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Every European nation endorsed the goal of eliminating iodine defi ciency at the World Health 
Assembly in 1992. Globally, great progress has been made since that time. However, the World 
Health Organization’s (WHO) European Region has been identifi ed as having the lowest coverage 
of salt iodization of all the regions.

The primary purpose of this document is to review the current extent of iodine defi ciency in the 
European Union (EU) Member States, applicant countries and those in the European Free Trade 
Association (EFTA). Its ultimate goal is the mobilization of all European governments to implement 
and monitor sustainable programmes to control and prevent iodine defi ciency in their populations. 
Part one of the report gives the background, historical context and global strategies. The second 
part addresses the main issues related to iodine defi ciency: its magnitude, the public health 
signifi cance, and the health and economic consequences of iodine defi ciency, and outlines the 
current strategies being used to reach the goal of iodine defi ciency elimination. In the third part, 
the focus is on the iodine defi ciency situation in 40 of the countries of Europe. The fi nal part 
highlights the need for sustainable programmes and makes recommendations to help achieve 
this.

The report concludes that iodine defi ciency remains a public health concern in Europe; the health, 
social and economic consequences of this are well established. Salt iodization remains the 
recommended strategy for eliminating iodine defi ciency. Foremost among the challenges are (i) 
to strengthen monitoring and evaluation of national programmes for the prevention and control 
of iodine defi ciency in the countries of an enlarged EU, including the surveillance of the iodine 
status of national populations; (ii) to ensure the sustainable implementation of USI in all countries 
of the enlarged EU, by harmonizing relevant legislation and regulations; (iii) to ensure adequate 
quality control and quality assurance procedures to strengthen the monitoring of foods fortifi ed 
with iodine, especially salt iodization, from the producer to the consumer; (iv) to increase the 
awareness of political leaders and public health authorities on the public health and social 
dimensions of iodine defi ciency and the need to implement and sustain programmes for its 
control; (v) to educate the public on the need to prevent iodine defi ciency by consuming iodized 
salt, and thereby also increase consumer awareness and demand; and (vi) to consider alternative 
iodine supplementation for the most susceptible groups – pregnant women and young infants – 
where there is insuffi cient iodized salt and to take into account public health policies to reduce 
salt consumption. 
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This report is dedicated to the late François Delange who relentlessly dedicated his energy 
and expertise to combat iodine defi ciency throughout the world and especially in Europe. 
He was eagerly anticipating the release of this report, which he believed would be critical 
in focusing the attention of the European public health community on the signifi cance of 
iodine defi ciency, the main cause of preventable cognitive impairment in children.
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Foreword

Despite a worldwide application of successful iodine supplementation programs over the last four 
decades, iodine defi ciency remains a major public heath problem in Europe. In 2004, it was esti-
mated that of the 2 billion people around the world at risk of iodine defi ciency, 20 percent live 
in Europe, Eastern and Western Europe being both affected. While cretinism, the most extreme 
expression of iodine defi ciency, has become very rare and even disappeared in Europe, of consid-
erably greater concern are the more subtle degrees of mental impairment associated with iodine 
defi ciency that lead to poor school performance, reduced intellectual ability, and impaired work 
capacity. For iodine-defi cient communities, between 10 and 15 IQ points may be lost when com-
pared to similar but non-iodine-defi cient populations. Iodine defi ciency is the world’s greatest 
single cause of preventable brain damage. This fact is the driving force that led the international 
community and more specifi cally the World Health Assembly to adopt a resolution in 1990 to 
eliminate iodine defi ciency. This resolution was reaffi rmed in 1998, 2003, and 2007.

The main strategy for the control of iodine defi ciency disorders (IDD) – salt iodization – was 
adopted by the World Heath Assembly in 1993 and established as a UN General Assembly’s Spe-
cial Session on Children goal in 2002. Salt has been chosen as a vehicle because of its widespread 
consumption and the extremely low cost of iodization. However, where the prevalence of iodine 
defi ciency is high and where salt iodization is not feasible, the alternative is to administer iodine 
directly, either as iodide or iodized oil, focusing on women and young children. In the early 
1960s, only a few countries had IDD control programmes; most of them in the United States of 
America and Europe. Since then, and especially over the last two decades, extraordinary progress 
has been achieved by increasing the number of people with access to iodized salt and reducing the 
rate of iodine defi ciency in most parts of the world. However, this has not been the case in several 
industrialized countries, especially in Europe. Compared to other regions in the world, iodized salt 
coverage is not as high in Europe, reaching only 27% of households. In addition, there is growing 
evidence that iodine defi ciency has reappeared in some European countries where it was thought 
to have been eliminated. This underscores the need for sustaining current programmes. Further-
more, we should stress that salt iodization does not collide with the initiatives aimed at the reduc-
tion of overall salt consumption undertaken in Europe with the purpose to curb cardiovascular 
and particularly cerebrovascular disease rates in the region.

Given the magnitude of iodine defi ciency in Europe, it is important to review this situation in 
order to assess the current strategy, identify the reasons why these programmes are not as effec-
tive as expected, and ultimately provide public heath authorities with the information required 
to improve the iodine status of defi cient populations. This is precisely the main objective of this 
report, and we hope that it will contribute to the goal of elimination of iodine defi ciency in 
Europe. 

Gudjon Magnusson
Director of Health Programme 
European Regional Offi ce
World Health Organization
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Preface

The health consequences of iodine defi ciency for infants and children are well known: brain dam-
age and irreversible mental retardation (1). Resulting mental defi ciencies adversely affecting the 
workforce in turn negatively impact the economy. Reproduction is also affected. Yet, despite all 
that is known about iodine defi ciency, it remains a public health problem in much of Europe. 

In 1990, the international community adopted the goal of iodine defi ciency elimination at 
the United Nations World Summit for Children. This goal was reaffi rmed by the World Health 
Assembly and at several subsequent international forums. Putting the problem of iodine defi -
ciency back on the national agenda of European governments is therefore the ultimate purpose 
of this report. Increased advocacy, which target both consumers and governments, is the fi rst 
step. Following this, requisite needs include the implementation and monitoring of sustainable 
programmes that control and prevent iodine defi ciency. Sustainability is a key issue. It is clear 
from the data contained herein that throughout parts of Europe, even in some countries with pre-
existing iodine defi ciency control programmes, the prevalence of iodine defi ciency is re-emerging. 
Renewed efforts will only be successful if they can be sustained.

This has been recognized since 1993 (2) and was more recently further emphasized at a meet-
ing of the Network for Sustained Elimination of Iodine Defi ciency held in Gent (2002) (3). It 
was agreed at this meeting that an updated review of the iodine defi ciency situation in Europe 
was needed – addressing not only the iodine status of national populations, but also the status and 
progress of intervention programmes – as a basis for planning further action. 

The data contained in this review can also be used as the basis for more specifi c, national and 
subregional advocacy. The report includes the most recent data available from the 40 European 
countries made up of European Union Member States including applicant countries and those in 
the European Free Trade Association (EFTA).

The quality and availability of information on iodine nutrition has substantially improved over 
the past two decades. National data were used extensively as the basis of this review’s conclusions. 
Where national data were not available, subnational data were used. As advocacy efforts continue, 
and monitoring and evaluation of programmes become widespread across Europe, it is hoped that 
the assessment of iodine status in every European country will follow. Thus, an even clearer pic-
ture of the iodine status across Europe will emerge. Based on the analysis and outcome of the data 
produced in this review, guidance aimed at sustainable elimination of iodine defi ciency in Europe 
will be proposed. It is of course further hoped that this report will contribute to such change and 
to the necessary success of advocacy efforts to mobilize countries where needed.

Maria Andersson
Bruno de Benoist
Ian Darnton Hill
François Delange
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Glossary

Effectiveness refers to the impact of the intervention in practice. Compared to effi cacy, the effec-
tiveness of a fortifi cation programme will be limited by factors such as non or low consumption 
of the fortifi ed food for various reasons.

Effi cacy refers to the capacity of an intervention such as fortifi cation to achieve a desired impact 
under ideal circumstances. This usually refers to experimental, well-supervised intervention 
trials.

Essential micronutrient refers to any micronutrient that is normally consumed as a constituent 
of food, which is needed for growth and development and the maintenance of healthy life, and 
can not be synthesized in adequate amounts by the body.

Evaluation refers to the assessment of the effectiveness and impact of the programme on the 
targeted population. The aim is to provide evidence that the programme is achieving its nutri-
tional goals.

Fortifi cation is the practice of deliberately increasing the content of an essential micronutrient 
– vitamins and minerals including trace elements – in a food, so as to improve the nutritional 
quality of the food supply and provide a public health benefi t with minimal risk to health. 

