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Introduction 14 

Iodine deficiency is considered to be one of the most common nutritional disorders in the 15 

world and the most common cause of goitre (1, 2). In Sweden and Finland iodine 16 

deficiency goitre was common during the first decades of the 1900s. The introduction of 17 

iodine fortification of salt resulted in a sharp decrease in the prevalence (3). In 2000, 18 

mandatory iodisation of table salt and bread salt was introduced in Denmark as a response 19 

to studies showing low iodine status and goitre in certain population groups (4, 5). In 2004-20 

2005 the urinary iodine excretion had increased significantly in all age groups compared 21 

with before mandatory iodine fortification (6). 22 

 23 

Dietary sources and intake 24 

In plants, iodine predominantly occurs in inorganic form and the content varies with the 25 

iodine content in the environment. The iodine content in sea-plants is higher than in plants 26 

grown on land. In certain seaweed species, the iodine content can be up to 4.5 g/kg dry 27 

weight. The iodine content of milk and milk products varies considerably depending on 28 

feed and use of iodine-containing disinfectants in connection with milking. The iodine 29 

content is generally higher in winter than in summer milk (7). The iodine in drinking water 30 

varies considerably between regions and can locally be a significant iodine source (8,9). 31 

Fish, especially marine fish and shellfish, generally have high iodine content. Eggs can 32 

also be an important iodine source. 33 

 34 

Iodised table salt is available in Denmark, Sweden, Finland and Norway and contributes to 35 

iodine intake. The levels vary from 5-50 µg/g salt. Denmark also fortifies salt used in bread 36 

(3,4,6). Iodised salt is not commonly used in Iceland (10). In Norway iodisation of cow 37 

fodder has been more important for the iodine intake than iodised table salt (7,11). 38 

The dietary supply of iodine is difficult to assess in dietary surveys, since data for iodised 39 

table salt and drinking water are commonly lacking (see Chapter XX Intake of Vitamins 40 

and minerals in Nordic countries). An overview of studies on iodine nutrition in the Nordic 41 
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countries (intake and iodine excretion), published in the years 2000 to 2010, is given in a 42 

literature review published in 2012 (12). 43 

 44 

Physiology and metabolism 45 

Iodine is essential for a number of animal and plant species. Only vertebrates have 46 

developed a thyroid gland to cater for synthesis, storage and secretion of the iodine-47 

containing hormones, thyroxine (T4) and the biologically active form triiodothyronine T3 48 

(13). The utilisation of iodine in the thyroid gland occurs via: 1) active uptake of iodide 49 

(iodide concentration is approx. 30 times higher in the gland than in plasma), 2) 50 

incorporation of iodine in thyroglobulin and iodine tyrosine, and 3) secretion of the iodine 51 

thyronines triiodothyronine and thyroxine. The thyroid-stimulating hormone (TSH) from 52 

the pituitary gland regulates the formation of the thyroid hormones. 53 

 54 

The thyroid hormones increase metabolism in body cells. The mechanism of action is not 55 

completely known, but protein synthesis increases, e.g. with respect to those enzymes 56 

necessary for an increased metabolic activity. The thyroid hormones also increase the size 57 

and number of mitochondria - a sign of increased ATP-production. 58 

 59 

Dietary iodine is generally efficiently absorbed as iodide, although some sources of iodine, 60 

such as certain seaweed and protein-bound iodine, may be absorbed less efficiently 61 

(14,15). About 90 % of the iodine in a mixed diet, providing about 200 µg/d, is excreted in 62 

the urine (14). Iodine absorption and utilisation may be affected by goitrogens, mainly 63 

sulphur-containing glucosides (glucosinolates). These are dietary constituents that may 64 

inhibit the uptake of iodine into the thyroid gland, e.g. thiocyanates, or interact with 65 

hormone production (goitrins) (15). They occur in e.g. Brassica species such as cabbage, 66 

Brussels sprouts, turnip, and rapeseeds. Generally the levels of glucosinolates in the 67 

current Nordic diet are too low to have an impact on iodine status. Iodide is mainly 68 

excreted through the kidneys (iodine clearance approximately 40 mL/min). Faecal losses 69 

vary, but are in general only 10-20 µg/d. Small amounts are lost through the skin. 70 

 71 

The iodine concentration in breast milk varies with the iodine intake (16). Reported levels 72 

in breast milk from Danish mothers, before the introduction of salt iodination, were about 73 

30 µg/L (17). No data is available on iodine content of breast milk from Danish mothers 74 

after the introduction of iodised salt. Older data from Finland reported average levels of 25 75 

µg/L in breast milk from goitrous areas compared to 53 µg/L in non-goitrous areas (16). In 76 

Sweden, breast milk samples have been reported to contain 50-90 µg/L (16). Smoking is 77 

associated with lower iodine concentrations in breast milk, possibly due to impaired iodine 78 

uptake in the mammary gland (18). 79 

 80 

The recommended indicator for measuring iodine status is the population median urinary 81 

iodine concentration (UIC). Other potential indicators of iodine status and thyroid function, 82 

such as thyroid volume (TV), thyroid stimulating hormone (TSH), T3, T4 and serum 83 

thyroglobulin concentration have also been used (19-21). Iodine intake is regarded as 84 

adequate when the median UIC is 100-199 µg/L in the population studied (19). Population 85 

iodine sufficiency during pregnancy is defined by median urinary iodine concentrations of 86 

150 -249 µg/L (21). 87 

 88 

Iodine deficiency primarily occurs as non-toxic goitre, i.e. an enlarged thyroid gland with a 89 

normal production of thyroid hormones. A non-toxic goitre can gradually develop to a 90 

toxic goitre with an increased secretion of hormones and an increased metabolism. 91 



