
have even more. Other fish are a'so good sources of vitamin D, including salmon,
mackerel, and tuna.

Most vitamin D—fortified foods are breakfast cereals and milk products as well
as orange juice. Reading labels can give an idea of what is supposed to be in the
product.?

While milk is supposed to contain 400 |U a quart in the United States, sampling
has shown that not all milk contains near that amount.?

A list of foods with vitamin D content can be found on the USDA Web site,? at
http://www.ars.usda.gov/SP2UserFiles/Place/12354500/Data/ SR22/nutrlist/
Sr22a324.pdf.

MECHANISM OF ACTION: HOW DOES IT WORK?

Vitamin D is absolutely necessary for bone health. Deficiency causes ricketsin
children and osteomalacia in adults, both conditions with very weak bones.

Vitamin D facilitates calcium absorption in the small intestine. Calcium and
phosphate levels in the blood need to be in the right range for bones to be normal
and to prevent symptoms of low calcium. Thisis vitamin D’s well-known endo-
crine function.
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Human boneis constantly being remodeled. That means that some boneis being
absorbed, and some is being formed, so that old bone is replaced by new bone.
Vitamin D is necessary for these processes to proceed normally. While vitamin D
deficiency causes rickets in children and osteomalacia in adults, in older adults,
both D and calcium are needed to prevent osteoporosis.

When calcium in the diet is low, vitamin D activates osteoclasts so that calcium
comes out of the bone to maintain blood levels of calcium. If vitamin D isalso low,
as calcium levels lower, parathyroid hormone (PTH) is stimulated, which causes
anumber of processesto try and elevate calcium levels, including activating more
osteoclasts to get calcium out of bone.®

After being consumed, vitamin D reaches the liver where it is hydroxylated;
25(OH)D then enters the bloodstream. That is when it can be measured. It is hy-
droxylated again in the kidney, becoming the active form of vitamin D. In the
kidneys, this step is regulated by parathyroid hormone.

The second hydroxylation can also take place in certain cells, such as activated
macrophages, some cancerous lymphoma cells, cultured skin, and bone cells.?®
Other cells that can accomplish the second hydroxylation include cellsin the pla-
centa, colon, brain, and prostate, and cells in the parathyroid glands. The other
sites besides the kidney may play an important role in vitamin D’s action outside
of bone; the conversion outside of the kidney is not regulated by PTH or related to
calcium concentrations.

Many cells have a vitamin D receptor (VDR) for activated vitamin D, includ-
ing much of the intestine, activated T and B lymphocytes (parts of the immune
system), pancreatic islet cells (which make insulin), and most organs, including
breast, prostate, gonads, skin, brain, heart, and mononuclear cells. Because of the
VDR in skin cells, topical vitamin D is an effective treatment for psoriasis.'®

In addition to vitamin D’s endocrine function, working as a hormone to regul ate
calcium metabolism, it also has an autocrine function, through which it facilitates
gene expression in many cells.? The expression of genes can cause cell prolif-
eration, differentiation, and even apoptosis (planned death). It is by the autocrine
pathway, attached to VDRs in cells, that vitamin D causes many effects, includ-
ing modulation of immune function and neuromuscular function and reduction of
inflammation.

It is believed that the VDR activity may be the key to why vitamin D deficiency
is associated with so many diseases. Activated vitamin D is one of the strongest
regulators of the growth of both normal and cancerous cells. It is possible that the
local production of activated vitamin D may prevent cells from becoming cancer-
ous. Vitamin D may also work via activated T and B lymphocytes, which are very
important in the immune system.*3

When activated, VDR can cause cell differentiation while decreasing metastatic
potential, cell growth, invasiveness, and blood vessel growth. This combination of
effects may beinvolved in the beginnings of cancersand in cardiovascular disease.
Activated vitamin D is known to affect the transport of bile acids, rennin produc-
tion (which affects blood pressure), the lining and walls of blood vessels, and the
endocrine system.*
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PRIMARY USES

 To prevent rickets: In 2008, the American Academy of Pediatrics (APA) changed
its guidelines, based on the understanding of the prevalence of vitamin D de-
ficiency in infants, children, and adolescents. This is due to limited dietary
sources of vitamin D, children getting less sun exposure, and the knowledge
that previous guidelines were too low. The APA still recommends that children
should minimize direct sunlight exposure to prevent skin cancer, even though
this means children must take vitamin D supplements.?’ The APA recommends
giving al infants, children, and most adolescents vitamin D supplements (see
“Common Dosages’).

» For generally good health in children: The American Academy of Pediatrics
recommends supplemental vitamin D for al children. While this will prevent
rickets, the APA also believes it may help maintain good health. The APA rec-
ommends that adolescents who don’t drink enough milk with vitamin D should
have their status assessed, and D given if needed.

» Treatment of osteoporosis: Vitamin D along with calcium is needed to treat os-
teoporosis. The dose of vitamin D is still being investigated. Any individual at
risk of osteoporosis should be taking vitamin D and calcium. Blood levels of
vitamin D can be used to check adequacy of vitamin D supplementation.

 To prevent osteoporosis: Vitamin D and calcium should a so be taken to prevent
osteoporosis in patients at risk. The amount of vitamin D can be assessed by
using blood levels.

 For elderly patients: to treat or prevent osteoporosis and to limit falls.

* For general good health: While no adult organization similar to the APA for chil-
dren has endorsed supplemental vitamin D for everyone, there are many groups
and experts that think that more than half of many populations are D deficient.
Many doctors will recommend supplements for people at risk (see above), or
order vitamin D levels to get an idea of what is needed. Thereis a need to edu-
cate both health care professionals and the general public. Many people are not
getting needed vitamin D.

* |t used to be assumed that people got their vitamin D from the sun, so supple-
ments were not needed. At thistime, even at the old guidelines (see below), most
people are not getting enough D without supplements.

COMMON DOSAGES

It may seem simple, but in order to know how much vitamin D people should
take, it hasto be determined how much they need. At the current time, these recom-
mendations are in flux as new data and information become available.

As stated previously, when noted here, vitamin D means D; And 40 1U of vita-
min D isequal to 1 ug.®

Thelast official set of guidelines from the Food and Nutrition Board at the Insti-
tute of Medicine in 1997 suggests dosages of vitamin D that most experts consider
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too low. It is expected that it will revise the valuesin 2010 or 2011. The Als (Ad-
equate Intakes) set in 1997 for Vitamin D were:

e 200 IU from birth to 50 years of age
* 400 IU from age 51 to 70 years of age
» 600 IU for those over 71 years of age

In an update from a workshop published in 2006, the FNB indicated that the
level of 25(0OH)D likely to prevent fractures should be set at around 75 nmol/L.
This would probably mean doses of 800-2,000 IU should be taken. It was aso
noted that daily doses of as much as 1,000 to 4,000 1U a day had been taken for
five months with no toxicity.?

Supplementation may be more important during the winter months in some
areas.”!

The American Pediatric Association recommends that pregnant women take
enough vitamin D to achieve blood levels of greater than 80 nmol/L. Thiswould be
more than the amount (400 IU) in standard prenatal vitamins. For breast-feeding
women, very large amounts of vitamin D must be taken to increase the amount of
the vitamin taken in by the baby in a significant way. The APA supports giving
supplementsto breast-fed infants, 400 1U of vitamin D soon after birth and through
childhood. Many infant preparations contain 400 |U in adrop. All infant formulas
sold in the United States have enough vitamin D to deliver about 400 |U aday to
infants.?’

Once a baby is weaned from formula, supplemental D must be given. Adoles-
cents who do not eat/drink enough vitamin D—enriched milk and food should aso
take 400 IU vitamin D. Some children and teenagers need more than this; their
vitamin D levels should be checked.?”

With adose of 400 U suggested for infants, it seems very likely that the recom-
mended dose for adults will be raised to the 800 IU area.

It is estimated that for each additional 100 IU a day ingested, the vitamin D
level will go up approximately 2.5 nmol/L .2 This information can be used to guide
supplementation when the D level is known.

POTENTIAL SIDE EFFECTS

Since vitamin D isfat soluble, too much vitamin D can accumulate in the body
and cause toxicity. Serum concentrations of hydroxyvitamin D that stay above
500 nmol/L can be toxic.?

Some experts say levels greater than 374 nmol/L can be toxic.!

Most often, the level of vitamin D that causes an increase in serum calcium is
considered too high. The serum level of 25(OH)D needed to cause hypercalcemia
is greater than 600 nmol/L.%8

In 2007, a review suggested using 220 nmol/L as the Upper Level (UL) where
there is No Observed Adverse Effect (NOAEL). This corresponds to a dose of



308 Vitamins and Minerals

10,000 1U of vitamin D3.28 Others have agreed that a safe upper limit of 10,000
IU is appropriate.?

In 2008, different reviewers suggested 250 nmol/L as the upper limit. However,
they also noted that evidence does suggest that levels up to 750 nmol/L may in fact
be safe.?®

Most reports of actual toxicity involve accidental ingestions of large quanti-
ties of vitamin D. Symptoms can include high serum calcium, hypertension, pain,
conjunctivitis, thirst, nausea, vomiting, weight loss, anorexia, fever, chills, excess
urination, and difficulty concentrating. The serum 25(OH)D levels in these cases
range from 700 to greater than 1,600 nmol/L. A review of multiple studies found
that there is not an increased risk of kidney stones with vitamin D and calcium,
even at the higher levels of D along with calcium.?®

If the Upper Limit (UL) of supplement intake is 10,000, even considering the
small amounts of vitamin D in the diet and some D that might bein amultivitamin,
800 IU more would result in a serum level much less than the amount that causes
hypercalcemia.?®

FACT VERSUS FICTION

Vitamin D should betaken by pregnant women, and all breast-fed babies. Formula-
fed babies need vitamin D once weaned off formula. From that point on, all children
of all ages through adolescence should be taking 400 IU vitamin D.?”

The dose in adults recommended by the IOM is 400 1U for adults and 600 1U
for the elderly. Thisis amost certainly too low, and new recommendations are ex-
pected; 800 U is probably the best dose for most adults and older people.

For those at risk of vitamin D deficiency, which is essentialy al elderly people,
measuring vitamin D levels may be needed to establish that the D intake is suf-
ficient. Thisisimportant to prevent or treat osteoporosisin the elderly as well as
help prevent falls.

If you are at risk of osteoporosis, or have osteoporosis, you should be taking at
least 800 U of vitamin D, plus appropriate levels of calcium. If you are not sure
what you should be taking, it is best to have your serum 25(0OH)D level checked.

Elderly patients should be taking vitamin D to prevent fals.

Having your vitamin D level checked, and taking enough of the vitamin to get
the blood level into the desired range, is always areasonable idea, especially if you
areat risk for vitamin D insufficiency. The correct rangeis still under investigation.
It should almost certainly be above 50 nmol/L and probably above 75 nmol/L, but
below 220 nmol/L. You can discuss this with your health care provider, and watch
for announcements about new recommendations.

There isalot of evidence that sufficiency of vitamin D may reduce the risk of
many common diseases, from cardiovascular disease to cancer. Many studies have
shown an association with low levels of vitamin D and higher risk of disease, and
also the opposite, high levels of vitamin D and lower risk of disease. These studies
do not prove cause and effect.

Large controlled trials using vitamin D still need to be done to see if raising
vitamin D levels does in fact lower the risk of any of the diseases under question.
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With osteoporosis and falls, most, but not all, trials have shown a decreased risk
if enough vitamin D isingested. There is enough information for most doctors to
conclude that supplements will work to treat osteoporosis and lower the risk of
falsinthe elderly.

However, for most of the other diseases, the studies have not been done, or
there are conflicting results. Some experts worry that giving everyone large
doses of vitamin D might turn out to cause other problems. They are thinking
of other vitamins, like vitamin E, that were associated with lower disease risk
in observational studies but were found not as helpful in clinical trials. In fact,
supplemental vitamin E seems to increase the risk of some of the diseases re-
searchers were trying to treat. Experts point to this example as a reason to be
cautious.

But there are two key differences. One, vitamin D is known to be necessary for
health; absolute deficiency or very low levels cause significant disease, ricketsin
children. Second, enough work has been done to establish guidelines about vita-
min D levelsin blood serum. If there is a question about insufficiency versus suf-
ficiency, or unsafe high levels, a blood test can answer the question. Not everyone
can or will get this test. But on an individua basis, you can talk to your doctor
about thistest if you are not sure what to do.

Research will provide better guidelines in the future.
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Vitamin E

BRIEF OVERVIEW

Vitamin E was discovered over 80 years ago as a substance necessary for female
rats to reproduce. Many years of research have answered some questions about
this fat soluble vitamin and its actions in humans. Its antioxidant properties have
been studied and analyzed, leading to the use of the vitamin to prevent a number
of diseases.!

With vitamin E, however, there is still much to learn. It was assumed that its
antioxidant properties were its most important activities in the human body. Con-
sequently, it could be expected to protect against the kind of oxidative damage that
can cause cancer and cardiovascular disease. A number of observational studies
seemed to suggest that large doses of vitamin E did indeed help prevent cancer and
cardiovascular disease. However, once controlled studies were undertaken, the re-
sults did not always confirm these benefits of vitamin E. In some cases, vitamin E
seemed to have caused harm.*23

It isvery likely that vitamin E in its various forms does more than just prevent
oxidative damage. Other roles may be equally important and may vary from per-
son to person based on his or her own genetics and how much vitamin E he or
she takes. There may be differences between individuals resulting in differential
absorption and use of the vitamin.®

Additionally, while most of vitamin E’s activity has been attributed to one of its
eight natural forms, a-tocopherol, the other forms may also have functions in the
body.

There is evidence accumulating for another possibility. As the data are reana-
lyzed, studies have been done looking at the blood levels of vitamin E in relation-
ship to various diseases. It seems that people with low vitamin E levels may be at
greater risk for cardiovascular disease and cancer than people with higher levels.
The amount of vitamin E needed for this kind of protection may be relatively
small. Most people in the United States do not consume enough vitamin E to get
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Gladys Emerson in the labs at the UCLA School of Public Health. She conducted re-
search leading to the isolation and discovery of the nutritional value of vitamin E. (National
Library of Medicine)

this benefit.* Consequently, it is certainly reasonable to take a supplement that has
the recommended daily dose of vitamin E.

Nevertheless, many people take much larger doses of vitamin E for general
health, to prevent cancer and cardiovascular disease, and to promote eye health and
prevent what is called macular degeneration. However, individuals should discuss
high-dose vitamin E supplementation with their doctors, to determineif it is more
likely to be beneficial or harmful in each case.?

Studies continue to try and define al of the vitamin’s reactivity and functions.

THE HYPE

Vitamin E is an antioxidant. It scavenges free radicals in the body and prevents
DNA damage and blood vessel damage. Supplementation with large doses of vi-
tamin E should help prevent cancer and atherosclerotic cardiovascular disease as
well as other diseases in which oxidation plays a role.? Since the body is sub-
jected to so much stress, high doses of supplements should work best.

Supplementation can Protect against Cardiovascular Disease

Thistheory found support in many studies during the 1990s. For example, as part
of the lowa Women’s Health Study, postmenopausal women were followed and
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their intake of vitamin E was assessed by questionnaire. This observational study
showed that the risk of cardiovascular disease decreased with higher vitamin E
intake.

Similar results had been found with male health professionals ages 40 to 75;
those who reported higher vitamin E intake had less coronary disease risk.®

But further study did not support these conclusions. Researchers began to ques-
tion the observational studies and also suggest that there may be other reasons for
the results, stating that there was no evidence of a clinically significant effect.”
Perhaps healthier people were taking vitamin supplements.

The Physician’s Health Study |1, arandomized tria giving men aged 50 and over
400 1U of vitamin E daily, for 10 years, found no benefit from the vitamin. Therewas
no reduction of significant cardiovascular eventsin the group given vitamin E.2

The American Heart Association’s position on vitamin E and other antioxidants
was stated in an article in Circulation in 2004, and it remains the same in 2009.
The association does not advise giving high-dose vitamin E supplements to reduce
cardiovascular disease risk.®

Vitamin E Will Decrease the Risk of Certain Cancers

There have been studies associating vitamin E supplementation with lowered
incidence of prostate and other cancer. Some of these studies were observational
in nature—they looked at patients with cancer and then assessed their vitamin
status.

Others were controlled trials assessing results after supplementation. In the
ATBC Study (Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study), male
smokers in Finland were given daily supplements of vitamin E 50 mg and beta-
carotene 20 mg. They were followed for five to eight years. Both the number of
cases of prostate cancer and the number of deaths were significantly lower in the
vitamin E group.*©

One prospective study followed men for eight years, looking at the incidence
of prostate cancer. Vitamin E from dietary sources as well as supplements was
recorded, as was beta-carotene ingestion, and many other variables. The only cor-
relation about vitamin E that emerged was that recent or current smokers taking
vitamin E supplements may have developed less highly aggressive prostate cancer
and more nonadvanced prostate cancer.*

The SELECT Trial (The Selenium and Vitamin E Cancer Prevention Trial) wasa
well-designed and much-anticipated study, hoping to finally answer the questions
about the two supplements and cancer. SELECT found no evidence that vitamin E
supplements lower the occurrence of prostate cancer.*?

Some studies looked at both cancer and cardiovascular mortality. For ex-
ample, the Women’s Health Study, conducted between 1992 and 2004, was a
randomized trial giving some women 600 |U vitamin E every other day. The
data from this study revealed no overall health benefit for vitamin E. There
was no effect on overall major cardiovascular events or cancer or on total
mortality.*®
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The HOPE Trial selected people at least 55 years of age with either diabetes or
vascular disease, supplemented them with 400 U vitamin E daily and followed
them for about seven years. They found no decreased risk of cancer or major car-
diovascular events, but a possibility of increased risk of heart failure.!*

Mortality

It was believed that vitamin E would lower mortality because of its effect on
cardiovascular disease and cancer. However, some studies found the opposite to be
true. Onereview in 2005 found increased mortal ity among peopl e taking high-dose
(400 1U) supplements.®

Other studies have come to similar conclusions. (See “Possible Side Effects’
below for more information.)

