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Ladies and gentlemen

Much of my scientific work has been devoted to iron deficiency - to clarify its causes, and to find ways for its prevention and treatment. That is the reason why my topic today will be the paradox of iron deficiency.

My problem is to tell you about more than 40 years of research in about 20 minutes.

When I began to study medicine in the early 1940's, iron deficiency was called Idiopathic hypochromic anaemia - idiopathic - since its cause was unknown. It was not until the early 1950's, however, after pioneering work based on the use of radioactive iron in the USA, when it was established that this anaemia was caused by a deficiency of iron. But why and how iron deficiency developed was still a mystery. Today we know that iron deficiency is the most common deficiency disorder in the world and the main remaining deficiency in the industrialised world. The fact that iron deficiency is so common is difficult to understand since our environment has a high iron content, our diet contains about 10 times more iron than we would need to absorb and since the body is very economical in its handling of iron.

To try and solve this iron riddle it is necessary to get a detailed information about the iron budget in the body - about losses (expenditures) of iron and about absorption (incomes) of iron to the body.

Iron is continuously lost from the body by losses of cells from various surfaces such as the skin. These total losses amount to only about 1mg/day. In non-pregnant women one has to add losses due to menstruation. The average total losses of iron in women were at this time falsely considered to be only slightly higher than in men - a fact which at this time made it a mystery why iron deficiency was almost non-existing in men but common in women and even in women who had never been pregnant.

To make a long story short I realised that there was a need for a simple but reliable chemical method that could be used in clinical practice to measure the amounts of blood lost with menstruation. We published our method in 1964 and we found to our great surprise: that the losses were almost identical in the individual woman month after month and year after year.

Whereas the variation in iron losses between different women was very considerable from a few ml to hundreds of ml implying a marked variation in iron requirements, in turn implying that some women with small losses had a low risk of developing iron deficiency whereas others with heavy losses were prone to develop iron deficiency.

Moreover, by examining menstrual blood losses in a large random sample of women we could now for the first time calculate and describe the variation in iron requirements in a population.

And moreover, by studying identical and non-identical twins we found that the losses were mainly genetically controlled.

Our studies were confirmed in Canada, in Burma, in Egypt and China. The findings of similar iron requirements in geographically widely separated populations implies that the genetical basis must be very old - probably hundred thousands of years. Differences in prevalence of iron deficiency in different populations must then be related not to differences in losses of iron (disregarding blood losses due to hookworm infestation) but to differences in absorption of iron from the diet.

Now we were faced with a new mystery, however - in populations where iron deficiency was common and often severe, the dietary intake of iron was not low but often higher than in the Western world.

At this time very little was known about the absorption of dietary iron.

In 1951 radioiron isotopes were introduced to study dietary iron absorption from simple single foods. It was then taken for granted, that the mainly unknown iron compounds in different foods could only be uniformly labelled with radioiron biosynthetically that means by growing wheat, corn, soy etc. in a solution containing radioiron to label meals uniformly - that means to label all foods in a meal to the same specific activity, with a radioiron tracer was considered absolutely impossible.

In 1969 (30 years ago) four of us working in the iron field (Clem Finch in Seattle, Miguel Layrisse in Caracas, Tom Bothwell in Johannesburg and myself) decided to try and make a joint effort together with WHO and IAEA to find a way to at least get a rough comparative estimate of the absorption of iron from different diets - mainly to try to get an answer why the prevalence and severity of iron deficiency varied so markedly in different populations in spite of the new finding that iron requirements were more or less the same in different populations. The idea was to jointly compare in the same individual the absorption from an inorganic radioiron tracer taken as a beverage together with different single foods that were biosynthetically labelled with another radioiron tracer as outlined in the next slide.

All of us made the same finding that about 30-50 % more iron was absorbed from the tracer in the beverage than from the biosynthetically labelled foods.

However, in our lab we also made a divergence from our common protocol and we also mixed this inorganic extrinsic tracer directly into the food itself into the wheat bread, into the maize chapatties etc. in stead of relying on the mixing in the stomach.

