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Iron 

Disclaimer: 

This background paper in the NNR2022 project has been developed by Magnus 
Domellöf and Agneta Sjöberg. The text, which represents the view of the 
authors, will be peer reviewed by Lena Hulthén and Gry Hay. In addition, the 
text is now also available for public consultations. After the peer review and the 
public consultation, the authors will finalize the paper. All hearing responses 
will be publicly available at the NNR2022 website. Please note that the text 
describes the role of iron on health outcomes. Any relevant sustainability aspect 
will be integrated in the main NNR report. This background paper, in addition to 
other relevant background papers and reports, will assist the NNR Committee 
when setting the dietary reference values in the main NNR report.  The NNR 
Committee has the sole responsibility for the main NNR report. The main NNR 
report will be open for public consultation in the spring 2023.  

Abstract: 

Several large population groups in the Nordic and Baltic countries are at risk of iron 
deficiency, including infants, young children, menstruating females, pregnant women as well 
as vegetarians. Since humans have no mechanisms for iron excretion, iron overload is also a 
concern. 

Iron absorption from foods is generally lower than that of most other nutrients and can vary 
between <2% and 50% depending on individual iron status and iron bioavailability in the 
meal. 

Iron deficiency leads to anemia, fatigue, and limited capacity for physical activity. Of 
particular concern is that iron deficiency anemia in young children is associated with 
impaired neurodevelopment. 

A comprehensive literature search has been performed anda scientific background for 
setting DRVs are given, based mostly on factorial calculations, considering iron losses, iron 
absorption and iron requirements in different population groups. 

The initial scoping review performed by the NNR Committee suggested the following topics 
of concern, which are all discussed in this paper: Mental and psychomotor development in 
children, maternal and neonatal outcomes, type 2 diabetes and gestational diabetes. 

Introduction 
Iron is essential to virtually all living organisms, its most important biological characteristic 
being the ability to alternate between two oxidation states – ferrous iron (Fe2+) and ferric 
iron (Fe3+) – that can donate or accept one electron, respectively. Iron has many vital 
functions in the body, the most significant of which is to form the oxygen-binding part of 
hemoglobin (Hb) that transports oxygen from the lungs to the tissues. Iron is also found in 
myoglobin, the oxygen-binding protein in muscle fibre. Iron is an important component of 



NNR2022 – public consultation – January 2023 

2 
 

many enzymes that transfer oxygen and electrons in a variety of metabolic pathways in all 
cells of the body, including the brain. For example, iron is necessary for the function of 
cytochromes that are part of a series of enzymes that couple energy to ATP formation during 
oxidative phosphorylation. 

Iron deficiency (ID) is one of the most common micronutrient deficiencies globally, and is by 
far the most common cause of nutritional anemia (1). Several large population groups are at 
risk of iron deficiency due to high iron requirements. The relative iron requirements are 
greatest in infants, young children, adolescents and pregnant women due to the iron 
requirements to support growth and blood volume expansion in these groups. Women of 
fertile age have considerably higher iron requirements than men due to iron losses from 
menstrual bleeding. 

Iron is the most abundant of the trace elements. An 80 kg adult body contains about 5 grams 
of iron. Iron has a much lower bioavailability than other nutrients, making dietary factors 
affecting iron absorption especially important for individuals who have depleted iron stores. 
However, dietary factors are less important for individuals with high iron stores, in whom 
iron absorption normally is homeostatically downregulated. 

 

Methods  

The review follows the protocol developed within the NNR2022 project (“The Nordic 
Nutrition Recommendations 2022 – Instructions to authors of chapter”) and the protocol 
can be found on the official NNR2022 website. The sources of evidence used in the chapter 
follow the eligibility criteria described in the paper “The Nordic Nutrition Recommendations 
2022 – Principles and methodologies“ published in Food & Nutrition Research (2020). 

The SR search strategy (see Appendix 1) finally yielded 173 articles, limited of “iron” in title, 
(Diet OR Dietary OR Food OR Nutrition OR Nutritional) and publication type Systematic 
review. 

A separate literature search was performed in May 2021, which also included Randomized, 
controlled trials. This yielded an initial 535 results with 234 remaining after exclusion. 
Reasons for exclusion included studies from low/middle income countries, treatment of 
specific patient groups (not the general population), parenteral nutrition, study not in 
humans, and publications in other languages than English. 

These extensive literature searches did however not cover all topics relevant to iron DRVs, so 
we also searched papers relating to physiological iron losses, menstrual iron losses, methods 
for assessing iron requirements as well as recent reviews and recommendations on iron, 
most notably the EFSA recommendations from 2015. 

 

Iron metabolism and bioavailability from diet 

Physiology and metabolism 

Iron is the fourth most common element in the earth’s crust but forms highly insoluble iron 
oxides when exposed to oxygen, making it a challenge for living organisms to utilize iron. 
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Iron absorption occurs primarily in the duodenum and proximal jejunum, where enterocyte 
apical-bound enzymes (e.g. cytochrome b reductase) reduce insoluble ferric (Fe3+) to 
absorbable ferrous (Fe2+) ions, which are transported into the enterocyte by the 
transmembrane divalent metal transporter 1 (DMT1). In the enterocyte, iron is either stored 
as ferritin, some of which is lost when the cells are sloughed, or is transported across the 
basolateral membrane by ferroportin, after which it is oxidised to Fe3+ by hephaestin and 
then bound by plasma transferrin for transport into the circulation. 

In contrast to other sources of iron, heme iron, which is found in meat, poultry, fish and 
seafood, has a relatively high and stable bioavailability (about 25%). The molecular 
mechanisms of heme iron absorption are less well characterized than those for non-heme 
iron, but once taken up by the enterocyte, it follows the same pathways as non-heme iron. 

In order to preserve iron, iron is recycled in the body and humans have no pathway for 
excretion of surplus iron, a mechanism which is present for other nutrients. This lack of an 
excretory pathway puts extra demand on strict homeostatic regulation of iron absorption in 
order to avoid both iron deficiency and iron overload. 

Since ferric iron is poorly soluble and since ferrous iron is a potent pro-oxidant with the 
capacity to reduce oxygen intermediates to harmful free radicals, all organisms have 
developed binding molecules (chelators) to transport and store iron and to control its 
reactivity. Examples are transferrin, which binds iron in plasma, and ferritin, which is the 
main storage protein for iron and is most abundant in the liver, spleen, and bone marrow. 

Iron is also an important nutrient for pathogens such as bacteria and parasites, making iron 
deprivation an important immune defence strategy for organisms throughout evolution. 
Indeed, the most important regulator of iron metabolism – hepcidin – was first discovered as 
a peptide involved in the immune response to bacterial infections. Hepcidin is produced in 
the liver as a part of the systemic inflammatory response, and binds to the trans-membrane 
iron transporter ferroportin, thereby blocking iron transport to plasma from enterocytes, 
macrophages and hepatocytes (2). This effectively decreases plasma concentrations of iron, 
depriving the potential pathogen of a growth factor and thereby preventing invasive 
infection. Since this also deprives erythropoietic cells of iron, a sustained inflammatory state 
will result in an iron-deficient erythropoiesis and the so called anemia of inflammation. 

However, hepcidin is also the main regulator of iron absorption and iron homeostasis. Since 
humans have no mechanism for excretion of iron, iron homeostasis is maintained exclusively 
through regulation of absorption. When iron stores are high, hepcidin synthesis is 
upregulated, which reduces intestinal iron absorption. Conversely, when iron stores are low 
or iron requirements are increased (increased erythropoiesis), hepcidin is downregulated, 
thereby increasing intestinal iron absorption. This mechanism is highly effective, so there is a 
strong inverse correlation between iron absorption and serum ferritin, which is a marker of 
iron stores (see below). 

 

Dietary sources and bioavailability 

Meat, poultry and fish as well as cereals are the main iron sources in a mixed diet. In 
vegetarian diets, legumes and processed products, wholegrain cereals and dark green 
vegetables are important iron sources. However, there is large variation between the food 
sources, fish 0.2 mg/100g, poultry 0.4-1.5 mg/100g and meat 1.0-3.3 mg/100g (Table 1), 
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refined cereals, wholegrain bread and wheat 0.7-3.7 mg/100g and legumes and products 
1.7-3.2 mg/100g (Table 2). 