Vitamin E May Protect the Retina of the Eye against Macular
Degeneration

Macular degeneration is an age-related deterioration of the retina, at the back
of the eye, that causes loss of vision. There have been studies showing that an-
tioxidants might help prevent this, including vitamin E. For example, high-dose
vitamin E (400 1U) along with various other antioxidants and zinc were compared
with placebo to see how patients who already had macular degeneration would do
over time. After six years, the antioxidants plus zinc slowed the development of
degeneration in people who already had significant abnormalities. This benefit did
not extend to people at low risk for advanced macular degeneration. The research-
ers suggested that people over the age of 55 who have their eyes examined by an
eye doctor and who have certain abnormalities might benefit from the antioxidant
combination.'®

However, areview of al the research to date, conducted in 2008, revealed no
benefit for consuming any of the high-dose antioxidant supplements, including
vitamin E.X” There are trials ongoing to look for more evidence of its effect on
macular degeneration.

Alzheimer’s Disease

Many researchers have looked at vitamin E to see if it could help slow the de-
cline in cognitive function seen with Alzheimer’s disease and similar conditions.
There has been no proof that vitamin E hel ps the symptoms of Alzheimer’s disease
or improves cognitive function.*81°

DEFICIENCY

Actual vitamin E deficiency is very raret? It is not manifested in otherwise
healthy people, even those apparently not consuming enough E.

Vitamin E is absorbed in the intestine. Anything that decreases the body’s abil-
ity to absorb fats affects vitamin E absorption. Vitamin E leaves the intestinal
cells as chylomicrons, remnants of which reach the liver, which is the location
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of the rate-limiting step in vitamin E absorption and distribution. In the liver,
o-TTP (hepatic a-tocopherol transfer protein) transfers a-tocopherol to VLDL
(very low density lipoproteins). The liver breaks down and eliminates the other
tocopherols, while returning o.-tocopherol into the blood in VLDL. The most
important part of this is that the liver controls the amount of vitamin E, via the
transport protein.

Deficiency of vitamin E is seen in people with abnormalities of the transport
protein, a-TTPR? and possibly other genetic diseases. It can also be seen in peo-
ple who have serious intestinal disorders and cannot absorb fats or fat-soluble
vitamins. In these cases, the affected individuals do not have a simple vitamin E
deficiency.

Clusters of the o-TTP deficient patients have been found and analyzed in a
number of countries. When vitamin E levels are measured, they are low. Many of
the individuals have skeletal abnormalities, as well as multiple abnormalities of
the nervous system that progress over time. The sensory nerves are affected, and
individuals have peripheral neuropathy (problems with the nervesin the arms and
legs), ataxia (difficulty with balance and walking), and if there is no way to get
them vitamin E, they die of the deficiency.# One of the most described disorders
is called AVED (ataxia and vitamin e deficiency).

If people with some of these problems get sufficient vitamin E early in life, such
as by treating intestinal malabsorption syndromes, alot of the neurologic damage
can be prevented.

Diseases Known to Be Associated with Deficiency

Very small, premature babies may be deficient in vitamin E and need
supplementation.!

As noted, abnormalities of a-TTP cause vitamin E deficiency, such as AVED.
AVED can be treated with large doses of vitamin E.

Other diseases of fat absorption include Crohn’s disease, cystic fibrosis, chronic
cholestatic and hepatobiliary disease (liver and gall bladder problemsin which fats
are not absorbed). There are water-soluble types of vitamin E that can be given to
patients with these disorders.

Patients with abetalipoproteinemia can be given extremely large doses of vita-
min E to prevent deficiency.*

FOOD SOURCES

Natura vitamin E comes from plants. It can be found in seeds, nuts, and many
vegetable oils, including canola, corn, and soybean. There is also vitamin E in
leafy green vegetables and fruits. Many people get most of their dietary vitamin E
from vegetable oils used in cooking. Plant-derived vegetable oils have vitamin E,
but thisis rarely seen on the labels.

The Daily Value, or DV, which is supposed to guide consumers, is 30 IUs aday.
The only foods required to list their vitamin E content are those that are supple-
mented with extra vitamins, such as cereals.
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Most people in the United States get their vitamin E from oils and other food
products. A tablespoonful of wheat germ oil has 100 percent of the DV for vitamin E;
2 tablespoonful s of peanut butter have 15 percent.

MECHANISM OF ACTION: ANTIOXIDANT VERSUS OTHER MECHANISM

Vitamin E isthe name of agroup of naturally occurring, related, fat-soluble com-
poundswith similar properties. There are eight known naturally occurring forms of
vitamin E, including a-tocopherol, B-tocopherol, y-tocopherol, 8-tocopherol, and
four corresponding tocotrienols, which have dightly different chemical structures.
Only a-tocopherol is maintained in human plasma (blood) and believed to be the
most biologically active.

Synthetic vitamin E is composed of a-tocopherols, some of which are other
“sterecisomers’ of the vitamin, half of which are biologically active. Vitamin E
sold as a supplement usually has a chemical group attached to keep the oil from
going bad. In the human body, the extragroup is removed.

It was not always clear that a-tocopherol was the biologically active vitamin E.
Therehaveal so been different ways of naming and|abeling, aswell asmeasuring the
tocopherols. It has now been standardized so that vitamin E means o.-tocopherol.

Vitamin E is an antioxidant. It is this property that made vitamin E extremely
interesting as a nutrient and as a supplement. Any substance that acts as an anti-
oxidant and may be able to protect the body from free radicals may be extremely
important in disease prevention.

It also acts in other ways that are being investigated. It is possible that other
actions of the vitamin are actually more important than its role as an antioxidant.
Vitamin E boosts an enzymein areaction that ultimately increases the amount of a
chemical called prostacyclin in thelining of blood vessels. Thisinhibitsthe clump-
ing of platelets and also dilates blood vessels.! This particular action may explain
the increased incidence of hemorrhagic stroke and other bleeding found in people
taking high doses of vitamin E.

Vitamin E inhibits protein kinase C, which has many functions in the body.!
This may be how the vitamin inhibits increasesin smooth muscle cells. It also has
an effect on some gene regulation.?° It is involved in many other reactions in the
body that are being studied.

PRIMARY USES

» Asnoted, vitamin E can be used to treat any of the genetic disordersthat prevent
absorption in adequate amounts. Large doses may be needed, for example, 5 to
10 g aday for people with abetalipoproteinemia.t

» Excluding the rare genetic and intestinal problems that cause difficulty in vita-
min E absorption and usage in the body, vitamin E is prescribed not as a treat-
ment or replacement, but based on its presumed ability to prevent disease. These
uses are experimental. The correct amounts have not been determined. In some
cases, the use of vitamin E may actually make conditions worse.



Vitamin E 319

* Nevertheless, some 11 percent of Americans choose to take vitamin E supple-
ments in the range of 400 U daily.?* This is as the result of the publicity sur-
rounding early reportsabout vitamin E’santi oxidant capabilities. It was marketed
in multivitamins specifically targeted at patients with eye problems, as well as
the general public.

COMMON DOSAGES

Since there is no known deficiency state, it is hard to estimate the requirements
of vitamin E for normal people. The Food and Nutrition Board (FNB) at the Insti-
tute of Medicine of the National Academies setsthe recommendations. For vitamin
E, it used an amount of the vitamin needed to prevent damage to red blood cells
exposed to free radicals.? There may be a better way found in the future to set
these values.

The FNB set the RDA (Recommended Dietary Allowance) for vitamin E or
o-tocopherol at 15 mg a day for everyone ages 14 years and up. Breast-feeding
mothers need 19 mg. Babies and children need less, from 4 mg thefirst six months
of life, gradually up to the 15 mg at 14.

Vitamin E is often listed as international units (IUs). These represent biological
activity instead of weight, so 1 mg of natural a-tocopherol isequal to 1.49 Interna-
tional Units (1U) of natural vitamin E, or 2.22 International Units of the synthetic
a-tocopherol .

After converting, the RDA for adult is 22.4 1Us of a-tocopherol a day.

The Food and Drug Administration also sets a target for vitamins, called the
Daily Value (DV). The DV of vitamin Eis 30 IU. If alabeled package saysit con-
tains 20 percent of the DV, it has 6 1U of vitamin E.

It has been estimated that most people in the United States do not ingest sufficient
vitamin E to meet the RDA. However, it isa so clear that there are enough sourcesfor
people to get enough in their diet. As explained, they may in fact be getting it from
oil used in cooking, which may contain vitamin E but is not labeled as such.?

As noted previously, many people are also taking supplements. Supplements
contain significantly more, usually as a-tocopherol, although there are products
available with other tocopherols. Supplements of vitamin E usually contain at least
100 IUs of vitamin E, and often more, at least 400 |Us. The amount of vitamin E
in general multivitamins, however, is usually closer to the RDA.

POTENTIAL SIDE EFFECTS

There is a tolerable upper limit set by the FNB for vitamin E at 1,000 mg or
1,500 IU. Thisis based on the side effect of hemorrhage.

Vitamin E interacts with a lot of medications in a variety of ways. The risk
of bleeding increases if vitamin E is taken with warfarin or other anticoagulants
(blood thinners). When E and other antioxidants are taken with the combination of
simvastatin and niacin (to improve cholesterol values), they may not cause as great
arisein HDL (good cholesterol) as without the antioxidants.*

Vitamin E is usually not recommended during chemotherapy.*
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Excess Mortality

Therisk of excess mortality from taking high doses of vitamin E has been deter-
mined in anumber of studies. An analysis of datafrom 19 trials using vitamin E to
prevent various conditions (primarily cardiovascular disease and cancer) showed
that all-cause mortality rose when doses of vitamin E equal to or greater than 400
U were taken for at least a year.®

Another analysis came to the conclusion that treatment with a number of an-
tioxidants, including vitamins E and A as well as beta-carotene, may increase
mortality.>

A review of 67 trialsthat included young healthy people aswell as older, chroni-
caly ill people came to the conclusion that vitamin E was not beneficial in terms
of decreasing mortality.>*

Sincethereisno definite benefit to the use of high doses, and thereispossiblerisk,
people should consider all of thiswhen deciding how much vitamin E to take.

FACT VERSUS FICTION

At this point in time, it does not appear that large doses of vitamin E are protec-
tive against cancer, cardiovascular disease, or al causes of death taken together. It
is even possible that taking large doses of vitamin E can increase mortality.

However, there is evidence that people with low intake of vitamin E and low
levels in their body may benefit from taking a smaller amount of E, something
like the RDA of 15 mg. Studies have shown that smokers whose blood levels of
o-tocopherol arein the high normal range have lower rates of mortality than smok-
erswith lower levels of a-tocopherol.?> Men with higher vitamin E levels develop
less prostate cancer.?

Until thereismoreinformation, it seems reasonable to take vitamin E to supple-
ment what is missing from the diet, but not at anywhere near the 400 |U levels used
in many studies.
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Vitamin K

BRIEF OVERVIEW

Vitamin K isafat-soluble vitamin discovered in 1929. It was found to be necessary
for the function of several proteins causing blood clotting, and was named K for
the German term, Koagulationsvitamin.

More has been learned about the exact role of vitamin K in the clotting process.
It is also now known to be a cofactor in bone metabolism and a candidate for the
treatment of osteoporosis. It may also be important in the prevention and treatment
of other diseases, including cancer and cardiovascular disease.

Thereisactually not one vitamin K, but rather a group of related chemicals (see
“Mechanism of Action™). They may not all be identical in function. In the United
States and Europe, vitamin K1 has been most studied and used as a supplement. In
Japan, vitamin K2 is part of the normal diet as well as the focus of investigation.

THE HYPE
Vitamin K can Prevent and/or Treat Osteoporosis

Vitamin K is definitely needed for the activation of a number of proteins neces-
sary for good bone health (see “Mechanism of Action”). Studies have shown a
benefit to vitamin K, at higher doses than needed for clotting. It may help keep
bones strong more effectively when used along with vitamin D.!

Researchers in Japan have studied vitamin K2 extensively, one particular form
also called menatetrenone (MK-4). It is used to treat osteoporosis in Japan, with
or without other substances including vitamin D and calcium. The most-studied
substance in bone that vitamin K activates is called osteocalcin. Vitamin K helps
carboxylate osteocalcin (see “Mechanism of Action”); carboxylated osteocalcinis
ameasure of adequate vitamin K intake.

There have been studies showing an association between the risk of hip fracture
and vitamin K intake, many in Japan, and somein other countries. There have been
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studies indicating that oral vitamin K
can increase bone density. In one trial,
for example, vitamin K1 at doses of
200 ug a day increased the bone min-
eral density (BMD) of the distal wrist
bone in Scottish women 60 or more
years of age.?

There have also been studies dem-
onstrating what vitamin K can do in
a laboratory setting. There have been
tests done on samples of bone and on
tissue cultures, as well as trials using
animals. Vitamin K can prevent bone
lossin animals.

It has also been established that tak-
ing oral vitamin K can increase the lev-
els of the vitamin as well as the levels
of carboxylated osteocalcin in normal

Dr. Edward A. Doisy, professor of biochem- peOI_Ole- For example, one group of in-
istry at St. Louis University School of Medi- Vestigatorsin Japan gavevitamin K2in
cine, demonstrates his work in his laboratory the form of supplemented, fermented
in St. Louis, Missouri, on November 30, sSoybean (called natto) to a group of
1944. Dr. Doisy won the 1943 Nobel Prize healthy individuals and demonstrated
in Medicine for his work on discovering the an increase in the amount of the vita-
chemical properties of vitamin K. Vitamin K min and carboxylated osteocalcin in
isvital for blood coagulation in the body. (AP the serum over a two-week period.? In
Photo) another study, oral doses of only 1.5 mg

a day caused measurable increases in
vitamin K levels as well as the amount of carboxylated osteocalcin in postmeno-
pausal Japanese women.*

Results of randomized, placebo-controlled, double-blind studies using vitamin K
to prevent bone loss or fracture have yielded mixed results. The ECKO study
(Evaluation of the Clinical Use of Vitamin K Supplementation), done in Canada,
followed 440 postmenopausal women who had osteopenia (bone loss but not osteo-
porosis) on bone density scan for two to four years. They were randomly assigned
to get 5 mg of vitamin K1 or placebo. They were evaluated at two years and four
years. Theinvestigators werelooking primarily at the BMD of the lumbar spine and
hip. They were looking secondarily at BMD at other sites, fractures, other adverse
events, and quality of life. All of the women had adequate levels of vitamin D.

Therewere no significant differencesin BMD at any site between the two groups
at two and four years, despite elevated vitamin K levels and decreased markers of
bone turnover in the blood. In the vitamin K group, women had fewer fractures
(9 versus 20) and fewer cancers (3 versus 12). These numbers were low; the study
was not set up to evaluate the statistical significance of small differences. There
were no adverse events or differencesin quality of life.
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The ECKO study suggests more studies need to be done to examine these spe-
cific outcomes, cancer, and fracture.®

A comprehensive review of all the available studies using vitamin K to treat
osteoporosis, done in the United Kingdom, included the ECKO trial, aswell Japa-
nese studies of high quality. A number of trials have been done in Japan using
menatetrenone, compared with placebo, calcium, and/or prescription medication
in postmenopausal women. Using standard eligibility criteria to select trials for
analysis, such as having a control group, alowed only four Japanese trials to
be included in the analysis. Three relatively recent trials showed a decrease in
vertebral fracture with 45 mg of menatetrenone a day. Pooling the data from the
menatetrenone studies showed no reduction in the general risk of vertebral frac-
ture using menatetrenone.® There was, however, a decreased risk of a subsequent
vertebral (backbone) fracture in women who had already suffered five or more
fractures.5’

The numbers of other fractures (nonvertebral) were either not reported or the
numbers were so small that they are not statistically significant. The authors of this
review could not draw any other conclusions.®

A previous review looked at many of the same studies and concluded that there
was a decreased risk of hip fracture, al found in Japanese trials using menatet-
renone. This review also noted that studies using both vitamin K1 and menatet-
renone have showed reduced bone loss. While they included studies excluded by
the other reviewers, they also commented that the quality of thetrialswas* not high”
and recommended large, randomized, controlled trials on other populations.®

It should be noted most (if not all) of the above studies were done on postmeno-
pausal women with osteopenia or osteoporosis. Only the ECKO tria was done
outside of Japan.

Onetrial looking at the effects of vitamin K on BMD in older men and women
ages 60 to 80 found no effect. This was athree-year, double-blind, controlled trial
with 452 people in the United States. They received 600 mg elemental calcium
plus 400 IU vitamin D, as well as either placebo or 500 ug of phylloguinone.®

An analysisin the Alternative Medicine Review looked at all the menatetrenone
data in a more positive light, including small studies that show it may prevent or
slow bone loss as the result of Parkinson’s disease, steroid use, biliary cirrhosis,
and stroke. The researchers also noted that vitamin K’s effect on bone may be even
more pronounced if it is given with adequate calcium and vitamin D.*

However, an article in Nutrition Review in 2008 concluded, “However, there are
emerging data that suggest the efficacy of vitamin K supplementation on bone loss
isinconclusive”1°

Vitamin K and Cancer

The ECKO study above, which was designed to look at bone density, found ade-
creasein cancer: 3 in the group treated with 5 mg of K1 versus 12 in the group not
treated. These numbers are too small for statistical analysis, but they do indicate
the need to further evaluate the possible role of vitamin D in cancer prevention.®
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There have been large-scal e studies showing that a decreased risk of all cancer
is associated with increased intake of vitamin K. The EPIC-Heidelberg study (Eu-
ropean Prospective Investigation into Cancer and Nutrition) found that the risk
of cancer decreases with increased intake of menaguinones (K2). This was espe-
cially pronounced in men and related to their incidence of prostate and lung cancer.
There was no association between cancer and K1 intake. 't

Multiplein vitro studies have shown anticancer effects of K1 and K2 on avariety
of cancer cell lines.!

There have been Phase | and 11 clinical trialsin humans using K1 to treat hepato-
cellular carcinoma with some success. It has shown no obvious toxicity.*?

There are al so case studies of successful cancer therapy with vitamin K2, mainly
in patients with leukemia and other cancers derived from blood cells or abnormal
bone marrow. Remission was induced with vitamin K in a number of separate
individuals.!

