Extrathyroidal Benefits of Iodine
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ABSTRACT
In addition to being an essential element in thyroid hormones,
iodine has many biological functions. The recommended dietary
intake of 100–150 mcg is perhaps 100 times too low. Potential
benefits of higher amounts include enhancement of immune
function and reducing the incidence of breast cancer. Older studies
of therapeutic benefits, particularly with respect to fibrocystic breast
disease, need to be updated and expanded.

Most physicians and surgeons view iodine from the narrow
perspective of its use as an antiseptic that disinfects drinking water
and prevents surgical wound infections, and its presence in
thyroxine (T4) and triiodothyronine (T3). They consider iodine’s
sole function in the body is to be organically bound to the phenyl
ring of tyrosine in thyroid hormones. The thyroid gland needs only
a trace amount of iodine, 70 mcg/day, to synthesize the requisite
amounts of T4 and T3 used to regulate metabolism and ensure
normal growth and development.
Everyone agrees that a lack of iodine in the diet causes a
spectrum of disorders that includes, in increasing order of severity,
goiter and hypothyroidism, mental retardation, and cretinism.
In an effort to prevent these iodine deficiency disorders, which
the World Health Organization estimates afflict 30 percent of the
1
world’s population, health policymakers all subscribe to the same
reference daily intake (RDI) for this element. First proposed in
1980, the RDI (formerly called the recommended dietary
allowance) for iodine is 100–150 mcg/day, an amount considered
sufficient to meet the requirements of nearly all, 97–98 percent of
2, 3
healthy individuals. Medical authorities consider an iodine intake
greater than 750 mcg/day, an amount considerably more than that
needed for production of thyroid hormones, to be “excessive.” But
there is growing evidence that iodine provides important
extrathyroidal benefits when taken in milligram amounts, in doses
100 times more than its RDI.

Japan is now 14.5 g, providing 45 mg of iodine if its iodine content,
which was not measured, has remained unchanged.5 Studies
measuring urine concentration of iodine confirm that the Japanese
consume iodine in milligram amounts.6 And researchers have
determined that residents on the coast of Hokkaido eat a quantity of
seaweed sufficient to provide a daily iodine intake of 200 mg/day.7
Saltwater fish and shellfish contain iodine, but one would have to eat
15–25 pounds of fish to get 13 mg of iodine.
The average daily intake of iodine in the U.S. is 240 mcg, well
within the range that the International Council for the Control of
Iodine Deficiency Disorders defines as an optimal iodine intake,
150 to 299 mcg/day.8 Though considered “iodine sufficient,” this
amount, 0.24 mg, is a small fraction of that consumed in Japan.
Also, this is half the amount of iodine that Americans consumed 30
years ago, when iodine was used more widely in the dairy industry
and as a dough conditioner in making bread. Now it is only added to
table salt, and 45 percent of American households buy salt without
iodine, which grocery stores also sell. And over the last 25 years
those who do use iodized table salt have decreased their
consumption of it by 65 percent. As a result, 15 percent of the U.S.
adult female population, one in seven, suffers from iodine
deficiency, as reflected in a urinary iodine concentration of less
9, 10
than 50 mcg/L. One in seven American women now also develop
11
breast cancer during their lifetime (30 years ago it was 1 in 20).
Although one cannot draw cause-and-effect conclusions by
looking at single factors in the context of general health statistics,
the incidence of breast cancer in the U.S. is the highest in the world,
and in Japan, until recently, it was the lowest. Japanese women who
emigrate from Japan or adopt a Western-style diet have a higher rate
12, 13
of breast cancer compared with those who eat seaweed.
Life expectancy in Japan is 81.25 years, compared to 77.85
years in the U.S. Infant mortality rate in Japan is the lowest in the
world, 3.5 deaths under age 1 per 1,000 live births, half the infant
14
mortality rate in the United States. While no conclusions can be
drawn from such figures concerning the benefits of iodine
supplementation, they do suggest that iodine intake nearly 200
times greater than in the U.S. is unlikely to be toxic.
Iodine asAntioxidant