Goitre refers to enlargement of the thyroid gland, most commonly due to iodine defi ciency. A thy-
roid gland is considered goitrous when each lateral lobe has a volume greater than the terminal 
phalanx of the thumbs of the subject being examined.

Iodine defi ciency disorders (IDD) refers to the spectrum of clinical, social and intellectual 
results of iodine defi ciency.

Market penetration rate refers to the percentage of produced iodized salt that reaches households 
and/or food industry. 

Market segment refers to different groups (segments) of customers on the salt market, including 
industry and households.

Mass fortifi cation refers to the addition of micronutrients to foods commonly consumed by the 
general public, such as cereals, condiments and milk. 

Monitoring refers to the continuous collection and review of information on programme imple-
mentation activities, for the purpose of identifying problems, such as non compliance, and 
taking corrective actions so as to fulfi ll stated objectives.

Nutrient requirement refers to the lowest continuing intake level of a nutrient that will maintain 
a defi ned level of nutriture in an individual for a given criterion of nutritional adequacy. 

Processed foods are those in which food raw material has been processed into formulated prod-
ucts. 

Quality assurance refers to the activities necessary to ensure that products or services meet qual-
ity standards. The performance of quality assurance can be expressed numerically by means of 
quality control.

Quality control refers to the techniques and assessments used to document compliance of a prod-
uct with established technical standards, through the use of objective and measurable indica-
tors.

GLOSSARY
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Recommended dietary allowance (RDA) is equivalent to the recommended nutrient intake 
(RNI). 

Recommended nutrient intake (RNI) refers to the daily intake which meets the nutrient require-
ments of almost all (97.5%) apparently healthy individuals in an age- and sex-specifi c popula-
tion group. It is set at the estimated average requirement plus 2 standard deviations.

Salt penetration rate refers to the percentage of households consuming iodized salt. 
Tolerable upper intake level (UL) refers to the highest average daily nutrient intake level unlike-

ly to pose risk of adverse health effects to almost all (97.5%) apparently healthy individuals in 
an age- and sex-specifi c population group. 

Total goitre prevalence (TGP) refers to total prevalence of goitre – both palpable but not yet vis-
ible and visible – in a population, usually schoolchildren aged 6–12 years. TGP is an indicator 
for past iodine defi ciency. 

Universal salt iodization (USI) refers to the addition of iodine to salt that is destined for both 
human and animal consumption.

Urinary iodine (UI) refers to urinary iodine concentration and is currently the best biochemical 
marker of recent dietary iodine intake.
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1

Executive Summary 

Every European nation endorsed the goal of eliminating iodine defi ciency at the World Health 
Assembly in 1992. Globally, great progress has been made since that time. However, the World 
Health Organization’s (WHO) European Region has been identifi ed as having the lowest cover-
age of salt iodization of all the regions, most of which are considerably less fortunate in economic 
terms than the majority of European countries. As recently as 1993 there were only fi ve coun-
tries in Europe where the iodine defi ciency problem was under control. However, there has been 
impressive progress in iodine defi ciency control over the past fi ve to six years. The greatest chal-
lenge today is to sustain this progress. The goal of iodine defi ciency elimination was re-affi rmed 
in a special session of the United Nations in May 2002.

The primary purpose of this document is to review the current extent of iodine defi ciency in 
the European Union (EU) Member States, applicant countries and those in the European Free 
Trade Association (EFTA). Its ultimate goal is the mobilization of all European governments to 
implement and monitor sustainable programmes to control and prevent iodine defi ciency in their 
populations. Part one of the report gives the background, historical context and global strategies. 
The second part addresses the main issues related to iodine defi ciency: its magnitude, the public 
health signifi cance, and the health and economic consequences of iodine defi ciency, and outlines 
the current strategies being used to reach the goal of iodine defi ciency elimination. In the third 
part, the focus is on the iodine defi ciency situation in 40 of the countries of Europe. The fi nal 
part highlights the need for sustainable programmes and makes recommendations to help achieve 
this.

On the basis of the national medians of urinary iodine (UI) for the 40 European countries 
included in the review, it is estimated that the populations of 19 countries have adequate iodine 
nutrition, 12 have mild iodine defi ciency, one moderate iodine defi ciency, and eight countries 
have insuffi cient data. The data on goitre prevalence are limited and diffi cult to interpret due 
to different collection methods but vary markedly from country to country, ranging from 0 to 
31.8%. Recent data on thyroid function are also lacking for many countries. Usually measured in 
the most susceptible groups, pregnant women and young infants, the data indicate alterations of 
thyroid function likely to lead to mild retardation in the intellectual development of infants and 
children.

Legislation pertaining to iodized salt, where enacted, varies from country to country. Of the 
40 countries reviewed here with information available, only nine have coverage of iodized salt at 
the household level of at least 90%. Of the 32 with data, only 17 have a national programme; 23 
have some legislation or regulation in place, although relatively rarely does this mandate universal 
salt iodization (USI). Monitoring of national programmes is currently insuffi cient, especially as it 
relates to measuring progress towards the goal of eliminating iodine defi ciency. 

Over the past decade, four main factors have led to the current situation. First, political and 
social changes have interrupted both the salt iodization process itself, and quality control meas-
ures. Second, the formation of common markets along with increasing globalization, have led to 
greater movement of foods across national barriers, some processed with iodized salt, some not. 

EXECUTIVE SUMMARY
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Third, an increasingly smaller amount of salt is consumed as table salt (e.g. in the United King-
dom only 15% of all salt consumed – and a third of this is added at cooking). A similar situation 
has been described in Finland and France, and no doubt in other countries as well, given the clear 
trend towards a greater proportion of salt being “hidden” in processed foods which legislation in 
many countries does not cover. Finally, partly through concern about hypertension, salt consump-
tion has gradually declined, although remains around 8–10 g/day. Current recommendations by 
WHO and other bodies are even lower (<5 µg/day), and if adopted by European populations 
would likely require some modifi cation of iodine levels with which salt is being iodized in various 
countries. In the meantime, the considerable success seen over the past fi ve or six years needs to be 
sustained, as remaining iodine-defi cient sub-populations are addressed and the necessary public 
health goal of USI for all countries is achieved.

The review concludes that iodine defi ciency remains a public health concern in Europe; the 
health, social and economic consequences of this are well established. Salt iodization remains the 
recommended strategy for eliminating iodine defi ciency. Next steps towards this goal are noted in 
the recommendations in Chapter 4. Foremost among the challenges are:

— to strengthen monitoring and evaluation of national programmes for the prevention and 
control of iodine defi ciency in the countries of an enlarged EU, including the surveillance 
of the iodine status of national populations; 

— to ensure the sustainable implementation of USI in all countries of the enlarged EU, by 
harmonizing relevant legislation and regulations;

— to ensure adequate quality control and quality assurance procedures to strengthen the moni-
toring of foods fortifi ed with iodine, especially salt iodization, from the producer to the 
consumer;

— to increase the awareness of political leaders and public health authorities on the public 
health and social dimensions of iodine defi ciency and the need to implement and sustain 
programmes for its control; 

— to educate the public on the need to prevent iodine defi ciency by consuming iodized salt, 
and thereby also increase consumer awareness and demand; and

— to consider alternative iodine supplementation for the most susceptible groups – pregnant 
women and young infants – where there is insuffi cient iodized salt and to take into account 
public health policies to reduce salt consumption. 
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1. INTRODUCTION

1.1 Iodine defi ciency in Europe: overview and historical context
Iodine defi ciency, with endemic goitre as its main clinical manifestation, and brain damage and 
irreversible mental retardation as major public health consequences, is part of the history of the 
European continent. All European countries except Iceland have experienced this health and soci-
oeconomic scourge to a greater or lesser degree. Endemic cretinism, the most severe consequence 
of iodine defi ciency, was extensively reported in the past, particularly from isolated and mountain-
ous areas in Austria, Bulgaria, Croatia, France, Italy, Spain and Switzerland (4–7), and was so 
common that the term “cretin of the Alps” became part of the common vocabulary (8). Neverthe-
less, only limited attention has been paid to the public health consequences of iodine defi ciency in 
Europe until recently.