Subsequently, there have been a number of controlled trials in Japan using K2
(menatetrenone) to treat cancer. One multicenter pilot study looked the vitamin's
effect on myelodysplastic syndrome (MDS) and post-MDS leukemia. There was
some improvement in patientstaking just vitamin K2, aswell aswhen using the vi-
tamin with other chemotherapy. Another Japanese trial involved 121 patients with
liver cancer, all getting conventional therapy. Adding 45 mg aday of menatetrenone
increased survival and decreased specific complications of this cancer.>*?

In the United States and Europe, vitamin K3 has been studied more extensively
as an anticancer agent. Studies on cell cultures and using lab animals show antitu-
mor activity. Invitro, the effects of vitamin K3 are synergistic with traditional che-
motherapy agents. Vitamin C also seems to enhance the antitumor effect of K3.

While all forms of vitamin K have been extensively tested in cell cultures and
lab animals with success, to date, there have only been very limited human trials.
There seemsto be some success in treating liver cancer and blood cancers, but this
has only been done on small numbers of people.*? The exact mechanism by which
vitamin K causes the death of cancer cellsisnot clear.

Vitamin K and Cardiovascular Disease

K2 inhibits calcification of arterial plaque (fatty accumulations on artery walls)
in animals. At least one study has shown an association between higher K2 intake
and lower coronary artery calcification.!

Vitamin K does not just activate proteins in the clotting cascade. As stated, it
carboxylates and activates proteins in bone. It also activates proteins involved in
arterial calcifications. One of these is called Matrix Gla-protein (MGP), which is
found in atherosclerotic plaque. It isbelieved that activation of this protein prevents
calcium precipitation in plaque.'® This may lead to less cardiovascular disease.

In one study in Rotterdam, higher menaguinone intake was associated with lower
risk of death from coronary heart disease, lower risk of death from all causes, and
fewer severe aortic calcifications. Menaguinones are found in cheese and other
dairy products, meat, eggs, and fish in the Dutch diet. Phylloquinones showed no
relationship to any risk factors.'*
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Phylloguinoneintake is considered to be indicator of a healthy diet and lifestyle,
but not necessarily an active agent in lowering risk.'® If vitamin K1 intake reflects
ahealthier lifestyle, some of its“ effects” may actually be due to other components
of that lifestyle.

DEFICIENCY

Vitamin K deficiency is not common except in newborn infants. Vitamin K is
not transported across the placenta. Therefore, at birth, babies are deficient in vita-
min D and must be given supplementation. Thiswill prevent vitamin K-deficiency
bleeding both soon after birth and in the subsequent weeks, because there is also
not enough K in breast milk.16

There was a concern in the past that intramuscular injections of vitamin K were
associated with cancer; this has been proven untrue. The later bleeding disease in
newborns can be prevented only with the injection and not oral vitamin D. The
American Academy of Pediatrics recommends injections of vitamin K at birth, as
well asinforming parents of therisk of vitamin K deficiency in newborns. I1ts 2003
statement has been reaffirmed in 2009.17

Vitamin K deficiency was originally defined as vitamin K-dependent hypopro-
thrombinemia, which meansalow prothrombin asaresult of vitamin K deficiency.
Defined in this way, vitamin K deficiency is very uncommon, as well as very seri-
ous. It can result in severe bleeding.

Thelevel of prothrombin can be measured by the INR (International Normalized
Ratio for Prothrombin Activity). Thisisaway of assessing adequacy of vitamin K
initsclassical role as part of blood clotting.

Since it has become apparent that vitamin K is involved with calcium deposi-
tion in bone, deficiency of vitamin K may be a cause of osteoporosis. Levels of
the vitamin may be high enough for normal clotting, but not high enough for bone
health. This has not been universally accepted as adeficiency syndrome or disease.
Although low intake of vitamin K has been associated with hip fracturesin epide-
miologic studies, this may be an indicator that the observed popul ations have poor
overal nutrition.®

The activity of vitamin K asit concerns bone health can be assessed by measur-
ing either the amount of carboxylated osteocalcin in blood or the amount of uncar-
boxylated osteocalcin (see “Mechanism of Action”). However, these tests are not
in clinical use but are used in research settings.81°

Very little vitamin K is stored in the body. Deficiency can occur as aresult of de-
creased intake, aswell aswhen the bacteriain theintestinethat makevitaminK arere-
duced, for example, after long treatment with antibiotics taken by mouth. People with
malabsorption of fat due to intestinal illnesses can develop vitamin K deficiency.®

Estrogen levels may affect vitamin K levels.®

FOOD SOURCES

Vitamin K1 isfound in green, leafy vegetables. Thereis alot of available vita-
min K even after cooking many of these, such as kale, collard greens, and spinach.
For example, there are 514 pg in aserving of cooked spinach.
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K2 actually comprises a group of menaguinones. Currently there are seven
known menaquinones. While they may be derived from bacteria, they are aso
found in animal protein, including meat, liver, and fermented foods, especially
cheese in many countries. A food called natto, made from fermented soybeans,
is the food richest in menaguinone, in this case, menaquinone-7 (MK-7). Natto is
consumed in eastern Japan, where it is atraditional food.®

MECHANISM OF ACTION: HOW DOES IT WORK?

Vitamin K ispart of afamily of chemicals, all fat-soluble napthoquinones. They
include phylloquinone (K1), menaguinones (K 2), and menadione (synthetic, K3).
The skeletons of these molecules are the same, but the side chains are different.
Phylloquinone, found in algae and higher plants, was named because of its rela-
tionship to photosynthesis. Menaguinones are made by many types of bacteria.
They are probably made by animals including humans and are found in foods of
animal origin as well certain fermented foods (see “Food Sources’). The des-
ignation for menaquinone is MK-n, where n means the number of specific side
chains.

K1 from plant sources is absorbed and metabolized to menaquinones, princi-
pally MK-4. The pathway for this conversion is not yet known. Menaquinones (or
K2) have higher potency and more gamma carboxylation activity than K1.! K3
can also be converted to MK -4 in the body.®

Menaguinone-4 (MK-4) is also called menatetrenone. It is unclear how much
MK-4 from intestinal bacteria gets into the body; it is aso unclear how it is made
from K1 or other forms of vitamin K in humans.

The best-known function of vitamin K isitsrolein vitamin K-dependent carbox-
ylation reactions. Vitamin K helps carboxylate glutamic acid—containing proteins,
which are part of the blood clotting cascade. It is a cofactor for the enzyme, gam-
ma-glutamy! carboxylase. Since it can go through an oxidation-reduction cycle of
its own, vitamin K can be reused.’® Warfarin (an anticoagulant) inhibits one of the
enzymes that recycles vitamin K; there is then not enough to carboxylate certain
blood clotting factors.*?

Vitamin K also isimportant to maintain bone health. It helps gamma-carboxylate
osteocalcin, aprotein necessary for calcium uptake and bone mineralization. Other
proteins in the bone are dependent on vitamin K to be carboxylated and thus acti-
vated. They are called Matrix Gla-protein and anticoagulant protein S.

PRIMARY USES

 Vitamin K is used to treat deficiency of prothrombin (hypoprothombinemia),
one of the proteins involved in the blood clotting sequence.

* Patients with clotting problems who are treated with the blood thinner warfa-
rin can get too much warfarin (Coumadin®). This leads to the risk of abnor-
mal bleeding. Vitamin K can reverse the anticoagulant effect of warfarin more
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quickly than just withholding warfarin. Studies have shown there are less bleed-
ing complications if vitamin K is given to people with too much warfarin. The
level of prothrombin is measured by the INR (International Normalized Ratio
for Prothrombin Activity). Levels can be normalized by ora vitamin K more
quickly than by injected vitamin K.16

e Supplemental vitamin K must be taken in deficiency states. There is a water-
soluble K called menadiol sodium phosphate that can be taken by people who
have trouble absorbing fats.

» Aninjectableformisused to prevent hemorrhagic disease of the newborn, which
is caused by vitamin K deficiency.5”

 Vitamin K can be used to increase bone density and prevent fractures; it helps
treat osteoporosis from many different causes. Osteocalcin is dependent on vita-
min K116

COMMON DOSAGES

The Adequate Intake (Al) for vitamin K1 is 90 ug a day for women (including
pregnant and lactating) and 120 pg for men. Adolescents need 75 ug.t16

In the United Kingdom, 1 ug per kilogram of body weight is the suggested daily
reguirement, which would be 64 ug for an average-weight woman. Vitamin supple-
ments in the United Kingdom usually contain 45 ug.®

In Japan, 45 mg of menatetrenone a day in divided doses is the usual amount
used to treat osteoporosis.® In the United States, no official recommendations have
been made about K2 doses.

People who are not absorbing fat need about 10 mg a day of menadiol sodium
phosphate.

Full-term newborn infants need a 1-mg injection. Prematureinfants need 0.5 mg;
infants weighing less than 2 pounds should get 0.3 mg/kg of body weight.6

Klisavailablein atopical, ora, and injectable form. K2 is available as a capsule.

POTENTIAL SIDE EFFECTS

No Tolerable Upper Intake Level (UL) has been set for vitamin K. Some experts
put the highest safe amount at 32.5 mg per day of K1; others suggest 1 mg per day
of K1.6

Very few side effects of vitamin K1 have been reported. One review noted an
association between high dose vitamin K (higher than 1 mg aday) and periodontal
disease.® There have been no bleeding or clotting problems reported.*

One company, Esai Co., makes menatetrenone in Japan. The preparation is
called Glakay, and all the information about side effects of K2 come from a pam-
phlet that comes with the capsules. These types of package inserts are required to
contain all reported side effects, but they do not necessarily prove cause and effect.
In total, 81 of 1,885 patients reported side effects to the manufacturer. About 0.1
to 5 percent of patients taking menatetrenone reported headache, rash, itching and
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skin redness, stomach pain or discomfort, dyspepsia, nausea, diarrhea, elevation
of liver enzymes, elevation of BUN (alaboratory value related to kidney function
or state of hydration), edema, or eye abnormalities. Less than 0.1 percent of those
taking this preparation complained of thirst, lack of appetite, glossitis (tongue in-
flammation), constipation, lightheadedness, and increase in blood pressure. Vomit-
ing, dizziness, palpitations, urinary frequency, joint pains, and malaise bothered an
unspecified number of people.® Despite thisinformation, menatetrenoneis consid-
ered to be nontoxic and has been used throughout Japan. It is approved there as
atreatment for osteoporosis.

Vitamin K interacts with alarge number of medications. In some cases the other
medicines interfere with vitamin K; in other cases vitamin K interferes with the
other medicines. These include aspirin, antibiotics, anticoagul ant/antiplatel et med-
ications, doxyrubicin, laxatives, weight-loss medications, antiseizure medicines,
fat-binding medicines, and warfarin. Anyone taking these medications or with
significant medical problems should discuss taking vitamin K with a health care
provider.1

Vitamin K should not be taken by people who are on anticoagul ants as treatment.
The babies born to women on warfarin, anticonvulsants, rifampin, or isoniazid are
at higher risk for vitamin K deficiency at birth.t

FACT VERSUS FICTION

It seems certain that one or another form of vitamin K is necessary for normal
bone health. In at least some populations, using vitamin K seems to prevent bone
loss and probably prevent fractures. The mgjority of studies relating to vitamin K
and bone have been done in Japan, and the human trials have been done there
on postmenopausal women. Vitamin K2, specifically menatetrenone, has been ap-
proved there for the treatment of osteoporosis.

It isnot clear if vitamin K1 can help as much with bone health as K2. It isalso
not clear if the effects are the same in al populations.

Women at risk for osteoporosis without serious medical problems can certainly
try vitamin K. It will probably be sometime before there are enough datato be sure
it will work. It should not be used instead of medication or other vitamins recom-
mended by a personal physician.

People with trouble absorbing fat may become deficient in vitamin K and will
need to take it. Newborn babies are deficient and need vitamin K injections.

Anyonewho is being anticoagul ated with warfarin and i s taking too much should
take vitamin K along with temporarily stopping the warfarin. This reduces the risk
of bleeding.

The role of vitamin K in reducing cancer risk or cardiovascular risk is very far
from certain. Patients with liver cancer or cancer in the blood might consider par-
ticipating in clinical trialsif available. Anyone with medical problemswho decides
to take in larger doses than the Al should probably discuss it with a health care
provider.

Large-scale clinical trials will help define the role of vitamin K further.
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Zinc

BRIEF OVERVIEW

Themineral zinc is the 10th most common element in the body and helps with the
functioning of more than 300 hormones and enzymes, one of which is copper/zinc
superoxide dismutase (Cu/Zn SOD)—an antioxidant and detoxifier. It is aso es-
sential for proper growth and development as well as the regulation of genetic ac-
tivity and DNA synthesis. The human body needs a daily dose of zinc to maintain
a steady state, as the body has no specialized zinc storage system. Zinc is found
naturally in many food sources, but animal foods are the richest sources of zinc.
Zinc is acommon additive to many nutritional supplements but often appears as a
stand-al one supplemental mineral.

THE HYPE

Zincisprabably best knownfor itsrolein fighting flu symptomsand isacommon
addition to immune-boosting formulations. Zinc supplements are used in many an-
tiaging and antioxidant supplement formulations. Zinc also helps with proper hor-
mone production and zinc supplements are often used as fertility boosters.

Zinc is toxic at high doses, so supplementation needs to be targeted to avoid
toxic doses. Zinc is aso present in many different supplements, so people taking
multiple supplements, along with extra zinc or an immune-boosting concoction
containing zinc, may end up with toxicity issuesif used continuously.

DEFICIENCY

Zinc deficiency is common in developing countries, but severe zinc deficiency
is rare in the United States.! Mild zinc deficiency, however, has been reported as
common in the United States, according to datafrom the Third National Health and
Nutrition Examination Survey (NHANES 111).? Zinc deficiency is characterized
by growth retardation, loss of appetite, and impaired immune function. In more
severe cases, zinc deficiency causes hair loss, diarrhea, delayed sexual maturation,
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impotence, and hypogonadism in males.®* Delayed healing of wounds, skin ab-
normalities, and taste abnormalities are also typical of zinc deficiency.3567

The bhiocavailability of zinc from vegetarian diets is lower than from nonvegetar-
ian diets because animal proteins are the richest source of bioavailable zinc.! In
addition, vegetarians typically eat high levels of legumes and whole grains, which
contain phytates that bind zinc and inhibit its absorption.? Because animal protein
is also a premier source of bioavailable iron, low zinc and low iron often occur
simultaneoudly. Low iron in the bloodstream leads to iron-deficiency anemia, char-
acterized by listlessness in adults and physical and neurological abnormalities in
young children.® Alcoholics commonly present with zinc efficiency, because alco-
hol consumption decreases zinc absorption and increases urinary zinc excretion.©

FOOD SOURCES

Zinc is found in a wide range of plant and animal sources, but animal protein
foods provide the highest and most bioavailable form of zinc.! Oysters contain
more zinc per serving than any other food (with six oysters providing as much
as 76.7 mg of zinc). Beef contains 8.9 mg of zinc per 3-ounce serving, and other
animal protein foods, including poultry, fish, and beans contain anywhere between
1 and 3 mg zinc per 3-ounce serving.t

MECHANISMS OF ACTION AND PRIMARY USES

The most common primary uses for zinc supplements are related to the follow-
ing mechanisms of action of zinc:

Zinc Boosts Antioxidant Function

Zinc is an essential component of the antioxidant Cu/Zn SOD,*1? whose main
task in the body is to disarm superoxide free radicals (by breaking them down in
hydrogen peroxide, which quickly converts to water and oxygen).'® High levels of
superoxide free radicals would otherwise damage lipids, proteins, and DNA, lead-
ing to cellular damage.** Oxidative damage to the enzyme itself has recently been
implicated in a variety of pathologies, including Alzheimer’s and Parkinson’s dis-
eases.’® However, studies linking zinc to brain function and Alzheimer’s disease
in particular seem to be paradoxical, with some studies showing a neuroprotective
effect and some showing neurodegenerative effects, according to areview study.*®

Zinc, together with other antioxidants (like beta-carotene and vitamin C), has
been found to delay the progression of age-related macular degeneration (AMD)
and vision loss, possibly by preventing cellular damage in the retina.t”18

It has been hypothesized that oxidative damage can lead to poor sperm quality
and male infertility. Low zinc levels and poor zinc nutrition may be an important
risk factor for low quality of sperm and idiopathic male infertility.®

Zinc Improves the Immune System

Zinc helps the body to develop and activate T-lymphocyte immune cells,*%° and
mild to moderate zinc deficiency can impair macrophage and neutrophil functions,
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natural killer cell activity, and complement activity.?* Zinc has been shown to help
with the healing of wounds?*%? and in the prevention and treatment of childhood
diarrhea.?

It is hypothesized that zinc prevents the influenza virus from attaching to the
respiratory tract cells, thus preventing its replication.?® The role that zinc playsin
the treatment of the common cold, however, is controversial. In September 2007,
Caruso and colleagues published a structured review of the effects of zinc loz-
enges, nasal sprays, and nasal gels on the common cold.?* Of the 14 randomized,
placebo-controlled studies included, 7 (5 using zinc lozenges, 2 using anasal gel)
showed that the zinc treatment had a beneficial effect, and 7 (5 using zinc lozenges,
1 using a nasal spray, and 1 using lozenges and a nasal spray) showed no effect.
A Cochranereview of the effects of zinc lozenges on cold symptoms also reported
inconclusive findings.2

Because of zinc's role in increasing the number of circulation T-lymphocytes,
zinc status may be especialy important to help boost immunity in patients with
conditions that affect T-lymphocyte function, such as HIV.?

Zinc Aids Growth and Development

Zincisvita for normal growth and development in infants, children, and adults.
Zinc deficiency has been shown to cause cognitive deficitsaswell as growth delays
in humans, including delays in sexual maturation, as well as deficits in bone min-
eralization and maturation.?”?8 The mechanism of action may be linked to zinc's
ability to stimulate insulin-like growth factor 1 (IGF-1) and other proteins and
polypeptides involved in bone and overall growth as well asin DNA synthesis.?®
Zinc supplementation in children at risk for deficiency can help boost poor growth
in terms of both weight and height increments.*

COMMON DOSAGES

According to the Dietary Reference Intakes (DRIs) developed by the Food and
Nutrition Board (FNB) at the Institute of Medicine of the National Academies
(formerly National Academy of Sciences),! the Recommended Daily Allowance
(RDA) for zinc is 8 mg per day for adult females and 11 mg per day for adult
males. Studies showing a protective effect for zinc on cold severity symptoms used
adosage of 13.3 mg per day.3!

