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Genetic hemochromatosis causes iron overload by excess absorption
of dietary iron, due to a decreased expression of hepcidin. The objective was to elaborate dietary recommendations that can reduce intestinal iron absorption in hemochromatosis patients, based on our present
knowledge of the iron contained in nutrients and the mechanisms of
iron uptake. This is a narrative review. Literature search in PubMed
and Google Scholar of papers dealing with iron absorption from the
diet was conducted. Most important proposed dietary recommendations are: 1) Choose a varied vegetarian, semi-vegetarian or flexitarian diet. A “veggie-lacto-ovo-poultry-pescetarian” diet seems optimal.
Avoid iron enriched foods and iron supplements. 2) Eat many vegetables and fruits, at least 600 g per day. Choose protein rich pulses and
legumes (e.g., kidney- and soya beans). Fresh fruits should be eaten
between meals. 3) Abstain from red meat from mammals and choose
the lean, white meat from poultry. Avoid processed meat, offal and
blood containing foods. Eat no more than 200 g meat from poultry per
week. Choose fish, eggs, vegetables and protein rich legumes the other
days. Eat fish two to four times a week as main course, 350 - 500 g
fish per week, of which half should be fat fish. 4) Choose whole grain
products in cereals and bread. Avoid iron enriched grains. Choose nonsourdough, yeast-fermented bread with at least 50% whole grain. 5)
Choose vegetable oils, and low-fat dairy products. 6) Eat less sugar
and salt. Choose whole foods and foods with minimal processing and
none or little added sugar or salt. 7) Quench your thirst in water. Drink
green- or black tea, coffee, or low-fat milk with the meals, alternatively water or non-alcoholic beer. Fruit juices must be consumed between
meals. Abstain from alcoholic beverages. Drink soft drinks, non-alcoholic beer, or non-alcoholic wine instead. These advices are close to
the official Danish dietary recommendations in 2021. In the management of hemochromatosis, dietary modifications that lower iron intake
and decrease iron bioavailability may provide additional measures to
reduce iron uptake from the foods and reduce the number of phlebotomies. However, there is a need for large, prospective, randomized
studies that specifically evaluate the effect of dietary interventions.
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Introduction
The most prevalent variants of genetic hemochromatosis in
populations of northwestern European ancestry are caused by
mutations (C282Y, H63D, S65C) in the HFE-gene located on
chromosome 6, and designated HFE-hemochromatosis [1, 2].
C282Y and H63D are the most common mutations and homozygosity for C282Y (C282Y/C282Y) is the predominant
cause for the disorder in 93-95% of all the diagnosed cases
[1-4]. The frequency of C282Y/C282Y homozygosity in the
population ranges from 0.4% in Denmark [3, 4] to 0.6% in
England [5] and 0.8% in Ireland [6].
Genetic hemochromatosis is characterized by an increased
and excessive intestinal dietary iron uptake, of both nonheme
and heme iron [1, 7-9], which over the years can lead to accumulation of excess iron in the body and various organs causing
clinical symptoms of iron overload. For an overview of the
disorder/disease, see references [1, 10]. Heterozygosity for the
C282Y mutation (C282Y/wild-type) is generally associated
with a normal or sometimes a slightly increased dietary iron
absorption pattern [11]. Population studies have shown that
among ethnic Danes, at least 0.4%, or one in 250 are C282Y
homozygous equivalent to more than 20,000 people in Denmark, and more than 500,000 people are heterozygous (C282Y/
wild-type) or compound heterozygous (C282Y/H63D) for the
HFE-mutations [1]. Consequently, genetic hemochromatosis
is the most prevalent genetic disorder/disease in the northern
European population.
Hepcidin, which is produced in the liver, is a “master regulator” of body iron homeostasis, and one of its principal functions is to inactivate ferroportin, which regulates iron transport
out of the cells (efflux) through the cell membrane in enterocytes, hepatocytes and macrophages [12, 13]. Consequently,
hepcidin inhibits intestinal iron uptake [12-14]. In hemochromatosis, because of a defective HFE-complex, the production/
activation of hepcidin is reduced, resulting in an increased intestinal iron uptake, which by and large is independent of the
body’s iron status. HFE-hemochromatosis is characterized by
a low plasma hepcidin level and a condition termed “hepcidin
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insufficiency” [1, 12, 14].
Body iron homeostasis is strictly regulated through the
complex mechanisms of dietary intestinal iron uptake [10, 1215], because humans have no specific mechanisms, by which
body iron excretion can be regulated. Basal or obligatory body
iron losses are relatively small, approximately 0.9 - 1.2 mg/day
in both men and women [16, 17] corresponding to approximately 360 mg/year. However, many subjects with hemochromatosis can have an iron absorption in the range of 2 - 4 mg/
day [7-9]. Therefore, surplus body iron is most efficiently removed by repeated blood-lettings (phlebotomy) of 400 - 500
mL, each containing 240 - 250 mg iron [1, 18]. In the induction
phase of the treatment, patients are phlebotomized weekly or
every other week until serum ferritin has declined to 50 - 100
µg/L. In the following maintenance phase of the treatment,
phlebotomy is performed on an as needed basis, usually two to
four times a year maintaining ferritin around 50 - 100 µg/L [1].
In hemochromatosis, body iron overload originates from
an excessive absorption of food iron. Therefore, in theory, consuming a diet void of iron or with a low iron content could
down-regulate the rate of body iron accumulation. Another
important factor is the bioavailability of the iron in the food
as well as the balance of promoters versus inhibitors of iron
absorption in the meal. However, the effects of well-structured
dietary interventions in hemochromatosis have not been investigated in adequately large, prospective, controlled studies [9].
Yet, studies of population subgroups with specific dietary
habits have shown that the content and the chemical form of
iron in the diet has a definite influence on body iron status.
Vegetarians and vegans in general have a low body iron status,
and women in the reproductive age often have iron deficiency
[19, 20], despite that vegetarian diets contain more iron than
omnivorous diets. A cross-over study showed that total and
fractional iron absorption was significantly lower in a vegetarian diet than in a meat-rich diet [21]. Overall, a Western-type
vegetarian diet has a low iron bioavailability ranging from 5%
to 12% [22]. Many persons/patients with hemochromatosis express a high interest in being informed of dietary measures and
recommendations that can reduce iron uptake and body iron
accumulation. At the present time, this is in fact the only way
in which patients can “actively” cooperate in the management
of their iron overload.
The purpose of this review is to propose dietary measures
that may reduce food iron uptake in persons/patients with iron
overload. The dietary recommendations are based on the existing evidence-based knowledge of the different nutrients and
compounds that influence iron uptake from the diet, recently
published in a review paper [10]. However, the effect of the
recommendations has not yet been investigated or evidencebased in clinical trials in persons with iron overload.