Iron absorption from foods is generally lower than that of most other nutrients, typically 
around 10-15% from a mixed diet. Iron absorption can vary from < 2% in an iron sufficient 
individual consuming a meal with high iron content and low bioavailability to about 50% in 
an iron deficient individual consuming a meal with low iron content and high bioavailability. 

Dietary iron consists of heme (from animal tissues) and non-heme iron. Heme iron 
constitutes about 10-12% of the total iron in a mixed diet, which also has been shown in 
Nordic populations (3-5). The heme iron intake follows meat consumption and females have 
lower intake than males (6). The proportion of heme iron of the total iron in animal-based 
foods is usually about 50%, but varies between food sources, in cooked foods: 65% in beef, 
39% in pork, 26% in chicken and fish (7), Table 1. Heme iron is generally more efficiently 
absorbed than non-heme iron and it is generally not affected by other food components. It is 
also less affected by iron stores than non-heme iron absorption. In a radioisotope study, 
heme iron absorption was 23% in individuals with average serum ferritin concentrations of 
91 µg/L and 35% in individuals with serum ferritin concentrations of 37 µg/L (8). Heme iron 
absorption is usually estimated to be at least 25%. 

Non-heme iron absorption is affected by several dietary components. Single meal 
radioisotope or stable isotope studies have consistently shown an enhancing effect of 
ascorbic acid and muscle tissue (meat/poultry/fish) and an inhibitory effect of phytate, 
polyphenols and calcium. 

Ascorbic acid (vitamin C) enhances non-heme absorption by reducing Fe3+ to Fe2+ at a low 
pH, in addition to having chelating properties (9). The main effect is achieved by the first 25-
100 mg of ascorbic acid in the meal (10). This effect of ascorbic acid is more pronounced the 
more inhibitors of iron absorption, such as phytate or polyphenols, are present in the meals 
(11-13). 

Meals containing lactic acid fermented vegetables have higher iron bioavailability than meals 
containing fresh vegetables and the mechanism seems to be an increase in hydrated Fe3+ 

(14).  

Muscle tissue from red meat, poultry, fish and liver enhance iron absorption (15). The nature 
of this “meat factor” or “MPF factor” (meat/poultry/fish) is uncertain, but a possible 
explanation is that partially digested peptides, cysteine and histidine residues from muscle 
proteins, bind non-heme iron and form complexes that are soluble and available for 
absorption (16). The effect of the “meat factor” is most pronounced in meals containing 
inhibitors of iron absorption such as phytate. 

Some specific probiotic species have recently been suggested to improve iron absorption, 
even though more studies are needed to confirm this (17). 

Phytic acid, also known as phytate, is the main dietary inhibitor of iron absorption. It is found 
in relatively high concentrations in unprocessed whole-grain cereals, seeds, nuts and 
legumes such as soybeans and processed products containing soybean flour or soybean 
protein (18, 19), Table 2. Like the other dietary inhibitors of iron absorption, phytate binds 
iron in the gastrointestinal tract, thereby preventing it from being absorbed. Phytate-related 
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inhibition of iron absorption is partly counteracted by ascorbic acid and meat in the meal 
(11) and soaking or fermentation of cereals and soybeans (20, 21).  

Polyphenols are a large group of compounds found in tea, coffee, cocoa, red wine, and some 
vegetables, legumes and cereals. Polyphenols from tea seem to have the strongest inhibitory 
effect on iron absorption.  

Calcium has a direct inhibiting effect on non-heme iron absorption and also on heme iron 
absorption, indicating a possible mucosal rather than luminal effect (22). One glass of milk 
(165 mg calcium) has been shown to cause a 50% reduction in iron absorption, with a dose-
dependent effect up to a consumption of 300 mg calcium in the meal (23, 24). Supplemental 
calcium has also been shown to reduce iron absorption substantially when taken with meals 
(25). 

Even though the influence of enhancing and inhibiting factors on iron absorption is very clear 
in single meal studies, studies of whole diets show varying results. Two-week studies 
comparing iron absorption from a whole diet containing either enhancing or inhibiting 
factors of absorption found that iron absorption was twice as high from the diet with the 
enhancing factors (25). Several studies have shown that the effects of dietary factors on iron 
absorption are very weak, non-existent or even reversed in medium-term studies where the 
intervention lasts for a couple of months (26) (27) (28) (29) (30). Recently, Hoppe et al 
randomized 55 healthy Swedish females to 12 weeks of high-phytate vs low-phytate bread 
and could not demonstrate any improvement of iron status in the group consuming low-
phytate bread (31). These studies, most of which were performed in iron-replete subjects, 
demonstrate that the homeostatic mechanisms of iron absorption function extremely well 
when iron is supplied from a mixed diet and when iron stores are adequate.  

However, a diet with high iron bioavailability is likely to be an advantage in individuals with 
marginal or low ferritin concentrations. In fact, even if iron absorption is up-regulated in this 
situation, the homeostatic mechanisms may not adjust iron absorption from diet enough to 
cover iron needs if the iron intake also is low. 

 
Biomarkers of iron status 

 

Ferritin 

Serum ferritin (s-ferritin) is considered to be the best single indicator of iron status and is 
also the most widely used (32). S-ferritin levels are a good indication of the size of the iron 
stores in the absence of infection and inflammation.  

Reference intervals for s-ferritin are often derived from the 2.5th percentile of the variation 
in an apparently healthy population. There are a few studies validating s-ferritin against 
bone marrow iron stores in adults. One study suggested that a ferritin threshold of < 15 µg/L 
in healthy women has a sensitivity of 75% and a specificity of 98% of detecting absent bone 
marrow iron stores, while a threshold of < 30 µg/L had ha higher sensitivity (93%) at the 
expense of specificity (75%) (33). There is a lack of similar validation studies in children. 
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Various cut-offs for s-ferritin have been used in different studies, and recent publications 
suggest that despite the availability of an international standard for ferritin (34), there is a 
considerable variation in results depending on the analytical method used (35). 

For infants and children, it is important to realize that large changes in iron metabolism 
occur during the first years of life. Thus, the s-ferritin cut-off for iron deficiency first 
decreases from 40 µg/L at 0-2 months, to 20 µg/L at 4 months and 10 µ/L at 6-24 months, 
and then increases to 12 µg/L at 2-5 years of age and 15 µg/L from 6 years to adulthood (1, 
32, 36-38).  

 

Hemoglobin 

In combination with ferritin, this is the most important biomarker of iron status since a 
reduced concentration of Hb is the definition of anemia. 

The reference intervals differ by age and gender: The Hb cut-off for definition of anemia 
decreases from 135 g/L at 0-1 weeks of age to 90 g/L at 2 months and then increases to 105 
g/L at 4-24 months, 110 g/L at 2-5 years and 115 g/L at 6-11 years. In adolescents and adults, 
gender specific reference intervals are used, the lower cut-offs being 120 g/L for women and 
130 g/L for men (see table 3) (32, 39-41). 

 

Other biomarkers of iron status 

Reticulocyte hemoglobin content: This biomarker is useful for detecting iron deficiency in 
adults (42) and children (43-45).  

Mean cell volume (MCV), mean cell hemoglobin (MCH) and the red cell distribution width 
are usually reported from automated blood count devices but are less often used for the 
diagnosis of ID. MCV is a relatively late indicator of iron deficiency and is affected by age, 
ethnicity, possibly gender, and thalassemia. 

Erythrocyte zinc protoporphyrin (ZPP): In a state of iron deficiency, iron will sometimes be 
substituted by zinc in the formation of heme and ZPP will increase. This biomarker is useful 
for diagnosis of ID and commonly used in fieldwork, but is affected by lead poisoning, 
malaria, chronic infections, inflammation and hemoglobinopathies. 

Serum iron, total iron binding capacity (TIBC) and transferrin saturation (s-iron/TIBC): These 
are classical biomarkers of iron deficiency, but the main limitation is the considerable diurnal 
variation of serum iron concentrations due to food intake, requiring a fasting blood sample. 
TIBC and transferrin saturation are useful for diagnosing iron overload. 

Soluble serum transferrin receptor (sTfR) is a useful biomarker of iron deficiency and less 
confounded by inflammation than serum ferritin, although its diagnostic value is still limited 
in populations where chronic inflammation is common. Also, there is a lack of an 
international standard and reference intervals vary with different analytical methods. 