Over a century and a half ago iodine defi ciency had already been recognized. At the begin-
ning of the 19th century, it was fi rst suggested that the use of salt fortifi ed with iodine would lead 
to good health in people living in mountainous regions (9). Switzerland was the fi rst European 
country to introduce iodized salt on a large scale in order to eliminate iodine defi ciency (10,11). 
After the pioneering work of Swiss doctors that demonstrated that iodine defi ciency was indeed 
the cause of goitre, attempts began to locally iodize salt using a hand-and-shovel method. In 1922, 
the Swiss Goitre Commission recommended to the then 25 Swiss Cantons (provinces) that salt be 
iodized on a voluntary basis at a level of 3.75 mg iodine per kg salt (or 3.75 ppm). Non-iodized salt 
also remained available for sale. Due to the decentralized system of the Government of Switzer-
land the availability of iodized salt progressed slowly; the last Canton (Aargau) allowed the sale of 
iodized salt only in 1952. Today, over 90% of households consume iodized salt, and about 70% of 
the salt used in industrial food production is iodized (12). However, this example was not generally 
replicated by many other countries in Europe. Iodine defi ciency control and prevention currently 
appear to be a public health issue of relatively low priority in Europe, presumably because of govern-
ments’ perceptions that the health risks from iodine defi ciency have been brought under control.

One of the fi rst published references made to iodine defi ciency in Europe was in the mono-
graph “Endemic Goitre”. Published by the World Health Organization (WHO) over 40 years 
ago, it was an exhaustive review on iodine defi ciency worldwide (13,14). It was only in the late 
1980s that the European Thyroid Association re-evaluated the problem and clearly indicated that, 
with the exceptions of Austria, the Scandinavian countries, and Switzerland, European countries, 
especially in the southern part of the continent were still affected by iodine defi ciency (15). The 
next crucial evaluation of iodine defi ciency in Europe took place during a meeting titled “Iodine 
defi ciency in Europe: a continuing concern” held in Brussels in 1992 (2). It concluded that iodine 
defi ciency was under control in only fi ve countries, namely Austria, Finland, Norway, Sweden and 
Switzerland but continued to persist in all other European countries, to some degree. 

In 1993, WHO estimated that, based on the total goitre prevalence (TGP), 97 million people 
in the European Region of WHO were affected by iodine defi ciency (16 ). For the 40 countries 
currently being reported on, iodine defi ciency was considered a public health problem in 17 coun-
tries, two countries had iodine defi ciency under control, 10 countries were likely to have iodine 
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defi ciency under control and 11 countries had no data available. In 1997, a meeting was held in 
Munich on iodine defi ciency attended by the representatives of 28 countries of eastern and central 
Europe (17). It revealed the severity of the problem, including the recurrence of goitre, and occa-
sionally of endemic cretinism, in some countries in eastern Europe after the interruption of salt 
iodization programmes. This meeting triggered massive efforts in the implementation or restitu-
tion of iodized salt programmes, mainly by the United Nations Children’s Fund (UNICEF) with 
the fi nancial support of the service organization Kiwanis International.

Since then, an increasing number of studies have been carried out on various aspects of iodine 
defi ciency and its control in Europe based on local, regional or national surveys. This included 
an evaluation of the iodine status of populations in 12 countries of central and western Europe 
by measuring goitre prevalence using ultrasound, and at the same time, urinary iodine (UI) levels 
(18). In 1999, the WHO Regional Offi ce for Europe adopted the elimination of iodine defi ciency 
as one of the targets in its nutrition action plan (19). A global report on the progress made towards 
the elimination of iodine defi ciency was published by WHO and submitted to the World Health 
Assembly in May 2000 (20). It showed that of the 51 countries of the European Region of WHO, 
32 were still affected by iodine defi ciency and that salt iodization programmes were implemented 
in only 20 countries. In 2002, the data on iodine defi ciency in Europe, and prevention and control 
programmes, were carefully reviewed again at the Annual Conference of the European Thyroid 
Association in Göteburg, Sweden. Evidence of a marked improvement in iodine nutrition was 
clearly shown (8,21). Information on current prevalence of iodine defi ciency and the extent of salt 
iodization – necessary for the evaluation of a country’s success in eliminating iodine defi ciency 
and maintaining iodization programmes – has been updated and is presented in this report. Fur-
ther information is available from the WHO Global Database on Iodine Defi ciency (http://www.
who.int/vmnis), the European Salt Producers’ Association (www.eu-salt.com), the International 
Council for Control of Iodine Defi ciency (ICCIDD) (www.iccidd.org) and the Global Network 
for Sustained Elimination of Iodine Defi ciency (www.IodinePartnership.net).

1.2 Global strategy for the prevention and control of iodine defi ciency
1.2.1 Commitment of the international community 
Globally, the control and prevention of iodine defi ciency has been largely successful over the past 
75 years – even under a variety of conditions. Since the early 1960s, WHO has made a concerted 
effort to characterize the global extent of the problem of iodine defi ciency, following which there 
was a period of integrating this information into national health systems. Yet the problem, while 
widely acknowledged, was not being addressed in any consistent way. ICCIDD, a multidiscipli-
nary global network of specialists, formed in 1985 with support from UNICEF, WHO, and the 
Australian Government to act as a technical resource consultative group as well as advocate to 
national governments, international agencies and to a wide variety of health professionals and 
planners. In 1985 UNICEF also became more involved in the control of iodine defi ciency. In 
1992, the World Health Assembly took a pioneer step by adopting the goal of eliminating iodine 
defi ciency as a public health problem (22). UNICEF in particular promoted this through its 
country offi ces with the technical support from WHO and ICCIDD During the latter half of the 
1990s, the global momentum increased further with the welcome addition of donor organizations 
such as the World Bank, the Micronutrient Initiative (MI) and Kiwanis International. 

All these events helped build on the consensus achieved on what to do, as best expressed in the 
iodine elimination goals of the United Nations World Summit for Children (New York, 1990) and 
confi rmed by 159 countries at the Joint Food and Agriculture Organization of the United Nations 
(FAO)/WHO International Conference on Nutrition (Rome, 1992). In May 2002 the Special ses-
sion on Children of the United Nations General Assembly (New York) endorsed the goal of IDD 
elimination by the year 2005. 

1.2.2 Salt iodization as the main strategy to control iodine defi ciency 
The relationship between good sources of iodine and the prevention of goitre goes back to antiq-
uity, as in the use of seaweed in the Orient and marine fi sh in the Occident. The concept of 
adding iodine to salt began with the French chemist Boussingault, who, in the beginning of the 
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19th century stated “Je ne doute nullement qu’en répandant l’usage des sels faiblement iodifères, 
le goitre ne disparaisse complètement…”1 (9). Since then, salt iodization has become progressively 
the main approach to control iodine defi ciency throughout the world, as it has been proven an 
effective measure through rigorous monitoring and evaluation. 

Following various international meetings during the 1980s, consensus was reached among 
national and international partners that universal salt iodization (USI) – iodization of all salt 
meant for human and animal consumption – should be the prime intervention to stop iodine defi -
ciency. In 1993, WHO and UNICEF offi cially recommended USI as the main strategy to achieve 
the elimination of iodine defi ciency (23). For implementation of this strategy collaboration with 
representatives of salt producer associations was initiated. Due to the recommendations by WHO 
and UNICEF, the preferred option of national programmes has been iodization of the salt supply, 
generally via USI. However, iodization of salt used in farming and food processing has often not 
been adopted by European national governments. 

In some hard-to-access areas, iodine supplements such as iodized oil continues to be effective, 
particularly for the most susceptible groups: pregnant women and young children. Some countries 
have had success with other complementary interventions as well. 

1.2.3 Sustainability of salt iodization programmes
The prevention and control of iodine defi ciency is a continuous process. It requires monitoring 
to be sustainable. There are many examples throughout the world where iodine defi ciency has 
re-emerged as a public health problem, where once it was under control. But it is in Europe where 
the problem is most dire. Overall, Europe has had the lowest salt iodization rate of all the WHO 
regions (20). Many of the countries of eastern Europe, which had good salt iodization coverage 
prior to 1990, saw a drastic drop in iodine status during the 1990s, although there have been 
encouraging increases recently (8,21,24).

The experience accumulated thus far has shown that the sustainability of a programme depends 
on several factors. These include a political commitment of the public health authorities and the 
decision-makers of governments, an effective and operational monitoring and evaluation system, a 
strong collaboration between the partners involved in the control of iodine defi ciency, and public 
education. This is illustrated in Figure 1.

All partners must continuously remind themselves that the iodine defi ciency problem is one 
that shifts with political and economic developments, and, most dangerously, complacency (25). 
National programmes will always require ongoing monitoring and adjustment by governments 
and their partners to protect their populations from this easily preventable scourge.

1.2.3.1 Political commitment 
Clearly there must be technical conviction and political commitment to control iodine defi ciency 
on the part of policy-makers within each country. This requires demonstration of the size of the 
iodine defi ciency problem, its consequences, including the economic costs, and the proven effec-
tiveness of programmes aimed at reducing it at the national level. 