Supplements contain several formsof zinc, including zinc gluconate, zinc sulfate,
and zinc acetate, with the percentage of elemental zinc varying by form. Research
has not determined whether differences exist among forms of zinc in absorption,
bioavailability, or tolerability.

TOXICITY

The Tolerable Upper Limit for zinc as set out by the FNB for adultsis 40 mg per
day.! Intakes of 150-450 mg of zinc per day have been associated with chronic
effects, including low copper status, altered iron function, lowered high-density
lipoproteins, and reduced immune function.*-3?
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FACT VERSUS FICTION

Whether or not most people actualy need zinc supplements is controversial,
since severe zinc deficiency is rare in developed nations.

Zinc supplementation does appear to boost antioxidant function through the ac-
tion of Cu/Zn SOD, which may play arole in the prevention of certain neurode-
generative conditions; however, zinc has not consistently shown a neuroprotective
effect in this regard. Zinc supplements have, through antioxidant effects, shown
to be effective in preventing macular degeneration and improving sperm quality.
These conditions, however, have multifactorial causative factors, which may in-
dicate other causative angles besides zinc deficiency. Although zinc supplements
may boost immune function, their role in reducing the duration and severity of
the common cold remains controversial. Zinc supplementation can help improve
growth and development variables in children, but these effects are more relevant
in developing countries, where zinc deficiency is common.
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Magnesium

BRIEF OVERVIEW

Magnesium is a naturally occurring
minera. It is the fourth most common
mineral found in the human body. Half
of the magnesium in the body can be
found in the bones. Almost al of the
rest isin the body’s organs and tissues,
with only 1 percent of the total in the
blood.

There are mechanisms to keep the
blood level of magnesium constant.
This is important because magnesium
isinvolved in at least 300 biochemical
reactions.t

In general terms, magnesium is in-
volved in muscle contraction and re-
laxation, the production as well as
transport of energy, the production of
protein, and the function of hundreds
of enzymes. Even though a significant
percent of people, perhaps as high as
20 percent, do not ingest enough mag-
nesium, it is not measured during rou-
tine blood tests.

THE HYPE

Magnesium maintains normal nerve
and musclefunction. It hel psperpetuate

Cactus juice cocktails. Low in fat, the nopal
is high in energy-boosting complex carbohy-
drates as well as calcium, magnesium, potas-
sium, iron, and water-sol ublefiber and pectin,
which captures fats and disease-causing free
radicals, making tasty nopales a natural pre-
ventive against cancer and other diseases.
(AP Photo/LM Otero)
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anormal heart rhythm. It isinvolved in keeping the bones and the immune system
strong.

Magnesium is thought to help regulate blood sugar and is involved in keep-
ing blood pressure normal. It is involved in the synthesis of protein and energy
metabolism.

Magnesium may be useful in preventing or treating high blood pressure, diabe-
tes, and cardiovascular disease as well as many other conditions.?

Oral supplements may be useful for people who do not get enough magnesium
in their diet. However, many of the potential uses for magnesium are in medical/
hospital settings.

Asthma

Magnesium has been used both by vein and by inhalation for acute asthma
attacks in emergency room settings. Results have shown benefits to using intra-
venous magnesium for children.? There is less evidence for the effectiveness of
magnesium in adults.®

There does seem to be some benefit to magnesium given by inhalation.* The
improvements are reflected aslower hospital admission rates and/or improved lung
function for those treated. In these cases, magnesium is used in addition to al the
standard hospital emergency room care of severe asthma.

There is some evidence that giving children magnesium supplements on a daily
basis can lessen the frequency of asthma attacks.?

Blood Pressure

There have been many epidemiologic studies that correlate high intake of mag-
nesium with lower blood pressure, including the DASH (Dietary Approaches to
Stop Hypertension) Study in the late 1990s. However, the ARIC (Atherosclerosis
Risk in Communities) Study found that decreased magnesium intake raised the
risk of developing hypertension in women only.!

The Joint National Committee on Prevention, Detection, Evaluation, and Treat-
ment of High Blood Pressure has indicated that magnesium-rich diets are good
for people with hypertension or those at risk for it. The DASH diet has been rec-
ommended to prevent hypertension. The NIH (National Institutes of Health) says
that the plan “is clinically proven to significantly reduce blood pressure” It in-
cludes fruits, vegetables, low-fat or nonfat milk and milk products, whole grains,
nuts, beans and seeds, fish, and poultry. The diet islow in salt, added sugars, fats
(especialy saturated fat, transfat, and cholesterol), and red meats, as compared
with what most Americans usually eat. The DASH diet includes lots of nutrients
thought to help lower blood pressure, including magnesium, calcium, and fiber,
among others.®

While this may be true, it is impossible to separate magnesium from the other
elements in the diet when looking at the observational studies. Prospective trials
are needed to determine whether or not people given supplemental magnesium will
be less likely to develop high blood pressure.
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Diabetes

There is a relationship between magnesium and blood sugar. Low levels of the
mineral are associated with type 2 diabetes. Type 2 diabetes, which is also known
as adult-onset diabetes, occurs when the body cannot use insulin properly, usually
in obese people. It is not known if the low magnesium levels make the diabetes
worse, or if the diabetes causes the lower magnesium levels.

Low magnesium definitely can make insulin resistance worse, which can make
blood sugar harder to control. Elevated blood sugar can cause more magnesium to
belost in the urine, leading to low magnesium levels. There is some evidence that
supplemental magnesium can improve control of diabetes in older people.

Two long-term studies, the Nurses' Health Study and the Health Professionals
Follow-up Study, which lasted 12 to 18 years, showed a greater risk for type 2
diabetes associated with lower magnesium intake.

The lowaWomen’'s Health Study and the Women's Health Study came to similar
conclusions. However, the ARIC Study (mentioned above) found no relationship
between magnesium intake and diabetes. There have been some small prospec-
tive studies giving diabetics supplemental magnesium. There was improvement
in diabetic control in one such study, and no effect in another study. There is no
definitive proof that giving supplemental magnesium to diabetic patients who are
not actually low on magnesium will be of benefit.

Thereis some limited evidence that magnesium supplementation might improve
the pain of peripheral neuropathy in diabetics.®

Cardiovascular Disease

Thereisevidencefrom animal studiesthat lowered magnesium levelscan contrib-
uteto heart damageand heart failure. Thereisal so acardiomyopathy associated with
the genetic condition of low magnesium called hereditary hypomagnesemia.’

Magnesium given by vein is one way to prevent a heart arrhythmia called atrial
fibrillation from occurring during heart surgery.®

In the ARIC Study, low magnesium levels were associated with higher rates of
coronary artery disease.® There have been other observational studies, and a few
small studies using supplements that show a potential benefit to taking magnesium
as far as heart hedlth is concerned. There is nothing conclusive as yet to indicate
that people should take magnesium unless they are deficient.

The American College of Cardiology and the American Heart Association
have published guidelines listing measured low magnesium levels and/or a spe-
cific arrhythmia of the heart ventricles called “torsade de pointes-type ventricu-
lar tachycardid’” as reasons to give magnesium to patients having acute heart
attacks.10

Stroke

Thereis some evidence that higher levels of dietary magnesium can decrease the
risk of stroke.*
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Magnesium can also be used in a specific way to help manage a stroke. When
a person has a stroke from lack of blood flow, protecting the brain tissue until
the blood flow can be improved can limit the extent of the damage. Thisis caled
neuroprotection. The earlier it can be started, the better. There has been enough
success with early studies using magnesium as a neuroprotectant to warrant alarge
trial, called FAST-MAG.111?

FAST-MAG isaPhaselll tria testing in-the-field administration of magnesium
to stroke victims. It isthe first trial using magnesium quickly, within the first two
hours after onset of symptoms. Some 1,300 patients will be involved in the trial,
which is currently underway. 3

Magnesium may work best along with hypothermia in stroke neuroprotection.
Some believe dlightly cooling the person as well as giving the magnesium will
protect the brain better.*

Pregnancy

Deficiency of magnesium in pregnancy is fairly common, with some 20 percent
of pregnant women deficient. Some investigators believe that this can cause the
uterus to be more excitable and make preterm labor more common. In these cases,
giving magnesium can stop premature labor.

Higher doses of magnesium sulfate may be able to stop uterine contractions even
in women who are not deficient.'® Thisis an area of controversy. At least one analy-
sisof available dataindicated that magnesium sulfate was not useful for this purpose
and might cause more fetal death.’® A more recent review concluded that magne-
sium sulfate given to women at risk of preterm birth can protect the baby’s brain.'’

Thereis aso speculation that low levels of maternal magnesium can contribute
to congenital birth defects as well as sudden infant death syndrome (SIDS).*

Preeclampsiais a condition of the last trimester of pregnancy that includes high
blood pressure, protein in the urine, and swelling of the feet and hands. Untreated
preeclampsia can progress to eclampsia, with seizures and coma. Magnesium sul-
fate is used to prevent and treat seizures in pregnant women with preeclampsia/
eclampsia.

Miscellaneous

Magnesium has been used with some success to prevent migraine headaches.

Magnesium levels may play arolein the development of depression. In animals,
low magnesium levels affect behavior. NMDA is a brain receptor that may be in-
volved in both seizure activity aswell as mood. Magnesium is an antagonist of this
receptor complex. Blocking NMDA may be animportant part of theway antidepres-
sants work. This may eventually help develop other treatments for depression.®

L ow magnesium can cause seizures. It may be useful to treat seizuresin patients
who might be magnesium deficient and in pregnant patients with preeclampsia.
Thereisno evidence at the current time that it is a good treatment for people with-
out low magnesium levels.?°

Magnesium metabolism is related to calcium metabolism, and increased magne-
sium intake may help improve bone density.!
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DEFICIENCY

Although studies have shown that many people do not get the recommended
amount of magnesium in their diets, frank deficiency is unusua in otherwise
healthy individuals. The kidneys are able to retain magnesium when it is needed,
and the healthy intestine can absorb the necessary amount.*

Low magnesium levels can occur because of impaired absorption as the re-
sult of any illness that damages the intestinal tract. Examples include Crohn’s
disease, gluten-sensitive enteropathy (celiac disease), and regional inflamma-
tion in the intestine. Intestinal surgery may remove regions needed for magne-
sium absorption. Magnesium can also be lost during prolonged vomiting and
diarrhea.

Magnesium can be lost in the urine because of diabetes, alcohol abuse, and also
the use of certain medications. Medications that can cause magnesium loss in the
urine are in the general categories of diuretics, antibiotics, and drugs used to treat
cancer.

The cancer-treating medicine cisplatin causes magnesium loss, as do the anti-
biotics gentamicin and amphotericin. These two antibiotics are not in common
use. However, diuretics like Lasix, hydrochlorthiazide, Bumex, and Edecrin are
taken by many people to treat high blood pressure or congestive heart failure.t
A relatively new drug used to treat cancer, cetuximab, also causes significant loss
of magnesium.?

L ow magnesium can occur after severe burns or surgery.

Symptoms of magnesium deficiency include loss of appetite, nausea, and vomit-
ing. Other symptoms are weakness and fatigue. Lower levels can lead to personal-
ity changes, seizures, muscle cramps, twitching, hyperexciteability, tingling, and
numbness. With lower levels, abnormal rhythms of the heart and spasm of the
coronary arteries can occur. With severe deficiency, muscle spasms can be unre-
lenting, heart rhythms may be abnormal, and a person can have hallucinations or
delirium.??

Unfortunately, blood tests to measure magnesium do not always reflect the
amount of magnesium in the body and miss many cases of low magnesium. The
best test may be a magnesium challenge test, in which magnesium is administered
and urinary and blood levels then measured. Magnesium levelsin red blood cells
may better reflect magnesium status.

Low levels of magnesium are often associated with low levels of calcium aswell
as potassium in the blood.*

FOOD SOURCES

Magnesium is absorbed by the small intestine. It leaves the body through the
kidneys.

Magnesium isin chlorophyll, foundin all plants. Therefore, green vegetables are
good sources of magnesium. Magnesium can also be found in some nuts, seeds,
legumes, fruits, and unrefined grains.

The content of magnesium in water depends on the source. Hard water, which
contains minerals, usually has magnesium in it.
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Other sources of magnesium include certain fish, like halibut, dairy products,
raisins, and bananas.
Some examples:t

* One serving of frozen, cooked spinach has 75 mg of magnesium.
» Three ounces of cooked halibut has 90 mg.

* One ounce of dry roasted almonds has 80 mg.

* One baked potato with skin has 50 mg.

» Two tablespoons of wheat bran have 45 mg.

* One serving of brown, long-grain rice has 40 mg.

¢ One banana has 30 mg.

e One cup of reduced or fat-free milk has 27 mg.

MECHANISM OF ACTION: HOW DOES IT WORK?

Magnesium is involved in hundreds of the human body’s biochemical and
metabolic reactions. Magnesium is distributed throughout the body. Half of the
magnesium is in bones; 27 percent isin muscles; 19 percent isin the heart and
liver.

Most of the magnesium found inside cells is bound to other chemical com-
pounds, including nucleic acids (parts of the genetic code), ATP and ADP (energy
sources), and proteins. Ninety percent is bound to compounds or structures made
from these building blocks. Magnesium helps stabilize proteins, nucleic acids, and
cell membranes. The small amount of free magnesium inside cells ensures that
there will be enough magnesium when needed.

Magnesium is involved in the flux of molecules through membranes. It has an
effect on various brain receptors that are involved with mood.

Adequate levels of magnesium are necessary for the normal regulation of many
hormonal systems, for example, the complex relationships of hormones and min-
erals that manage bone structure and density. Parathyroid hormone stimul ates the
absorption of magnesium from the intestine and kidney, as well as the release of
magnesium from bone. Magnesium affects the parathyroid glands and the action
of vitamin D. There is an important, complex relationship between calcium and
magnesium levels.t?

Magnesium is also found in the blood—in the serum portion and in red blood
cells. Some of it is bound, and some is free. There is a balance between magne-
sium in the blood and the central nervous system that is maintained by an active
transport mechanism. The mechanism at the blood-brain barrier serves to keep the
amount of magnesium in the brain up even if there is a generally low level in the
blood.*®

When extra magnesium is given by vein, it getsrapidly into the fluid around the
brain at higher levels than the blood. It has many actions in the brain, including
blocking the NMDA receptor, blocking certain chemical channels, and relaxing
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the blood vessels to alow more blood flow, among other things. All together, its
actions can be neuroprotective (see “ The Hype”) in the case of stroke.3

The amount of magnesium getting through the blood-brain barrier may change
as the result of seizure activity. After a seizure occurs, more magnesium may be
able to enter the brain, where it acts to prevent more seizures. Magnesium sulfate
is used to prevent seizures in women with preeclampsia and to treat seizures in
pregnant women with eclampsia.

Magnesium sulfate is a vasodilator: it can cause the relaxation of blood vessel
walls. Magnesium does this by acting as a calcium antagonist, acting on cal-
cium channelsin smooth muscle. It is believed that magnesium sulfate may lower
blood pressure and the resistance of the blood vessels. Thisisthe reason that it is
thought to reduce seizures in eclampsia, not because it causes vasodilation in the
brain.3

However, it is not completely clear how magnesium reduces seizures in ec-
lampsia. Magnesium has effects on various factors in pregnancy. It can stimu-
|ate the production of prostacyclin, which also causes vasodilation. It can inhibit
the clumping of platelets. In pregnant women with high blood pressure, mag-
nesium sulfate lowers angiotensin-converting enzyme, one cause of high blood
pressure.

Magnesium is an NMDA receptor antagonist, which may explain some of its
anticonvulsant activity. NMDA is a brain receptor that may be involved in both
seizure activity as well as mood.>

PRIMARY USES

Magnesium sulfate is used intravenously to prevent and control seizuresin preg-
nant women with preeclampsia. This is accepted practice, athough the way in
which magnesium sulfate works is not completely understood.??

Supplements may be useful for people with asthma.?

Magnesium supplements should be given to anyone with a known or suspected
deficiency. Supplementation may be especially needed for the following groups of
people:t

» People with intestinal diseases causing poor absorption of calcium
* Pregnant women

* Alcoholics

 Poorly controlled diabetics

* Patients on the medications listed in “ Deficiency” above
 People who have low levels of calcium and potassium

* People with high blood pressure

* Older adults

Since many people do not get enough magnesium, it is reasonable for people to
take magnesium as a daily supplement.
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COMMON DOSAGES
Dietary Requirements

These were set in 1999 by the Institute of Medicine. There were Recommended
Dietary Allowances (RDAS) set for all groups except infants. The RDA is an
amount sufficient for most healthy people.!

 For 1- to 3-year-olds, the RDA is 80 mg/day. For 4- to 8-year-olds, the RDA is
130 mg/day. For those ages 9 to 13, it is 240 mg/day.

» For men ages 14 to 18, the RDA is 410 mg/day. This drops down to 400 mg
for men ages 19 to 30, and goes up to 420 mg/day for men ages 31 years and
above.

» For women ages 14 to 18, the RDA is 360 mg/day. This drops down to 310 mg
for women ages 19 to 30, and goes up to 320 mg/day for women ages 31 years
and above.

» Women ages 14 to 18 who are pregnant need 400 mg/day; they need 360 mg/
day while breast-feeding. Women ages 19 to 30 who are pregnant need 350 mg/
day; they need 310 mg/day while breast-feeding. Women over 31 years of age
who are pregnant need 360 mg/day, and 320 mg/day while breast-feeding. There
is no difference in magnesium RDAs for breast-feeding women as opposed to
nonpregnant women of the same age.

 For infants, the Al (Average Intake) is 30 mg/day for ages O to 6 months, and
75 mg/day for ages 7 to 12 months.