The sTfR/log(s-ferritin) ratio: This is one of the most reliable markers of iron status and is 
validated in adult men against quantitative phlebotomy and bone marrow staining (the gold 
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standard measurement of iron status). However, the reference values will depend on the 
analytical method of sTfR. 

Hepcidin is a more novel biomarker of iron status. Serum concentrations of hepcidin are 
usually highly correlated with serum ferritin but hepcidin may be useful for distinguishing 
anemia of inflammation and in certain genetic disorders of iron metabolism. 

 

The use of biomarkers in practice 

The combination of ferritin and hemoglobin is usually recommended for basic screening of 
IDA (1, 32). For additional sensitivity and specificity, a combination of iron status biomarkers 
is often recommended, and mean cell volume, transferrin saturation, soluble transferrin 
receptors, zinc protoporphyrin, reticulocyte hemoglobin and hepcidin are commonly used. 
However, their sensitivity and specificity for ID are not completely known in different 
populations and reference intervals for several of these biomarkers differ between 
laboratories and assays due to the lack of international standards. 

A specific limitation of most of these biomarkers are that they are affected by inflammation. 
In populations with a high incidence of infection and inflammation, e.g. sub-Saharan Africa, 
iron status biomarkers are unreliable in general. S-ferritin is especially sensitive for 
inflammation since it is elevated as an acute phase reactant. However, in the Nordic 
populations it is a useful marker in general. In individuals with ongoing infection or 
inflammation (symptoms or elevated CRP), the measurement of s-ferritin should optimally 
be postponed until inflammation has subsided. An alternative is to use a higher cut-off for 
ferritin or to adjust the ferritin value for biomarkers of inflammation (46). For this reason, is 
recommended to routinely measure some marker of inflammation, e.g. CRP, in combination 
with iron status biomarkers (32). 

 

TABLE 3 – reference intervals 

 

Iron deficiency and iron deficiency anaemia 

If the dietary iron intake is insufficient to meet physiological requirements, iron stores will be 
mobilised and iron deficiency will develop once the stores are exhausted. 

 

Prevalence of iron deficiency and iron deficiency anaemia 

The global anemia prevalence in 2016 was 42% in children < 5 years, 40% in pregnant 
women and 33% in non-pregnant women (26). Iron deficiency is the single most common 
cause of anemia and is estimated to cause between 25% and 50% of global anemia cases 
(27, 28). However, the prevalence of ID and IDA varies greatly by geographic region and 
incidences in the Nordic countries are considerably lower than the global average. 
Nevertheless, some population groups, especially women and young children are at high risk 
of ID also in the Nordic countries. It is notable that the exact prevalences of ID and IDA 
depend on the cut-offs chosen for ferritin and hemoglobin, see below. 
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Young children 

Due to high, growth-related iron requirements, young children < 5 years are at high risk of 
iron deficiency, especially around the age of 12-36 months. A study from 2019 showed that 
the prevalence of ID in 18-month-old Danish children was 15% (defined as s-ferritin < 12 
mg/L) (29). This is similar to previous studies from Norway, Sweden and Iceland from 2004-
2011, which showed and ID prevalence of 6-18% in 12-month-olds (47-49) and 13% in 2-
year-olds (47), and also similar to a study of children aged 12-36 months from Germany, the 
Netherlands and United Kingdom, that found that the prevalence of ID was 12% (50). The 
prevalence of IDA was only reported in a few of these studies, but in the Icelandic study from 
2011 (49), no case of anemia was found at 12 months, while in the Norwegian study from 
2004, the prevalence of IDA at 12-24 months was 5% (47). Iron status in young children in 
the Nordic countries seems to have improved since the 1990s, probably due to improved 
dietary advice, including the advice not to use cow’s milk as a drink before 12 months of age 
(49). 

 

Adolescents 

Adolescents are at increased risk of iron deficiency, especially adolescent girls due to the 
onset of menstrual blood loss. A few recent studies presenting prevalence of ID and IDA 
among adolescents in the Nordic region were found. The results vary due to age groups, 
choice of cut-off values and how previous infection was handled.  

A Norwegian study included 15-17 year old girls and boys at baseline with a two-year follow-
up of prevalence of ID and IDA (51). ID was defined as Mild, Moderate and Severe based on 
serum ferritin cut-offs ≥12-<16 µg/L, ≥5 - < 12 µg/L and < 5 µg/L, respectively. The 
prevalence of ID in the baseline study among girls was 9.6%, 14.5% and 3.6%, and among 
boys 1.6%, 3.5% and 1.6%, respectively. Two years later at age 17-19 years, the 
corresponding figures for girls were 7.2%, 11.7% and 0.7%, and for boys 0.8%, 0.8% and 0%. 
Defining IDA in girls with Hb <12g/dL and SF < 12 µg/L, and in boys with Hb <13g/dL and SF < 
12 µg/L gave a prevalence of IDA of 9.6% among girls and 0.6% among boys (51). 

In a Swedish national study from 2016-2017 a subsample were tested for ID defined by 
serum ferritin < 15 µg/L and excluding subjects with CRP ≥ 5mg/L (52). The study included 
children/adolescents from 5th grade (11-12 years), 8th grade (14-15 years) and from the 
second year in high school (17-18 years). The prevalence of ID in girls was 10%, 30% and 26% 
in respective age group. The corresponding ID prevalence for boys was 3%, 11% and 2%. 

 

Adults 

Among women of childbearing age, the prevalence of ID (s-ferritin < 15 µg/L) was 29% in a 
subsample of a Swedish national study (5). In women in early pregnancy, anemia was found 
in 5.9% and ID (s-ferritin <15 µg/L) in 33% in a Norwegian study, in which also large 
differences in prevalence were shown according to ethnic origin (53). Only a few studies 
have been conducted on iron status in elderly populations in the Nordic countries, and there 
is a lack of recent studies. The prevalence of low Hb among the elderly (>65 years) has been 
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found to be 0%–5%. ID is relatively uncommon in 70-year-olds, and even more uncommon in 
healthy 80- and 85-year-olds, but high iron stores (s-ferritin >300 mg/L) have been observed 
in 8.7% of elderly men and 3.7% of elderly women (54, 55). 

 

Risk factors for ID and IDA 

Dietary risk factors for ID and IDA in early childhood include prolonged exclusive 
breastfeeding (> 6 months), a high intake of cow’s milk and lack of iron-rich diet (meat, iron 
fortified products) at 6-36 months of age. Non-dietary risk factors for ID and IDA in early 
childhood include low birth weight (< 2500 g), early umbilical cord clamping, male sex and 
low socioeconomic status. 

A low dietary iron intake is a risk factor for iron deficiency in all age groups. Individuals on a 
vegetarian or vegan diet are a special risk group, see below. 

Risk factors for ID and IDA in fertile women include large menstrual blood losses, and 
increased iron requirements during pregnancy. 

Gastrointestinal blood loss is the most common cause of ID in men and postmenopausal 
women. 

Elite athletes, especially in endurance sports, have increased risk of ID which is probably 
multifactorial due to low-grade inflammation, increased iron losses and increased iron 
requirements for erythropoiesis (56). 

 

Effects of iron deficiency 

ID is most commonly asymptomatic, even though some studies suggest that ID may be 
associated with reduced attention and concentration (57), or lowered endurance during 
cognitive-demanding tasks (58). In a meta-analysis of four studies including iron deficient but 
non-anaemic adults, iron supplementation resulted in reduced subjective fatigue scores, 
however, no effect on objective measures of physical capacity were found (59). Iron 
deficiency is also associated with restless legs syndrome (60). 

IDA can also be asymptomatic if mild, but pallor, fatigue, limited capacity for physical 
activity, palpitations, dizziness, and headache are typical symptoms, which increase with the 
severity of anemia. 

Of particular concern is the observation that children with IDA have impaired 
neurodevelopment (61, 62). Intervention studies have yielded conflicting results, but recent 
meta-analyses show positive effects of iron supplements (63, 64). However, iron 
supplementation seems to be more effective for reversal of symptoms in older children, 
suggesting that IDA in young children may result in irreversible impairment of 
neurodevelopment (61). Thus, prevention of IDA in young infants should be a high priority. 