The key elements that demonstrate a political commitment include institutional support to 
facilitate the coordination between the different sectors involved, legislation on salt iodization 
and a policy document for controlling iodine defi ciency. A survey conducted by WHO in 1999 
(20) revealed that 80% of the countries where iodine defi ciency is a public heath problem had a 
National Intersectoral Coordinating Body Committee and a plan of action for iodine defi ciency 
control, and 20 out of 51 countries had legislation in place. A detailed status of current legislation 
is given elsewhere in this review (Table 3.2 and Annex G).

1.2.3.2 Monitoring and evaluation
A major component in iodine defi ciency prevention and control – and hence sustainability – is 
the monitoring and evaluation of national intervention programmes. Monitoring and evaluation 

1 “I have no doubt that increasing use of salt with a small amount of iodine added will lead to the complete disappearance of 
goitre…”
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allows for the assessment of the effectiveness of a programme, as well as adjustment according to 
established objectives. However it became clear that many countries affected by iodine defi ciency 
did not have the laboratory facilities to monitor the quality and levels of iodine in salt, nor the 
means to measure the iodine status of the populations being targeted. Consequently, an initiative 
was begun to set up a network of regional resource laboratories to assist countries in the surveil-
lance of their programmes. The International Resource Laboratories for Iodine (IRLI) Network 
(iodinelab@cdc.gov) was launched in Bangkok in May 2001 (http://www.cdc.gov/nccdphp/
dnpa/immpact/global/irli_network.htm). Co-sponsored by the Centers for Disease Control and 
Prevention (CDC), WHO, UNICEF, ICCIDD and MI, it is made up of a network of resource 
laboratories – one or a couple for each WHO region – which have as their main role the provision 
of technical support to national laboratories. There are two resource laboratories in Belgium and 
Bulgaria that provide support to the countries of western and central Europe (see details in Annex 
B). European laboratories that are members of the IRLI Network are listed in Annex A. 

1.2.3.3 Partnership
The major lesson learned from the re-emergence of iodine defi ciency in Europe has been that the 
apparently simple intervention of USI is actually quite complex and requires the full cooperation 
of many partners to be successful and sustainable. For example, close collaboration of partners at 
many levels is the major reason the prevention and control of iodine defi ciency has been so success-

Source: Adapted from Hetzel (26).

Figure 1 Social process involved in a national iodine defi ciency control programme
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ful globally. In Europe, this collaborative process needs to be replicated, with particular emphasis 
on maintaining a strong partnership with the salt industry. 

With iodization of the national salt supply being the most cost-effective and sustainable inter-
vention in the prevention and control of iodine defi ciency (27), the private sector has become a 
critical partner. Originally this was not a partnership at all: often the salt industry acted only in 
response to legislation imposed upon them by governments. Over the years, this relationship has 
improved, and has become a true partnership, culminating in the formation of the Network for 
the Sustained Elimination of Iodine Defi ciency at the World Salt Symposium “Salt 2000” (The 
Hague, 2000).

An agreement was reached between United Nations (UN) agencies, representatives of the salt 
industry, academia and nongovernmental organizations (NGOs) to form a coalition of public, 
private, international and civil society organizations, to support and promote USI and thereby 
contribute to the goal of elimination of iodine defi ciency. The Board of the Network currently 
includes representatives from UN agencies, academic and public institutions, donor agencies and 
salt industry.1 The Network for the Sustained Elimination of Iodine Defi ciency was offi cially 
launched at the UN Special Session on Children in New York in May 2002 (www.iodinepartner-
ship.net).

1. INTRODUCTION

1 WHO, UNICEF, the CDC, ICCIDD, MI, the Emory University Rollins School of Public Health, the European Salt Pro-
ducers’ Association, the Salt Institute of the United States of America, the Chinese Salt Producers Association and Kiwanis 
International.



2. Iodine defi ciency, health 
consequences, assessment 
and control 

2.1 The disorders induced by iodine defi ciency
2.1.1 Defi nition of iodine defi ciency disorders, epidemiology and magnitude 
Iodine is an essential micronutrient present in the human body in minute amounts (15–20 mg), 
almost exclusively in the thyroid gland. It is an essential component of the thyroid hormones, 
thyroxine (T

4
) and triiodothyronine (T

3
), with iodine comprising 65% and 59% of their weights, 

respectively. Thyroid hormones regulate metabolic processes in most cells, as well as playing a 
determining role in the process of early growth and development of most organs, especially that 
of the brain. In humans, most of the growth and development of the brain occurs during the fetal 
period and the fi rst two to three years of postnatal life. Consequently, iodine defi ciency, if severe 
enough to affect thyroid hormone synthesis during this critical period, will result in hypothy-
roidism and brain damage. The clinical consequence will be irreversible mental retardation (28).

The recommended daily nutrient intake of iodine is 90 µg (RNI)1 for the age group 0–59 
months, 120 µg for the age group 6–12 years, 150 µg for adolescents and adults and 250 µg dur-
ing pregnancy and lactation, respectively (29,30). When these physiological requirements are not 
met in a given population, a series of functional and developmental abnormalities occur. They are 
grouped under the general heading of “iodine defi ciency disorders” or IDD (31) as in Table 2.1.

Iodine defi ciency represents a serious public health problem in the world: in 2003 WHO esti-
mated that 54 countries are still affected by iodine defi ciency as a public health problem and nearly 
2 billion people have inadequate iodine nutrition (Table 2.2) (34). Iodine defi ciency therefore 
represents the greatest cause worldwide of preventable mental retardation (27). 

2.1.2 Health outcomes
As noted, the multiple impacts of iodine defi ciency represent a range of effects, experienced 
throughout the life cycle, although the impacts are more devastating at some stages than others. 
As such they constitute a serious public health problem and a major impediment to the overall 
economic and social development of affected populations.

2.1.2.1 Iodine defi ciency in the fetus
The consequences of iodine defi ciency during pregnancy result from the impaired synthesis of thy-
roid hormones in both the mother and the fetus. In addition, maternal hypothyroxinaemia (low 
levels of thyroid hormone in the blood) results in a lowering in the maternal transplacental transfer 
of thyroxine during the early phase of fetal development – the fi rst and second trimesters – during 
which the supply of thyroid hormones to the fetal brain comes almost exclusively from the mother. 
The long-term consequence of fetal hypothyroxinaemia occurring during early gestation is the 
development of a neurological syndrome, which includes severe mental retardation, spastic diple-
gia, hearing defects and squint. These symptoms correspond to what used to be called neurologic 
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1 Recommended nutrient intake (RNI) refers to the daily intake which meets the nutrient requirements of almost all (97.5%) 
apparently healthy individuals in an age- and sex-specifi c population group. It is set at the estimated average requirement 
plus 2 standard deviations.
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endemic cretinism. On the other hand, when fetal and neonatal hypothyroxinaemia occur later, 
after the fi rst phase of maximal brain growth velocity, the long-term clinical consequence is severe 
thyroid insuffi ciency with stunted growth, myxoedema, delay in sexual development, but with a 
lesser degree of neurologic impairment and mental defi ciency. This corresponds to the previous 
syndrome of myxoedematous endemic cretinism (28,36–38).

2.1.2.2 Iodine defi ciency in the neonate
Iodine defi ciency results in increased perinatal mortality, low birth weight on average and a higher 
rate of congenital anomalies (39). Even mild and moderate iodine defi ciency, if occurring dur-
ing the neonatal period, affects the intellectual development of the child (28). Neonatal thyroid 
stimulating hormone (TSH) is elevated. This indicator appears to be a particularly sensitive tool 
in the evaluation of the iodine status of a population and in the monitoring of iodine intervention 
programmes (40).

2. IODINE DEFICIENCY, HEALTH CONSEQUENCES, ASSESSMENT AND CONTROL

Table 2.1 The Spectrum of iodine defi ciency disorders

Fetus Abortions
 Stillbirths
 Congenital anomalies
 Increased perinatal mortality
 Endemic cretinism

Neonate Neonatal hypothyroidism
 Endemic mental retardation
 Increased susceptibility of the thyroid gland to nuclear radiation

Child and adolescent Goitre
 (Subclinical) hypothyroidism
 (Subclinical) hyperthyroidism 
 Impaired mental function
 Retarded physical development
 Increased susceptibility of the thyroid gland to nuclear radiation

Adult Goitre with its complications
 Hypothyroidism
 Impaired mental function
 Spontaneous hyperthyroidism in the elderly
 Iodine-induced hyperthyroidism
 Increased susceptibility of the thyroid gland to nuclear radiation

Source: Adapted from Hetzel (31), Laurberg et al. (32), Stanbury et al. (33).