Iodine Consumption in Japan and the United States
Seaweed is a potent source of iodine, and the Japanese eat a lot of
it. More than 95 percent of the iodine mainland Japanese consume
comes from seaweed, which includes kelp (brown algae), nori sheets
(red algae) with sushi, and chlorella (green algae). The concentration
of iodine in these marine plants ranges from 0.5–8.0 mg/g. Terrestrial
plants, in contrast, contain only trace amounts of iodine, 0.001 mg/g.
In 1964, the Nutrition Section of Japan’s Bureau of Public Health
found that people in Japan consumed a daily average of 4.5 g of
seaweed with measured iodine content of 3.1 mg/g, or13.8 mg of
4
iodine. According to bureau officials, seaweed consumption in
106

Oxygen breeds reactive oxygen species, which include
superoxide anion, hydrogen peroxide, and hydroxyl radical. The
hydroxyl radical wreaks havoc by reacting with lipids in cellular
membranes, nucleotides in DNA, and tyrosine and sulfhydryl
groups in proteins. In Laminariales, a species of kelp, Kupper et al.
show how inorganic iodine functions as an antioxidant. It
neutralizes hydrogen peroxide in a two-step process, converting it
first to hypoiodous acid and then water, thereby preventing it from
becoming a hydroxyl radical. These investigators also found that
this alga absorbs increased amounts of iodine when placed under
15
oxidative stress.
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Other investigators have shown that iodide is a specific
16
scavenger of hydroxyl radicals, and that it, like vitamin C,
17
increases the antioxidant status of human serum. Iodine defends
brain cells in rats from lipid peroxidation, attaching to the double
bonds of polyunsaturated fatty acids in cellular membranes,
18,19
rendering them less susceptible to free radicals.
As an interesting aside, cyanobacteria (blue-green algae), the
most primitive organisms capable of photosynthesis, have an
affinity for iodine, although it is present in seawater only in minute
amounts, about 0.05 parts per million. Photosynthesis, with
chlorophyll as a catalyst and sunlight as an energy source, converts
six molecules of carbon dioxide and six molecules of water into one
molecule of dextrose, with six molecules of oxygen as a waste
product. In cyanobacteria, which are considered in large part the
20
source of the oxygen in earth’s atmosphere, iodine probably
serves as an antioxidant, while it is toxic to all other, non21
photosynthesizing bacteria. Indeed, iodine’s ability to neutralize
reactive oxygen species apparently made photosynthesis possible.
Algae, which also photosynthesize, are a dietary source of
organic iodinated molecules and thus serve as a primitive “thyroid
22
gland” for some invertebrates.
Apoptosis and Cancer
Iodine induces apoptosis. This process of programmed cell
death is essential to growth and development (fingers form in the
fetus by apoptosis of the tissue between them) and for destroying
cells that represent a threat to the integrity of the organism, like
cancer cells and cells infected with viruses. It is hypothesized that
anticancer function may well prove to be iodine’s most important
extrathyroidal benefit.
Zhang and coworkers spliced genes that enhance iodine uptake
and iodination of proteins—the iodine pump (sodium-iodide
symporter) and thyroperoxidase genes—into human lung cancer
cells. Inorganic, nonradioactive iodine induced apoptosis in more
than 95 percent of these genetically modified cancer cells in vitro.
When implanted in mice, iodine effectively limited the growth of
the genetically modified tumor xenografts, compared with
23
unmodified tumors (P < 0.001).
Sekiya et al. have studied the effect of Mekabu, a kind of
seaweed, on a cultured human breast cancer cell line. They have
24
shown that it induces apoptosis by activating caspases 3, 6, and 8.
Shrivastava and coworkers have recently shown how molecular
iodine (I2) can also induce apoptosis in human breast cancer cell
lines using a caspase-independent and mitochondrial-mediated
25
apoptotic pathway.
Epidemiological studies show that a high intake of iodine is
associated with a low incidence of breast cancer, and a low intake
26, 27
with a high incidence of breast cancer.
Animal studies provide
evidence that iodine reduces the incidence of breast cancer, arguing
for a causal association to these epidemiological findings. GarciaSolis and coworkers analyzed the effect of iodine on preventing
breast cancer in rats given the carcinogen nitrosomethylurea.
Molecular iodine (I2) was more effective than potassium iodide,
significantly reducing the cancer incidence to 30 percent, compared
28
to 73 percent in controls (P < 0.05). Another study, using DMBA
29
as the carcinogen, showed the same effect (P < 0.01).
Other evidence, adding biologic plausibility to the hypothesis
that iodine prevents breast cancer, includes the finding that the