Methods
This review is based on literature searches in the PubMed and
Google Scholar databases as well as literature references cited
in published articles, review papers and books on metabolism
and iron absorption [10]. Search terms included “hemochro-

matosis AND diet”. The elaboration of the dietary recommendations is based on the previous paper on the influence of nutrients and food compounds on intestinal iron absorption [10].
The dietary analyses and recommendations in this paper are
based on the Western type of diet targeting populations in middle and northern Europe.
Iron intake and absorption
Dietary iron intake
The composition of the diet concerning the content of iron and
the content of inhibitors/promoters of iron absorption has a significant impact on the development of clinically overt hemochromatosis. This is evident in the gender-specific difference
in the prevalence of preclinical and clinical hemochromatosis.
Although the HFE-mutations occur with the same frequencies
in men and women, preclinical and clinical hemochromatosis
is much more prevalent in men than in women and presents at
a younger age in men compared to women [1]. As an example,
the recommended dietary iron intake in men in Denmark is 9
mg/day [23], but Danish men have a median dietary iron intake
of 12.7 mg/day (10-90 percentile: 8.3 - 18.0) [24], indicating
that approximately 88% have an intake, which is above the
recommended intake. A review of dietary iron intake in men in
European countries has recently been published [25], displaying the same pattern with an excess dietary iron intake in the
various countries. Furthermore, men have a distinctly higher
intake of meat [24-26] and alcohol [24, 25] than women, both
factors, which promote iron uptake and increase the rate of
body iron accumulation.
Conversely, in Danish women of reproductive age, the
recommended iron intake is higher, 15 mg/day [23], due to the
extra physiological iron losses at menstruation [27] and pregnancies [28]. Danish women in the reproductive age have a
median iron intake of 9.7 mg/day (5-95 percentile: 5.6 - 14.5)
[24, 29], indicating that 95% of the women have an intake
below recommended intake. A review of dietary iron intake
in women in European countries has recently been published
[29], displaying the same pattern of iron intake in the various
countries.
Two forms of iron in the foods
In the foods there are two main forms of iron: 1) Inorganic
iron including nonheme iron consisting of mostly ferric iron
(Fe3+) and some ferrous iron (Fe2+); 2) Organic iron consisting
of mainly heme iron from animals and ferritin iron from animals and plants. Most of the iron in the average meals is inorganic ferric iron, which is chemically relatively non-reactive.
However, to be absorbed, ferric iron must be reduced to ferrous iron by either gastric acid pH, reducing components in the
meal or by the ferric reductase enzyme duodenal cytochrome
b, which catalyzes the reduction of Fe3+ to Fe2+, before the
ferrous iron can be taken up in the enterocytes by the protein
dimetal transporter-1-pathway [10, 13]. The bioavailability of
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Table 1. The Most Important Promoters and Inhibitors of Nonheme Iron Absorption Adapted From [10]
Promoters

Inhibitors

Gastric acid

Gastric acid inhibitors

Organic acids: ascorbic acid, lactic acid, tartaric acid

Oxalic acid - oxalates?
Phytic acids - phytates

Animal proteins: meat factors

Polyphenols

Heme: heme iron

Soya bean proteins

Sugar: fructose

Milk proteins

Alcohol: ethanol

Egg white proteins and egg yolk proteins
Calcium: also inhibits heme iron absorption

Ginger: gingerols?
Turmeric: curcumin depressing hepcidin expression?

nonheme iron in the Western-type diet is about 5-12% [30] and
absorption is highly dependent on the influence of the various promoters/inhibitors of absorption in the meal [10]. In the
Western-type diet, 80-95% of the iron consists of inorganic,
nonheme ferric iron [25, 29, 30].
The organic ferric iron contained in the ferritin molecule,
i.e., from animal- and plant foods, is released from within the
ferritin shell by the gastric acid pH as well as by cooking. It
enters the common nonheme iron pool in the meal and is absorbed as other nonheme iron compounds [31, 32].
Heme iron, which is ferrous iron present in hemoglobin
in the red blood cells and in myoglobin in the myocytes, is absorbed within the intact protoporphyrin molecule in a separate
pathway [10]. Absorption of heme iron is three-fold to fourfold more efficient than of inorganic ferric nonheme iron [10].
Furthermore, heme iron absorption is quite independent of the
effects of various promoters/inhibitors of iron absorption in the
food matrix, except for calcium, which inhibits both heme and
nonheme iron absorption [10, 33]. In the Western diet, heme
iron constitutes approximately 10-20% of the total iron in the
whole meal [25, 29]. Even though heme iron constitutes a minor fraction of total iron intake, it has a clear impact on body
iron status due to its high absorption rate combined with the
presence of “meat factors” [10]. Heme iron is thus the “super”
iron for normal persons, but the “poisonous” iron for persons
with hemochromatosis.
Iron content in nutrients and whole meals
In most European countries, the national food authorities have
elaborated nutrition guidelines and food composition tables
of the various nutrients in the specific country, which can be
accessed on the internet [25, 29]. It is therefore possible for
dieticians and laymen to make an estimate of the iron content
in specific nutrients and in whole meals. However, food composition tables should be considered as estimates and not as the
definitive truth. The iron content of vegetables, fruits, berries,
grains, pulses and legumes can vary considerably dependent
on the specific subtype of vegetable, the iron content of the
soil, the use (or not) of iron containing fertilizers and the cli68

Turmeric: curcumin forming chelates with iron?