Table 2.2 Proportion of population, and number of individuals with insuffi cient iodine intake in 
 school-age children (6–12 years), and in the general population (all age groups) 
 by WHO region, 2003 

 Insuffi cient iodine intake(UI <100 µg/l)

 School-age children  General population 

 Proportion  Total number Proportion Total number
WHO regiona (%)  (millions)b  (%)  (millions)b

Africa 42.3 49.5 42.6 260.3

Americas 10.1 10.0 9.8 75.1

South-East Asia 39.9 95.6 39.8 624.0

Europe 59.9 42.2 56.9 435.5

Eastern Mediterranean 55.4 40.2 54.1 228.5

Western Pacifi c 26.2 48.0  24.0 365.3

Total  36.5 285.4 35.2 1988.7
a 192 WHO Member States.
b Based on population estimates in the year 2002 (35).
Source: WHO (34).
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2.1.2.3 Iodine defi ciency in children and adults
A high degree of apathy has been noted in populations living in severely iodine defi cient areas (41). 
This affects the capacity for initiative and decision-making, indicating that iodine defi ciency con-
stitutes an hindrance to the social development of communities (41). It is also a major teratogen 
at the community level (42). 

In addition to its impact on brain and neuro-intellectual development, iodine defi ciency at any 
period of life, including during adulthood, can induce the development of goitre with mechanical 
complications and/or thyroid insuffi ciency. When iodine intake is abnormally low, adequate secre-
tion of thyroid hormones may still be achieved by adaptive processes, including the stimulation of 
the trapping mechanism of iodide by the thyroid, as well as by the subsequent steps of the intrathy-
roidal metabolism of iodine leading to preferential synthesis and secretion of T

3
. This mechanism 

is triggered and maintained essentially by an increased secretion of TSH by the pituitary gland. 
The morphological consequences of prolonged thyrotropic stimulation are thyroid hyperplasia 
and goitre (43). 

Another consequence of long-standing iodine defi ciency in adults (32), but also in the child 
(44), is the development of hyperthyroidism in multinodular goitres with autonomous nodules in 
which thyrocyte proliferation occurs with scattered cell clones harbouring activation mutations 
of the TSH receptors. This mechanism is also responsible for the development of iodine-induced 
hyperthyroidism in case of sudden iodine overload in a previously severely iodine-defi cient popula-
tion (33,45). It is now accepted that hyperthyroidism in the elderly and iodine-induced hyperthy-
roidism are parts of the disorders induced by iodine defi ciency.

2.2 Social and economic consequences
2.2.1 Cost-effectiveness and cost–benefi t
Clearly, a programme for the control of iodine defi ciency is worthwhile, in health economics 
terms, only if the cost of the programme is lower than the benefi ts which result from the correction 
of the defi ciency. Previous studies have shown that fortifi cation is both cost-effective (i.e. it has 
advantages over other methods as a way of increasing iodine intake), and has a high benefi t–cost 
ratio (i.e. it is a good health investment) (46 ). Cost-effectiveness of an approach is defi ned as the 
cost of achieving some specifi ed outcome, in this case, the cost of averting each case of goitre or 
iodine defi ciency. While sometimes expressed in terms of cost per death-averted, this is a less 
useful calculation for iodine fortifi cation, where effects on mortality are less well documented, 
and the important benefi ts include increased productivity instead (46 ). The key economic effects 
are assumed to be brain damage in infants. Likewise, cost-effectiveness, which is especially use-
ful when comparing different programmes with the same outcome, is less useful in the design of 
iodine defi ciency control and prevention programmes because there is broad consensus on the 
intervention of choice, salt iodization (27). Past studies, all now somewhat dated, and taken from 
different national settings, have attempted to compare the cost-effectiveness of iodized oil injec-
tions in Bangladesh, Indonesia, Peru and Zaire (14–46 1987 US cents), with water fortifi cation in 
Italy (4 1987 US cents) and salt fortifi cation in India (2–4 1987 US cents) (47–49).

Cost–benefi t is where the monetary cost of an intervention is compared to the monetary value 
of the outcomes or benefi ts (46 ). In this case the benefi ts are increased productivity and redu-
ced health costs, as well as the other costs of caring for those damaged by iodine defi ciency. 
Cost–benefi t estimations are useful for advocacy for increased resources and to compare health 
and nutrition interventions to the many other kinds of government spending (46 ). In calculating 
cost–benefi t ratio, the proximate health intervention outcome, such as reduction in the prevalence 
of goitre, or change in median UI of the population, has to be converted to a fi nancial outcome, 
usually derived from other studies. Thus, past studies that looked at the cost of productivity loss 
per birth to a mother with iodine defi ciency, are used to estimate the cost of one person removed 
from goitre (as an intermediate outcome) (46 ).

WHO has looked at the cost–effectiveness and benefi t–cost ratios of micronutrient interventi-
ons, especially fortifi cation (46 ). Salt iodization programmes were again found to have “very high 
cost-benefi t ratios” (46 ). If the cost of iodine fortifi cation is $0.10 per person per year (50), then 
the benefi t : cost ratio of iodine fortifi cation is about 40 : 1. If the costs are as low as $0.01 per 
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person per year, as suggested for Central America (O. Dary, personal communication, 2002), then 
the programmes will have a considerably increased benefi t : cost ratio of something like 400 : 1.

2.2.2 Social benefi ts of the elimination of iodine defi ciency
The social benefi ts of the elimination of iodine defi ciency have been extensively evaluated on the 
basis of reviews of data collected from several regions of the world: Bolivia, Ecuador, Germany, 
India, including Sikkim, and the USA (47,49,51,52). The complexity of studying the social and 
economic costs of iodine defi ciency arise partly from the fact that the problem of iodine defi ciency 
is no longer viewed as limited to goitre. Its most important effects are on the growth and develop-
ment of the fetus, the neonate and the child. Potential benefi ts in preventing iodine defi ciency 
are then much increased, including more and better education for children, greater productivity 
throughout life, and a better quality of life. Likewise the impact or effects of iodine defi ciency 
interventions can be wide-ranging, and consequently not all will be captured and considered. 
An example of this is from China where a town with a traditionally high prevalence of iodine 
defi ciency had virtually no out-marrying (due to perceived “stupidity” of young people from that 
town). After salt iodization, not only did the economic prosperity of the town go up but there was 
an observed increase in marriages with people from other towns (41).

The positive effects of mitigating iodine defi ciency in individuals and communities include 
a reduction in mental defi ciency, deaf mutism and hypo- and hyperthyroidism, as well as more 
subtle retention of mental potential, not easily measured on IQ tests. Particularly in the European 
context the main effects are consequences on brain development, rather than a reduction in more 
obvious effects such as deaf mutism. There is an often quoted estimation of the number of IQ 
points lost to infants born to mothers living in endemically defi cient environments (53). While 
scientifi cally imprecise, this estimate of 10–15 IQ points lost does however have considerable advo-
cacy strength for national policy-makers in terms of lost economic potential in their countries. In 
countries with a long history of iodine defi ciency prevention and control programmes, such as in 
many European countries, these losses are subtle enough to be missed, but presumably are affec-
ting the life chances of many children of unsuspecting parents, in an increasingly competitive and 
globalized world.

As USI mandates that iodized salt be used for livestock as well as for humans, the benefi ts to 
agriculture should also be factored in (Table 2.3). This review does not consider the literature from 
the agronomic side on the costs to primary industry of iodine defi ciency on crop yields and animal 
productivity in Europe. However, improving the iodine nutrition of farm animals will result in 
an increase in live births and weight gained, as well as increases in general health and strength. 
Other positive effects, such as quality of wool in sheep, meat in cows and a reduction in congenital 
abnormalities, will also be seen (56,57). Farmers are more likely to be convinced of the need to 
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Table 2.3 Benefi ts of iodine intervention programmes

Physiologic benefi ts Benefi ts to society

Humans Reductions in: • Higher work output
 • Mental defi ciency • Reduced costs of medical and custodial care
 • Deafmutism • Reduced educational costs (because of less absenteeism
 • Spastic diplegia  and grade repetition)
 • Squint
 • Dwarfi sm
 • Motor defi ciency
 • Goitre
 • Birth defects  

Livestock Increases in: Higher output of meat and other animal products and hence:
 • Live births • Profi ts
 • Weight and meat yield • Higher work output of animals
 • Strength for work
 • Health (less deformity)
 • Wool coat in sheep

Source: Levin et al. (49), Hetzel & Maberly (54), Levin (55). 
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supplement animal feed when such productivity increases are observed, and hence are potentially 
potent advocates for USI. 