To our very, very great astonishment we then found that in each subject both tracers (in the beverage and in the food) were now absorbed to exactly the same extent… I then suggested that a complete isotopic exchange had occurred between the two different radioiron tracers in a hypothetical common iron pool when preparing the food - that means between the biosynthetically built in tracer in the food and the added tracer.

We and others then showed that one could uniformly label all nonheme iron in a composite meal just by adding the iron tracer to one single component. Thus we now had a simple method, a tool, that for the first time allowed us to measure iron absorption from meals. A new research field was opened not only for iron but also for other minerals such as calcium, zinc, manganese etc. applying the same principle.

Returning to iron we could now also identify and quantify the effect of different food components on iron absorption by serving identical basal meals with and without different amounts of different food components that might influence iron absorption. I have summarised the effect of different food components on iron absorption in the following slide.

We and others now showed that there are components that enhance iron absorption such as ascorbic acid, meat, fish etc. and there are components that inhibit iron absorption such as phytate, calcium and polyphenols. Let me also remind you that there are two kinds of iron in the diet with respect to mechanism of absorption - heme iron in meat products where iron is present in haemoglobin or myoglobin and nonheme iron, the main part of dietary iron in fruits, vegetables, cereals etc… I will not spend time on all the interesting and important chemical interactions between different dietary factors, which we can now well predict mathematically (accepted for publication in Am J Clin Nutr).

All these observations imply that it is not just the iron content but mainly the meal composition which has the most marked effect on the amount of iron absorbed - by and large there may be a more than 20-fold variation in iron absorption depending on the composition of the meal.

Very recently we were able to describe mathematically the interplay between properties of the whole diet and the individual iron requirements and its effects on iron status. This has made it possible to predict what proportion of, say women or teenagers consuming a specific diet or using different contraceptive methods that may be iron deficient. By integration of our equation we can also calculate the expected rate of effects of dietary modifications of iron fortification. These new methods will be extremely important in evaluating costs and effects expected of various strategies to improve the iron situation in developing countries, the effects of modifying school lunch programs etc…

An important by-product of these studies is that the mechanisms controlling iron absorption are so effective that they prevent dietary iron overload in otherwise healthy people.

Iron has key functions in the body - not only for the transport of oxygen, as an integral part in red cell haemoglobin, but also, and especially in every other cell in the body, as a key constituent in various enzymes in different tissues such as muscles and different regions of the brain.

The more severe the deficiency the higher is the probability that a reduction in haemoglobin is also detected. The symptoms of iron deficiency, however, are not related to a reduction in Hb, that means in oxygen transporting capacity since the body can easily compensate for that, for example by increasing cardiac output. The negative effects of iron deficiency were also illustrated by carefully controlled, double-blind studies in iron deficient adolescents with no overt anaemia, showing negative effects on physical endurance and symptoms such as lassitude, mood, learning, and ability to concentrate. Again a reminder of the importance of an adequate nutrition during childhood and adolescence.

As I initially mentioned, iron deficiency is a very common disorder today. How is that possible with all the ingenious mechanisms mentioned ?

In the history of man, iron deficiency is probably a rather recent phenomenon. Our ancestors were pronounced carnivores for millions of years. It has been estimated that about 40-50 % of the energy intake of early man was meat. The intake of ascorbic acid and other nutrients was also abundant.

A critical point of human nutrition was the discovery of cereals about 10.000 years ago (first wheat, then rice and maize). This agricultural revolution implied that societies could be formed since foods could now be stored. More food could be produced. There are good evidence that the construction of our bodies, our enzymes and our nutrient requirements are the same today as in our early ancestors. The total number of people on the earth increased from about 4 million people up to about 500 million 2000 years ago. The formation of societies implied that there were periods of severe epidemics and also periods of famine. In the history of man similar waves have continued up to the historical time.