 

Stages of iron deficiency 
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When iron supply is inadequate, the development of iron deficiency (ID) proceeds 
continuously from normal iron status to iron deficiency anaemia (IDA) (2). Initially body iron 
stores diminish, which is reflected in a decreasing concentration of s-ferritin. When iron 
stores start to become depleted, iron deficiency in tissues develops and this leads to 
increasing levels of transferrin, reduced transferrin saturation and increased soluble 
transferrin receptors (sTfR). Iron deficient erythropoiesis results in increased zinc 
protoporphyrin (ZPP), and lower reticulocyte hemoglobin content. Next, mean cell volume is 
reduced and finally the Hb level starts to decrease, and if the negative iron balance is not 
corrected anaemia develops. However, in the clinical setting of iron deficiency, individual 
changes in iron status biomarkers do not necessarily follow this strict order. Thus, a 
combination of iron status biomarkers are more useful than a single biomarker. 

 

Health risks of a high dietary iron intake 

 

Iron and risk of diabetes 

The scoping review undertaken for NNR 5, defined the associations between iron intake and 
type 2 diabetes (T2D) and gestational diabetes as topics of concern. Three recent large 
epidemiological studies have examined the association between iron intake and T2D (65-67). 
The studies reported similar figures for the lowest and the highest quintile of heme iron 
intake and they arrived at the exact same relative risk for T2D (RR = 1.28). This was also 
supported by two later scoping reviews and meta-analyses (68, 69). No effect or an inverse 
effect on the risk of T2D was seen for non-heme iron and for total iron intake (68, 69). Two 
case studies looking mainly at the association between markers of iron stores and risk of T2D 
(70, 71) also found that cases with T2D had the highest intake of heme iron. 

High intake of heme iron before or during pregnancy seems to be associated with increased 
the risk of developing GDM (72, 73). The studies on the association between heme iron 
intake and T2D and GDM adjusted their data for many confounders, but the facts that heme 
iron intake is closely related to the intake of red or processed meat and that subjects with 
high heme iron intake had significantly less healthy behaviour in terms of diet, physical 
activity, smoking, and BMI (66), as well as an absence of an effect of total iron intake, 
suggest that there are other dietary or lifestyle factors rather than iron that increase the risk 
of T2D. Heme iron intake might be an indirect marker of T2D development, but a meta-
analysis found that the intake of both unprocessed and processed red meat was positively 
associated with T2D risk after adjustment for age, BMI, and lifestyle such as smoking (74). 
The association between heme iron and T2D could, therefore, be related to the increased 
risk of T2D that is associated with the intake of red meat. 

There is probable evidence for the association of heme iron intake with the risk of T2D and 
GDM even though these associations might not be causal. Because there is no evidence that 
total iron intake is associated with increased risk of T2D, this does not have any implication 
for recommended daily intakes of iron. 

There is no conclusive evidence for an association between iron intake and type 1 diabetes 
(75, 76). 
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Iron and risk of cancer 

Due to the known pro-oxidant effects of iron, the known association between 
hemochromatosis and liver cancer, and observed associations between meat intake and 
cancer, iron has been suggested as a risk factor for different types of cancers. Possible 
associations between iron intake, iron status and the risk of various cancers have been 
investigated in many studies (77-80). 

Some meta-analyses have shown significant associations between red meat intake and 
breast cancer, endometrial cancer, colorectal cancer, lung cancer as well as hepatocellular 
carcinoma. Furthermore, even stronger associations have been shown between intakes of 
processed meat and the risk of colorectal cancer, lung cancer and breast cancer (81) (82). 
Other meta-analyses have shown only very weak associations between red and processed 
meat consumption and cancer outcomes (83). There is a lack of evidence from intervention 
trials that show any effect of lower red meat intake on cancer outcomes (84). The World 
Cancer Research Fund in 2018 concludes that there is limited evidence that consumption of 
red meat and processed meat increases the risk of colorectal cancer (85) and most 
authorities, including the NNR, recommend a limitation of the consumption of red meat and 
processed meat. However, it is much less clear if iron intake has any causal effect in relation 
to this.  One possible mechanism for the association between meat intake and cancer are 
the mutagenic compounds formed when cooking meats at high temperatures (85) but it has 
also been suggested that heme iron intake can have DNA damaging effects (86). A 
systematic review of the mechanistic studies of the link between heme iron intake and risk 
of colorectal cancer showed that these studies were based on levels of meat or meat 
components that were much higher than those in normal human diets, and concluded that 
there is insufficient evidence to confirm a mechanistic link (87). A meta-analysis of 59 studies 
showed a borderline significant association between iron intake and colorectal cancer (RR 
1.08, 95% CI 1.00-1.17) and no significant association with breast cancer or lung cancer, the 
latter which was supported by another recent meta-analysis (NEW 3) A study based on 1126 
cases and 1173 matched controls did not show any significant association between serum 
ferritin concentrations and colorectal cancer (88). A study on oesophageal cancer showed 
that there was a positive dose-response relationship with heme iron intake but a negative 
dose-response relationship with total iron intake (89). A study on breast cancer showed that 
heme iron intake was significantly associated with increased risk, whereas no associations 
were found for dietary iron, supplemental iron or total iron intake (79). Even though the risk 
of hepatocellular carcinoma is known to be increased in individuals homozygous for 
hemochromatosis (90), the relation between primary liver cancer and iron intake in the 
general population is less clear. A recent meta-analysis showed an association between high 
serum ferritin levels and primary liver cancer but the associations were subject to 
heterogeneity and it was concluded that further confirmatory studies are needed (91). 

We conclude that there is no convincing evidence that dietary iron intake is associated with 
increased risk of colon cancer, lung cancer, breast cancer, oesophageal cancer, or other 
cancers, and that there is no evidence to support an UL of iron intake based on cancer risk. 

 

Estimation of iron requirements 
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Recommendations for iron intake cannot be based directly on health outcomes, since there 
is a lack of well-powered, randomized, controlled intervention trials with a sufficiency long 
term follow-up. In addition, observational studies of associations between iron intakes and 
health outcomes cannot form a direct base for recommendations due to uncertainties in 
intake measurements, poor correlation between intake and iron status, and the presence of 
confounders that prevent the determination of dose-response relationships and the 
assessment of risks associated with deficiency or excess. 

Thus, these NNR recommendations are based mostly on factorial calculations, considering 
the following factors: 1) iron losses, 2) iron absorption and 3) iron requirements for growth 
(in children and pregnant women).  

 

Iron losses and needs for growth 

Basal iron losses 

In non-menstruating, non-pregnant healthy adults, small amounts of iron is lost via skin, 
hair, sweat, urine and feces. This is usually called basal iron losses. Larger individuals have 
higher iron losses, not due to higher fat mass but due to higher body surface area and thus 
larger losses of exfoliated skin cells. 

There are two commonly cited studies that have estimated basal iron losses in different 
populations of healthy individuals, both using radioisotope dilution measurements: Green 
1968 and Hunt 2009, which yield very similar results, showing that the average iron losses 
are close to 1 mg/day or 12-14 µg/kg/day (92, 93). 

We used data from Hunt 2009, where mean iron losses in adult men (n=29) and 
postmenopausal women (n=5) were estimated to be 1.07 mg/day and the upper limit of 
variation (excluding a single case with losses of 2.07 mg/d) was 1.72 mg/day (93). The Hunt 
2009 study was performed in a US population and we assume that the data is generalizable 
to the Nordic population. Similar calculations done by the IOM 2001 based on Green 1968 
yielded a very similar number (1.53 mg/day). 

In infants and young children up to 5 years of life, iron losses have been estimated to be 
higher than in adults per kg body weight: 22 µg/kg (94). 

In children older than 5 years and adolescents, iron losses are estimated to be 12 µg/kg/day 
(95). 

In adult women, basal iron losses are estimated to be 14 µg/kg/day (96). 

 

Menstrual blood losses 

Women of reproductive age have high iron losses due to menstruations, which is the main 
cause of the high and variable iron requirements in this population group. 