2.2.3 Economic benefi ts of the elimination of iodine defi ciency
In India, the second most populous country in the world with an estimated population of 834 
million (1991), the costs of the national salt iodization programme were estimated to be 25.9 
million Euros, including land and buildings, iodization plans and equipment, potassium iodate, 
labour, supervision and administration, maintenance and electricity (47). The benefi ts of iodine 
defi ciency control included were improved neurological, mental, auditory and speech capabilities 
as well as skeletal growth. The resulting higher work productivity, reduced costs due to reduced 
absenteeism, and higher achievements by students were also considered. The potential benefi ts 
of control of iodine defi ciency in livestock populations were also considered as part of the overall 
benefi t. Using various assumptions, the benefi t of salt iodization in terms of productivity and of 
the money that would be saved on the management and support of those affected, resulted in a 
cost : benefi t ratio of 1: 3.

Correa (58) reported that the estimated cost of salt iodization programmes in different parts 
of the world varied from US$ 0.0025 to US$ 0.1000 per person per year while the estimated cost 
for intramuscular iodized oil was US$ 0.4338 per person per year (in the late 1970s). The study 
made assumptions based on some data from Chile that demonstrated the benefi t of the iodine 
supplementation programmes on higher earnings associated with a reduction in mental defi ciency. 
Since the increased IQ of the children would produce economic benefi ts only after several years, 
it was assumed that such an increase would begin to take place 15 years later but that after this 
initial delay, the benefi t of the programme would be continued for as long as an iodine defi ciency 
prevention and control programme was in place. According to this study, the benefi t of reducing 
iodine defi ciency among children, in terms of improvement in their lifetime earnings, also consi-
derably exceeded the cost of the interventions. 

In the USA, benefi ts of screening for iodine defi ciency and treatment were estimated to be equal 
to three times the costs and included savings in treatment, long-term care and productivity losses 
(59). Choice of outcome measures is a key issue in economic evaluations of disease, and has helped 
preclude the effective advocacy of interventions aimed at iodine defi ciency prevention and control. 
Nevertheless, it has been concluded in industrialized countries, such as the USA, that “cost-effec-
tiveness of screening 35 year olds for serum TSH every fi ve years favorably compared with other 
generally accepted preventive medical practices…” (60). 

The economic benefi ts at the individual or household level are less well documented. The examp-
le from China above concerns whole communities. Other work in China has shown increased ave-
rage incomes, export of cereal crops for the fi rst time and the result that men became fi t enough 
to join the army – presumably a benefi t (49). In Ecuador, people with moderate iodine defi ciency 
were consistently paid less for agricultural work (61). As noted, with the milder iodine defi ciency 
seen in Europe, the gains in academic performance and individual and national productivity 
would be less, but, on a national basis, and especially for individuals, worthy of pursuing. From 
a national economic productivity perspective, as well as agricultural output and profi tability, and 
extrapolating from modelling done by the Academy for Educational Development’s (AED) Profi -
les Project, preventing and controlling iodine defi ciency would be expected to provide considerable 
economic benefi t to countries, including those in Europe, having mild levels of iodine nutrition 
defi ciency.

2.2.4 Conclusion
Because the calculations of cost-effectiveness and cost–benefi t are a function of methodological 
differences, exchange rates, time, context, local price differences and the population base, these 
studies are of limited utility in terms of being able to be fully extrapolated (49). However together 
they do demonstrate “a high payoff from iodine interventions” (49). While more information and 
analysis are needed, and these studies are now somewhat dated, there is no reason to suppose the 
basic conclusions would have changed. It might even be argued that the increasing technology of 
the globalized world favours a higher benefi t for avoiding neuro-intellectual damage. It appears 
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that the long-term correction of iodine defi ciency is feasible at low cost and that the benefi ts of 
correcting iodine defi ciency far outweigh its risks (62,63). 

2.3 Assessment of iodine defi ciency 
The initial assessment of iodine defi ciency at the population level in order to decide on the need 
and the nature of interventions for iodine correction is accomplished by a series of steps of increas-
ing technological complexity. First, the problem is assessed by the prevalence and severity of goitre. 
If the enlarged goitres are small and hence diffi cult to diagnose, or grade, then urine is tested for 
amount of iodine excretion and graded against the standard prevalences signifying the seriousness 
of the public health problem (27). If more detailed information is needed, then evidence of abnor-
mal hormonal levels (e.g. TSH) would be required. 

The presence of iodine defi ciency has been traditionally diagnosed where visible goitres (enlar-
ged thyroid glands) are present. In past centuries, in some parts of Europe, goitres were so common 
that they were considered normal, and when of modest size, even to be cosmetically desirable, as in 
some of the portraiture in the Renaissance. High levels of goitre were generally found in mountain 
areas, alluvial plains and usually well away from the coastline. However, the greater availability 
of UI testing (see below) and other methods for diagnosing iodine defi ciency, have demonstrated 
that the iodine defi ciency disorders may occur in many other areas, including large cities, in areas 
where the prevalence of goitre as assessed by palpation has indicated no public health problem, and 
in industrialized countries such as many in Europe (27). 

Goitre levels remain useful for initial assessment of the problem but are generally not suitable 
for monitoring purposes. Many countries continue to use TGP when describing their national 
problem, often because of an absence of other measures. In the past decade, however, an increasing 
number of countries have come to use UI – even for a fi rst assessment. 

2.3.1 Prevalence of goitre 
The size of the thyroid gland changes inversely in response to alterations in iodine intake, with a 
lag interval that varies from a few months to several years (27,64), and so the prevalence of goitre 
is an index of the degree of long-standing iodine defi ciency. Thyroid size has been traditionally 
determined by inspection and palpation but ultrasonography of the thyroid provides a more pre-
cise and objective method. It has already been used in several regions of the world, in particular 
in Europe. It is likely to be used more extensively in the future. The normative values for thyroid 
volume measured by ultrasonography are expressed as a function of age, sex and body surface area. 
The initially proposed values (18) have recently been re-evaluated by WHO (65). By defi nition, 
a thyroid gland is considered as goitrous when its volume is above the 97th percentile established 
for sex, age and body surface area in iodine-replete populations. The prevalence of goitre in iodine 
replete populations is below 5% (27). Table 2.4 shows the epidemiological criteria presently rec-
ommended for assessing the severity of iodine defi ciency based on the prevalence of goitre in 
school-age children (i.e. children aged 6–12 years unless otherwise noted).

Table 2.4 Epidemiological criteria for assessing the severity of iodine defi ciency based on the
 prevalence of goitre in school-age children

Indicator Degree of iodine defi ciency expressed as percentage of total number of children surveyed

 None Mild Moderate Severe

Total goitre prevalence 0.0–4.9 5.0–19.9 20.0–29.9 ≥30

Source: WHO/UNICEF/ICCIDD (27).

2.3.2 Urinary iodine 
Urinary iodine (UI) is a good marker of the recent dietary intake of iodine. It provides an ade-
quate assessment of a population’s iodine nutrition and is now the index of choice for evaluating 
the degree of iodine defi ciency, and for monitoring and evaluating its correction (27). Because
24-hour samples are diffi cult to obtain it is emphasized that this is not necessary and that iodine 
concentrations can be measured in casual urine specimens of children or adults provided a
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suffi cient number of specimens (usually at least 30 schoolchildren per cluster) is collected (27). It 
is reported as micrograms/litre (µg/l) of urine. Relating UI to creatinine is expensive and unneces-
sary (27).

As the frequency distribution of UI is usually skewed towards elevated values, the median is 
considered more useful than the mean to indicate the status of iodine nutrition in a population. 
Table 2.5 shows the epidemiological criteria presently recommended for assessing iodine nutrition 
based on median UI concentrations in school-age children (27).

Table 2.5 Epidemiological criteria for assessing iodine nutrition based on 
 median UI concentrations in school-age children

 Median urinary iodine (µg/l) Iodine intake Iodine nutrition

 <20 Insuffi cient Severe iodine defi ciency

 20–49 Insuffi cient Moderate iodine defi ciency

 50–99 Insuffi cient Mild iodine defi ciency

 100–199 Adequate Optimal

 200–299 More than adequate Risk of iodine-induced hyperthyroidism within 5–10 years 
   following introduction of iodized salt in susceptible groups 

 ≥300 Excessive Risk of adverse health consequences (iodine induced 
   hyperthyroidism, autoimmune thyroid diseases)

Source: WHO/UNICEF/ICCIDD (27).
In pregnant women a median UI <150 µg/L indicates insuffi cient iodine intake, 150–249 µg/L indicates adequate intake, 250–
499 µg/L refl ects more than adequate intake and ≥ 500 µg/L indicates intake for which no added health benefi t is expected (29).