When people are dlightly low on magnesium, oral supplements can help. The
amount of elemental magnesium varies depending on what it is combined with.
Magnesium carbonate is 45 percent magnesium; magnesium citrate is 16 percent
magnesium. The amount of magnesium absorbed by the body also has to do with
the preparation of the supplement.

For migraine prevention, 600 mg of trimagnesium dicitrate a day has been
used.’®

Symptomatic, severely low levels of magnesium must be treated with intrave-
nous magnesi um.

POTENTIAL SIDE EFFECTS

Both low and high magnesium levels can be dangerous. Normal amounts of
magnesium in supplements and food are very safe. Magnesium excess can cause
diarrheaand cramping. Thereis morerisk of toxicity in people with kidney failure
who cannot eliminate enough magnesium.

High magnesium levels can cause other symptoms somewhat similar to low
magnesium levels, such as weakness, nausea, loss of appetite, and a change in
personality/awareness (mental state). Trouble breathing, low blood pressure, and
irregular heartbeat occur with low magnesium levels and not high levels.
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Very high magnesium levels can cause death. This may happen to elderly people
taking cathartics (for constipation) or antacids that contain magnesium. If their
kidney function is deteriorating, magnesium levels can rise. Routine blood tests are
not usually done to check magnesium and are not accurate.*

Magnesium is present in many laxatives and antacids. It isimportant to be aware
of how much magnesium isin any of these over-the-counter preparations.*

FACT VERSUS FICTION

Magnesium is an essential mineral. Many people do not ingest enough of it
in their diet. Taking magnesium supplements is reasonable, especialy for people
more likely than others to have low levels of magnesium.

It is possible that taking magnesium may lower the risk of high blood pressure,
diabetes, and/or heart disease, but this has not been proven.

Magnesium isused in the medical treatment of pregnant women with eclampsia/
preeclampsia. It can be used to prevent atrial fibrillation during heart surgery. It
may become part of the standard emergency treatment of asthma, but this is not
certain. It may also become standard as a neuroprotective agent for people suffer-
ing a stroke. There are probably many other medical uses that will eventually be
better understood.
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Vanadyl Sulfate

BRIEF OVERVIEW

Vanadium is a naturally occurring metal that was discovered more than 200 years
ago. Whileit isan essential nutrient in some animal species, it has not been proven
to be essential for humans.

Most people have very low levels of vanadium in their body tissues. It has been
estimated that adults in the United States consume approximately 9 ug a day. If
vanadium isessential, it would have to be considered amicronutrient that is needed
only in very small amounts.

Vanadium can mimic some of the properties of insulin. In the body, it seems to
increase insulin sensitivity and may lower blood sugar. It has be given, usually as
vanadyl sulfate, to diabetics to help control their diabetes. Vanadium was discov-
ered before insulin and was used by French physicians in the early 20th century
to treat diabetes mellitus. However, it is not clear how useful it is compared to the
medications available now.

THE HYPE
Vanadyl Sulfate can Help Treat Diabetes

As noted above, vanadyl sulfate was used 100 years ago to treat diabetics. It is
now known that vanadium mimics or enhances insulin to some degree. However,
the overwhelming majority of the research on vanadium has been biochemical
analysisin alaboratory or animal studies on mice, rats, gerbils, and goats.

There are two types of diabetes. In type 1 diabetes, also called insulin-dependent
diabetes, the body does not make enough insulin. This type of diabetes frequently
comeson early inlife. Intype 2, the body is resistant to the effects of insulin, along
with some decreasing amounts of insulin produced. This often comes on later in
life and is usually associated with obesity. Glucose intolerance, or prediabetes,
means that the body is not handling sugar aswell asit should, and fasting glucose
levels may be dlightly elevated.
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In 2008, reviewers searched the medical literature for high-quality trials of va-
nadium supplements used to treat type 2 diabetes. It is established in research that
high-quality clinical trials include comparing the medicine to placebo, “blinding,”
which means that the patients and preferably also the doctors don’t know who is
getting active medication. Trials need to have enough participants so that any dif-
ferenceswill be statistically significant, and they need to last long enough to get an
idea of long-term safety and efficacy.

In the case of vanadium, that would mean that the researchers compared vana-
dium to placebo, with participants randomized as to what they received, that the
study lasted at least two months, and that there were a minimum of 10 subjectsin
each part of the trial. Of 151 studies found, none met these criteria. This means
that there was no available high-quality research to support the use of vanadium in
treating diabetes in 2008.1

The reviewers looked at the same clinical trials a second time with less-strict
criteria. They looked for studies in which vanadium supplementation was given to
diabetics, and at least 30 to 150 mg of vanadium a day was used. They found only
five studies. There was some evidence of improved control of fasting blood sugars
with use of vanadium. However, the total number of diabetics given vanadium
adding al five studies together was only 48. The trials were not conducted in the
manner necessary to accurately judge the results. The investigators did not test
vanadium against placebo in every case. These studies were too short to measure
an important indicator of long-term blood sugar control, HbAlc, or glycosylated
hemoglobin. In no case had long-term safety of what were high doses of vanadium
been examined. The authors of this study suggested that high-quality research
should be performed, but in the absence of such research at this point, vanadyl
sulfate should not be recommended to help control type 2 diabetes.!

Reviewers writing in the Canadian Family Physician in 2009, looking at the
same information, also concluded that there is not enough evidence to recommend
the use of vanadium for treatment of diabetes.?

However, the Alternative Medicine Review in 2009 described the results of four of
the five of these studies, noting that they showed vanady! sulfate could be effective
in type 2 diabetes.® This same review made note of astudy of patients with impaired
glucose tolerance given vanady! sulfate with no effect on blood sugar. In the study,
14 overweight or obese patients with evidence of impaired glucose tolerance were
given vanady!| sulfate (50 mg twice aday) for four weeks. Thistrial was double-blind
and placebo-controlled. There were no significant effects on blood glucose levels.
However, it is important to note that the patients who got vanadyl sulfate experi-
enced arisein triglyceride levels.* Triglycerides are atype of fat in the blood.

It is considered possible that type 1 diabetics could lower their insulin dose by
adding vanady! sulfate. In rats, large amounts of vanadium improve glucose toler-
ance. However, the amount of vanadium needed to achieve insulin dose reduc-
tions may be high, and the research relative to doing thisis very sparse and out of
date.®

One study that included five insulin-dependent diabetics given 125 mg of va
nadyl sulfate a day for two weeks found that it caused a “significant decrease” in



Vanady! Sulfate 351

insulin requirements for those studied.® Another study showed no effect on glu-
cose levelsor insulin requirementsin five type 1 diabetics given 100 mg of vanady!|
sulfate a day. It has been suggested that vanady! sulfate may only work in type 2
diabetics becauseit increases insulin action and reduces insulin resistance.” Type 1
diabetics do not make enough insulin, so there is nothing to enhance.

While there are no long-term studies of high-dose oral vanadium or vanadyl
sulfate, there is evidence that occupational exposure to vanadium can cause DNA
damage, which puts people at risk of cancer.?

Researchers today are trying to put vanadium into a chemical compound that
can deliver large amounts of vanadium without toxicity, studying a variety of
vanadium-containing compounds and their effects on blood sugar. They are try-
ing to keep all the positive effects of vanady| sulfate and vanadium but in a more
tolerable and safe drug. Bis(maltolato)oxovanadium (V) (BMOV) and the eth-
ylmaltol analog, bis(ethylmaltolato)oxovanadium (IV) (BEOV), are being tested.
As of 2009, BEOV was in Phase llaclinical trials, being tested successfully on
a small group of type 2 diabetics.® There are other vanadium-containing drugs
being studied.

Weight Training

Vanadyl sulfate is used by athletes during weight training to increase perfor-
mance and muscle mass. Because vanadium mimics insulin, it is thought it might
help promote protein growth. Vanadyl sulfate is marketed as a muscle builder.
A dose of 60 mg aday is usualy taken. However, there is no evidence as yet that
vanadium increases lean body mass, builds muscle, or helps decrease fat mass.'©

In one study involving 31 weight-training volunteers, there were no differences
in body parameters or body composition after 12 weeks of treatment with vanady!
sulfate. Therewas only aslight suggestion of performance enhancement in number
of leg extension repetitions. This was not considered definitive.!

Cancer

As atrace mineral/metal, vanadium shares properties with other chemicals that
are used to treat cancer, the best-known of which is the group related to platinum,
including cisplatin. Vanadium has been shown in countless animal studies to have
an effect on both primary cancers and metastatic cancers. In animals, vanadium
has many complicated and varied effects on cancer cells. This has not yet been
transglated into any actual treatment.*?

Bone Structure and Strength

In rats, there have been studies showing that vanadium being tested as a treat-
ment for diabetes accumulates in bone and may strengthen bones that have been
weakened by the diabetic state.

One study demonstrating vanadium'’s effect on bones used BEOV, one of the
new vanadium-containing compounds.®
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DEFICIENCY

There is no known function of vanadium in humans. Without a biological role,
the Institute of Medicine has not made an Average Daily Requirement, Recom-
mended Dietary Allowance, or Adeguate Intake.®

No deficiency state has been found or described in humans.®

As one author put it in 1994, “Is vanadium of human nutritional importance
yet?” At that time, no definitive role had been found.!* The same is true today.
While most people consume trace amounts of vanadium, a specific and necessary
function for vanadium has not been discovered.

FOOD SOURCES

There is a variety of foods that contain vanadium. Some research suggests that
processed foods have more vanadium than unprocessed foods. Mushrooms and
shellfish contain vanadium, as do dill seed, parsley, and black pepper. Beer and
wine are sources of vanadium, as are grains and grain products, as well as other
beverages. The averageintake of peoplein the United States may be approximately
9 ug aday.® The average diet contains between 6 to 18 ug aday.?

Most vanadium in the diet is not absorbed. The 1 to 10 percent that is absorbed
is excreted quickly viathe kidneys.315

Humans also can absorb some vanadium from the environment, through the skin
and mucous membranes. It isin the air as a byproduct of various types of combus-
tion and refining processes.81?

MECHANISM OF ACTION: HOW DOES IT WORK?

All the actions of vanadium in the human body are till not fully understood.? Va-
nadium stimulates cell growth and differentiation. How it mimicsthe effects of insulin
isnot entirely clear. Vanadium inhibits anumber of enzymes. The effects of inhibiting
these enzymes have only been ascertained in animals such as rats and goats.®

It is believed that inhibition of phosphotryosine phosphatase enzymes affects
the insulin receptors of cells.? This may up-regulate the insulin receptors, which
would make them more sensitive to insulin. In animal studies, vanadium enhances
insulin sensitivity and makes the uptake of glucose into cells easier. In humans, it
may increase the synthesis of glycogen (away to store glucose) and moderate the
amount of glucose that leaves the liver.1

While the vanadate form is active in alaboratory setting, in the body, most vana-
dium isin the vanadyl form.>

There are dozens of ways that vanadium interacts with cancer cellsin vitro. Key
may be its modification of enzymes in the malignant cells. These modifications
may cause cell death or inhibit cell growth.?

PRIMARY USES

At the current time there are very few definite uses for vanadyl sulfate. Vana-
dium may be a necessary micronutrient, in which case avery small amount can
be taken as adietary supplement.
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* Athletestrying to stimulate muscle growth while weight training may take much
higher doses of vanady! sulfate.

 Diabeticstrying to control their blood sugar may take vanadyl sulfate, again, in
much higher doses.

COMMON DOSAGES

Vanadium occursin a number of forms. Vanady! sulfateis 31 percent vanadium.
Sodium metavanadate is 42 percent vanadium. Sodium orthovanadate is 23 percent
vanadium.® Vanady! sulfate is the most commonly used form of vanadium.

Considering vanadium as a necessary micronutrient, 20 ug a day has been
recommended.®

As a treatment for diabetes, usually 100 mg/day of vanadyl sulfate is used,
often 50 mg twice aday. Sometimes 125 mg of sodium metavanadate can be used
instead.3®

Athletes may take up to 60 mg a day of vanady! sulfate during weight training.*

POTENTIAL SIDE EFFECTS

ThereisaTolerable Upper Limit (UL) of vanadium set by the Institute of Medi-
cine. The IOM recommends that doses above the UL only be taken during clinical
trials and/or under medical supervision.

There are no adverse eventsreported to have occurred from vanadium in the diet.
However, there have been adverse effects from vanadium in supplements.

There have been no reports of acute vanadium toxicity in humans due to ingested
vanadium. There have also been no reports of kidney damage. In animal studies,
kidney and liver damage can be caused by excessive vanadium intake, as can diar-
rhea and death.

Humans taking large amounts of vanadium for diabetes have had |oose stools
and mild cramps. Studies of these effects have been very small, including any-
where from 6 to 10 adults, many reporting gastrointestinal side effects when being
treated.> People have also experienced more severe stomach upset, bloating, and
nausea.’ Patients given vanadium for up to six months in one study lost weight,
possibly because of the gastrointestinal symptoms, including anorexiaand abdom-
inal pain.t?

One small trial giving vanadium sulfate to patients who had impaired glucose
tolerance reported it raised their triglyceride levels.#

Other observed effects, inconsistently noted and not dose-related include:

* Green tongue
» Fatigue
» Lethargy

The EPA used astudy in ratsto set an oral reference dose at 0.009 mg/kg/day for
humans and animals. The IOM did not use this study to set an UL, but rather used
datafrom kidney toxicity in rats and extended it to humans. The Lowest Observed
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Adverse Effects Level (LOAEL) was 7.7 mg/kg body weight/day, based on rat
data. Sincethisis clearly just an estimate, it has a high level of uncertainty. Using
aspecific formulaincluding the LOAEL and the uncertainty, the IOM set an UL of
1.8 mg/day. The 1.8 refers to elemental vanadium. Since 60 mg of vanadyl sulfate
contains 18.6 mg of vanadium, the UL would be about 5.8 mg of vanadyl sulfate,
which is much less than what has been given to diabetics and athletes.

The IOM does not want setting the UL to prevent studies of the higher doses.
However, since the damage in animals has been to the kidneys, and since the vana-
dyl sulfate is being given to diabetics who are already at risk for kidney problems,
itisan areaof concern.

Others have suggested a supplement dose of 10 to 100 ug a day should be
safe®

Airborne vanadium pentoxide in high concentrations from industrial exposure
is the source of most vanadium toxicity. Thistoxicity is most obvious asirritation
to the eyes, nose, mouth, and respiratory tract.’> However, there has been DNA
damage and other changesin blood that indicate that inhal ation exposure to certain
forms of vanadium can cause more serious damage.?

FACT VERSUS FICTION

It is clear that vanadium does have an effect on glucose metabolism. It is not
clear if vanadyl sulfate can benefit both type 1 and type 2 diabetics. It is not clear
if vanadyl sulfate can be effective and safe in treating diabetes over long periods of
time. The reasons are not clear as to why no one has done large and well-designed
clinical trialsto answer these questions.

Many people working with vanadium believe that vanadyl sulfate and other
commonly used forms of vanadium cannot deliver enough of the vanadium to be
effective without causing toxicity and side effects. Many vanadium-containing
compounds have been made to try and overcome these problems, and some of
them are now in early clinical trials.

Hopefully, there will be more answers about the efficacy and safety of vanadyl
sulfate and other vanadium-containing chemicalsin the near future.

It is also unclear if vanadyl sulfate can help weight lifters. More research is
necessary.

In the meantime, anyone who is taking vanadyl sulfate in high doses should be
monitored carefully. Diabetics especially should be followed closely. Athletes tak-
ing vanadium should have periodic blood tests.

For many people, the amount of vanady! sulfate needed for any significant effect
on blood sugar or muscle mass will cause them gastrointestinal distress, and they
will discontinue the supplement.
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Probiotics

BRIEF OVERVIEW

Probiotics are living microbes that are beneficial to human health. As noted in
Chapter 27, “ Saccharomyces Boulardii,” there is a great deal of advertising for
probiotics at the current time, especially those in yogurt and other milk products.
This makes probiotics seem like a new idea, but that is not the case. In 1935,
Dr. Minoru Shirota discovered a bacterium that could improve health, which was
named after him, Lactobacillus casei Shirota. It has been used in Japan for de-
cades. The acceptance of yogurt-containing bacteria as a health supplement goes
back centuriesin many cultures.

The first official definition of a probiotic was written in 1989 by Robert Fuller.
A probioticsis, he said, “A live microbial feed supplement which beneficialy af-
fects the host animal by improving itsintestinal microbial balance.”* According to
the World Health Organization, it now includes “live micro-organisms that, when
administered in adequate amounts, confer a health benefit to the host.”?

More people than ever are taking probiotics. One reason is that more brands are
being produced, advertised, and sold in the grocery store. Another isthat the medical
community is discovering which conditions probiotics can improve and which pro-
biotics work best. Probiotics are being used as medical treatment in some cases.

The bacterial probiaotics found in milk products are being sold to promote good
gastrointestinal health, for example, regular bowel movements. There are more
specific reasons to take them and some reasons not to take them.

This chapter will cover probiotic bacteria. S. boulardii, a probiotic yeast, is cov-
ered in Chapter 27.

THE HYPE

The claim has been made that al probiotics are good for everyone, to improve
gastrointestinal health as well as general health. Since this is probably an over-
statement, there has been much research to try and define the best uses for these
organisms.
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The yogurt section is shown at a Whole Foods Market in San Francisco, 2010. Yogurt is
often a source of probiotics. (AP Photo/Eric Risberg)

Prevention of Traveler’s Diarrhea

Diarrheais a common problem for people visiting areas where there is alot of
bacterial contamination of food and water. Thisis more likely in some areas than
others. For example, 50 percent of visitors to Latin America may contract trav-
eler’'sdiarrhea. It can even happen just because there are different bacteriain other
parts of the world than those a person is exposed to at home, even if none of the
bacteria are normally considered to cause disease. However, traveler's diarrheais
more likely to occur where there are pathogenic (disease-causing) bacteria found
in food sources.

In these cases, the diarrhea can be accompanied by cramps and nausea. More
severely affected individuals may have fever, vomiting, bloody diarrhea, and pro-
longed symptoms.