The normal variation of menstrual blood loss in healthy Swedish women was described in a 
series of papers by Hallberg et al in the 1960s (97-99). These largest of these studies (99), 
which included 476 women, showed that the average blood loss per menstrual cycle was 
43.4 ml, the median was 30 ml and the 90th percentile was 84 ml. This translates to 0.48 mg 
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and 1.35 mg iron per day, based on a 28-day cycle. The 95th percentile was 1.90 mg. Blood 
losses were higher in older women, around 50 years of age, approaching the menopausal 
transition. Excessive menstrual blood loss is a well-known risk factor for iron deficiency 
anemia, and Hallberg suggested that losses > 80 ml/cycle should be defined as pathological. 

While contraceptives are commonly used today, they were not widely used in the 1960s. 
Oral contraceptive use is associated with lower menstrual blood losses (100) and use of 
intrauterine devices is associated with higher blood losses (101). Harvey et al. presented 
data in 2005 on 90 women aged 18–45 years, of which 35.5 % used oral contraceptives and 
5.5 % had an intrauterine device. In that study, the mean (SD) iron loss was 0.43 (0.45) 
mg/day and the 50th, 90th, 95th and 97.5th percentiles were 0.26, 0.91, 1.32 and 1.71 mg/day, 
translating to per-cycle blood losses of 16, 57, 82 and 106 ml, respectively (102). 

Hunt performed a detailed study on a very small sample of premenopausal women (n=13) 
(93). In that study, menstrual blood losses varied between 1 and 124 mL per cycle, 
translating to iron losses between 0.015 and 1.86 mg/day, with a geometric mean (SD) of 
0.28 (3.7325). This geometric distribution translates to a 97.5th percentile of 3.73 mg/day, 
which probably only reflects the very small sample size in this study. 

In summary, based on the largest datasets, average iron losses due to menstrual bleedings 
seem to be about 0.45 mg/day (Hallberg median 0.48 mg, Harvey mean 0.43 mg/day). The 
upper limit is more difficult to define but the 90th percentile according to Hallberg was 1.35 
mg/day and the 95th percentile according to Harvey was 1.32 mg/day. Considering that oral 
contraceptives were not commonly used in the 1960s, the latter number may best reflect 
the current situation in the Nordic countries. For calculations, we have used an average Hb 
concentration of 135 g/L and an Hb iron content of 3.34 mg/g, resulting in a conversion 
factor of 0.45 mg Fe / ml blood. 

Similarly to EFSA 2015, we consider the 95th percentile, rather than the 97.5th, to be the 
adequate target for premenopausal women. For the 5% of women with the highest 
menstrual blood losses, > 80 ml/cycle, which can be considered to be hypermenorrhoea, we 
recommend screening (Hb, ferritin) and iron supplements when indicated. A special risk 
group are women around the age of 50 years who are undergoing transition to menopause. 

During lactation, the quantity of iron secreted in breast milk is approximately 0.24 mg/day, 
based on an iron concentration in mature milk of 0.3 mg/L (103) and assuming an average 
milk volume of 0.8 L/day (104). However, since lactation delays the onset of menstruation, 
the increased iron losses through breast milk is more than covered by the absence of 
menstrual blood loss. Thus, no separate recommendation for iron requirement is given for 
lactating women. 

 

Iron needs for growth 

Since iron is required for tissue growth and expanded blood volume, young children, 
adolescents and pregnant women have increased iron needs. 

An exception is the first 6 months of life: When the newborn emerges from the low-oxygen 
intrauterine environment out into the oxygen-rich atmosphere, erythropoiesis is halted and 
the blood hemoglobin level falls from an average of 170 g/L to about 120 g/L during the first 
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6 weeks of life. During this period, iron is transferred from hemoglobin to iron stores, making 
the infant self-sufficient with regard to iron until the infant has doubled his or her birth 
weight, which occurs at about 6 months of age in a term, normal-birth-weight infant. Thus, 
exclusive breast-feeding during this period will meet iron requirements despite the low 
concentration of iron in breast milk (0.3 mg/L). However, infants with low birth weight will 
deplete their iron stores more rapidly and need iron supplements during the first months of 
life, see below. 

Between 6 and 24 months of age, continued rapid growth and depleted neonatal iron stores 
lead to higher iron requirements per kilogram body weight than during any other period of 
life. Using a factorial approach, assuming an average body weight of 7.5 kg at 6 months and 
12 kg at 24 months, a blood volume of 80 mL/kg, tissue iron of 7 mg/kg, and iron stores of 10 
mg/kg at 24 months, it can be calculated that total body iron needs to double from 300 to 
600 mg between 6 and 24 months. Allowing for physiological iron losses of 20 µg/kg/day, the 
theoretical requirement of absorbed iron during this period is 0.076 mg/kg/day (38). 

After 2 years of age and up to puberty, iron requirements per kilogram of body weight are 
lower because body growth is slower and more or less linear. A factorial approach, using 
average body weights of boys and girls from the Albertsson Wikland 2002 growth chart (105) 
and an iron requirement for growth of 40 mg for each kg (95), together with basal losses of 
20 µg/kg/day, the theoretical requirement of absorbed iron during this period is 0.57 
mg/day for the age range 2-5 years (up to 5 y, 11 mo). Similarly, requirement of absorbed 
iron during the age range 6-11 y (up to 11 y, 11 mo) in prepubertal children can be calculated 
to 0.69 mg/day. 

During puberty, growth is accelerating and iron requirements for growth (including basal 
losses), calculated with the same factorial approach, increase to 1.12 mg/day for boys at 12-
17 years and 1.29 mg/day for girls 12-17 years, the latter including iron needs to replace 
menstrual blood loss (see above). 

During the 280 days of a normal pregnancy, 270 mg of iron is required for fetal growth, 90 
mg for the placenta and umbilical cord and 175 mg for the average blood loss at delivery 
(106, 107). This leads to an additional need of absorbed iron of 1.91 mg per day during 
pregnancy, in addition to basal iron losses. 

 

Iron absorption 

Iron absorption from the diet is a key factor determining iron requirements, and it is to a 
large extent homeostatically regulated by the size of the body iron stores; it is well known 
that iron absorption is inversely proportional to serum ferritin concentration (108). There is 
a several-fold difference in absorption from a meal between an individual who is iron 
deficient and someone with large iron stores. In addition, dietary iron bioavailability is 
dependent on dietary factors, i.e. the proportion of heme iron and non-heme iron in the diet 
and the presence of enhancers and inhibitors of non-heme iron absorption. These dietary 
factors are probably most important in individuals with low iron stores. In a systematic 
review of 19 non-heme iron absorption studies from whole diets performed in Europe, USA 
and Mexico, most diets had low bioavailability of non-heme iron with a typical absorption of 
5-8% (109). The lowest absorption was 0.7%, observed in men with mean ferritin 100 µg/l 
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consuming a low-bioavailability diet. The highest absorption of 22.9% was observed in 
women with iron deficiency (mean ferritin 6.4 µg/l) consuming low bioavailability diet with 
added vitamin C. Heme iron is well absorbed (typically 25%, variation between 10-40%) (110) 
and absorption is less influenced by dietary enhancers and inhibitors. 

Several different algorithms have been developed for prediction of non-heme iron 
absorption. The original Swedish algorithm (111) was based on iron absorption data from 
single meals labelled with radioiron, adjusted to the absorption of a reference dose. This 
complex formula, which considered estimated effects of dietary enhancers and inhibitors of 
iron absorption for each meal, gave similar results as the measured absorption. Other 
algorithms have been developed using absorption data from single meals (112, 113). More 
recently, there have been attempts to develop algorithms based on complete diets. Armah 
et al. (2013) used data on 53 individuals (19-38 y) from 4 diet studies (114). Iron absorption 
was measured using extrinsic radiolabelling during three 1-week periods with different diets, 
giving a total of 159 measurements. Serum ferritin was by far the strongest predictor of iron 
absorption with a partial R2 of 0.35. A formula was constructed based on the multiple linear 
regression model to quantify the effect of different factors on non-heme iron absorption: 

Ln non-heme iron absorption (%) = 6.294 – 0.709 ln (SF) + 0.119 ln (C) + 0.006 ln (MFP + 0.1) 
– 0.055 ln (T + 0.01) – 0.247 ln (P) – 0.137 ln (Ca) – 0.083 ln (NH)  

where SF is serum ferritin (μg/L), C is ascorbic acid (mg), MFP is meat, fish and poultry (g), T 
is tea (number of cups), P is phytate (mg), Ca is calcium (mg) and NH is non-heme iron (mg).  