matic conditions during growth. As an example, the iron content of soya beans may vary from 4.0 mg/100 g dry weight in
USA [34] to 15.7 mg/100 g dry weight in Denmark [35]. The
iron content in raw spinach varies from 2.0 mg/100 mg in The
Netherlands [36] to 2.7 mg/100 g in USA [34] and 4.5 mg/100
g in Denmark [35].
Promoters and inhibitors of iron absorption
Table 1 summarizes the most important promoters and inhibitors of iron absorption [10]. To exert their effect on intestinal iron uptake, promoters and inhibitors should be consumed
concomitantly with the iron containing meal.
1) Promoters
The most important intrinsic promoter of nonheme iron uptake
is hydrochloric acid contained in the gastric acid with a low
pH, enhancing the reduction of ferric iron in foods to ferrous
iron [10, 37]. Persons with achlorhydria are prone to develop
iron deficiency [38], and both treatments with gastric acid inhibitors as well as with antacids will inhibit iron absorption
[37]. In contrast, the uptake of heme iron is not affected by
the presence or absence of gastric acid [10, 33]. Among extrinsic promoters of nonheme iron uptake, some organic acids,
primarily including ascorbic acid [10, 39, 40] and lactic acid
[10, 41] are potent enhancers of iron absorption. Ascorbic acid
is contained in plant foods, such as citrus fruits, berries, tomatoes, broccoli, cauliflower, Brussels sprouts, bell peppers,
cabbage and spinach. Lactic acid is present in fermented food
products, such as fermented vegetables, fermented grains, e.g.,
sourdough bread, and fermented dairy products, e.g., yogurt.
Meat factors contained in animal proteins are potent promoters of nonheme iron uptake, both of the iron contained
within the meat itself, and also of the iron contained in the
other nutritional components of a whole meal [10, 42]. Alcohol
from any source of drinks stimulates nonheme iron absorption
from a meal in two ways: directly in the intestine [10, 43] and
indirectly by down-regulating the expression/synthesis of hep-
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cidin in the liver [10, 44].
Small human studies investigating the influence of sugars
on nonheme iron absorption have yielded conflicting results;
some studies demonstrated improved iron bioavailability,
while others found either no effect, or decreased absorption.
For a review, see reference [45]. The most consistent finding is
that fructose promotes nonheme iron absorption, possibly by
chelating and/or reducing ferric iron to the ferrous form [46,
47]. The disaccharide sucrose is the most used sweetener in the
Nordic countries, which in the intestine by the enzyme sucrase
is split into glucose and fructose.

the intake of turmeric/curcumin to persons with iron overload
is controversial and further studies are needed to clarify the
role of curcumin in iron metabolism [10].
Ginger is another popular and widely used spice, but there
exist no studies on the effect on nonheme iron uptake. Some
authors suggest that ginger supplements may be beneficial for
treatment of iron deficiency anemia when taken together with
oral iron [63, 64]. Until further studies are available, it is recommended that ginger should be used with moderacy in cooking foods, and ginger shots should be taken between meals.
How should the diet be composed in persons with iron
overload?

2) Inhibitors
Medicine comprising gastric acid inhibitors and antacids inhibit nonheme iron absorption [10, 37].
The two most important groups of naturally occurring inhibitors in foods are phytic acids/phytates contained in plant
foods, predominantly grains, bran, pulses, legumes and nuts
[10, 48] and polyphenols contained in a plethora of plant foods
such as tea, coffee, vegetables, fruits, berries and nuts [10, 49,
50]. Some plant proteins, such as soya bean proteins are also
moderate to strong inhibitors of iron uptake [10, 51]. Animal
proteins from milk [10, 52] and egg [10, 53, 54] have also been
shown to inhibit iron absorption quite effectively.
Calcium is a well-known inhibitor of both nonheme [10,
55] and heme iron absorption [10, 56]. Most of the calcium
in the common diet comes from bovine milk dairy products
and some from plant foods such as green leafy vegetables,
e.g., spinach, broccoli, cabbage, and okra; some pulses and
legumes, e.g., soya beans also contain appreciable amounts of
calcium, about 277 mg/100 g raw weight [10, 34].
Oxalic acid present in many leafy plant foods, e.g., spinach, mangold, purslane and rhubarb, is a proven inhibitor of
calcium absorption due to the poor solubility of calcium oxalate [57]. It has for many years also been perceived as a potent inhibitor of nonheme iron absorption. However, its role
in iron absorption is now controversial due to the results of a
recent human study showing no effect of potassium oxalate
on nonheme iron uptake [10, 58]. Clearly, further studies are
needed to finally clarify the effect of oxalic acid. However,
due to the high content of oxalic acid, which may cause renal
stones consisting of calcium oxalate [57], the intake of spinach
and rhubarb should be low and substituted with other green
leafy vegetables with a lower content of oxalic acid, such as
kale. Alternatively, oxalic acid in the food can be neutralized
by adding adequate amounts of calcium chloride.
The popular and widely used spice turmeric, an essential
component in yellow curry, contains the biologically active
substance curcumin, having anti-oxidative and anti-inflammatory properties [10, 59] and being perceived by many nutritionists to inhibit nonheme iron uptake, and therefore recommended to persons with hemochromatosis and iron overload
[60]. However, in a human study, turmeric had no influence
on iron absorption, despite a high content of polyphenols [61].
New research has demonstrated that turmeric inhibits the synthesis of hepcidin in the liver [10, 62] and may therefore indirectly stimulate iron absorption. Consequently, recommending