There has been much research into the use of probiotics for traveler’s diarrhea.
An analysis of good-quality studies included those using a variety of bacteria.
There is some evidence that Lactobacillus rhamnosus can lower the risk of devel-
oping traveler’s diarrhea, without significant side effects. Mixtures of bacteriaalso
show some benefit. Tested mixtures included L actobacillus acidophilus, Lactoba
cillusbulgaris, Bifidobacter bifidum, and Streptococcus thermophilus. While there
have been positive results in some tests with these bacteria, this particular analysis
indicated that yeast S. boulardii was the most effective probiotic to prevent trav-
eler'sdiarrhea’
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Treatment of Acute Diarrhea
In Children

Acutediarrheain childrenisusually viral. Probiotics can help shorten the course
of vira diarrheal illnesses in children. In one large, placebo-controlled study, for
example, L. casei was effective, as was a mix of L. delbrueckii var bulgaricus,
L. acidophilus, S. thermophilus, and B. bifidum. Each of these shortened the course
of the diarrheal illness by about aday and a haf aswell as lessening the severity.*

A number of studies and analyses of multiple trials have found many probiotics
useful in shortening the duration and symptoms of acute diarrheain children.®

A number of studies have found probiotics useful for reducing the length and
severity of diarrhea specifically associated with rotavirus infection.®

In Adults

Other analysis of multiple studies has indicated that probiotics can shorten the
course of acute infectious diarrheain adults.®

Prevention of Antibiotic-Associated Diarrhea
General

Antibiotic-associated diarrheais a common problem. Antibiotics do not just kill
the infectious agent being treated. They also kill a number of safe bacteria that
normally live in the intestine. Upsetting the bacterial balance in the intestine al-
lows those that are more likely to cause diarrheato grow. Probiotics formulas can
offset this effect because they are good bacteriathat do not cause diarrhea; they can
prevent the overgrowth of pathogenic bacteria.

A review of 31 good-quality studiesinvolving probiotic useto prevent antibiotic-
associated diarrhea in both children and adults found that probiotics are effective
in preventing antibiotic-associated diarrhea. Three types of probiotics seem to be
most effective—S. boulardii, L actobacillus rhamnosus GG, and mixtures of probi-
otic organisms.’

Another review found a52 percent reduction of antibiotic-associated diarrheawith
the use of probiotics, and that most of the probioticsin genera use are effective.®

Children

Analysis of a number of studies of antibiotic-associated diarrhea specificaly in
children found that probiotics help prevent it. The analyzed studies used Lactoba-
cilli species, Bifidobacterium species, Streptococcus species, and Saccharomyces
boulardii alone or in combination. These bacteria (as well as the yeast) were said
to “show promise” with larger, good-quality research suggested.®

Adults

In one study, half of a group of 135 elderly, hospitalized patients on antibi-
otics were randomized to take a commercially prepared yogurt drink containing
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Lactobacillus casei imunitass, S. thermophilus, and L. bulgaricus. They took it
twice a day, continued a week past the end of antibiotic use. This definitely de-
creased the incidence of diarrhea, from 34 to 12 percent.'® Additionally, the group
taking probiotics did not have evidence of C. difficile (see next section). There
were no adverse results reported.

Prevention and/or Treatment of C. Difficile Diarrhea

The bacterium Clostridium difficile can cause diarrhea during and after an-
tibiotic treatment. C. difficile can grow while a person takes antibiotics and
cause diarrheal disease through toxinsit secretes. Hospitalized elderly, or those
in nursing homes, are more at risk for C. difficile illness.!! The range of this
disease is from a simple, diarrheal illness to something much more serious
called pseudomembranous colitis, which can lead to intestinal perforation
and even death. C. difficile is difficult to treat because it is resistant to many
antibiotics.

In the study mentioned above, 17 percent of the patients not given probiotics,
all of whom had diarrhea, were positive for C. difficile toxin, whereas none of the
patients taking the probiotic were positive for toxin, including those with diar-
rhea. This particular group of patients did not include anyone taking the antibiotics
known to be most closely associated with C. difficile, but some of them manifested
it anyway.'® This provides some evidence that probiotic administration may be
helpful in preventing C. difficile illness.

This is an area of ongoing research. Bacterial probiotics are not yet recom-
mended for this purpose.®

Treatment of Inflammatory Bowel Diseases

There are a number of pathogenic bacteria that may contribute to the develop-
ment of inflammatory bowel diseases or may cause flare-ups of the diseases. It is
thought that a combination of genetics, bacteria, and a person’simmune status can
lead to one of these diseases. It therefore seems reasonable that probiotic bacteria
might be able to help treat inflammatory bowel diseases.

Probiotics may help treat inflammatory bowel diseases, including Crohn’s dis-
ease and ulcerative colitis. These bacteria may make some anti-inflammatory
chemical substances. They also may be able to stabilize the intestinal lining, as
well as send signals to host cellsto lower inflammation.

A number of clinical trials have demonstrated that probiotics can maintain remis-
sionin ulcerative colitis. In one study, a nonpathogenic strain of E. coli maintained
remission as long as the standard treatment of mesalamine. Other probiotics, such
asamixture of Lactobacilli, Bifidobacteriastrains, and S. salivariius thermophilus
(VSL #3), have also been able to maintain remission in ulcerative colitis, Crohn’s
disease, and pouchitis, which is an inflammation of remaining bowel after the
rest has been surgically removed.’?> However, large placebo-controlled studies are
needed.
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Treatment of Irritable Bowel Syndrome

The causes of irritable bowel syndrome are not completely understood. They
may include a change in the movements of the intestinal walls, overgrowth of bac-
teriain the small intestine, tiny areas of inflammation, and oversensitivity to pain
from the intestine. Probiotics could be helpful in treating anumber of these factors.
However, there have only been a small number of trials. Many have used similar
bacteriato those used in inflammatory bowel disease testing, including L actobacil-
lus, Bifidobacterium, and mixtures of bacteria. In one small study using VSL#3,
there was a slight decrease in bloating, but it was not statistically significant. In
another, there was adelay in the time it takes food residue to go through the large
intestine and a reduction of flatulence.*®

Other studies using different probiotics have shown decreases in symptoms.
These studies have been small, often lack control groups, and have not been ran-
domized. However, some have shown improvement in symptoms, such as pain and
bloating, and quality-of-life scores. Bifidobacterium seem to be more effective
than Lactobacillus species.

One meta-analysis of multiple trials has shown atendency toward improvement
of patients with irritable bowel syndrome. Another concluded that only one of the
Bifidobacterium species showed any promise.’®

One study of 86 patients randomized to receive a multispecies probiotic or
placebo for five months showed a significant improvement in symptoms for the
treated patients.*

Large, placebo-controlled, randomized trials need to be done.

Allergy

The use of probiotics to prevent allergic diseases from developing in childrenis
extremely controversial.

The incidence of allergic diseases, including eczema and asthma, seems to be
rising, and no one is sure why. One theory called the “hygiene hypothesis’ states
that there areless normal bacteria around to help babies’ immune systems devel op.
The immune system is thought to develop by learning to tolerate intestinal bacte-
ria. Compared to the past, the food is more sterile, hygiene is improved, vaccina-
tion reduces the spread of some of the communicable diseases, and antibiotics kill
some of the bacteria. Infants might have fewer bacteria in their intestines, so the
immune system does not develop normally. Infants with skin allergy—eczema and
atopic dermatitis—have been found to have different intestinal bacteriathan nonal-
lergic babies, which lends some support to this theory.

Allergic tendencies run in families. Infants with allergic parents or siblings are
more likely to become allergic than those without alergic family members. Pro-
ponents of the hygiene hypothesis believe that giving infants at risk probiotics
may help their immune systems develop properly. There has been some success
giving probiatics to infants, including Bifidobacterium lactis, Lactobacillus rham-
nosus, and combinations of bacteria. These have been used in some trias with
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an improvement in eczema among children who are positive to skin prick tests,
meaning that when atiny amount of an allergic substance is put into the skin with
apinprick, they have ared, raised area showing areaction.

There have also been attempts at preventing eczemaby giving probioticsto preg-
nant mothers with allergies and subsequently to their infants. In one study, allergic
mothers were given L. rhamnosus GG or placebo for two to four weeks before they
were expected to have their babies. Afterward, the infants received the same for
six months; 46 percent of the children in the placebo group devel oped eczema, as
opposed to 26 percent of those given probiotics.®®

Another trial used two strains of Lactobacillus rhamnosus, Bifidobacterium
breve, and Propionibacterium freudenreichii given in capsules to mothers two to
four weeks before delivery, and the same mixed in sugar drops to their babies for
six months. There was a matched placebo group. The children were followed until
two years of age. The risk of eczema was 26 percent less in the children who took
probiotics, and they had a 34 percent less risk of what was called atopic eczema.
Thisis eczemain children with high blood levels of IgE, an immunoglobulin that
is higher in people with alergy. They concluded that probiotics lowered the risk
of eczema, atopic eczema, and any |gE-associated disease. These authors believe
that probiotics should be given to mothers and babies at high risk of developing
alergies.'

However, not al trials using probiotics this way have had the same results. An-
other group of researchers working at about the same time took a group of new-
borns whose mothers were allergic and gave half placebo and half probiotics, in
this case Lactobacillus acidophilus. The probiotic preparation had no detectable
milk protein in it. The babies who took the probiotic did show the bacteriain their
intestines at six months of age. However, at six months they did not have any less
skin alergy than the babies who took placebo. At a year of age, the babies who
took probiotics had ahigher incidence of skin allergy together with skin prick posi-
tivity than the babies who got placebo. Also, at six months, the babies who got the
Lactobacillus had an increased incidence of sensitivity to cow’s milk.’

Another double-blind, placebo-controlled trial in which the treated mothers took
probiotic Lactobacillus GG four to six weeks before delivery and then the infants
were given the same for six months did not show a benefit from the probiotics. The
children were followed until two years of age. They did not have less atopic der-
matitis (eczema), less severe dermatitis, or diseases with wheezing (asthma) than
the children given placebo.®

The American Academy of Pediatrics does not believe there is enough informa-
tion to make guidelines establishing the use of probioticsto prevent alergy.

Miscellaneous Uses

Urinary tract infections in women are often caused by E. coli, thought to come
from the intestine or vaginal tract. If praobiotics can change the bacterial colo-
nization, they might be able to prevent urinary tract infections. There have only
been limited studies with oral probiatics for this purpose, including a trial using
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L. rhamnosus GG to prevent urinary tract infections in premature infants. There
was atrend toward a decreased infection rate, but it was not statistically significant.
L. acidophiluswas reported to be useful in acase report of one six-year-old girl with
recurrent urinary tract infections.’® More research needs to be done in this area.

Probiotics, usually Lactobacilli, have been used to treat H. pylori infections as-
sociated with gastritis or gastric ulcer. While they do not eradicate the infection
when used alone, they can improve gastritis and reduce the numbers of H. pylori.
I'n conjunction with standard treatment, probioticsimprove the eradication rate and
significantly reduce side effects.?

DEFICIENCY
Probiotics are not avitamin or essentia nutrient. Thereis no deficiency state.

FOOD SOURCES

Bacterial probiotics are cultures of bacteria that can be introduced into milk
products such as yogurt. They can also be put into a powdered form.

Many probiotics can be found in the dairy and cheese section of the supermarket
or grocery store. The difference between different products has to do with which
bacteria are in them, how many bacteria are in them, and if the bacteria are all
aive.

The FDA does not certify probiotics unless they are marketed to treat a specific
disease.

Often when probiotics are independently tested, they are found not to have as
many live bacteria as stated.

MECHANISM OF ACTION: HOW DOES IT WORK?

Bacteria that are useful as probiotics have many things in common. They must
be of human origin. They must be regarded as safe and not pathogenic bacteria.
They must be able to reach the intestine. To do that, they have to be able to resist
stomach acid as well as bile. They have to survive for some time in the intestine.
The bacteria have to be able to attach to the intestinal wall. They haveto be ableto
make substances that will damage other pathogenic bacteria, as well as substances
that can activate local immunity. They can also make the lining of the intestine
more difficult to penetrate.'?

It is not known with any certainty how the bacteria improve alergy. In alergic
children, probiotic bacteria may improve the tightness of the intestinal lining to
prevent possibly allergic substances from getting through. The bacteria also make
chemicalsthat can affect the amount of immunoglobulinsin the intestine, possibly
also helping to keep allergic substances from getting into the bloodstream.

They have been said to act asimmunomodulators. In one study involving healthy
middle-aged and elderly volunteers, administration of Lactobacillus casel strain
Shirota had an effect on the activity of natural killer cells. Killer cells are white
blood cells that are part of the immune system. The placebo-controlled, crossover
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trial involved giving the probiotic daily for three weeks. Natural killer cell activ-
ity increased in the middle-aged participants (ages 30 to 45 years). In the older
patients (55 to 75 years of age), thekiller cell activity did not increase in the group
given probiotics but stayed the same. However, those given placebo showed a de-
crease in natural killer cell activity.

The researchers noted that natural killer cells are very important to the im-
mune system, helping prevent tumor development as well as stopping viral
infections.?!

Probiotics stimulate a nonspecific immune response. Thisincludes secretion of a
number of chemical mediators as well as activating white blood cells. One type of
white blood cell, the T cell, secretes substances called cytokines. Probiotics stimu-
late T cells to secrete cytokines that help confer protective immunity. There have
been suggestions that probiotics help maintain the correct balance between active
immunity and overreaction such as occurs with allergy.?? Perhaps they should be
called “immunobiotics”

PRIMARY USES

Probiotics are marketed and taken to improve intestinal health.
Probiotics can also be used for:

» Prevention of antibiotic-associated diarrhea

» Treatment of acute diarrheain children and adults

» Prevention and treatment of traveler's diarrheain children and adults

» Prevention of C. difficile diarrhea (not proven with bacteria)

e Treatment of irritable bowel syndrome

» Help in maintaining remission in patients with inflammatory bowel disease

The use of probiotics for allergies in infants and young children is not estab-
lished at thistime.
Many other medical uses are under investigation as indicated.

COMMON DOSAGES

One of the difficulties in evaluating information about probioticsis the different
strains of bacteria used, aswell asthe varying numbers of live bacteria. The major-
ity of trials use 1 to 20 billion CFUs per day, a CFU being a colony-forming unit.
Each colony-forming unit is a bacterium that could be removed and a colony of
bacteria could be grown fromit.

Generally speaking, the studies that have had the most positive outcomes have
used higher amounts of probiotics, more than 5 billion CFUs aday in children and
20 billion CFUs aday in adults. Thereis no evidence that higher doses are less safe.
There isa question as to whether higher doses are necessary and worth the expense.

Most people are aware that probiotics in milk products can be purchased from
any grocery store. Examples include Activia, which contains 5 to 10 billion CFUs
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of B. animalis, and Danactive, which contains 10 billion CFUs of L. casei. Yo-Plus
and Stonyfield contain B. lactisand L. reuteri, but the amounts are not made avail-
able. There are other products on the market. It is never clear if the CFU amounts
in these yogurts and drinks are accurate.

Probiotics can aso be obtained as capsules, tablets, and powders. Many contain
acombination of various Lactobacilli and Bifidobacteriae.

There have been studies demonstrating that many of the preparations do not
contain the amount of live bacteria stated.®

It is reasonable to try a well-known brand, or purchase from a trusted source.
Depending on aperson’s age and what condition they are trying to manage, aiming
for the higher dose may mean two servings of one of the milk-containing products
aday or more.

When treating illness, discussing the specific product and amount with a physi-
cian isreasonable.

POTENTIAL SIDE EFFECTS

Probiotics are generally well tolerated. Those marketed to the general public are
advertised as improving gastrointestina health and making people feel better.

There have been reports of mild bloating and gas associated with L. rhamnosus
GG’

Infants have demonstrated vomiting, excessive crying, and apparent abdominal
discomfort from probiotics.'®

Sincethesearelive bacteria, thereisthe potential for seriousillnessif they should
get into the circulation. There have been cases of bacteriain the bloodstream (bac-
teremia and sepsis), bacteria on heart valves, and other systemic infections related
to the use of probiotics. This occurs rarely with the probiotics discussed in this
chapter, and usually to people with abnormal immune systems who are critically
ill. Great care must be taken when using probioticsin a hospital setting.”

A 2006 review noted that there had been no cases reported of sepsisin heathy
individuals.?

A review of the available information in 2008 found no cases of sepsis spe-
cifically from Lactobacillus rhamnosus GG and Bifidobacterium sp. during the
published trials.> However, people with serious medical illnesses that lower the
effectiveness of their immune system should discuss the use of probioctics with
their physicians.

FACT VERSUS FICTION

Probiotics are marketed to be taken for good intestinal health. Whether that is
generally true is not proven. However, since they are safe, otherwise healthy indi-
viduals can try them to see how they feel.

Bacterial probioticsare definitely useful in the prevention and treatment of many
kinds of diarrheal illnesses in children and adults, including viral diarrheal ill-
nesses, antibiotic-associated diarrhea, and traveler’ sdiarrhea. They may prove use-
ful in preventing C. difficile—caused diarrhea.
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Probiotics may play arole in managing other intestinal problems, both inflam-
matory bowel disease and irritable bowel disease. Probiotics may also be useful in
treating H. pylori infections associated with gastritis or gastric ulcer.

The use of probiotics to prevent alergy in infantsis still controversial and un-
proven. Since some studies have found increased incidence of some allergic prob-
lemsin infants treated with probiotics, it seems prudent to wait until thereis more
evidence before giving them to newborns.

For other conditions, like urinary tract infections, the usefulness of probiotics
has not been proven. However, there is no reason that peopl e without serious medi-
cal illnesses should not try them. They should probably not be taken by those who
are very ill, especially hospitalized patients, until it is better understood how to
prevent them from causing systemic infections.
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Strontium Ranelate

BRIEF OVERVIEW

Strontium is an element chemically very similar to calcium. Calcium plays a very
important role in the formation of bone in human body. When the formation of
boneisreduced, combined with increased resorption of bone, it resultsin structural
damage and fragility of bones causing osteoporosis.! Osteoporosis is a disease of
bone where the bone mineral density (BMD) is reduced, leading to an increased
risk of fracture. This disease is most common in women after menopause, when it
is called postmenopausal osteoporosis, although it may develop in men and pre-
menopausal women due to hormonal disorders or other factors.