Pooled data from 40 individuals undertaking iron absorption studies of identical design 
showed average non-heme absorption from a self-selected diet, a low bioavailability diet 
(high calcium, low vitamin C, no meat) and a high bioavailability diet (low calcium, high 
vitamin C, high meat) of 7.09%, 7.17% and 9.92 %, respectively (109). 

The current US iron recommendations for iron intake (115), which have not been updated 
since 2001, were based on a non-heme iron absorption of 7.4% from self-selected diets in a 
population with mean serum ferritin of 34 µg/l. Adjusting to a ferritin level of 15 µg/l 
resulted in a bioavailability of non-heme iron of 16.8%. Adding heme iron intake (10% of 
total iron intake, 25% absorption), the estimated overall iron bioavailability in the mixed 
American or Canadian diet was calculated to be 17.6% for non-pregnant adults and most 
children. In infants, however, a diet with little meat and rich in in cereals, was estimated to 
have a lower bioavailability of 10%. 

The EFSA (2015) used an alternative method to calculate total dietary iron bioavailability, 
using data on dietary iron intakes and serum ferritin from a UK study population of 495 men 
and 378 premenopausal women (116). Iron absorption was not measured but calculated 
using a probability model based on estimated absorbed iron requirements (117) together 
with ferritin levels and total iron intakes in the study population. Neither the intake of heme 
and non-heme iron, nor dietary enhancers and inhibitors were included in the model. The 
EFSA method resulted in significantly higher estimated iron absorption at comparable 
ferritin levels, compared to estimates by other authorities: At ferritin 15 µg/l, the iron 
absorption in women was estimated to be 31% and the iron absorption in men could not be 
estimated at that ferritin level due to too few men having low ferritin levels (116). Thus, the 
EFSA instead normalized to the ferritin level of 30 µg/L, which resulted in an estimated total 
dietary iron absorption of 18% in women and 16% in men. 
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NNR 2022 conclusion on iron absorption 

In Nordic population studies, the following typical daily intakes are found among adults: 
Vitamin C (93-113 mg/day), Meat (Red meat 68-172 g/day), fish and poultry (Fish and 
seafood 27-79 g/day, Poultry 20-43 g/day), tea (40-238 g/day), calcium (811-1188 mg/day), 
total iron (9.4-13 mg/day) and non-heme iron (8.3-11.7 mg/day (6). There is a lack of Nordic 
population-based studies regarding phytate intake, so a typical intake similar to that of US 
omnivorous adult males and females (range 585-781 mg/day) (112) is assumed. 

Unfortunately, there is also a lack of large, population-based studies in Nordic adults 
showing both iron intakes and serum ferritin concentrations. We have used two datasets: 1) 
The above mentioned UK population-based study of 873 adult men and premenopausal 
women (116), with an average serum ferritin of 89 µg/L and iron intake of 11.9 mg/day and 
2) The Swedish population-based study of 711 adolescents aged 14-17 years (52) with an 
average serum ferritin of 38 µg/L and iron intake of 8.6 mg/day. 

Applying the Armah formula on the above numbers (midpoints of ranges and assumed 90% 
non-heme iron) yields an average non-heme iron absorption of 2.5% based on the UK data 
and 4.8% based on the Swedish adolescent data. After normalizing to a ferritin 
concentration of 15 µg/L, using the well-established ratio method (118) and the conservative 
estimates that that 10% of the intake is heme iron (117) with a bioavailability of 25% (119), 
the resulting total iron absorption from the diet was calculated to be 16.1% based on the UK 
population (116) and 13.4% based on Swedish adolescents (52). The average of those two 
estimations is 14.8%. 

Thus, we do not see a reason to change the assumption of 15% iron absorption from the 
NNR 2012. Using the slightly higher EFSA assumption of 16% absorption in men and 18% in 
women, would result in correspondingly lower recommendations, which might not be 
sufficient for individuals at risk. Furthermore, there is no evidence that men and women 
have different iron absorption at the same s-ferritin level.  

It should be noted that a large majority of the population will have a much lower actual iron 
absorption from a mixed diet (around 5-7%) and that iron absorption is upregulated towards 
15% only in individuals at risk of iron deficiency, i.e. those whose serum ferritin 
concentrations have decreased towards 15 µg/L. In iron deplete subjects absorption will 
increase further. 

There is very limited information on iron absorption in children and like the EFSA we have 
used a conservative estimate of 10% absorption for children up to 11 years (95). Iron 
absorption in adolescents have been assumed to be similar to that in adults, even though 
the absorption might be slightly lower as shown in the above example. 

 

Calculated iron requirements 

 

Calculated iron requiements in different population categories are presented in Table 4. 
Upper ranges are based on the 97.5th percentile of the variation in requirements, when not 
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otherwise specified. A CV of 15% has been used in the absence of data. There are no studies 
of the overall variation in iron requirements depending on the combination of variation in 
basal losses, menstrual blood losses, growth and iron absorption, but these factors have only 
been studied separately. Also, the variation in iron absorption counteracts the other 
variations due to homeostatic regulation. We have based the estimated population variation 
on the single factor (basal losses, menstrual blood losses or growth) which represents the 
largest variation in the respective population category. Some population categories are 
described more in detail below: 

 

 

Adult women of reproductive age 

In addition to the basal iron losses, women of reproductive age also have menstrual blood 
losses, the latter representing most of the variation in iron losses. As discussed above, the 
average absorbed iron requirements due to menstrual blood losses are estimated to be 0.45 
mg/day and the 95th percentile is 1.32 mg/day. Similarly to the EFSA 2015, we consider the 
95th percentile, rather than the 97.5th percentile of iron losses to be the adequate target for 
women of reproductive age. For the 5% of women with the highest menstrual blood losses, 
> 80 ml/cycle, which can be considered to be hypermenorrhoea, a reasonable approach 
could be screening (Hb, ferritin) and iron supplements when indicated. Screening and 
treatment of women with high menstrual blood losses has been shown to improve quality of 
life (120). In addition to adolescent girls (see below), a special risk group are women around 
the age of 50 years who are undergoing transition to menopause. 

Based on menstrual blood losses, basal losses of 0.95 mg/day and 15% iron absorption, the 
calculated average iron requirement is 9.3 mg/day and the 95th percentile is 15.1 mg/day. 

In a Swedish national study from 2010-11, 449 females of childbearing age had an average 
total iron intake of 9.3 mg/day and 29% had iron deficiency (serum ferritin < 15µg/L) (5). This 
suggests that a significant proportion of the population do not achieve the RI. However, 
there is a lack of recent data from the Nordic countries, so such data is needed. 

Infants 0-6 months 

Traditionally, no recommendations for iron intake is given for this age range since the 
healthy, normal birth weight infant has very limited requirements of dietary iron during this 
period and since breastfeeding is the primary recommendation. Infant formulas should be 
iron supplemented, even though the optimal amount of iron supplementation is still 
controversial (121). Delayed cord clamping is recommended. 

For infants with low birth weight (< 2500 g), iron supplements are usually recommended, at 
a dose of 1-3 mg/kg/day depending on the birth weight (122). 

Infants/toddlers 6-24 months 

Based on an estimated average requirement of absorbed iron of 0.076 mg/kg, an average 
weight of 10 kg, and 10% bioavailability, the calculated average iron requirement is 7.6 
mg/day . Assuming a CV of 15 %, the 97.5th percentile is 9.9 mg/day. 
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Even though the prevalence of IDA is low in Nordic infants and toddlers, the prevalence of ID 
is still relatively high. A recent Danish study (29) found an ID prevalence (s-ferritin < 12 µ/L) 
of 15% in 370 18-month-olds. A recent study in Finland (123) in 766 infants and toddlers, 
showed a prevalence of iron deficiency (s-ferritin < 10 µg/L) of 14% at 12 months and 20% at 
24 months of age. Iron intakes, estimated from FFQ:s at 12 months were 6.3 (2.1) mg/day, 
suggesting that most infants did not achieve the RI. 