Vegetarians in general have a low body iron status [19, 20],
even though the iron content in their diet often is distinctly
above the recommended intake [65-67]. The reason for this
discrepancy is that all the iron contained in a diet based on
plant foods is nonheme ferric iron, which basically has a poor
availability and furthermore many plant foods are rich in compounds that inhibit iron absorption, e.g., phytates, polyphenols
and some plant proteins (see above). Studies have also shown
that iron absorption is significantly lower from a vegetarian diet
than from a meat-rich diet [21]. This knowledge encourages to
recommend a predominantly plant-based, semi-vegetarian style
of diet also containing dairy products and eggs, a “veggie-lactoovo” style diet to persons with iron overload or predisposition
to iron overload. The diet should be varied, and balanced to
fulfill the demands for proteins, vitamins and minerals.
Reducing the intake of heme iron and meat factors
1) Mammal and poultry meat
In a standard diet, approximately 10-20% of the total iron content consists of heme iron, contained in animal meat together
with meat factors [10, 25, 29]. Meat is a rich source of protein,
containing 20 - 30 g protein/100 g, depending on the fat content [34]. The heme iron is present in the myoglobin and in
the variable amount of hemoglobin in blood, which remains
captured in the blood vessels in the muscles after butchering
and exsanguinating the animals. The most widely consumed
sorts of meat are pork, beef, veal, lamb and poultry. Both myoglobin and hemoglobin are red pigments that give the meat
its red color, i.e., the redder the meat, the higher the content
of myoglobin/hemoglobin and heme iron [68]. The content of
myoglobin in the muscles increases with the age of the animal [68]. Most animals are butchered at a young age, varying
from 2 months (chicken) to 3 months (pigs) and 6 - 10 months
(calves and lambs). In Denmark, beef cattle is butchered after
the age of 10 - 20 months. Dairy cows are butchered after 65
- 68 months [67] and their meats have a high content of myoglobin and heme iron [68], the so-called “red meat”, in contrast
to the “white meat” from poultry, e.g., chicken breast.
Beef contains more total iron (2.2 mg/100 g) than veal
(1.5 mg/100 g), leg of lamb (1.5 mg/100 g), pork chops (1.0
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mg/100 g) and chicken breast (0.9 mg/100 g) [35]. The iron
content of the meat in the specific animal also varies between
different muscle groups; the iron content in the red meat in
chicken legs (1.8 mg/100 g) is twice as high as in the white
meat in chicken breast; duck meat contains 1.2 mg iron/100 g,
while duck breast has a high iron content of 4.5 mg/100 g [35].
Ground beef is predominantly produced from old dairy cows
[67] and therefore has a high content of heme iron. Of the total
iron content, heme iron constitutes 83% in beef, 63% in pork
chops and 33-44% in chicken [36]. Mammals and birds killed
by shooting are not exsanguinated, and game meat is therefore
very rich in iron and should be avoided.
Offal, also called variety meats, pluck or organ meats, is
the viscera and entrails of an animal. Offal and products containing blood, e.g., blood sausage have a high heme and nonheme iron content as well as meat factors and should be avoided by persons with hemochromatosis. As examples, the total
iron content in pork offal is: in liver 13.4 mg/100 g, liver pate
5.6 mg/100 g, heart 6.0 mg/100 g, kidney 3.3 mg/100 g and in
blood sausage 16.2 mg/100 g [35]. Ideally, the consumption
of meat should be as low as possible, and not be consumed
on a daily basis. If the meal includes meat, the red meat must
be avoided and the white meat from poultry, young pigs and
young calves should be preferred and consumed in moderate
quantities not more than two times per week.
2) Fish meat
In general, white fish meat has a low iron content, whereas the
red meat from the big skipjack tuna contains myoglobin and
has a higher iron content [34, 35]. Fish meat has a high content
of protein of 20 - 30 g/100 g [34], equal to the content in mammal meat. Fish is therefore an important source of protein, and
fat fish in addition contains essential fatty acids. The total iron
content in lean fish meat is 0.2 mg/100 g in cod, 0.1 mg/100 g
in plaice and 0.8 mg/100 g in redfish, and in fat fish meat 0.2
mg/100 g in farm raised salmon, 0.8 mg/100 g in mackerel,
0.7 - 1.3 mg/100 g in herring and 1.6 mg/100 g in tuna [34,
35]. Cod fillet contains no heme iron, while 30-40% of the
iron content in the other fish species is heme iron [36]. Fish
meat in addition contains meat factors [42, 69], so the iron has
a quite good bioavailability. For persons with iron overload, it
may therefore be an advantage to replace the intake of mammal meat with white poultry meat and lean fish meat from cod,
plaice, and redfish, as well as occasional fat fish meat from
mackerel and salmon two to four times per week. A “veggielacto-ovo-poultry-pescetarian” style diet will also ensure a sufficient intake of proteins and essential fatty acids.
3) Shellfish
Shellfish like blue mussels, oysters, crabs and lobsters are generally rich in iron [25] and should be avoided or consumed
in small quantities, and all shellfish should be well cooked.
Raw mussels including oysters can harbor bacteria like Vibrio
vulnificus, which may cause severe food poisoning infections
70
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both in apparently healthy persons [70] but especially in patients with chronic diseases, and liver affection, e.g., hemochromatosis [71, 72].
Importance of getting enough protein
Healthy persons are recommended to consume 0.8 - 1.0 g protein/kg body weight per day [23]. In a phlebotomy of 500 mL
blood, 130 - 140 g of protein are lost, equivalent to 2 days
recommended intake. During the induction phase [1] where
patients are phlebotomized weekly or every other week, it is
essential to compensate for the extra protein losses and increase the protein intake to approximately 1.3 - 1.5 g/kg body
weight per day.
1) Animal proteins
White poultry meat and white fish meat are recommended
good sources of protein (see above). Eggs contain approximately 14 g protein/100 g [34], so one to two eggs a day can
be a source of protein, unless egg yolk should be avoided due
to hyperlipidemia and/or cardiovascular disease. Milk contains approximately 3.4 g protein/100 mL and harbors all the
nine essential amino acids, so drinking 1 L of low-fat milk
will provide the body with 34 g protein [34]. Low-fat, proteinrich lactic acid fermented milk products such as the Icelandic
inspired “Skyr” or yoghurt containing up to 11 g protein/100
g are good sources of additional protein. The lactic acid contained in fermented milk does not appear to enhance iron absorption, i.e., cannot overrule the inhibiting effects of calcium
and milk proteins [10]. The diet can also be supplemented with
whey protein powder in an appropriate amount, e.g., 30 - 40
g per day. The lactic acid in fermented milk does not increase
iron absorption, because the iron content in milk is negligible
[34], and both the proteins [10, 52] and the calcium contained
in milk [10, 55] inhibit iron absorption.
There are a plethora of protein drinks or shakes on the
market. However, most of these contain added minerals often
including iron, and vitamins often including vitamin C. It is
important to check the declaration and avoid products containing iron and vitamin C.
2) Plant proteins
Pulses and legumes, especially beans, contain between 21%
and 25% proteins by weight, which is much higher than the
protein content in other vegetables [34-36]. The high protein
content is due to the atmospheric nitrogen capturing activity
occurring in the root nodules in symbiosis with Rhizobia bacteria [73]. Especially kidney beans, soya beans and soya bean
derived products have a high protein content of 24 - 36 g protein/100 g [34] and can be consumed on a daily basis, in order
to increase protein intake. Soya bean milk has almost the same
protein content as bovine milk, 3.3 g/100 mL [34].
Tempeh is a traditional Indonesian product that is based on
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fermented soya beans. It is made by a natural culturing and a
controlled fermentation process with Rhizopus oligosporus that
binds soya beans into a cake form. It has a high protein content
of 18 g/100 g [34]. Tofu, also known as bean curd, is a food
prepared by coagulating soya bean milk and then pressing the
resulting curds into solid white blocks of varying softness. The
protein content is about 8 g/100 g [34]. Some species of soya
beans may be rich in iron, probably due to the culturing conditions [10]. However, there appear to be no reasons for not using soya bean protein supplements, as both soya bean protein,
and the high content of intrinsic phytate as well as calcium will
inhibit iron absorption [10]. A diet rich in soya bean products
containing native phytate significantly decreases body iron status (serum ferritin) in postmenopausal women [74].
Grains and cereals - choose whole grain products
Whole grains contain phytic acids/phytates [10, 48], of which
the major part is present in the shell parts of the grain, germ
and bran. It is therefore important to choose flour-based products, which contain a high proportion of whole grain flour,
e.g., whole grain bread and whole grain pasta and other products based on whole grain flour. Likewise, cereals based on
whole grain should be preferred.
When baking at home, whole grain should be used and it
is also possible to increase the content of phytates by adding
extra wheat bran to the flour. It is important to use yeast-based
fermentation of the dough and not lactic acid fermentation as
in sourdough [10]. Lactic acid is a potent promoter of iron absorption by itself, due to its acidity [10, 41]. Furthermore, lactic
acid fermentation by itself produces phytase, and can activate
the dormant intrinsic phytase activity in the flour [75], two
mechanisms, which can reduce the phytate content in grains
[76]. When purchasing industrially baked bread and other grain
products, it is important to check the declaration concerning the
content of whole grain flour and use of sourdough as well as
whether the flour or bread has been enriched with iron.
Abstinence of alcohol
1) Alcohol
Regular consumption of alcohol predisposes to iron overload,
depending on the amount consumed, and especially if the consumption is higher than recommended by the health authorities [10, 43, 44]. In population studies, there are clear positive
associations between the quantity of alcohol intake and the
iron status marker serum ferritin, both in men and women. An
increased alcohol intake is associated with an increase in ferritin [77-79]. In persons with HFE-hemochromatosis, alcohol
consumption increases both the biochemical and clinical disease expression, as well as the risk of liver cirrhosis and liver
cancer [80].
Alcohol seems to increase ferric iron absorption from the
meal, possibly due to the stimulating effect on gastric acid secretion [81]. However, the enhancing influence of alcohol on