ductal cells in the breast, the ones most likely to become cancerous,
are equipped with an iodine pump, the sodium-iodide symporter,
30
the same one the thyroid gland has, to absorb this element. And
people with goiters resulting from iodine deficiency have a three
31
times greater incidence of breast cancer.
Other Functions of Inorganic Iodine
Extrathyroidal iodine also has other functions, which warrant
32
further study. It removes toxic chemicals and biological toxins;
33
suppresses autoimmunity; strengthens the T-cell adaptive
34,35
immune system; and protects against abnormal growth of bac36
teria in the stomach, Helicobacter pylori in particular.
Organs with Iodine-ConcentratingAbility
In addition to the thyroid, other organs have a sodium-iodide
symporter pump. Total-body scintiscans taken after administration
125
of radioactive iodine ( I) show that stomach mucosa absorbs
intravenously injected iodine. Lactating mammary glands and the
three paired salivary glands concentrate iodine almost to the same
degree as does the thyroid, in a 40-fold increase over serum levels.
The thymus, seat of the T-cell adaptive immune system, absorbs
inorganic iodine. Scintiscans also show an increased uptake of
iodine by the choroid plexus, which makes cerebrospinal fluid; in
37
skin; and by joints, arteries, and bone.
“Expert Opinion” and Iodine
These data call into question the accepted view that the thyroid
gland is the only organ that needs iodine. The following statement
applies to “accepted views” in general and to those about iodine in
particular: “When you seek a new path to truth, you must expect to
38
find it blocked by expert opinion.”
Expert opinion on iodine is now the purview of thyroidologists,
and they often discount or ignore extrathyroidal actions of iodine.
Many thyroidologists consider an iodine intake greater than 1 to 2
39
mg to be potentially harmful, citing the Wolff-Chaikoff effect and
an increase in TSH (thyroid stimulating hormone) concentration
2
with intakes greater than this amount.
The Wolff-Chaikoff effect, a temporary inhibition of thyroid
hormone synthesis that supposedly occurs with increased iodine
40
intake, is of no clinical significance. And an elevated TSH, when
present, is “subclinical”; i.e., it is not accompanied by any signs or
2
symptoms of hypothyroidism. Some people taking milligram
doses of iodine, usually more than 50 mg/day, develop mild
41
swelling of the thyroid without symptoms of hypothyroidism. The
vast majority of people without thyroid disease can take iodine in
doses ranging from 10 mg/day to 200 mg/day without any clinically
42
adverse affects on thyroid function.
The truth is that the 26-year-old RDI for iodine is far too
low—perhaps, citing the Japanese example, two orders of
magnitude too low.
Therapeutic Use of Iodine in the Past
Iodine was first used to treat goiters. In 1779 the Coventry
Remedy for goiter, which was very effective in treating this disease
and long held secret, was published. The remedy turned out to be
burnt sea sponge.
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Then in 1811 Bernard Courtois, brewing soda to make saltpeter
for gunpowder, discovered iodine. Andrew Fyfe, in 1816, found
that sea sponge contains high quantities of iodine. Following this
chain of evidence, a French physician, Jean Coindet, showed that
43
tincture of iodine shrinks goiters.
The first controlled study using iodine to prevent goiters was
done 85 years ago in school-aged children in Akron, Ohio. The
treatment group received an average of 11 mg/day of sodium iodide
and the control group nothing. The iodine treatment group, 2.5 years
later, had a 0.2 percent incidence of goiter, whereas the control group
44
had a 22 percent incidence of goiter—a 110-fold difference.
th
Iodine was used for a wide variety of ailments in the 19 and
th
early part of the 20 centuries, especially for syphilis and chronic
45
lung disease. For many years physicians used potassium iodide in
doses starting at 1.5 to 3 g increasing up to more than 10 g/day for
weeks at a time to treat bronchial asthma and chronic obstructive
pulmonary disease, reportedly with good results and surprisingly
46
few side effects. The Nobel laureate Albert Szent Györgi
47
(1893–1986), the physician who discovered vitamin C, writes:
“When I was a medical student, iodine in the form of KI [potassium
iodide] was the universal medicine. Nobody knew what it did, but it
did something and did something good.” The standard dose was 1 g,
which contains 770 mg of iodine.
Iodine in Dermatology
th