International recommendations emphasise  dietary advice for prevention of iron deficiency 
in infants and toddlers at 6-24 months of age: 1. Iron-rich complementary foods starting at 6 
months; 2. Avoid cow’s milk as a drink before 12 months of age and 3. Limit the intake of 
cow’s milk to < 500 ml/day in toddlers (38). Iron-rich complementary foods for this age 
group include iron-fortified milk products (follow-on formulas) and iron-fortified cereal 
products e.g. gruel and cereal-based drinks (“välling”). 

Adolescent girls 12-17 y 

Based on basal iron losses of 0.61 mg/day, a need of 0.33 mg/day for growth, menstrual iron 
losses of 0.45 mg/day (95th percentile 1.32 mg/day), and an estimated iron absorption of 
15%, the calculated average iron requirement in adolescent girls was estimated to be 9.3 
mg/day , and the 95th percentile is 15.1 mg/day. 

Iron deficiency and iron deficiency anemia are common in this population group. In a recent 
Norwegian study of 408 adolescent girls, the prevalence of ID (s-ferritin < 16 µg/L) was 28% 
and the prevalence of IDA (Hb < 120 g/L and s-ferritin < 12 µg/L) was 10%. In the Swedish 
study ‘Riksmaten Ungdom’ (52), the total iron intake was 8 mg/day in adolescent girls and 
the proportion of ID was 26-30%. This suggests that the majority of adolescent girls have 
iron intakes below the RI. 

Similar as for adult women, adolescent girls with the highest menstrual blood losses are at 
high risk of iron deficiency and we recommend screening (Hb, ferritin) and iron supplements 
when indicated. 

 

Pregnant women 

In addition to basal iron losses, which amount to approximately 300 mg during the 280 days 
of a normal pregnancy, 270 mg of iron is required for the fetus, 90 mg for the placenta and 
umbilical cord and 175 mg for the average blood loss at delivery (106, 107). This leads to an 
additional need of absorbed iron of 1.91 mg per day during pregnancy, giving a total need of 
2.96 mg/day. Assuming 15% absorption, the calculated average iron requirement is 19.7 
mg/day . Assuming 15% CV of the pregnancy-related requirements, the 97.5th percentile is 
23.53 mg/day. This is similar to the reasoning in NNR 2012 (even though a precise RI was not 
reported) and similar to the US recommendations (115) but differs considerably from the 
EFSA 2015 PRI with is 16 mg/day. 

IDA is common during pregnancy (53) and since it is difficult to achieve dietary iron intakes 
of 20-24 mg/day, in addition to dietary advice, it is usually recommended that pregnant 
women are screened for IDA (Hb, ferritin) and that iron supplements are given when 
indicated (41). 
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This recommendation to screen and treat is consistent with the most current international 
recommendations for antenatal care (41, 124).  

An alternative to screening is to supplement all pregnant women and the WHO recommends 
daily oral iron and folic acid supplementation with 30-60 mg of elemental iron for pregnant 
women within the context of routine antenatal care, to prevent maternal anaemia, 
puerperal sepsis, low birth weight and preterm birth (1). The most recent Cochrane meta-
analysis supports that daily iron supplements reduces the risk of maternal anemia and iron 
deficiency but states that effects on other health outcomes are less clear (125). 

However, general supplementation of all pregnant women is not currently recommended in 
the Nordic countries. 

 

Vegetarian adolescents and adults 

Vegetarians have significantly lower iron stores than non-vegetarians (126). This is probably 
due to a combination of difficulty of reaching the RI and a lower iron bioavailability. We 
recommend the same iron intake for vegetarians as for the general population, but when 
composing vegetarian meals, it is probably even more important to consider the enhancers 
and inhibitors of iron absorption. A well-composed vegetarian diet including wholegrains, 
legumes, seeds and green vegetables and together with enhancers has the potential to 
secure iron supply. 

 

 

Upper level of iron intake 

Ingestion of an acute overdose of a pharmaceutical iron preparation (20 mg/kg or more of 
iron) causes mucosal erosion in the stomach and intestine, leading to nausea, abdominal 
pain, vomiting and diarrhoea (127). Higher doses > 20-60 mg/kg/d lead to systemic iron 
overload and can result in gastrointestinal bleeding, shock, metabolic acidosis and acute liver 
failure (127) (95) (115). Iron poisoning can be lethal so iron supplements should always be 
kept out of reach of children (128). However, acute iron intoxication is not considered in 
setting a UL for diet (95). 

Because iron absorption is homeostatically regulated, the risk of dietary iron overload is 
mainly limited to individuals with hereditary disorders of iron metabolism, especially 
hemochromatosis, which is a relatively common disorder in the Nordic countries with a 
reported frequency of homozygosity for the C282Y mutation ranging from 0.20% to 0.75% 
(129, 130). There is no evidence that heterozygotes for hemochromatosis are at an 
increased risk of iron overload. Thus, the NNR DRVs and UL for the general population do not 
apply to patients with this relatively uncommon condition. 

The EFSA has not set any UL for iron (95). The IOM has set an UL of 40 mg/day for infants 
and children and 45 mg/day for adolescents and adults (115). 

Epidemiological data on the association between iron and the risk of cardiovascular disease, 
cancer, or diabetes do not permit the establishment of any dose-response relationships with 
dietary iron. Consequently, a quantitative UL for iron intake cannot be set on this basis, nor 
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is it possible to directly derive a limit based on liver fibrosis or increased hepatic iron and s-
ferritin concentrations. However, it seems clear that an s-ferritin level above 300 mg/L, 
which is often referred to as “biochemical iron overload” when caused by increased iron 
stores, is associated with an increased risk of slight liver fibrosis. Based on homeostatic 
control of iron absorption and the risk of biochemical iron overload, the UL might occur at 
intake levels between 10 mg/d and 30 mg/d of additional iron over and above typical dietary 
intakes. A regular intake of 60 mg/d in a fertile woman has been calculated to lead to 
biochemical iron overload, and a quantitative UL for iron intake in addition to habitual 
dietary iron is set to 10 mg non-heme iron per day in order to avoid such overload. Based on 
the above evidence, the UL for total iron intake is 60 mg/d. 

Under physiological conditions, iron status is almost exclusively regulated by adaptation of 
intestinal iron absorption to demand and this process is well described for both deficiency 
and supply via food. Several studies indicate that this regulation operates up to the level of 
an additional 10–15 mg iron/d (8, 117, 131, 132). However, Fleming and co-workers found 
that an additional iron intake of >30 mg iron per day was associated with an increased risk of 
high iron stores that are defined as plasma-ferritin >300 mg/L or >200 mg/L in elderly men 
and women, respectively (133). Thus, the homeostatic regulation of iron absorption in 
elderly people seems able to prevent iron overload at a total iron intake of 17.5–25 mg/d (10 
mg/d habitual dietary intake + 7.5–15 mg/d), but not at a total intake of 40 mg/d (10 mg/d 
habitual dietary intake + 30 mg/d). Theoretical calculations of prolonged intake of 
pharmaceutical iron and s-ferritin levels showed that ingestion of an extra 60 mg iron/d over 
5 years or more would risk building up excessive iron stores in a fertile non-pregnant woman 
with a body weight of 63 kg (134). Long-term effects of high iron (12 mg/L) infant formula 
from 6 to12 months of age in healthy, non-anaemic infants were found in a follow-up at 10 
years of age as lower scores for visual-motor integration (135). This negative effect seemed 
to be limited to those infants who were initially iron-replete but suggests possible adverse 
effects of excessive iron intake during late infancy. NNR 5 set the upper limit (UL) for iron for 
non-pregnant adults at 60 mg/d. It is not possible to set an UL for infants, but infant 
formulas should not provide more than 8 mg/L (38). 

Although it is not possible to establish a cause-effect relationship between iron and diseases, 
it seems prudent at least in sub-populations such as adult males, post-menopausal women, 
and heterozygotes for hemochromatosis to avoid an intake of iron above the current 
recommendation, which already provides for the highest need. 

Studies indicate possible adverse effects of high iron intake during late infancy. Infant 
formulas, therefore, should not provide more than 8 mg/L of iron. 

Maintaining an iron intake below the UL would also protect against the local intestinal 
toxicity that is a side effect of therapeutic iron. The lower dose level of iron associated with 
such acute side effects seems to be in the range of 50–60 mg/d. 