iron absorption is more likely due to its inhibition of hepcidin expression/synthesis in the liver [10, 44]. Alcohol induced
decrease in hepcidin synthesis has been demonstrated both in
patients with alcoholic liver disease [44], as well as in animal
studies [10]. Both acute and chronic alcohol exposures suppress hepcidin expression in the liver [82]. Persons with hemochromatosis a priori have low hepcidin levels, but it has not yet
been evaluated whether alcohol consumption may contribute
to a further reduction of hepcidin expression in these patients.
2) Wines
White wines and red wines contain varying amounts of iron
depending on the grape varieties, the iron content in the soil
in which the grapes are cultured, the iron content in fertilizers
and the wine production processes. The average iron content
in white wine is 3 mg/L and in red wine is 5 mg/L [34]. Furthermore, wines contain various amounts of phenols and polyphenols, including tannins, depending on the grape varieties,
growth conditions including climatic conditions, fertilizers
and the wine production processes.
White wines have a significant increasing effect on food
iron absorption, which is even higher than can be explained
solely by its alcohol content [83]. This is probably due to its
low content of phenols and tannins and its high content of organic acids, as well as the low pH, which all promote iron absorption [10, 83].
Red wines also contain organic acids but have a higher pH
than white wines. The coloring in red wines is due to their content of phenols and tannins, which inhibit food iron absorption
[10, 49, 50]. The higher the content of phenols and tannins, the
higher the inhibition of iron uptake. If occasionally, red wine is
consumed, choose heavy bodied red wines with a high content
of tannins; enjoy with a selection of cheeses, which due to their
low content of iron and their high contents of milk protein and
calcium, inhibit iron absorption [10]. Do not drink wine with
a selection of cold cuts and sausages, which due to their high
content of heme- and nonheme iron and meat factors, stimulate
iron absorption.
The Danish Health Authority recommends a maximum of
seven standard drinks (each containing 12 g alcohol) per week
in healthy women and a maximum of 14 standard drinks per
week in healthy men [84]. This amount of intake is, however,
not recommended to persons with hemochromatosis. Considering the present evidence, in hemochromatosis, it is clearly
best to abstain from alcohol, or at least the consumption should
be restricted to a minimum, and alcoholic beverages should be
replaced by their non-alcoholic counterparts.
What to drink with meals and between meals?
The beverages consumed with the meal can significantly influence the absorption of food iron, i.e., either increase or decrease absorption. Drinking alcoholic beverages increases iron
absorption (see above). Drinking fruit juices, both processed
and fresh, containing vitamin C, and having a low pH due to
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the content of organic acids and possibly a high content of sucrose and/or fructose will significantly increase iron uptake
(see above). Consequently, this kind of beverages should not
be taken with the meals. Fresh fruit juices are healthy foods
containing antioxidants, vitamins and minerals; they should
not be avoided but instead consumed between the meals. Milk
proteins and calcium both inhibit food iron absorption [10], so
drinking a glass of milk with the meals may be beneficial for
persons with iron overload.
Recommended beverages to the meals are green- or black
tea, coffee, low-fat milk, or water. In Denmark, tap water is
potable and contains no iron. Some bottled mineral water may
contain iron, check the declaration.
Polyphenols contained in tea and coffee are strong inhibitors of iron absorption [10]. The infusion of 1.5 g of the black
Ceylon Wewesse tea contains 90 - 100 mg polyphenols [85],
so a standard cup or mug (250 mL) of this tea contains about
90 - 100 mg polyphenols. In general, the polyphenol content
in a cup of green- or black teas is depending on the variety of
tea, the processing of the tea leaves, the type of brewing (tea
leaves or tea bags) and the strength (grams of tea leaves per mL
of water) of the infusion [85, 86]. One of the few controlled,
nutritional studies in persons with hemochromatosis showed
that regular tea drinking with the three daily main meals decreased food iron absorption on the long term, resulting in a
reduced yearly rate of phlebotomies in the maintenance phase
of the disease [85].
In patients with impaired liver function, i.e., significantly
elevated liver enzymes, liver fibrosis or liver cirrhosis, heavy
green tea drinking and/or the consumption of green tea extract food supplements may induce severe liver damage, and
in some even acute liver failure [87]. Therefore, no more than
three cups of green tea should be consumed per day and food
supplements of green tea extract should be avoided.
Coffees (with caffeine) also contain polyphenols, varying
from 30 to 300 mg per cup of coffee, depending on the variety
of coffee beans, the processing of the beans and the strength of
the coffee brew (grams of coffee beans per mL of water) [88].
Furthermore, regular coffee drinking appears to be beneficial
for the overall liver function, see review [89]. “Moderate coffee consumption may be related to a slower progression of
chronic liver disease. Patients who consumed a higher quantity of coffee have been found to display a milder course of
fibrosis, especially in those with alcohol related liver disease.
The association between moderate coffee consumption and a
slower rate of fibrosis has also been seen in patients with hepatic fibrosis, cirrhosis, non-alcohol related liver disease and
hepatitis” [89]. Likewise, regular coffee drinking has a protective effect against non-alcoholic fatty liver disease [90]. In
conclusion, regular coffee drinking with meals (three to four
cups daily) can replace regular tea drinking with meals, possibly with benefits especially in patients with impaired liver
function, liver fibrosis or liver cirrhosis.
Use the right cooking utensils
Nowadays, most cooking utensils, like pots and pans/skillets
have a non-stick coating, and no metal is released from the uten72
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sils during the cooking process, whether boiling or frying. However, previously there was a widespread use of cast iron pots
and pans without coating, which still are used by many people,
depending of the regional cooking habits. Iron utensils release
iron during the cooking process, especially if the prepared foods
are acidic with a low pH. As an example, the iron content increased from 0.6 mg to 5.7 mg/100 g in spaghetti sauce after
being cooked in a cast iron pot [91]. Consequently, the message
is clear: do not use uncoated iron utensils in cooking!
Vitamins and minerals
1) Vitamins
In healthy people, the needs for vitamins are usually covered
by eating a healthy, varied and balanced diet [92]. In hemochromatosis, during the induction phase, the patients are phlebotomized with 1 week or 2 weeks intervals. Depending on
the magnitude of iron overload at diagnosis, the induction
treatment can vary greatly, e.g., from 6 to 24 months. Frequent
phlebotomies are associated with loss of various vitamins in
the blood, but none has so far measured or tried to estimate
these losses.
Some Danish centers monitor the blood concentrations
of vitamin B12, folate and vitamin D during the induction
treatment of hemochromatosis patients and prescribe vitamin
supplements according to the vitamin levels. Although not
confirmed in controlled studies, common sense, the benefit
of doubt, and the absence of side effects concerning vitamin
intake motivate the author to consider a regular daily intake of
multivitamin tablets in the induction phase, in order to secure
an adequate body “vitamin status”.
In the maintenance phase, where patients are phlebotomized two to four times in a year, the intake of multivitamin
tablets may according to the author’s suggestion be reduced to
three times a week or alternatively to a daily intake in 1 week
or 2 weeks in connection with phlebotomies. The multivitamin
tablets should be checked for having an adequate content of the
various vitamins, especially vitamin D3 and vitamin E. It is also
important to emphasize that the tablets should be taken between
meals, due to their content of vitamin C. According to the Nordic nutrition recommendations, the recommended intake of vitamin C in adults is 75 mg/day [23]. Therefore, the multivitamin
tablets should not contain more than 200 mg vitamin C per day,
as suggested by the Iron Disorders Institute [93].
Osteopenia and osteoporosis occur frequently; among patients with clinical hemochromatosis, 41% have osteopenia
and 25% osteoporosis [1]. The frequency of osteoporosis increases with increasing iron overload [1], and it is therefore
important to have an adequate intake of vitamin D3 (and calcium, see mineral section below) to prevent bone decalcification [94]. The plasma vitamin D level should be checked
for vitamin deficiency/adequacy. The recommended intake of
vitamin D3 according to the Nordic nutrition recommendations
is 10 µg/day for adults and 20 µg for adults above 75 years
[23]. If the multivitamin tablets have a lower content of vitamin D3, additional vitamin D3 supplements should be taken;
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Table 2. Guidelines for a Healthy Diet, Targeted to Healthy People Adapted From the Nordic Nutrition Recommendations 2012 [23]
Scientific evidence indicates that a micronutrient- and fiber-dense diet should be adopted to promote health and wellbeing in Nordic populations.
The diet should include: 1) Natural fiber-rich foods; 2) Vegetables: dark-green leaves, fresh peas, cabbage, onions, root vegetables and fruiting
vegetables; 3) Pulses, legumes, fruits, berries, nuts, seeds, and whole grains as well as fish and seafood, vegetable oils, vegetable oil-based
spreads and low-fat dairy products.
Such a dietary pattern, especially if low in energy density and combined with a physically active lifestyle, will reduce the risk of overweight.
In contrast, dietary patterns characterized by high intakes of red meat, processed meat and food products made from refined grains and sifted
flour as well as those high in sugar, salt and saturated fatty acids and trans-fatty acids are associated with adverse health effects.