 Iodine – NNR 2012 3 (7) 

 

(thyrotoxicosis). In hyperthyroidism the thyroid gland can be enlarged (toxic goitre) either 92 

in a diffuse form (Basedow's or Graves' disease) or with focal changes (nodular goitre). In 93 

more severe iodine deficiency cretinism can occur, which is characterised by impaired 94 

growth, mental disturbances and disturbances in speech and acuity (deaf mutism) as well 95 

as hypothyroidism (myxoedema) among adults (2, 19, 22). 96 

 97 

Overall, the current iodine status in the Nordic countries is not well documented. However, 98 

according to WHO data, based on UIC, the iodine nutrition status in Denmark, Iceland, 99 

Finland and Sweden is sufficient and deficient in Norway (23). The prevalence of goitre 100 

due to iodine deficiency is generally low in the Nordic countries.  101 

 102 

Requirement and recommended intake 103 

Adults and children 104 

The recommendations in NNR 2004 (20) for adults and children are kept unchanged, since 105 

there is no new data supporting changes (12). The iodine requirement to prevent goitre 106 

(increased thyroid gland size) is estimated to be 50-75 µg/d or approximately 1 µg/kg body 107 

weight and day (24,25). The average requirement is estimated to be 100 µg/d for both adult 108 

women and men. At this level the iodine concentration in the thyroid gland reaches a 109 

plateau. Iodine turnover in euthyroid subjects is at a similar level (26). The recommended 110 

intake is set to 150 µg/d for adults and adolescents and includes a safety margin for any 111 

goitrogenic substances in foods. 112 

 113 

The recommended intakes for infants and children are based on data on goitre prevalence 114 

and urinary iodine excretion in European children (27) and extrapolations from adults 115 

based on energy and growth requirements.  116 

The lower limit of intake for adults is estimated at 70 µg/d. It is lower for children. 117 

 118 

Pregnancy and lactation 119 

In pregnancy and lactation an extra daily supply is needed to cover the needs of the foetus 120 

and to provide sufficient iodine in the breast milk.  121 

 122 

The WHO/UNICEF/ICCIDD reference value for pregnant and lactating women is 123 

250µg/day (21). In the 4th edition of NNR an extra 25µg/day was recommended during 124 

pregnancy (RDI set to175µg/day) and an extra 50µg/day during lactation (RDI set to 125 

200µg/day) to provide sufficient iodine in the breast milk (20). Results from the 126 

Norwegian MoBa study (28) suggest that an iodine intake of 175µg/day would result in a 127 

median UIC within the optimal range (150-249 µg/day) defined by the World Health 128 

Organization (21). The recommendations from NNR 2004 are therefore kept unchanged. 129 

However, there is need for more data on the level of iodine intake that ensures maternal 130 

and newborn euthyroidism, not least in the Nordic countries (12).  131 

 132 

Reasoning behind the recommendation 133 

The recommended daily intake for adults in NNR 2004 was based on data the iodine 134 

requirement to prevent goitre (increased thyroid gland size). The recommended intakes for 135 

infants and children were based on data on goitre prevalence and urinary iodine excretion 136 

in European children (27) and extrapolations from adults based on energy and growth 137 

requirements. The recommended daily intake for pregnant and lactating women in 2004 138 

was based on extra daily supply is needed to cover the needs of the foetus and to provide 139 

sufficient iodine in the breast milk. Iodine deficiency is known to affect thyroid function of 140 
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the mother and the neonate as well as the mental development of the child (21). The 141 

reference values are kept unchanged compared to NNR 2004 (20), since there are no new 142 

scientific data to justify any major changes (12). 143 

 144 

Upper intake levels and toxicity 145 

An iodine intake in excess of 2 mg/d can in rare cases cause sensitivity reactions such as 146 

rhinitis, nasal congestion, swollen salivary glands, headache and acne-like skin changes 147 

(29).  148 

 149 

High iodine intakes can also cause disturbances in the thyroid function. Symptoms include 150 

inflammation in the thyroid gland (auto-immune thyroiditis), goitre, and hypo- or 151 

hyperthyroidism (29). A high iodine intake from e.g. drugs, certain types of seaweed or 152 

supplements in amounts corresponding below 1 mg up to 10 mg iodine per day has 153 

resulted in increased incidence of iodine goitre, in certain cases with hyperthyroidism or 154 

myxoedema (29-33). Very high iodine excretion (up to 1700 µg per 24 h) has been 155 

reported in subjects consuming seaweed preparations (34).  156 

 157 

There is a substantial inter-individual variation with respect to the dose of iodine that can 158 

cause adverse effects. This complicates the assessment of an upper safe limit of intake. 159 

Persons with a normal thyroid function can in general tolerate prolonged consumption of 160 

iodine up to 1 mg/d (29). The Scientific Committee for Food has proposed 600 µg/d of 161 

iodine as the safe upper level (UL) for adults (35). The UL is based on elevations in TSH 162 

levels after iodine intake and an enhanced response in TSH levels to TRH stimulation. The 163 

effects are of a biochemical nature and are not associated with any clinical adverse effects. 164 

The UL includes an uncertainty factor and is also considered acceptable for pregnant and 165 

lactating women. In children UIC ≥ 500 µg/L was found to be associated with increasing 166 

thyroid volume in 6-12 yr children while UIC 300-500 µg/L was not (36). The authors did 167 

however not rule out adverse possible adverse effects of UIC in the range of 300-500 168 

µg/day not detected in the study (36).  169 

 170 

 171 

 172 
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