In most developing countries the marked growth of populations did not occur until the last 100 years. In developed countries there has been a more continuous and exponential growth during the last 200 years and especially in the last 100 years. Even during this period there were times of famine or lack of food due to wars and diseases. We know that iron deficiency was especially frequent among the poor who could not afford to consume much meat. We have to pass the time of the First World War before there was a more general improvement in health and nutrition in the Western world. The changes in nutrition during the last 100 years is reflected in body height, which has not reached a plateau until about the last 20 years.

In developing countries the problems of poverty, high population growth, famine and malnutrition have continued in many regions.

The enormous present technical revolution has dramatically, changed our living standard, due to more cars, more aeroplanes, more elevators, more escalators, and also more washing machines, more dishwashers, etc… Foods can be produced in sufficient amounts and are readily available everywhere, in the Western world very few are starving, if any.

The reason for reminding you about these historical events is that we are now entering a new and dangerous period in human nutrition. The new danger is our present life style - we expend less and less energy but we need the same amounts of nutrients such as iron. The composition of the food we eat has not changed accordingly. Unfortunately, the relative intake of so-called empty calories such as sugar and fat have increased.

Especially in the last 2-3 decades there has thus been a dramatic further reduction in your need for energy. Almost every family has at least one TV set more and more hours are spent sitting, moreover, many families have computers and the adolescents are then also engaged in computer-games and surfing on the internet, sitting. In the developing countries the populations have grown markedly without a corresponding growth in the supply of foods especially in foods providing high quality protein, iodine, vitamin A and well bio-available iron. This is briefly a main explanation for the present high prevalence of severe deficiency in developing countries.

In industrialised countries the high prevalence of iron deficiency in adolescents and women of childbearing age is related to a lowered energy expenditure and a lowered energy intake without a necessary modification to a more nutrient-dense, low fat, low sugar diet.

Another problem of the lower energy expenditure is the difficulty to adjust energy intake of the needs. Obesity has then become a major problem, from childhood and upward. We have, for example, in our recent studies observed a low physical activity in present-day adolescents, which also implies a lower loading on the skeleton, which leads to a lower bone density.

Finally

From my perspective there are several challenges for the future in the field of nutrition.

In developing countries the iron nutrition of children and adolescents must be rapidly improved to ensure a normal development of brain and muscles. This is urgent! and should not be postponed since it cannot be repaired later on. In the industrialised world the main nutritional problems are related to the present low energy lifestyle and the fact that diet has not been adequately adjusted. In the iron field much remains to be done, for example, to combat iron deficiency in both industrialised and developing countries from better diets to iron fortification. There are important areas for joint research between food industry and university scientists.

In the obesitas field we need a better understanding of the hunger-appetite regulation especially to find ways to prevent obesity in the young to reduce risks of future diabetes and at the same time to improve lipid metabolism and prevent the development of atherosclerosis which actually starts when we are young.

The paradoxical parallel occurrence of iron deficiency and obesity may be explained by the fact that 

We eat more food than we need but we eat too little of the foods we need. In practice we need more meat and fish and more ascorbic acid rich foods and less fat, sugar, alcohol and foods rich in phytate and polyphenols which inhibit iron absorption - for example, we should not have tea or coffee with our main meals.

In the field of osteoporosis to find ways of increasing physical activity that are pleasurable and attractive, possibly more aerobics, spinning and dancing, probably more walking, to use staircases instead of elevators to increase the peak bone mass in adolescents to get a sufficient amount of bone in the bone bank during adolescence. It is really urgent to find ways to improve the lifestyle in general of course but especially in young people.

To end my speech I have formulated an aphorism to emphasise my present belief.

"Your present health is more related to your lifestyle and your diet when your were young than your lifestyle and diet when you grow older".

This statement is a consolation for us who have evidently passed our early decades of life and it is a challenge to put more emphasis on the much-neglected age-periods of preventive medicine - childhood and adolescence.

AND IRON DEFICIENCY IS NO LONGER A PARADOX

Thank you very 