in most persons, a supplement of 20 µg/day will be sufficient.
Furthermore, a bone mineral (dual energy X-ray absorptiometry (DEXA)) scan should be performed, in order to check for
osteopenia/osteoporosis [1].
Vitamin E (d-alfatocoferol) is an important antioxidant
[95]. The recommended intake of vitamin E according to the
Nordic nutrition recommendations is 10 mg/day for men and
8 mg/day for women [23], while the US National Institutes of
Health recommend a higher dose of 15 mg/day in both genders
[95]. Many multivitamin tablets contain 20 - 30 mg of vitamin
E, which is adequate. If necessary, an extra vitamin E supplement should be taken.
2) Minerals
In healthy people, the needs for minerals are usually covered
by eating a healthy, varied and balanced diet [92]. Many multivitamin tablets also contain the essential minerals (multivitamin-multimineral tablets). Taking combined multivitaminmultimineral tablets will cover the need for essential minerals
in most people.
Selenium is an essential micronutrient, which is a component of the important antioxidant enzymes glutathione peroxidase and thioredoxin reductase [23]. The recommended intake
of selenium according to the Nordic nutrition recommendations is 60 µg/day and the intake must not exceed 300 µg/day
[23]. Check whether the selenium content in the multivitaminmultimineral tablets is adequate, i.e., 60 µg or higher; if not, an
extra selenium supplement may be indicated.
Due to the high risk of osteoporosis, it is important to have
an adequate intake of calcium (and vitamin D3, see vitamin
section above). The recommended intake of calcium according
to the Nordic nutrition recommendations is 800 mg/day [23].
The richest food sources of calcium are milk and milk products including cheese [23]. One liter of milk contains 1,200 mg
calcium [34]. Depending on the consumption of milk products,
calcium supplement should be taken in the form of calcium citrate. Calcium tablets are marketed with and without additional
vitamin D3. As calcium inhibits iron absorption [10], calcium
supplements should be taken with meals.
Anti-oxidative and anti-inflammatory compounds
In hemochromatosis, the surplus amount of iron in the cells
and organs induces oxidative stress by the formation of free