Various studies have shown that strontium effectively reduces the risk of
vertebral,! peripheral (nonvertebral),>® and hip? fractures and increases bone
mineral density (BMD) in postmenopausal women with osteoporosis.

Strontium ranelate (strontium salt of ranelic acid) is registered as a prescription
medicine (POM) in the European Union for the treatment of osteoporosis in post-
menopausal women. Strontium ranelate is not approved by the FDA in the United
Statesand Canadafor the treatment of osteoporosisin postmenopausal women. How-
ever, other salts of strontium like strontium citrate, strontium gluconate, strontium
lactate, and strontium carbonate are presented as natura therapies and sold at much
higher doses than is required, which can disturb calcium metabolism in the body.*?

THE HYPE
Positive

Strontium has the following positive effects in postmenopausal women with
osteoporosis:

1. It effectively reduces the risk of vertebral,* peripheral (nonvertebral),?® and
hip? fractures in postmenopausal women with osteoporosis.
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2. Increases the lumbar and femoral bone mineral density (BMD), thus reducing
the risk of new vertebral and hip fractures.*

3. Oradl strontium reduces the incidence of bone fracturesinindividual swith meta-
static bone cancer.13

4. Prevents or reduces the risk of dental cavities in individuals who consumed
water naturally rich in strontium.4

5. Strontium might also improve cartilage metabolism in osteoarthritis (OA).

Negative

Supplemental strontium is often mistaken for radioactive strontium (Sr-90), pro-
duced as a result of above-ground nuclear testing that contaminated the environ-
ment and foods, which when consumed accumulates in the bones, bone marrow,
teeth, and other tissues surrounding the bones of affected individuals causing bone
cancer, leukemia, and cancer of surrounding tissues.

DEFICIENCY

Strontium is used to treat osteoporosis in postmenopausal women. There is no
requirement for strontium in other age groups. Hence, there are no deficiency
symptoms for strontium.

FOOD SOURCES
Strontium is not naturally present in any of the food sources.

MECHANISM OF ACTION: HOW DOES IT WORK?

Strontium ranel ate reduces the risk of fractures in postmenopausal women with
osteoporosis by the following functions:

» Reduces the resorption of bone

Stimulates the mineralization of bone

* Increases the bone minera density (BMD)
Increasing the deposition of calcium in the bone

Resorption of Bone

Thisisaprocess by which the bonetissueisbroken down by osteoclasts. The min-
erals from the bone are transferred to the blood making the bone soft and fragile.

Thisprocessis mainly stimulated or inhibited by the calcium levelsin the blood.
Lower levels of calcium in the blood stimulate the secretion of parathyroid hor-
mone (PTH), which in turn stimulates the differentiation and activity of osteoclasts
resulting in the resorption of the bone. On the other hand, high levels of calcium
decrease the secretion of parathyroid hormone (PTH), which reduces the produc-
tion and activity of osteoclasts resulting in the reduction of bone resorption.
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Strontium ranelate appears to reduce the resorption of bone by decreasing the
differentiation and activity of osteoclasts.®

Mineralization of Bone

Mineralization of boneisalso called ossification. It isahighly regulated process
where calcium phosphate crystals are incorporated into the matrix of the bone by
the bone-forming cells called osteoblasts.

Strontium ranelate stimulates this process by increasing the replication of pre-
osteoblast cells, in turn leading to increased synthesis of the bone matrix.®

Bone Mineral Density

Strontium has a higher atomic weight (84-88) than calcium (40). As the atomic
radius of strontium is similar to that of calcium, it easily substitutes calcium in the
body. Strontium ranelate aids the growth of bone and increases the bone density.

Theincrease in bone mineral density (BMD) in women on strontium ranelate is
attributed to two factors:

1. Higher atomic weight of strontium compared with calcium
2. Trueincreasein bone mass

Along with an increase in bone mineral density (BMD), administration of stron-
tium ranelate in ovariectomized rats (similar to postmenopausal women) also im-
proved the bone mechanical properties of vertebrae and midshaft femur leading to
adecrease in the incidence of vertebral and hip fractures.®

The Spinal Osteoporosis Therapeutic Intervention Study and the Treatment of
Peripheral Osteoporosis Study showed that administration of strontium ranelate
also increased the BMD of femoral neck associated with a proportional reduction
in vertebral fracture incidence.'”

The strontium ranelate for treatment of osteoporosis (STRATOS) trial aso
showed an increase in the vertebral BMD that reduced the incidence of vertebral
fractures.*

Increases the Deposition of Calcium in the Bone

Administration of strontium ranelate in optimal doses also results in a signifi-
cant increase in the calcium contents in the bone, indicating an increase in the
absorption of intestinal calcium without significantly altering any other metabolic
parameters of calcium.®

Strontium ranelate is able to increase pre-osteoblast replication, osteoblast dif-
ferentiation, collagen type | synthesis, and bone matrix mineralization probably
through a calcium-sensing receptor (CaR)-dependent mechanism. Along with this
effect, there is inhibition of osteoclast differentiation and activity mediated by an
increase in osteoprotegerin (OPG) and a decrease in RANK ligand (RANKL), re-
sulting in a rebalanced bone turnover that enhances the bone strength.®
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PRIMARY USES

Treatment of osteoporosis in postmenopausal women with strontium ranelate
has the following uses:

 Reduced risk of vertebral,! peripheral,>2 and hip? fractures in postmenopausal
women with osteoporosis

* Increased bone mineral density (BMD) of the lumbar and femoral bones, result-
ing in early and sustained reduction in the incidence of osteoporatic nonvertebral
fractures, including hip fractures and vertebral fracturest34

» Reduced incidence of bone fracturesin individuals with metastatic bone cancer?

e Reduced risk of new dental cavities in individuals who consumed water natu-
rally rich in strontium4

» Improved cartilage metabolism in osteoarthritis (OA)

» Reduce the resorption of bone by decreasing the differentiation and activity of
osteocl asts®

e Stimulation of mineralization of bone by increasing the replication of pre-
osteoblast cells, leading to increased synthesis of the bone matrix®

* Stimulation of absorption of intestinal calcium®

* Increased bone formation and reduces bone resorption simultaneously, thus re-
balancing bone turnover in favor of bone formation

COMMON DOSAGES

Recommended dose of strontium is 2 g orally, once daily, preferably at bedtime.

The 2 g/day dose was considered to offer the best combination of efficacy and
safety evidenced by a significant increase in serum levels of bone akaline phos-
phatise (ALP), and adecrease in urinary excretion of cross-linked N-telopeptide, a
marker of bone resorption, compared with placebo.*

This dose of 2 g/day is recommended for all age groups and no dosage adjust-
ments are required in relation to age.'’

Strontium ranelate (2 g/day) was shown to prevent bone loss, increase bone
strength, and reduce vertebral and peripheral fractures.”

Strontium ranelate must be consumed mixed with at least 30 mL of water.16:7

TOXICITY AND INTERACTIONS

There is not enough literature on the long-term effects of consuming high doses
of strontium and its toxicity profile. However, excessive doses can lead to stron-
tium toxicity as well as disturb calcium metabolism in the body.*2

Strontium should be taken at least two hours after food, milk, or other dairy prod-
ucts, calcium-containing medicines or tetracyclines, as the bioavailability of stron-
tium is reduced by calcium, ora tetracyclines, and food.'61718 Co-administration
of strontium with calcium appears to impair strontium absorption.*®
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Strontium should not be taken along with antacids contai ning a uminum or mag-
nesium. The two should be separated by at least two hours.1617:18

Women at increased risk of thromboembolism should use caution before con-
sidering strontium.

POTENTIAL SIDE EFFECTS

Though no major side effects are documented, a small percent of individuals
exhibited some common side effects like nausea, diarrhea, headache, and eczema,
which are later tolerated.

Strontium ranelate as an orally prescription drug for the treatment of postmeno-
pausal osteoporosis has been extensively studied. Evidence for the safety and ef-
ficacy of strontium ranelate comes from two large multinational trials, the SOTI
(Spinal Osteoporosis Therapeutic Intervention) and TROPOS (Treatment of Post-
menopausal Osteoporosis) studies and is as follows.

1. Treatment of postmenopausal osteoporosis with strontium ranelate results in
a sustained reduction in the incidence of osteoporotic nonvertebral fractures,
including hip fractures, and vertebral fractures over five years.?

2. Strontium ranelate is a bone-seeking element that has been assessed in post-
menopausal osteoporosis in various studies. Treatment with strontium ranelate
isableto decrease therisk of vertebral fractures, by 41 percent over three years,
and by 49 percent within the first year of treatment. This risk of nonvertebral
fracturesis decreased by 16 percent and, in patients at high risk for such afrac-
ture, therisk of hip fractureis decreased by 36 percent over three years. Recent
five-year data from these double-blind, placebo-controlled studies show that
the antifracture efficacy is maintained over time.®

3. Treatment efficacy with strontium ranel ate has been documented across awide
range of patient profiles: age, number of prevalent vertebral fractures, BMI, as
well as family history of osteoporosis and addiction to smoking are not deter-
minants of antifracture efficacy. During theseclinical trials, safety was good. Its
large spectrum of efficacy allows the use of strontium ranelate in the different
subgroups of patients with postmenopausal osteoporosis.®

4. Strontium ranelate is an effective and safe treatment for long-term treatment of
osteoporosis in postmenopausal women.”

5. Strontium ranelate is a useful addition to the range of antifracture treatments
available for treating postmenopausal women with osteoporosis and is the only
treatment proven to be effective at preventing both vertebral and hip fractures
in women aged 80 years and over.?

FACT VERSUS FICTION

Efficacy: Strontium ranelate is very effective in reducing the risk of vertebral,
nonvertebral, and peripheral fracturesin postmenopausal women with osteoporosis.
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But this has been indicated only in postmenopausal women, who had been post-
menopausal for more than 20 years.?!

Toxicity: Strontium at low doses has been effectively used to treat osteoporosis.
However, excessive doses can lead to strontium toxicity aswell as disturb calcium
metabolism in the body.?

Cost-effectiveness: Though strontium ranelate is effective, it appears to be less
cost-effective than the bisphosphonate alendronate.'*

Advice: Fractures in osteoporotic women can be prevented with lifestyle advice
and medication, as well as preventing falls in people with known or suspected
osteoporosis.

Strontium ranel ate is recommended for women:

» Who cannot tolerate bisphosphonates (e.g., because of gastrointestinal adverse
effects, including oesophageal ulceration)

* Who are unable to administer bisphosphonates correctly (e.g., needing to sit
upright after administration)

* For whom bisphosphonates are contraindicated (e.g., oesophageal abnormalities
that delay oesophageal emptying, such as stricture or achalasia)
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Acetaminophen overdose, 221

ADHD (attention deficit hyperactivity dis-
order), 194

AdoMet. See S-Adenosylmethionine

Aging, 119. See also Elderly

ALA. SeeAlphalipoic acid

Alcoholic liver disease, 258-59

Allergic rhinitis (hay fever), 214

Allergy, 361-62

Alphalipoic acid (ALA), 9-13; cancer and,
12; cardiovascular disease and, 11-12;
cognitive function and, 11; deficiency, 9;
diabetes management and, 10—11; dosages,
13; fact versus fiction, 13; food sources,
10; hype, 9; liver protection and, 12—13;
mechanisms of action and primary uses,
10-13; skin and, 13; toxicity, 13; visual
health and, 12

Alzheimer’s disease: folic acid and, 99; glu-
tathione and, 118; S-Adenosylmethionine
(SAMe) and, 257, 261; vitamin B12 and,
290, 291; vitamin E and, 316

Anemia, 161, 289-90

Angina pectoris, 182

Antibiotic-associated diarrhea, 248—49,
359-60

Antioxidants: selenium, 268; vitamin E, 318;
zinc, 334

Anxiety disorders, 4, 184

Arginine. See L-arginine

Arthritis, 212. See also Osteoarthritis

Ascorbic acid. SeeVitamin C

Asthma, 238-39, 340

Athletic performance: creatine and, 77—78, 81;
iron and, 160—61; L-arginine and, 134-35;
L-carnitine and, 127-28; L-glutamine and,
173-74; L-tyrosine and, 194-95

Attention deficit hyperactivity disorder

(ADHD), 194

Beta-carotene: cancer and, 279-80; chronic
diseases, mortality and, 278—79; dosages,
283-84. Seealso Vitamin A

Beta-sitosterol, 17—24; cancer and, 20; choles-
terol and, 17—-19; deficiency, 21; dosages,
22; fact versus fiction, 23—24; food sources,
21; hype, 17—20; mechanism of action, 21;
multiple sclerosis and, 20—21; overview, 17;
prostate enlargement and, 19—-20; side ef-
fects, potential, 22—23; uses, primary, 22

Biotin, 27-34; deficiency, 30-31, 33; diabetes
and, 28-29; dosages, 33—34; fact versus
fiction, 34; food sources, 31-32; hype,
27-30; lipids, elevated, and, 29; mecha-
nism of action, 32; metabolism errors and,
32-33; multistep immune targeting for
radioimmunotherapy, 33; nails, brittle and,
30; overview, 27; peripheral neuropathy
and, 29; pregnancy and, 28; seborrhea and,
30; side effects, potential, 34; skin and, 30;
sudden infant death syndrome and, 29; uses,
primary, 32—33

BMD (bone mineral density), 371
Bodybuilders: creatine and, 81; D-ribose and,

88-89; L-lysine and, 182; vanady! sulfate
and, 351. See also Athletic performance
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Bone: deposition of calciumiin, 371,
mineralization of, 371; resorption of,
370-71; structure/strength, 351

Bone marrow transplants, 172—73

Bone mineral density (BMD), 371

Brain development, 160, 239

C. difficile diarrhea, 249-50, 360

Calcitriol. SeeVitamin D

Calcium, 37—46; cancer and, 39, 46; cardiovas-
cular events and, 39, 45—-46; colon cancer
and, 39; colorectal cancer and, 46; coral, 39,
45; deficiency, 39—40; dosages, 43—44; fact
versus fiction, 45-46; food sources, 40—41;
hype, 37—39; hypocalcemia and, 41-42;
L-lysine and, 181; lung cancer and, 46;
mechanism of action, 41; mortality and, 39,
46; osteoporosis and, 37—38, 42—43, 44, 45;
overview, 37; prostate cancer and, 39, 46;
side effects, potential, 44; strontium ranelate
and, 371; uses, primary, 41-43; weight loss
and, 38, 45

Cancer: aphalipoic acid and, 12; beta-carotene
and, 279-80; beta-sitosterol and, 20; calcium
and, 39, 46; coenzyme Q,, and, 56; colon,
39, 46; copper and, 68; folic acid and, 98-99;
glutathione (GSH) and, 119; iron and, 159;
L-arginine and, 136-37; L-glutamine and,
172-73; lung, 46; melatonin and, 205; MSM
and, 214; N-acetylcysteine (NAC) and, 222;
omega-3 fatty acids and, 240; prostate, 39,
46; S-Adenosylmethionine (SAMe) and,
258-59; selenium and, 266—67; vanady!
sulfate and, 351; vitamin A and, 279-80;
vitamin B12 and, 291; vitamin C and, 145;
vitamin D and, 301; vitamin E and, 315-16;
vitamin K and, 325-26

Cardiovascular disease: alphalipoic acid and,
11-12; calcium and, 39, 45-46; folic acid
and, 96-98; glutathione (GSH) and, 119;
homocysteine and, 95-96, 97-98; iron and,
158-59; magnesium and, 341; omega-3
fatty acids and, 236—38; selenium and, 268;
vitamin A and, 279; vitamin B12 and, 291;
vitamin D and, 301; vitamin E and, 314-15;
vitamin K and, 326—27. See also Heart
disease

Carnitine. See L-carnitine

Central nervous system disorders, 239

Chemotherapy, 172

Childhood diarrhea, 248, 359

Cholesterol: beta-sitosterol and, 17-19; copper
and, 68; L-lysine and, 183

Chondroitin, 112—-13

Chromium, 49-53; deficiency, 50-51; diabetes
and, 49-50; dosages, 52—53; fact versus
fiction, 53; food sources, 51; hype, 49-50;
mechanism of action, 51-52; overview, 49;
side effects, potential, 53; uses, primary, 52;
weight loss and, 50

Chronic diseases, 278—-79

Chronic fatigue syndrome, 89-90

Chronic obstructive pulmonary disease (COPD),
219-20

Cirrhosis, 195, 258-59

Cobalamin. See Vitamin B12

Coenzyme Q,, (CoQ,), 55-61; cancer and,
56; deficiency, 59; diabetes mellitus and,
57; dosages, 60—61; fact versusfiction, 61;
food sources, 59; heart disease and, 56-57;
hype, 55-58; mechanism of action, 59-60;
neurodegenerative diseases and, 57-58;
overview, 55; side effects, potential, 61;
statin administration and, 58; uses,
primary, 60

Cognitive function: alphalipoic acid and, 11;
L-tyrosine and, 194; selenium and, 269

Colon cancer, 39, 46

Congestive heart failure, 86—88, 161. See also
Heart disease

COPD (chronic obstructive pulmonary dis-
ease), 219-20

Copper, 65—75; cancer and, 68; cholesterol
and, 68; copper tracking theory, 66—67;
deficiency, 68—70; diabetes and, 68;
dosages, 72—-73; fact versus fiction, 74—75;
food sources, 70-71; hype, 65—68; immune
system and, 68; interactions, 74; mechanism
of action, 71; neurodegenerative diseases
and, 67; overview, 65; side effects, potential,
73-74; uses, primary, 71-72

CoQ,,. See Coenzyme Q,,

Coral calcium, 39, 45

Coronary heart disease. See Heart disease

Creatine, 77—-83; athletic performance and,
77-78, 81; for bodybuilders, 81; deficiency,
80; dosages, 81-82; Duchenne muscular
dystrophy and, 79; fact versusfiction, 83;
food sources, 80; frailty in the elderly and,
78; Huntington's disease and, 79; hype,
77-79; inflammatory muscle diseases and,
79; mechanism of action, 80—81; muscle
mass and, 81; overview, 77; side effects,
potential, 82—83; synthesis and transport
errors, 79; uses, primary, 81