The UL and intake advice do not apply to individuals receiving iron prophylaxis and 
pharmaceutical iron preparations under medical supervision, such as pregnant women (for 
whom a supplement should be considered in the amount of 40 mg/d from week 18–20 of 
gestation) and low birth weight infants. 
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Appendix 1: Scoping Reviews search strategy 

Scoping review search strategy: 

1. Topic
2. Publication date 2011 to present
3. Filter: Humans
4. Publication Type: Review

Yielded 11,557 results. (2022-09-07) 

Limit Topic to title, e.g.: Topic[TI] Yielded 3,498 results. 

Add (Diet OR Dietary OR FOOD OR Nutrition OR Nutritional) yielded 878 results. 

Limit [Publication Type] to Systematic review yielded 173 results. 

Additional search strategy: 

iron [Mesh] AND (supplement* OR diet* OR nutrition* OR food) AND human  

Filters applied: Randomized Controlled Trial, Systematic Review, in the last 10 years 

iron"[MeSH Terms] AND ("supplement*"[All Fields] OR "diet*"[All Fields] OR "nutrition*"[All Fields] OR 
("food"[MeSH Terms] OR "food"[All Fields])) AND ("human s"[All Fields] OR "humans"[MeSH Terms] OR 
"humans"[All Fields] OR "human"[All Fields])) AND ((y_10[Filter]) AND (randomizedcontrolledtrial[Filter] OR 
systematicreview[Filter] 

Yielded 535 results with 234 remaining after manual exclusion of papers not relevant for the 
NNR. 

https://pubmed.ncbi.nlm.nih.gov/?term=iron%5BMesh%5D+AND+%28supplement%2A+OR+diet%2A+OR+nutrition%2A+OR+food%29+AND+human&filter=pubt.randomizedcontrolledtrial&filter=pubt.systematicreview&filter=datesearch.y_10&sort=date
https://pubmed.ncbi.nlm.nih.gov/?term=iron%5BMesh%5D+AND+%28supplement%2A+OR+diet%2A+OR+nutrition%2A+OR+food%29+AND+human&filter=pubt.randomizedcontrolledtrial&filter=pubt.systematicreview&filter=datesearch.y_10&sort=date
https://pubmed.ncbi.nlm.nih.gov/?term=iron%5BMesh%5D+AND+%28supplement%2A+OR+diet%2A+OR+nutrition%2A+OR+food%29+AND+human&filter=pubt.randomizedcontrolledtrial&filter=pubt.systematicreview&filter=datesearch.y_10&sort=date
https://pubmed.ncbi.nlm.nih.gov/?term=iron%5BMesh%5D+AND+%28supplement%2A+OR+diet%2A+OR+nutrition%2A+OR+food%29+AND+human&filter=pubt.randomizedcontrolledtrial&filter=pubt.systematicreview&filter=datesearch.y_10&sort=date


Table 1 Content of iron and heme iron in selection of cooked meat, fish and eggs. 

Foods Iron Heme iron* Heme iron* 

Meat, poultry, fish and eggs mg/100g mg/100g % 

Beef, cooked 2.5-3.3 1.61-2.16 65 

Pork, cooked 1.0-1.7 0.38-0.68 39 

Chicken, cooked 0.4-1.5 0.11-0.39 26 

Chicken Nugget, Fried 0.5 0.13 26 

Salmon, cod, haddock, cooked 0.2 0.04-0.06 26 

Egg yolk, cooked 3.1 0.0 0 

*) according to Balder et al 2006. 



Table 2 Content of iron and phytate in selection of foods. 

Foods Iron Phytate* 

Meat replacement products# mg/100g mg/100g 

Quorn (mushroom protein) 0.4-0.6 No data 
available 

Sausage, soy and wheat protein 1.8 374 

Soy mince (soy protein) 2.5 374 

Bread and cereals   

Bread whole grain wheat 2.8 845 

Bread white wheat 0.7 30 

Rice white uncooked 0.1 126 

Rice brown uncooked 1.3 262 

Whole grain cereals 2.0-3.7 800 

Refined cereals (sifted flours) 0.7 197 

Rolled oats 3.4 197 

Bran, wheat 11.0 3011 

Whole grain flour 3.0 800 

Soy flour 4.0 1164 

Nuts 2.4-5.0 1760 

Sweet almonds 3.2 1760 

Hazelnuts 3.0 1760 

Walnuts 2.5 1760 

Seeds  5.7-13.0  

Sesame without shell 7.4 3465 

Sunflower 5.7 3465 

Chia 9.6 3465 

Legumes 
  

Soybean, dry, cooked 2.7 374 

Soybean products (tempeh, tofu) 2.7 374 

Chick peas, dry, cooked 1.7 358 

Lentils, dry, cooked 2.7-3.2 358 

Potatoes, vegetables & fruits 
  

Potatoes, uncooked 0.4 54 

Carrots, cabbage, eggplant 0.1-0.3 0 

Broccoli 1.1 0 

Green beans and peas 0.9-1.3 60 

Grean leaves 2.1-3.6 42 

Berries 0.3-1.1 0 

Citrus 0.1-0.2 0 

Apple 0.1 63 

Coconut 1.8 324 

*) based on INFOODS (International Network of Food Data Systems) Secretariat. Food and Nutrition 

Bulletin, vol 25 no. 1 (supplement 2) 2004. 



#) some meat replacement products have much higher iron content up to 22 mg/100. Iron oxide (E 

172) is added to give red colour but has low bioavailability and results in false high iron content in

nutrient calculations. The foods included here are in line with naturally occurring amount of iron in

the ingredients.



Table 3 Reference intervals children and adults

Age 0-1 wk 2 mo 4 mo 6-24 mo 2-5 y 6-11 y 12-14 y
Sex Females Males
Hb, g/L 135-225 90-140 105-140 105-140 110-140 115-155 120-155 120-155* 130-170
S-Ferritin, µg/L 40-500 40-400 20-300 10-200 12-200 15-200 15-200 15-150 15-200

* Lower limit 105 g/L during 2nd and 3rd trimester of pregnancy

Pediatric reference values adapted from ref nr 39
Adult reference values adapted from ref nr 32, 40-41

15 y and above



Table 4 Calculated iron requirements

Calculation 
weight (kg)

Basal iron 
losses (mg/d)*

Menstruati
on losses 

of iron 
(mg/d)

Fe required 
for growth 

(mg/d)

Total 
requirements 
of absorbed 
Fe (mg/d)

Requirements 
of absorbed 
iron (mg/kg/d)

Bio-
availability

Dietary 
requirement 

(mg/d)
NNR 2012 
AR

NNR 2012 
RI

EFSA 2015 
PRI IOM 2001

Infants/toddlers 6-24 mo 10 0.20 - 0.56 0.76 (0.99) 0.076 (0.099) 10 % 7.6 (9.9) 8 11-7 11-7
Children 2-5 y 17 0.35 - 0.23 0.57 (0.75) 0.033 (0.044) 10 % 5.7 (7.5) 8 7
Children 6-11 y 32 0.38 - 0.37 0.76 (0.98) 0.024 (0.031) 10 % 7.6 (9.8) 9 11 10
Adolescent boys 12-17 y 58 0.68 - 0.55 1.23 (1.60) 0.022 (0.028) 15 % 8.2 (10.7) 9 11 11 11
Adolescent girls 12-17 y 55 0.61 0.45 (1.32) 0.33 1.39 (2.26) 0.027 (0.041) 15 % 9.3 (15.1) 10 15 13 15
Adult men 84 1.07 (1.72) - - 1.07 (1.72) 0.014 (0.023) 15 % 7.1 (11.5) 7 9 11 8
Women of reproductive age 68 0.95 0.45 (1.32) - 1.40 (2.27) 0.021 (0.033) 15 % 9.3 (15.1) 10 15 16 18
Postmenopausal women 68 0.95 (1.72) - - 0.95 (1.72) 0.014 (0.025) 15 % 6.3 (11.5) 6 9 11 8
Pregnant women 75 1.05 - 1.91 (2.48) 2.96 (3.53) 0.039 (0.051) 15 % 19.7 (23.5) Fe suppl 16 27

Average values are presented. Values in parentheses are 97.5th percentiles of variation except for adolescent girls and women of reproductive age for which values are 95th percentiles. A CV of 15% was used in the absence of data.