radicals through the Fenton reaction, which is assumed to be
the basis for inflammation, cell necrosis and the development
of connective tissue and fibrosis in various organs [1]. Antiinflammatory and anti-oxidative diets [96] have become increasingly popular in recent years and are promoted by many
nutritionists and rheumatic associations [97]. The concept is
that a high intake of anti-oxidative-rich macronutrients and a
favorable balance between omega-6 and omega-3 fatty acids
in the diet can decrease the expression of inflammatory genes
[96, 98]. Omega-3 fatty acids (eicosapentaenoic acid plus docosahexaenoic acid) have both anti-oxidative [99] and antiinflammatory properties [96, 98], and exert favorable effects
on inflammatory arthritis, e.g., rheumatoid arthritis [96, 98].
An anti-inflammatory diet should contain adequate
amounts of omega-3 fatty acids at the level of a total of 2 - 3
g of eicosapentaenoic acid (EPA) and docosahexaenoic acid
(DHA) per day [96]. Even a high daily intake of fat fish can
hardly fulfill these requirements, so it is necessary to take supplementary fish oil capsules with the meals [96]. Furthermore,
an anti-oxidative diet should be rich in colorful, non-starchy
vegetables and fruits, which will contribute adequate amounts
of polyphenols to help inhibit nuclear factor kappa beta, a primary molecular target of inflammation, and activate 5' adenosine monophosphate-activated protein kinase that plays an important role in cellular energy homeostasis [96].
From a empirical point of view, it seems likely that an anti-oxidative/anti-inflammatory diet comprising tea/coffee and
many colorful vegetables, fruits and berries containing plant
pigments acting as natural antioxidants, such as polyphenols
(flavonoids and anthocyanins), as well as carotenoids [96],
and providing adequate amounts of vitamin E and selenium,
as well as anti-inflammatory supplements of omega-3 fatty
acids [96], will be of benefit for persons with hemochromatosis. However, until now no systematic studies have been performed to explore this issue.
Official dietary recommendations in the Nordic Countries
The Nordic nutrition recommendations 2012 by the Nordic
Council of Ministers [23] and the official Danish dietary recommendations 2021 [92] have many features in common with
the composition of anti-inflammatory and anti-oxidative diets.
The Nordic nutrition recommendations [23] are shown in Table 2.
The official Danish dietary recommendations 2021 [92]
shown in Figure 1 and Table 3 are targeted towards healthy
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Figure 1. The seven official Danish dietary recommendations 2021 [92] visualized in a poster.

Table 3. The Seven Official Danish Dietary Recommendations 2021 From the Danish Veterinary and Food Administration [92, 100]
1. Eat a plant-rich diet with varied foods, do not eat too much.
2. Eat more vegetables and fruits, corresponding to approximately 600 g vegetables and fruits per day.
3. Eat less meat from mammals, at most 350 g per week. Choose pulses, legumes, poultry and fish. Eat fish at least twice a week as main course,
and several times a week on an open sandwich, at least 350 g fish per week of which 200 g should be fat fish.
4. Eat foods with whole grains, at least 75 - 100 g whole grains per day.
5. Choose vegetable oils, rapeseed and olive oil, and low-fat dairy products.
6. Eat foods with less sugar, less salt and less fat.
7. Quench your thirst in water, instead of in soda, processed juices, or alcoholic beverages. Drink water both with the foods and between meals.

74
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Table 4. Proposed Dietary Recommendations for Persons With Hemochromatosis Adapted From the Official Danish Dietary Recommendations 2021 [92, 100]
1. Choose a vegetarian, semi-vegetarian or flexitarian diet. A “veggie-lacto-ovo-poultry-pescetarian” diet seems optimal. Eat varied foods, not
too much. Avoid iron enriched foods and iron supplements. Be physically active 30 - 60 min daily.
2. Eat many vegetables and fruits - corresponding to at least 600 g of vegetables and fruits daily; at least half of this must be vegetables. Choose
protein rich pulses or legumes, e.g., white-, kidney- or soya beans. Fresh fruits should be eaten between meals.
3. Abstain from red meat from mammals and choose lean, white meat from poultry. Avoid processed meat. Avoid offal, blood containing foods
and game meat. Eat no more than 200 g meat from preferably poultry per week, which equates to two dinners per week. Choose fish, eggs,
vegetables and protein rich legumes the other days. Eat sustainably sourced fish two to four times a week as main course, and several times a
week on an open sandwich - at least 350 - 500 g fish per week, of which 200 g must be fat fish.
4. Choose whole grain products in cereals and bread. Eat at least 75 - 100 g whole grains per day. Avoid iron enriched grains. Choose nonsourdough, yeast-fermented bread with at least 50% whole grain. Add wheat bran to the whole grain flour when baking at home.
5. Choose vegetable oils, rapeseed- and olive oil, and low-fat dairy products. Low-fat milk, and sour milk products with maximum 0.2-0.7%
fat, and cheese with maximum 17% fat.
6. Eat less sugar. Choose whole foods and foods with minimal processing and none or little added sugar. Eat less salt - buy foods with low salt
content and cut down the use of salt when cooking.
7. Abstain from alcohol. Quench your thirst in water, instead of in soda, processed juices, or alcoholic beverages. Fruit juice should be consumed
between meals. Drink green- or black tea, coffee, or low-fat milk with meals, alternatively water or non-alcoholic beer.

