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SPECIAL FEATURE
Are we getting too much iron? by DAVID SCHARDT
Too little iron is the most common nutrient deficiency in Canada (and through​out the world). Yet a growing body of evidence suggests that some people may be getting too much iron.
“We can’t smell iron, we can’t taste it, we can’t feel it, and we can’t look in the mirror and see we’ve had too much,” says Leo Zacharski, a hematologist at the Dartmouth Medical School in Hanover, New Hampshire. 

Here’s what researchers have learned.

Playing with Fire
Iron is essential to life on earth. Its ability to transfer the energy contained in elec​trons was utilized by the earliest life forms and has been conserved in our mitochon​dria, the power plants in our cells. And iron’s ability to latch onto oxygen made it possible for the hemoglobin in red blood cells and the myoglobin in muscle to dis​tribute oxygen to the body’s tissues.
“But if iron is not chaperoned cor​rectly, it can become a potent oxidant,” says Donald McClain of the University of Utah School of Medicine. Loose in cells, iron can create rogue molecules called free radicals, which can damage cell mem​branes, important proteins, and DNA.
“That’s why we’ve invested a lot of evo​lutionary energy in controlling the iron that’s within us,” McClain explains.
The body’s first line of defence: limit the amount of iron that’s absorbed from the intestinal tract. Then, when iron levels start to rise within cells, which happens as we age, our bodies quickly produce a stor​age protein called ferritin to sweep it up.

“Our cells spend a lot of energy main​taining this hair-trigger response with fer​ritin to protect the cells from excess iron,” says McClain.

What goes wrong if these defences are overwhelmed? For clues, researchers look at people with hemochromatosis, or iron overload disease.

Hemochromatosis
“Hemochromatosis is an inherited disor​der in which people absorb much more iron than their bodies need,” explains Bruce Bacon of the St. Louis University School of Medicine in Missouri. Accord​ing to the Canadian Hemochromatosis Society, it is “the most common genetic disorder in the western world, affecting an estimated 1 in 300 Canadians of Northern European descent.”
The gene most responsible for hemo​chromatosis, HFE, makes a protein that helps control how much iron the intestinal tract absorbs from food and supplements.

Roughly 10 to 12 per cent of the popula​tion inherits one mutation of the HFE gene called C282Y, which can lead to extra iron absorption. But only those who inherit two C282Y mutations, one rom theur mother and one from their fatef=ffrom their mother and one from their father, are at risk for hemochromatosis, which is full-blown iron overload.

(Another 20 per cent of the population inherits a different HFE mutation called H63D, which usually doesn’t lead to extra iron absorption.)

The problem with too much iron is that it’s not easy to dispose of unless you’re menstruating, bleeding, or donating blood. In people with hemochromatosis, the ex​cess iron is deposited in the organs, espe​cially the liver, pancreas, and heart, where it eventually can cause cirrhosis, liver cancer, diabetes, or cardiac arrhythmias.

Luckily, “only about half the people who inherit two C282Y mutations de​velop any degree of iron loading,” says Ba​con, who served on a panel that recently issued new guidelines for diagnosing and treating hemochromatosis.

What happens to people with hemochromatosis is helping researchers understand what may be in store for those who don’t have the disease but who have elevated (but not high) levels of iron in their bodies.

How many people might that be? In the middle-class town of Framingham, Massachusetts, which has been the site of ongo​ing studies for the past 60 years, 13 per cent of the population had elevated iron stores in 1990.1 There’s no reason to think that the percentage is much different in Canada.

Diabetes
“In patients with hemochromatosis, we can clearly show that excessive iron kills the beta cells that make insulin in the pancreas,” says McClain.

The same could be happening in people who have large stores of iron in their bod​ies but who don’t have hemochromatosis.

“Very large studies across several dif​ferent populations and ethnicities have shown that people with high levels of ferri​tin have a two to seven times greater risk of developing type 2 diabetes than those with low ferritin levels,” says McClain. Ferritin levels reflect the amount of iron stored in the body. (Routine blood screening doesn’t include a ferritin test, but your doctor may request one.)

In the U.S. Nurses’ Health Study, which tracked more than 32,000 women for 10 years, those with the highest ferritin levels were nearly three times more likely to be di​agnosed with diabetes than those with the lowest levels.2 And in England, men and women with the highest ferritin levels were seven times more likely to have diabetes.3
Short Iron

While some researchers are con​cerned that North Americans may be getting too much iron, too little can also be a serious problem. “Poor dietary iron intake and iron deficiency exist in Canada, particularly in women of repro​ductive age,” says Health Canada.