Cystic fibrosis, 119-20



Dark Hormone. See Melatonin

Depression: 5-hydroxy-tryptophan (5-HTP)
and, 2-3; folic acid and, 100; L-tyrosine
and, 192-93; melatonin and, 204;
S-Adenosylmethionine (SAMe) and,
256-57, 261; vitamin B12 and, 290, 293

Development: iron and, 160; omega-3 fatty
acids and, 239; zinc and, 335

Diabetes: alphalipoic acid and, 10-11; biotin
and, 28—29; chromium and, 49-50; coen-
zyme Q,, and, 57; copper and, 68; glutathi-
one (GSH) and, 120; L-carnitine and, 127;
L-glutamine and, 173; magnesium and, 341;
selenium and, 268; vanady! sulfate and,
349-51; vitamin D and, 300—301

Diarrhea: acute, 359; antibiotic-associated,
248-49, 359-60; C. difficile, 249-50,
360; childhood, 248, 359; probiatics and,
358-60; saccharomyces boulardii and,
248-50; traveler's, 248, 358

Dimethyl sulfone. See MSM

D-ribose, 85-92; bodybuilders and, 88—89;
chronic fatigue syndrome and, 89-90; con-
gestive heart failure and, 86—88; deficiency,
90; dosages, 86, 92; fact versusfiction, 92;
fibromyalgia and, 89—90; food sources,
90; hype, 85-90; ischemic heart disease
and, 86—88; mechanism of action, 90-91;
overview, 85; side effects, potential, 92; skin
and, 90; uses, primary, 91

Duchenne muscular dystrophy, 79

Dyslipidemia, 231

Ecstasy, counteracting effects of, 4
Elderly, 78, 293

Endothelial function, 144
Eosinophiliamyal gia syndrome, 1-2
Erectile function, 136

Falls, 300
Fertility, 268. See also Pregnancy
Fibromyalgia: D-ribose and, 89—-90; 5-hydroxy-
tryptophan (5-HTP) and, 4; S-Adenosyl-
methionine (SAMe) and, 257, 261
5-hydroxy-tryptophan (5-HTP), 1-7; anxiety
disorders and, 4; deficiency, 5; depression
and, 2—3; dosages, 6; Ecstasy, counteracting
effects of, 4; eosinophilia-myalgia syndrome
and, 1-2; fact versusfiction, 7; fibromyal-
giaand, 4; food sources, 5; headache and,
4; hot flashes and, 5; hype, 1-5; insomnia
and, 4; mechanism of action, 5; overview,
1; serotonin syndrome and, 2; side effects,

Index 379

potential, 6-7; uses, primary, 5-6; weight
control and, 4

Folate. See Falic acid

Folic acid, 95-106; Alzheimer’s disease and,
99; cancer and, 98—99; cardiovascular dis-
ease and, 96—-98; cardiovascular disease and
homocysteine, 95-96, 97-98; deficiency,
100-102; depression and, 100; dosages,
103—4; fact versus fiction, 105-6; food
sources, 102; hype, 95—-100; mechanism of
action, 103; neural tube defects and, 101-2;
overview, 95; preghancy and, 100; seizures
and, 105; side effects, potential, 104-5;
stroke and, 98; uses, primary, 103; vitamin
B12 and, 105

Frailty in the elderly, 78

Glucosamine, 109—13; chondroitin and,
112-13; deficiency, 110; dosages, 113;
fact versusfiction, 113; hype, 109-10;
mechanisms of action and primary uses,
111-13; osteoarthritis and, 111-13;
overview, 109; toxicity, 113

Glucosamine sulfate, 111

Glutamine. See L-glutamine

Glutathione (GSH), 117—-24; aging and, 119;
Alzheimer’s disease and, 118; cancer and,
119; cardiovascular disease and, 119; cystic
fibrosis and, 119-20; deficiency, 121,
diabetes and, 120; dosages, 123; fact versus
fiction, 123—24; food sources, 121; hype,
117-18; immune system and, 120; liver
and, 118; mechanism of action, 121-22;
multiple sclerosis and, 119; neurodegenera-
tive diseases and, 118—21; overview, 117;
Parkinson’s disease and, 118-19; periph-
eral neuropathy and, 120-21; side effects,
potential, 123; uses, primary, 123. See also
N-acetylcysteine

Growth and development: iron and, 160;
omega-3 fatty acids and, 239; zinc and, 335

GSH. See Glutathione

Hay fever, 214

Headache, 4, 194

Heart attack prevention/protection, 144

Heart disease: coenzyme Q,o and, 56-57;
D-ribose and, 86—88; ischemic, 86—88;
L-carnitine and, 128; L-lysine and, 182-83;
omega-3 fatty acids and, 238; vitamin C
and, 143-45. See also Cardiovascular
disease; Congestive heart failure

Heart rhythm disorders, 238
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Herpes, 187

Herpes simplex infections, 183-84

HGH (human growth hormone), 134

HIV/AIDS, 145, 170

Homocysteine, 95-98, 290

Hot flashes, 5

Human growth hormone (HGH), 134

Huntington's disease, 79

Hypertension: L-tyrosine and, 193;
magnesium and, 340; vitamin D and, 300

Hypocalcemia, 41-42

Immune system: copper and, 68; glutathione
(GSH) and, 120; iron and, 159—60;
L-glutamine and, 170; zinc and, 334-35

Infections: iron and, 159-60; L-lysine and,
183-84; vitamin C and, 142-43, 145;
vitamin D and, 301

Inflammation: glucosamine and, 111-13;
glutathione (GSH) and, 120; L-glutamine
and, 172; selenium and, 268

Inflammatory bowel diseases: L-glutamine and,
172; probiotics and, 360; saccharomyces
boulardii and, 250

Inflammatory muscle diseases, 79

Insomnia, 4, 2024

Interstitial cystitis, 214

Intestinal illnesses, 172

Intravenous contrast media used in x-ray
studies, 221-22

lodine, 149-55; deficiency, 150-52; dosages,
153-54; fact versusfiction, 155;
food sources, 152; hype, 149-50;
mechanism of action, 152-53; overview,
149; side effects, potential, 154-55; uses,
primary, 153

Iron, 157—-67; absorption, regulation of,
163-64; anemiaand, 161; athletes and,
160-61; brain development and, 160;
cancer and, 159; cardiovascular disease
and, 158-59; congestive heart failure and,
161; deficiency, 159—-62; dosages, 164—65;
excess, 157-58, 160; fact versusfiction,
167; food sources, 162—63; hype, 157—-61;
immune system and, 159—60; mechanism
of action, 163—64; restless legs syndrome
and, 161; side effects, potential, 165—66;
uses, primary, 164

Irritable bowel syndrome, 250, 361

Ischemic heart disease, 86—88. See also Heart
disease

Kidney damage/failure, 22122

LA (lipoic acid). See Alphalipoic acid
L-arginine, 133-37; athletic performance and,

134-35; cancer and, 136—37; deficiency,
133; dosages, 137; erectile function and,
136; fact versusfiction, 137; food sources,
134; human growth hormone and, 134;
hype, 133; mechanisms of action and
primary uses, 134—37; nitric oxide (NO)
and, 135; toxicity, 137; vascular disease
and, 135-36

L-carnitine, 125-29; athletic performance

and, 127-28; deficiency, 125-26; diabetes
and, 127; dosages, 129; fact versus fiction,
129; food sources, 126; heart heath and,
128; hype, 125; L-lysine and, 183; mecha-
nisms of action and primary uses, 126—29;
overview, 125; peripheral arterial disease
and, 128-29; toxicity, 129; weight loss and,
126-27

L-glutamine, 169-78; athletes and, 173-74;

cancer and, 172-73; deficiency, 174;
diabetes and, 173; dosages, 176-77;

fact versusfiction, 177-78; food sources,
174; HIV/AIDS and, 170; hype, 169-74;
immune system and, 170; intestinal illnesses
and, 172; mechanism of action, 174-76;
overview, 169; peripheral neuropathy and,
172-73; side effects, potential, 177; stress
and, 170-72; uses, primary, 176

Lipid peroxidation, 144—45

Lipids, elevated, 29

Lipoic acid. See Alphalipoic acid

Liver: aphalipoic acid and, 12—13; gluta-

thione (GSH) and, 118; N-acetylcysteine
(NAC) and, 221; S-Adenosylmethionine
(SAMe) and, 258-59, 261

L-lysine, 181-89; angina pectoris and, 182;

anxiety and, 184; bodybuilders and, 182;
calcium and, 181, carnitine and, 183;
cholesterol and, 183; coronary heart disease
and, 182-83; deficiency, 184; dosages,
186—87; fact versus fiction, 188—89; food
sources, 184; herpes and, 187; herpes sim-
plex infections and, 183—84; hype, 181-84;
mechanism of action, 185; osteoporosis and,
181, overview, 181; protein, recommended
amounts of, 186; side effects, potential,
187-88; uses, primary, 185-86

L-tyrosine, 191-200; ADHD and, 194; athletic

performance and, 194-95; cirrhosis and,
195; cognitive function and, 194; deficiency,
195; depression and, 192—-93; dosages,
197-98; fact versus fiction, 199—-200; food



sources, 195-96; hype, 191-95; hyperten-
sion and, 193; interactions, 199; mania and,
193; mechanism of action, 196—97; memory
and, 194; migraine headaches and, 194;
overview, 191; Parkinson's disease and, 194;
phenylalanine and, 198; protein, recom-
mended amounts of, 197-98; side effects,
potential, 199; stress and, 193—94; uses,
primary, 197

Lung cancer, 46

Lung diseases, 46, 219-20

Lysine. SeeL-lysine

Macular degeneration, 293, 316

Magnesium, 339-47; asthma and, 340; blood
pressure and, 340; cardiovascular disease
and, 341; deficiency, 343; diabetes and, 341,
dosages, 346; fact versusfiction, 347; food
sources, 343—44; hype, 339—42; mechanism
of action, 344-45; overview, 339; preghancy
and, 342; side effects, potential, 346—47;
stroke and, 341-42; uses, primary, 345

Mania, 193

Melatonin, 203—8; cancer and, 205; deficiency,
206; depression and, 204; dosages, 207;
fact versus fiction, 208; food sources, 206;
hype, 203—6; mechanism of action, 206—7;
neurodegenerative diseases and, 205-6; side
effects, potential, 207-8; sleep and, 203—4;
uses, primary, 207

Memory, 194

Metabolism abnormalities, 32—33, 12627

Methylsulfonylmethane. See MSM

Migraine headaches, 194

Mood, 269

Mortality: beta-carotene and, 279; calcium
and, 39, 46; vitamin A and, 279; vitamin E
and, 316, 320

MSM, 211-16; alergic rhinitis (hay fever)
and, 214, cancer and, 214; deficiency, 214,
dosages, 215; fact versus fiction, 216; food
sources, 214-15; hype, 211-14; interstitial
cystitis and, 214; mechanism of action,
215; osteoarthritis and, 211-12, 213;
overview, 211; for pain relief, 211-14;
side effects, potential, 216; uses, primary,
215

Multiple sclerosis: beta-sitosterol and, 20—21;
glutathione (GSH) and, 119; vitamin D and,
302

Multistep immune targeting for radioimmuno-
therapy, 33

Muscle mass/strength, 81, 300

Index 381

N-acetylcysteine (NAC), 219-25;
acetaminophen overdose and, 221; cancer
and, 222; chronic obstructive pulmonary
disease and, 219-20; deficiency, 223; fact
versus fiction, 225; food sources, 223;
hype, 219-23; intravenous contrast media
used in x-ray studies and, 221-22; kidney
damage/failure and, 221-22; liver disease
and, 221; lung diseases and, 219-20;
mechanism of action, 223; overview, 219;
polycystic ovary syndrome and, 222;
Raynaud'’s phenomenon and, 223; side
effects, potential, 224—25; surgery and,
222; upper respiratory illnesses and, 220;
uses, primary, 223—24; viral illnesses
and, 220. See also Glutathione

Nails, brittle, 30

Neural tube defects, 101-2

Neurodegenerative diseases: coenzyme Q,
and, 57-58; copper and, 67; glutathione
(GSH) and, 118-21; melatonin and,
205-6

Neurologic development, 160, 239

Niacin (vitamin B3), 227-33; deficiency,
228-29; dosages, 230-31; dydlipidemia
and, 231; fact versusfiction, 232—33; food
sources, 229; hype, 228; mechanism of ac-
tion, 229-30; overview, 227; pellagra and,
231, side effects, potential, 231-32; uses,
primary, 230

Nicotinic acid. See Niacin (vitamin B3)

Nitric oxide (NO), 135

Omega-3 fatty acids, 235—44; asthma and,
238-39; cancer and, 240; cardiovascular
health and, 236—38; central nervous system
disorders and, 239; coronary heart disease
and, 238; deficiency, 240; dosages, 242—43;
fact versus fiction, 243—44; food sources,
241; heart rhythm disorders and, 238;
hype, 236—40; mechanism of action,
241-42; neurologic development and,

239; organ transplantation and, 239;
overview, 235; side effects, potential, 243;
uses, primary, 242

Organ transplantation, 239

Ossification, 371

Osteoarthritis: glucosamine and, 111-13; MSM
and, 211-12, 213; S-Adenosylmethionine
(SAMe) and, 255-56, 260

Osteoporosis. calcium and, 37—-38, 42—43,

44, 45; L-lysine and, 181; vitamin D and,
298-300; vitamin K and, 323-25
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Pain relief, 211-14

Parkinson’s disease, 118-19, 194

Pellagra, 231

Performance enhancement. See Athletic
performance

Peripheral arterial disease, 12829

Peripheral neuropathy: biotin and, 29; glutathione
(GSH) and, 120-21; L-glutamine and, 172

Phenylalanine, 198

Polycystic ovary syndrome (PCO), 222

Polyunsaturated fatty acids. See Omega-3
fatty acids

Pregnancy: biotin and, 28; folic acid and, 100;
magnesium and, 342

Probiotics, 357—-66; allergy and, 361-62;
deficiency, 363; diarrhea and, 358—60;
dosages, 364—65; fact versus fiction,
365-66; food sources, 363; hype, 357-63;
inflammatory bowel diseases and, 360;
irritable bowel syndrome and, 361; mecha-
nism of action, 363—64; overview, 357; side
effects, potential, 365; uses, primary, 364.
See also Saccharomyces boulardii

Prostate cancer, 39, 46

Prostate enlargement (hyperplasia/hypertrophy),
19-20

Protein, recommended amounts of, 186, 197—98

Radioimmunotherapy, multistep immune
targeting for, 33

Raynaud's phenomenon, 223

Restless legs syndrome, 161

Retinol. SeeVitamin A

Ribose. See D-ribose

Saccharomyces boulardii, 247-53; deficiency,
250; diarrhea and, 248-50; dosages, 252;
fact versus fiction, 253; food sources,
250-51; hype, 248-50; inflammatory
bowel diseases and, 250; irritable bowel
syndrome and, 250; mechanism of action,
251; overview, 247-48; side effects, poten-
tial, 252—-53; uses, primary, 252. See also
Probiotics

S-Adenosylmethionine (SAMe), 255-62; Al-
zheimer’s disease and, 257, 261; deficiency,
259; depression and, 25657, 261; dosages,
261, fact versus fiction, 261-62; fibromyal-
giaand, 257, 261; food sources, 259; hype,
255-59; liver disease and, 258-59, 261;
mechanism of action, 260; osteoarthritis
and, 255-56, 260; overview, 255; side ef-
fects, potential, 261; uses, primary, 260—61

SAMe. See S-Adenosylmethionine

Seborrhea, 30

Seizures, 105

Selenium, 265-73; cancer and, 266—67;
cardiovascular disease and, 268; cognition
and, 269; deficiency, 269—-70; diabetes and,
268; dosages, 272; fact versusfiction, 273;
fertility and, 268; food sources, 270—71,;
hype, 266—69; inflammation and, 268;
mechanism of action, 271; mood and,
269; overview, 265; side effects, potential,
272—73; stress and, 268; thyroid disease
and, 267—-68; uses, primary, 271-72; vira
illnesses and, 267

Serotonin syndrome, 2

SIDS (sudden infant death syndrome), 29

Skin: alphalipoic acid and, 13; biotin and, 30;
D-ribose and, 90

Sleep disturbances, 4, 202—-4

Sports performance. See Athletic performance

Statin administration, 58

Stress: L-glutamine and, 170-72; L-tyrosine
and, 193-94; selenium and, 268

Stroke: folic acid and, 98; magnesium and,
341-42; vitamin B12 and, 291

Strontium ranelate, 369—74; bone mineral
density and, 371; calcium and, 371;
deficiency, 370; dosages, 372; fact versus
fiction, 373—74; food sources, 370; hype,
369-70; mechanism of action, 370-71;
overview, 369; resorption of bone and,
370-71; side effects, potential, 373;
toxicity and interactions, 372—73; uses,
primary, 372

Sudden infant death syndrome (SIDS), 29

Surgery, 222

Thiocitic acid. See Alphalipoic acid
Thyroid disease, 267—68

Traveler’s diarrhea, 248, 358
Tyrosine. See L-tyrosine

Upper respiratory illnesses, 220

Vanadium. See Vanady! sulfate

Vanady! sulfate, 349-54; bone structure/
strength and, 351; cancer and, 351;
deficiency, 352; diabetes and, 349-51;
dosages, 353; fact versusfiction, 354;
food sources, 352; hype, 349-51; mecha-
nism of action, 352; overview, 349; side
effects, potential, 353-54; uses, primary,
352-53; weight training and, 351



Vascular disease, 135—-36. See also Cardio-
vascular disease

Viral illnesses, 220, 267

Visual hedlth, 12

Vitamin A, 277-86; cancer and, 279-80;
cardiovascular disease and, 279; chronic
diseases and, 278-79; deficiency, 280-81;
dosages, 283-84; fact versusfiction,
285-86; food sources, 281-82; hype,
278-80; mechanism of action, 282; mortal-
ity and, 279; overview, 277—78; side effects,
potential, 284—85; uses, primary, 282

Vitamin B3. See Niacin (vitamin B3)

Vitamin B9. See Folic acid
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