people and do not contain specific dietary instructions for
persons with genetic hemochromatosis and iron overload.
Compared with the previous official Danish dietary recommendations in 2013, there is a greater emphasis on plant-rich,
low-meat, fish-rich and climate-friendly diets.
The general tendency from the national food authorities
and nutritionists in Denmark and other European countries
is to encourage people to eat less meat and more plant-based
foods [100], in order to make the diets more climate-friendly.
As the meat production generates formation of carbon dioxide
and ammonium, one of the measures to reduce carbon dioxide
emission to the atmosphere [101] and nitrogen and phosphorous to the environment [102], is to cut-down meat production
especially from mammals (beef, pork, lamb) and to a lesser
extent from poultry [101]. Plant-based meat substitutes are
produced to an increasing extent by the food industry and consumed both in the households and in eating-out facilities. In
Denmark, the number of vegetarians, vegans and flexitarians
has been steadily increasing from almost zero in 2010 to 2.5%
of the population in 2019 [103], and in recent years, 30% of the
population has diminished their consumption of meat [104].
Dietary recommendations for persons with hemochromatosis
It is important to stress that the following recommendations
are not based on controlled dietary studies but are empirically
based on the current knowledge of the iron content in foods
and the mechanisms of intestinal food iron absorption [10].
The proposed recommendations shown in Table 4 are adapted
from the official Danish dietary recommendations 2021 [92,
100]. The modifications express the views of the author.
Figure 2 shows the Danish food pyramid created by Coop
Danmark A/S in 1976 and last updated in 2011 [105]. The recommendations are also elaborated to be climate-friendly. Ap-

parently, the recommendations are close to those of an antiinflammatory and anti-oxidative diet, and the food pyramid
also appears to be suitable for persons with hemochromatosis
with a few modifications.

Discussion
The diet recommendations in this paper for persons with genetically, dietary-induced iron overload, are based on our present knowledge of the mechanisms, which control intestinal
iron absorption [10]. The interest for dietary interventions in
hemochromatosis has mostly been based on the layman aspect,
and well-performed, prospective, randomized studies that specifically evaluate the effect of dietary interventions have not
been reported [9].
Clinics managing persons with hemochromatosis in Denmark [106] and probably other European countries [9] give little or no emphasis on the composition of the diet with general
advices such as “eat your usual diet but limit intakes of red meat
and alcohol” or “eat a healthy and varied diet” [9] and only few
Danish patients are given specific advices by a dietician [106].
The composition of the diet has a distinct influence on
the expressivity (serum ferritin and serum transferrin saturation levels) of the HFE-variant phenotypes in Danish men.
The expressivity was enhanced by consumption of alcohol and
meat and decreased by consumption of milk and eggs [107].
Depending on the degree of dietary interventions and the penetrance of the genetic disorder, dietary measures aiming to
restrict the absorption of dietary iron in patients with hemochromatosis in the maintenance phase might reduce the annual
amount of blood-letting by an estimated 0.5 - 1.5 L, i.e., by
three to four phlebotomies [9].
The Danish Hemochromatosis Association [108] performed a dietary survey, which revealed that all patients were
omnivorous, consuming mammalian and avian meat several
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Figure 2. The Danish Coop food pyramid 2011 [105] shows the recommended consumption of foods in healthy persons during
a 14-day period. Eat most foods from the bottom, less from the middle and least from the top shelf. Modifications for persons
with hemochromatosis. Top shelf: Do not eat beef or pork, but white poultry meat, no more than twice a week. Do not eat liver
or products containing liver (liver pate, liver spread and liver pastry) or other offal. Do not eat products containing blood, e.g.,
blood sausage and game meat. Eat fish two to four times per week. Avoid shellfish. Eggs, one or two per day, are allowed, unless
hyperlipidemia or cardiovascular disease is present. Middle shelf: Consume low-fat milk products including cheese. Drink milk
with meals. Fruits, berries and juices rich in vitamin C and organic fruit acids should be consumed between meals. Bottom shelf:
Drink a cup of green- or black tea, coffee, or milk with the meals. Alternatively, water or non-alcoholic beer.

times a week and drinking alcoholic beverages with/without
meals daily or several times a week [106, 109]. Only few patients were offered dietary intervention. After consulting a dietician, some have shifted to a predominantly vegetarian diet
and abstained from alcohol, which according to the persons’
own statements clearly has decreased the rate of body iron accumulation as assessed by the time-related increase in serum
ferritin (Milman NT, personal communication). The dietary
interventions recommended in this paper are close to the official Danish dietary guidelines 2021 [92, 100]. The facts and
the problems are, however, that only a minority of the Danish population adhere to the official dietary advices [100]. The
presented dietary recommendations are by and large in accordance with those given by the Iron Disorders Institute [93].
Danish persons with hemochromatosis do not to any significant degree change their dietary habits once the diagnosis
has been established [106, 109]. The reported dietary intervention studies have been implemented in the maintenance phase
of the disease [9], as the effect is difficult to evaluate in the
induction phase. However, the frequent phlebotomies in the
induction phase are a strong stimulus for iron absorption [9,
10], which will tend to increase the number of blood-lettings,
76

and therefore prolong the induction phase. In healthy persons,
phlebotomy-induced anemia can increase the erythropoietic
response by 200% above basal erythropoietic rate [110]. Persons with hemochromatosis have a normal erythropoiesis and
regain their habitual hemoglobin level within a few weeks after phlebotomy. Consequently, it could be an advantage to introduce dietary measures early in the induction phase.
All persons/patients with hemochromatosis should be offered a consultation by a dietician and receive proper dietary
advices. In this way patients can contribute actively to the management of their disease. However, it is up to the patients to decide to which extent they wish to follow the dietary recommendations and restructure their daily diet. In conclusion, until the
results from prospective, controlled dietary studies are available,
we will have to give persons with hemochromatosis dietary recommendations based on our present knowledge of body iron
homeostasis, food iron content and intestinal iron uptake [10].
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