This 19 century medicine continues to be used in gram amounts
st
in the 21 century, by dermatologists. They treat inflammatory
dermatoses, like nodular vasculitis and pyoderma gangrenosum,
with SSKI (supersaturated potassium iodide), beginning with an
iodine dose of 900 mg/day, followed by weekly increases of up to 6
g/day as tolerated. Fungal eruptions, like sporotrichosis, are treated
48
initially in gram amounts with great effect.
Iodine Toxicity
A 54-year-old man, thinking it was iced tea, drank a “home
preparation” of SSKI in water that his aunt kept in the refrigerator
for her rheumatism. Over a short period of time he consumed 600
ml containing 15 g of iodide, an amount 100,000 times greater than
the RDI for iodine. Twelve hours later he developed swelling of the
face, neck, and mouth, and had transient cardiac arrhythmias, but
49
made an uneventful recovery.
High doses of iodine are remarkably well tolerated. Herxheimer
gave 5 g of KI, four days on, three days off, to 2,400 asthmatic
patients and had 12 cases of myxedema and only four patients who
50
had swelling of the thyroid gland.
It is important to remember, however, that some individuals are
oversensitive to iodine, particularly in SSKI and topical skin
preparations, and may experience severe adverse allergic reactions
to organic iodinated contrast materials. Reportedly, iodide exposure
has caused iodide-induced autoimmune thyroiditis as well as both
hypo- and hyperthyroidism in a small number of patients. Thus,
caution, with appropriate patient monitoring, is needed.
Forms of Iodine
Inorganic, nonradioactive iodine, as molecular iodine (I2) and
iodide (I ), provides the extrathyroidal benefits addressed here. In
addition to seaweed, four commercially available forms of orally
108

administered inorganic iodine are potassium iodide tablets (in 0.23,
32.5, 65, and 130 mg amounts), SSKI (19–50 mg of iodide per
drop), Lugol’s solution (6.3 mg of molecular iodine/iodide per
drop), and Iodoral tablets (12.5 mg iodine/iodide). Lugol’s solution
is 5 percent iodine (I2) and 10 percent potassium iodide (I ) in water.
Iodoral is a tablet form of Lugol’s solution, in which one tablet
equals two drops of Lugol’s.
Iodine in a manufactured organic form, in the antiarrhythmic
drug amiodarone and in various radiocontrast media, plays other
extrathyroidal roles. Four radioactive isotopes of iodine, three of
131
which are made in cyclotrons and one by nuclear fission ( I), are
123
used as radiotracers and in radiotherapy— I (half life 13 hours),
124
125
131
I (4.2 days), I (60 days), and I (8 days).
Fibrocystic Breast Disease
In animal studies, female rats fed an iodine-free diet develop
51, 52
fibrocystic changes in their breasts,
and iodine in its elemental
53
form as I2 cures it.
The incidence of fibrocystic breast disease in American women
was 3 percent in the 1920s. Today, 90 percent of women have this
disorder, manifested by epithelial hyperplasia, apocrine gland
metaplasia, fluid-filled cysts, and fibrosis. Six million American
women with fibrocystic breast disease have moderate to severe
breast pain and tenderness that lasts more than six days during the
54
menstrual cycle.
In 1966 Russian researchers first showed that iodine effectively
relieves signs and symptoms of fibrocystic breast disease.
Vishniakova and Murav’eva treated 167 women suffering from this
disorder with 50 mg KI during the intermenstrual period and
55
obtained a beneficial healing effect in 71 percent.
Ghent and colleagues also reported a 70 percent success rate
using iodine to treat fibrocystic breast disease. Their 1993 report is
a composite of three clinical studies: two case series done in Canada
treating 696 women with various types of iodine, and one in Seattle.
The Seattle study, done at the Virginia Mason Clinic, is a
randomized, double-blind, placebo-controlled trial of 56 women
designed to compare 3–5 mg of elemental iodine, I2, to a placebo (an
aqueous mixture of brown vegetable dye with quinine). The women
were followed for 6 months and subjective and objective changes in
54
their fibrocystic disease tracked.
The randomized study in the Ghent paper was reported without
tests for statistical significance. Two years later, however, a
sponsor, Mimetix, Inc., did a statistical analysis of the Seattle study,
increased to 92 women followed for seven months. The company
submitted a Special Report on “Iodine’s Efficacy and Safety” to the
FDA, seeking its approval to mount a larger clinical trial. Approval
was denied. This 38-page report, now available online, shows that
iodine exerts a highly statistically significant beneficial effect on
fibrocystic disease (P < .001). Iodine reduced breast tenderness,
nodularity, fibrosis, turgidity, and number of macrocysts—the five
parameters in a total breast examination score that an investigator
measured who was blinded to what treatment the woman was
56
taking, iodine or placebo.
The FDA has now approved a randomized controlled trial on
the benefits of molecular iodine for fibrocystic disease sponsored
by Symbollon Pharmaceuticals. A phase III trial enrolling 175
57, 58
women is underway.
Presented with the evidence on fibrocystic disease and on breast
cancer, it is reasonable to hypothesize that fibrocystic disease of the
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breast and breast cancer may, like goiter and cretinism, be iodine59, 60
deficiency disorders. But as of 2003, after most of these studies
had been published, a leading textbook on breast diseases, Bland
and Copeland’s The Breast: Comprehensive Management of
Benign and Malignant Disorders, fails to mention iodine anywhere
11
in its 1,766 pages.