2.3.3 Serum concentrations of TSH, thyroid hormones and thyroglobulin 
The serum concentrations of serum TSH and thyroid hormones further refl ect the effects of iodine 
defi ciency. Serum TSH typically increases in iodine-defi cient populations, as does the serum trii-
odothyronine (T

3
), while serum thyroxine (T

4
) decreases. However, all of these may still remain 

within the normal range even in the face of iodine defi ciency, and are therefore insuffi ciently 
sensitive to gauge levels of iodine defi ciency, unless severe. Serum thyroglobulin represents a very 
sensitive index of a state of thyroid hyperstimulation (27). 

In endemic areas, neonatal serum TSH is frequently elevated because of the hypersensitivity 
of the neonate to the effects of iodine defi ciency, and, in these endemic areas, the recall rate for 
further investigation of infants under suspicion of congenital hypothyroidism in programmes of 
systematic screening for congenital hypothyroidism is elevated. Elevated neonatal TSH is the sin-
gle indicator that best predicts brain damage and impairment of intellectual development. Syste-
matic screening for congenital hypothyroidism, if already available, is a particularly sensitive tool 
in the evaluation of the iodine status of a population and in the monitoring of iodine supplemen-
tation programmes (40). 

2.4 Prevention and control
Prevention and control activities basically aim to correct iodine defi ciency in populations whose 
diets are providing insuffi cient iodine to meet requirements. As iodine has often been leached from 
the soil by glacial action and water washing out the soluble iodine, mountainous areas are particu-
larly susceptible, but as already noted, by no means the exclusive sites of iodine-defi cient popula-
tions. Traditionally, populations living close to the sea have been less at risk because marine foods, 
including seaweed, tend to be high in iodine. Other ways of replacing iodine have been through 
supplementation, tinctures of iodine, iodized oil, both intramuscular injections and oral, and by 
adding it to foods, especially salt but also water supplies and other food vehicles. Overwhelm-
ingly, salt iodization is the intervention of choice, with the others ancillary to reach hard-to-access 
populations at high risk.

2.4.1 Salt iodization
The main intervention strategy for iodine defi ciency control and prevention is universal salt iodi-
zation (USI). The key word is “universal” as it underlines the importance that all salt for human 
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consumption, including that used in processed foods, and that used for animal consumption, be 
iodized. This is often not the case in European countries. USI was fi rst adopted by the World 
Health Assembly in 1992 (22) and established as a World Summit for Children mid-decade goal 
in 1995 (23). Salt iodization has been a remarkably successful intervention as it is feasible, cheap, 
safe, rapidly effective and widely accepted. There is also now considerable experience in many 
different countries, cultures and hence dietary practices. As noted, iodized salt is the most appro-
priate measure for iodine defi ciency control because it is used by all sections of a community, is 
consumed at roughly the same level throughout the year and because its production is often con-
fi ned to a few centres which facilitates quality control at the level of production (27,66 ). 

Iodine can be added to salt as potassium iodide (KI), potassium iodate (KIO
3
) or sodium iodi-

de. Potassium salts are the most frequently used. Although slightly more expensive than iodide, 
the iodate salt is preferred, especially for moist, tropical conditions and where storage conditions 
are likely to be less than optimal, because it is less soluble and more stable than iodide. While 
most countries of the world use the iodate form, several countries in Europe (e.g. Switzerland) and 
elsewhere (e.g. Canada and the USA) use iodide.

The preconditions needed to ensure adequate salt iodization availability and consumption 
include:

• local production and/or importation of iodized salt in a quantity that is suffi cient to satisfy 
the potential human demand (approximately 4–5 kg/person per year);

• 90% of salt for human consumption (whether local or imported) must be iodized according 
to government standards for iodine content;

• the percentage of food-grade salt with an iodine content of at least 15 ppm, in a representative 
sample of households, must be equal to or greater than 90%; and

• iodine estimation at the point of production or importation, and at the wholesale and retail 
levels, must be determined by titration; at the household level, it may be determined by either 
titration or certifi ed kits (27).

Assuming an average salt consumption of 10 g of salt/capita per day, a loss of iodine of some 20% 
between production and retail and another 20% during food processing (67), to achieve the rec-
ommended level of iodine of 150 µg per person for adults, iodine in the salt should be in the range 
of 20–40 mg/kg (20–40 ppm) (68). The packaging of iodized salt is very important. To avoid 
losses as high as 75% over a period of nine months, waterproof packaging is required, as re-empha-
sized in the recent amended Codex Alimentarius. Standard for Food Grade Salt (69). Regulations 
and packaging information should specify the iodine content rather than that of KI or KIO

3
. 

Table 2.6 summarizes the latest global information of iodized salt consumption at the household 
level (70). Sixty-six per cent of households of the surveyed countries have access to iodized salt, as 
compared to 5 to 10% in 1990 (20). 

2.4.2 Iodized oil
There continues to be an important role for iodized oil, especially in areas where iodized salt is 
still, for the meantime, particularly diffi cult to introduce. A variety of iodized oils have been used 
including most commonly, Lipiodol®, a poppy seed oil containing 40% iodine per weight. Over 
the past six or seven decades, iodized oil has been extensively used, initially in Papua New Guinea 
and thereafter in Africa, China and Latin America, and in many of the most severe endemic areas 
in the world (71), as well as in Europe (e.g. Romania) (72). More than 20 million doses of iodized 
oil have been administered since 1974, initially by injections and subsequently orally, with very 
few side-effects, including during pregnancy (73). 

In the groups most susceptible to the effects of iodine defi ciency, women of reproductive age, 
pregnant women and children less than 2 years, iodine supplements such as iodized oil are recom-
mended where salt iodization coverage is inadequate (29).

2.4.3 Other methods
Bread fortifi ed with iodine, often indirectly, has been utilized successfully in many countries, 
including countries of Europe, as well as Australia and the Russian Federation, in those areas where 
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bread is a staple (39). Since 1942, the main carrier for iodine in the Netherlands has been the salt 
in bread. However, iodine intake remained inadequate, especially in Dutch women (74), and 
recently there has been an increase in the potassium iodide content of baker’s salt to address this. 
Iodized water has been successfully used in several countries such as the Central Asian Republics, 
Italy (Sicily), Mali, and Thailand. A limiting factor of this approach, especially in terms of cost-
effectiveness, is the question of availability of one single source of iodine for the whole population 
and for the livestock (75). Sugar has been iodized in pilot studies in Guatemala and the Sudan, 
and iodized tea has been used in China.

Indirect iodization has also been shown to be effective in correcting iodine defi ciency. Adding 
potassium iodate into irrigation water has been reported as highly successful in Xinjiang, China: 
for example, the infant mortality rate dropped by 50% (76 ). Milk has adventitiously had its iodine 
content raised in many dairy-producing countries consequent to the use of iodophors in the dairy 
industry (e.g. to clean the teats). Iodine-rich milk thus became a major source of iodine in many 
countries in northern Europe, as well as in Australia, the United Kingdom and the USA (77). A 
change in dairy practice would reverse the situation and increase the likelihood of iodine defi cien-
cy in those populations. (Consequently it is of interest that iodophors are no longer permitted for 
this use in some countries in Europe.) Finland, besides fortifying their table salt for many years, 
has been fortifying animal fodder and the iodine content of foods derived from animal sources 
has increased. The salt licks used by animals in much of European stock-raising should be fortifi ed 
with iodine but often are not. However, if the added iodine becomes part of the ecological system, 
cost-effectiveness is improved, and sustainability likely; quality control, however, may be harder 
to ensure.

These other options to increase iodine intake will become increasingly important within the 
next few years as a result of the policy adopted by many countries to reduce salt consumption 
intake to 5 g/day in order to prevent hypertension and cardiovascular diseases. This could poten-
tially create a confl ict between the two major public health goals of reducing average population 
salt intake and tackling iodine defi ciency through salt iodization. Therefore, salt iodization should 
not promote salt consumption and countries should be encouraged to implement complementary 
measures to increase iodine intake (78).

2.4.4 Adverse effects associated with the correction of iodine defi ciency 
There are recognized adverse effects associated with the correction of iodine defi ciency which 
can result in the development of thyroid function abnormalities. In public health terms, these are 
relatively minor; severe effects occur rarely. The benefi ts of the prevention of the neuro-intellectual 
damage from iodine defi ciency far outweigh the side-effects that have been observed. 