No national surveys have been done since the 1970s, but smaller provincial surveys since then have found that 12 to 15 per cent of women under the age of 50 consume inadequate amounts of iron, notes the agency, which adds that too little iron isn’t a problem for Canadian men.1
And an estimated 13 to 16 per cent of premenopausal women (and less than 5 per cent of older women) have low iron stores, according to Canadian and U.S. scientists convened by the U.S. Institute of Medicine (IOM).2
How much iron do you need? Eight milligrams a day for men or post-menopausal women and 18 mg a day for premenopausal women. The iron in plant foods isn’t as well absorbed as the iron in red meat, so vegetarians need almost twice as much iron as meat eaters (14 mg a day for men and post-menopausal women and 32 mg a day for premeno​pausal women), according to the Institute of Medicine.2
The IOM also estimates that people who do regular intense exercise, like long-distance running, need 30 per cent more iron. (Strenuous running may destroy red blood cells in the feet and may also lead to increased gastrointestinal blood loss. Both increase the need for iron.)

Signs of iron deficiency include feeling tired and weak, difficulty keeping warm, and an increased susceptibility to infec​tion. But don’t take iron to treat those symptoms without checking with a health care professional first, since internal bleeding from an ulcer or tumour can also cause an iron deficiency.

1 Can. J. Diet. Pract. Res. 67: 130, 2006.

2 nap.edu/openbook.php?record_id=10026&page=290.

“But we don’t know for certain which is the cart and which is the horse, since ferritin also rises with inflammation,” cautions McClain. “And diabetes usually involves inflammation of some tissues.”

Still, there are good reasons to think that excessive iron is a cause, rather than a consequence, of diabetes.

“If you take rats and mice that have been bred to be prone to diabetes, you can lower their risk dramatically by decreas​ing the amount of iron in their bodies,” McClain notes.4
What’s more, several studies in Europe found that insulin sensitivity improved when people with high-normal iron stores donated blood regularly. Giving blood lowered their stores to low-normal.5 (People who are insulin insensitive—or resistant—cannot easily transfer sugar from the bloodstream into cells. Insulin resistance often leads to diabetes.)

McClain is leading a similar study in Utah, sending volunteers with high levels of ferritin (but not hemochromatosis) to the Red Cross to donate blood three to five times over the course of several months to lower their ferritin. Results aren’t in yet.

If too much iron can cause diabetes, the easiest solution, says McClain, is to cut back on beef and lamb, which are the major sources of heme iron in the diet. Poultry, pork, and fish also contain heme iron, but much less than beef.
Heme is the form of iron in the hemo​globin of red blood cells and in the myo​globin of muscle cells. It’s much more eas​ily absorbed than the non-heme iron that’s in plant foods, supplements, and fortified foods. And it’s heme iron in the diet that’s linked to a higher risk of diabetes.
In the U.S. Nurses’ Health Study, for example, women who consumed the most heme iron had a 28 per cent greater risk of being diagnosed with diabetes than women who consumed the least.6 And participants in the U.S. Health Professionals Follow-Up Study, which tracked more than 38,000 men for 12 years, had a 63 per cent greater risk if they consumed the most heme iron.7 In both studies, non-heme iron in the diet wasn’t linked to a higher risk of diabetes.

“Clearly, consuming large amounts of heme iron is a risk factor for type 2 dia​betes,” concludes Harvard University’s Frank Hu. Even so, he adds, “weight control remains the most important way to lower that risk.”

As for donating blood to remove iron, “we’re not at the point yet where we can recommend that people do that to avoid developing diabetes,” says McClain.
“But I wouldn’t feel bad about suggesting that it’s a nice thing to donate a unit of blood occasionally.”

Cancer
It is “well established” that hemochromatosis can cause liver cancer, the U.S. Institute of Medicine declared in 2000. But the evidence that excess iron leads to any kind of cancer in people without the disease “is inconclusive,” the IOM noted.

Here’s what researchers have discovered so far.

Colon. “In experimental animals, iron supplementation increases the prolifera​tion of crypt cells in the large intestine and enhances the rate of tumour growth,” says Amanda Cross of the U.S. National Cancer Institute in Rockville, Maryland. (Crypt cells line the walls of the intestines.)

And people who are fed more heme iron form more N-nitroso compounds, which can cause colon tumours in animals.8
“Iron could be one of the reasons that red meat has been consistently associated with an increased risk of colorectal cancer, while white meat like poultry, chicken, and seafood has not,” Cross explains.

Yet the evidence from studies that track the eating habits and diseases of thousands of people for years is only “suggestive and not very strong,” Cross points out.

The best evidence so far: Last year, a meta-analysis pooled the results of five studies that followed a total of more than 500,000 men and women in Canada, the United States, Sweden, and the Nether​lands for seven to 16 years. Those who consumed the most heme iron had an 18 per cent greater risk of being diagnosed with colon cancer than those who con​sumed the least.9
However, when Harvard researchers recently pooled two large U.S. studies, men and women who consumed the most heme iron had no higher risk of being diagnosed with colon or rectal cancer.10
Breast. “Researchers suspected that North American women might have a higher risk of developing breast cancer than women in other parts of the world because of high meat intakes and iron supplementation here,” says Geoffrey Kabat, senior epidemiologist at the Albert Einstein College of Medicine in New York.