Conclusion

The Iodine Project: Milligram Doses of Iodine

Donald Miller, M.D. is professor of surgery, Division of Cardiothoracic
Surgery, University of Washington School of Medicine. Contact:
dwm@u.washington.edu.

In 1997, after reading the Ghent paper in the Canadian Journal
of Surgery, Guy Abraham, M.D., a former professor of obstetrics
and gynecology at UCLA, decided to study iodine and mounted the
Iodine Project. He had his company, Optimox Corp., manufacture
Iodoral, and in 2000 engaged Jorge Flechas, M.D., to do clinical
studies with it to confirm the findings of Ghent et al. David
Brownstein, M.D., joined the project in 2003.
The Iodine Project’s hypothesis is that whole body sufficiency
of iodine requires a daily intake of 12.5 mg. The accepted view is
that the body contains about 50 mg of iodine, of which 70–80
percent resides in the thyroid gland. Abraham concluded that whole
body sufficiency exists when a person excretes 90 percent of the
amount of iodine ingested. He devised a loading test in which one
takes 50 mg of iodine and measures the amount excreted in the
urine over the next 24 hours. He found that the vast majority of
people tested retain a substantial amount of the 50 mg dose. Many
require 50 mg/day of iodine for several months before they will
excrete 90 percent of it. His studies indicate that given a sufficient
amount the body will retain 1,500 mg of iodine, 30 times more than
the presumed 50 mg, with only 3 percent of that 1.5 g amount
61
residing in the thyroid gland.
More than 4,000 patients in this project take iodine in daily
doses ranging from 12.5 to 50 mg, and those with diabetes can take
up to 100 mg /day. These investigators have found that iodine
reverses fibrocystic disease; their diabetic patients require less
insulin; hypothyroid patients need less thyroid medication;
symptoms of fibromyalgia resolve; and patients with migraine
headaches stop having them. To paraphrase Dr. Szent-Györygi,
these investigators aren’t sure how iodine does it, but they see that it
62
does something good.
Thyroid function has remained unchanged in 99 percent of their
patients. Untoward effects of iodine—allergies, swelling of the
salivary glands and thyroid, and iodism—occur rarely, in less than 1
percent. Iodine removes fluoride and bromide from the body.
Iodism, an unpleasant brassy taste, runny nose, and acne-like skin
lesions, is caused by the bromide that iodine extracts from the
63
tissues, and it subsides on a lesser dose of iodine.
Consumption of iodine in milligram doses should be coupled
with a complete nutritional program that includes, in particular,
adequate amounts of selenium, magnesium, and omega-3 fatty
acids. So done, Dr. Abraham believes that taking 12.5 mg/day of
iodine is “the simplest, safest, most effective and least expensive
way” to help solve many medical problems.
Many subjective benefits have been claimed for milligram-dose
iodine: a greater sense of well being, increased energy, and a lifting
of brain fog. Patients also report that they feel warmer in cold
environments, need somewhat less sleep, have improved skin
61-64
complexion, and have more regular bowel movements. These are
in addition to the improvements in fibrocystic disease of the breast
51-60,65
and a possibly reduced incidence of breast cancer noted above.

The extrathyroidal health effects of iodine are worthy of
thorough investigation, especially in view of the high incidence of
breast cancer in American women. Such research deserves the
support of public and private funding agencies.

Potential conflicts of interest: none.
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