But two very large studies found no link, notes Kabat, who was the lead au​thor on both.11,12 “The evidence is pretty consistent, at least in older women, that iron does not seem to be where the action is for breast cancer.”

Prostate. Among the more than 175,000 men followed for nine years in the U.S. NIH-AARP Study, those who consumed the most heme iron had a 9 per cent increased risk of prostate cancer and a 28 per cent increased risk of advanced prostate cancer compared with those who consumed the least.13
“It’s just one study,” cautions Cross. “It needs replicating before we make too much of the findings.”

Lung. “We found an association be​tween higher levels of heme iron and a greater risk in the NIH-AARP Study, but not among the nearly 100,000 men and women in the Prostate, Lung, Colorectal, and Ovarian Cancer Screening Study,” says Cross.14,15 “So it’s hard to draw any firm conclusions.”

Overall, “the evidence is not strong for iron and any of the cancers,” concludes Cross.

That may explain why donating blood doesn’t seem to protect against cancer. Among more than a million blood donors in Sweden and Denmark from 1968 to 2002, those who later were diagnosed with cancer had donated the same amount of blood and lowered their iron stores just as much as those who remained cancer free.16
Heart Disease
In the 1970s, a Florida patholo​gist proposed that premeno​pausal women have a lower rate of heart disease than men because menstruation keeps their iron stores lower.

But the studies conducted since then “do not provide convincing support for an association be​tween high body iron stores and increased risk for coronary heart disease,” Canadian and U.S. scientists convened by the U.S. Institute of Medicine concluded in 2000.

In a 1999 meta-analysis, for example, five studies that looked at blood ferritin levels and three studies that looked at how much total iron people consumed found no link to heart disease.17 
In contrast, some studies have found a higher risk of heart disease in people who consume more heme iron.18,19 But that may be because those people eat more red meat. 

“Red meat and processed meats are stronger risk factors for coronary heart dis​ease” than heme iron, points out Harvard University’s JoAnn Manson. “So it could be the saturated fat and other compounds in those foods that are raising the risk in these studies, and not the iron.”

The Brain
“We definitely see elevated levels of iron in the brains of people with Alzheimer’s disease, Lou Gehrig’s disease, and Parkinson’s disease,” says James Con​nor, professor of neuro​surgery at the Penn State Hershey Medical Center in Pennsylvania.
In most cases, though, it’s not clear whether the iron causes the problem or is a result of it.
“In Alzheimer’s, we’ve shown that iron is a key component of the plaques,” explains Connor. (Plaques are hard, insoluble protein fragments that accumulate between nerve cells.)
“In Parkinson’s disease, we find more iron in the brain specifically in the area that’s undergoing neurodegeneration,” he adds. “And here, we think iron is not an innocent bystander. It’s either leading the charge or fanning the flames for the disease.”
Iron may also play a role in Lou Gehrig’s disease (which is also known as amyo​trophic lateral sclerosis, or ALS). “If you’ve inherited an HFE gene mutation that causes excessive iron absorption, your risk for ALS increases fourfold,” says Connor.
However, it’s not clear that the more iron you consume, the greater your risk of Alzheimer’s, Parkinson’s, or ALS. It may not be how much iron you take in, but how much gets from your bloodstream into your brain, that matters.
“Why is too much iron getting into the brains of people with these diseases?” asks Connor. “We’re still struggling to under​stand how the uptake of iron into the brain is regulated.”

Take-home message: It’s too early to know if iron is a cause of Alzheimer’s, Parkinson’s, or ALS. 
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Heme Players

	FOOD (85 grams cooked) 
	IRON (mg)

	Chicken liver 
	10

	Beef liver 
	5

	Beef 
	2-3

	Turkey 
	1-2

	Chicken 
	1

	Pork
	1

	Fish 
	0-1


To cut back on heme iron, eat less beef and more fish, chicken, or plant protein.

Source: USDA.
The Bottom Line

· Having large reserves of iron in your blood or consum​ing large amounts of heme iron is linked to a higher risk of diabetes. Heme iron may also be linked to colorectal and prostate cancers and to heart disease, though the evidence is less clear.

· To reduce your intake of heme iron, switch from red meat to poultry, seafood, and plant proteins like lentils, beans, tofu, and grains.

· Since there’s no easy way to know if you’ve inherited the gene mutations that cause hemochromatosis, pre​menopausal women who take a multivitamin should look for one with no more than 18 milligrams of iron, and men and post-menopausal women should look for one with no more than 8 to 10 mg.

· If you can, donate blood regularly.
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