Iodine excess can follow over-correction of a previous state of iodine defi ciency, and can also 

Table 2.6 Current global status of iodized salt consumption at the household level

 UNICEF region Proportion (%) of households consuming iodized salta

 Sub-Saharan Africa 67

 Middle East and North Africa 53

 South Asia 49

 East Asia and Pacifi c 80

 Latin America and Caribbean 81

 CEE/CIS and Baltic States 39

 Industrialized countries –

 Developing countries 68

 Least developed countries 54

 Total 67

– No data.
CEE/CIS: central and eastern Europe/Commonwealth of Independent States.
a Data refer to the most recent year available during the period 1997–2002.Source: Adapted, with permission, from UNICEF (70). 
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impair thyroid function. The effect of iodine on the thyroid gland shows a U-shaped relationship 
between iodine intake and risk of thyroid diseases, as both extremes of low and high iodine intake 
are associated with an increased risk. Normal adults, at an individual level, can tolerate up to about 
1000 µg iodine/day without any side-effects (79). However this upper limit is set considerably 
lower at the population level due to the range of individual variation and due to exposure to iodine 
defi ciency in the past. The optimal level of iodine intake to prevent any thyroid disease may be 
within a relatively narrow range around the recommended daily intake of 150 µg. 

In order to assess the risk of adverse effects from excessive intake of any nutrient, including 
iodine, intake can be compared to the tolerable upper intake level (UL), which is the highest 
average daily nutrient intake level likely to pose no risk of adverse effects to almost all individu-
als in the general population (80). WHO suggests a provisional maximal tolerable daily intake 
of 1 mg/day from all sources (81). The UL for iodine proposed by the European Commission’s 
Scientifi c Committee for Food (EC/SCF)is 600 µg/day for adults and pregnant women (82). For 
children, since there is no evidence of increased susceptibility in children, the ULs are derived 
by adjustment on the basis of body surface area and ranges from 200 µg/day for 1–3 year olds to 
500 µg/day for 15–17 year olds (82). In countries with long-standing iodine defi ciency, the intake 
should not exceed 500 µg/day to avoid the occurrence of hyperthyroidism. In France, the Expert 
Committee on Human Nutrition has suggested an UL of 500 µg/day for that reason (83). In the 
USA, where the median intake of dietary iodine is about 240–300 µg/day for men and 190–210 
µg/day for women, the UL is set at 1 100 µg/day, a value based on serum thyrotropin concentra-
tion in response to varying levels of ingested iodine while the recommended dietary allowance 
(RDA) for adult (men and women) is 150 µg/day (84). Table 2.7 shows that UL fi gures set forth 
by the Institute of Medicine (IOM) in the USA are generally higher than those of the European 
Commission, for all age groups (84).

Table 2.7 Tolerable upper intake level for iodine (µg/day)

Age group EC/SCF, 2002 IOM, 2001

1–3 years 200 200

4–6 years 250 300

7–10 years 300 300

11–14 years 450 300

15–17 years 500 900

Adult years 600 1100

Pregnant women >19 years 600 1100

Source: European Commission/Scientifi c Committee on Food (82), Institute of Medicine (84).

When the iodine intake is chronically high (e.g. due to the environment) the prevalence of thyroid 
enlargement and goitre is high as compared to other populations, and the prevalence of subclini-
cal hypothyroidism is elevated. The mechanisms behind this impairment of thyroid function are 
probably both iodine enhancement of thyroid autoimmunity and reversible inhibition of thyroid 
function by excess iodine (Wolff-Chaikoff effect) in susceptible subjects (85). However, this type 
of thyroid dysfunction has not been observed after correction of iodine defi ciency, including in 
neonates after the administration of high doses of iodized oil to their mothers during pregnancy 
(73).

The possible side-effects of iodine excess include iodine-induced hyperthyroidism (IIH) as the 
main complication of iodine excess of public health signifi cance. It has been reported in almost all 
iodine supplementation programmes (33). The disease has been observed to occur most frequently 
in individuals over 40 years of age with multinodular goitres, in autonomous nodules which have 
lost their mechanism of autoregulation against iodine excess. The most effective way to prevent 
IIH is to ensure effective monitoring of iodized salt quality and to train health staff to be alert in 
the identifi cation of IIH (86 ). 

Iodine in excess may also aggravate or even induce autoimmune processes in the thyroid resul-
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ting in iodine-induced thryroiditis. However the mechanisms involved are still unclear (32,87). 
Some studies suggest also that iodine supplementation may be associated with a change in the epi-
demiological pattern of thyroid cancer, with a shift towards differentiated forms of thyroid cancer, 
which are generally detected earlier than less differentiated forms (88–90).

2.5 Monitoring and evaluation
Monitoring of iodine defi ciency prevention and control programmes involves a series of well-estab-
lished steps of increasing complexity (27) and are summarized, with cut-off points, in Table 2.8. 
These steps are carried out in a logical sequence starting with monitoring: i) the quality of iodized 
salt; then, ii) the adequacy of iodine nutrition; iii) the progressive disappearance of goitre; and, 
fi nally iv) the normalization of thyroid function. 

Salt iodization is not an end in itself but only a means to achieve optimal iodine nutrition. It is 
why besides monitoring iodized salt quality, iodine status also needs to be monitored. As UI is a 
good marker of the recent dietary iodine intake, it is, therefore, the index of choice for evaluating 
correction of iodine defi ciency. Changes in the prevalence of goitre after normalization are slow 
and often incomplete, and become more diffi cult to diagnose as the enlarged glands diminish in 
size, and hence goitre prevalence is less sensitive to the correction of iodine defi ciency. 

Finally, once the iodine content of salt has been consumed at a level that results in the norma-
lization of UI, attention may shift to the evaluation of actual thyroid function by the determina-
tion of the serum levels of TSH, T

4
, T

3
 and thyroglobulin, for confi rmation, especially in more 

vulnerable groups.

2.5.1 Monitoring of salt iodization
Ensuring adequate iodization of salt is the fi rst step in the process of eliminating iodine defi -
ciency at a population level. Due to the strengthened partnerships with salt producers, the shift in 
monitoring is from quality control towards quality assurance. Quality assurance methods are well 
established and are the responsibility of the salt producers. Quality control will, of course, remain 
necessary for national assurance of the programme and for decisions on the successful elimination 
of the problem in a country. 

The most reliable technique for making a quantitative determination of iodine level in salt is 
titration. This consists of measuring the free iodine liberated from iodate in a salt sample in the 
presence of sodium thiosulphate with starch as the external indicator. Government laboratories 
and the salt industry should have the facilities to carry out this method and use it for monitoring 
salt quality. Over the past decade, several types of rapid test kits have been developed for use in 
the fi eld. They give qualitative results, indicating whether iodine is present or absent. While their 
reliability in determining the amount of iodine present has been questioned (91), their use as an 
effective tool for quality control and assurance, and hence for advocacy, remains valuable.

2.5.2 Monitoring iodine status 
UI is recommended as the index of choice for monitoring the correction of iodine defi ciency (27). 
The procedure and epidemiological criteria are discussed in section 2.3.2.

The total prevalence of goitre has been used for much of the recent past to assess and monitor 
iodine defi ciency. However, as noted above, it is an index of long-standing iodine defi ciency and, 
therefore, is less sensitive than UI in the evaluation of a recent change in the status of iodine 
nutrition (27). 

2.5.3 Monitoring thyroid function
As already indicated, the fi nal objective of programmes to correct iodine defi ciency is the normali-
zation of thyroid function. This is especially so in those most vulnerable to the consequences of 
the defi ciency: pregnant and lactating women and young infants. The biochemical indicators to be 
used are listed and discussed in section 2.3.3. Normal serum levels of the free fractions of thyroid 
hormones and TSH indicate an adequate supply of thyroid hormones at the cellular level. A nor-
malized serum level of thyroglobulin indicates the disappearance of a state of thyroid hyperstimu-
lation, which occasionally occurs with some delay after normalization of serum T

4
 and TSH.
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2.5.4 Indicators to monitor progress towards the international goal of elimination of iodine 
defi ciency 

There has been outstanding unanimity on the goal of eliminating iodine defi ciency and how this 
might be done. Since the adoption of the goal, in the 1990s, remarkable progress has been made. 
In many countries iodine defi ciency is now under control and it is anticipated this progress will 
continue. Table 2.8 provides the criteria adopted by WHO and UNICEF for monitoring progress 
towards sustainable elimination of iodine defi ciency disorders. These criteria include indicators 
related to salt iodization, urinary iodine status and to the programme itself. The last criterion is 
essential as it provides information on a programme’s sustainability. As noted above, the control of 
iodine defi ciency is a continuous process; it cannot be interrupted without the risk of re-emergence 
of iodine defi ciency and its resulting disorders. 

In addition to the components described in detail above (see section 1.2.3 and Figure 1) 
sustainability also includes the need to keep the general public well informed, and maintaining a 
partnership with the salt producers to ensure quality assurance. In brief, iodine defi ciency is consi-
dered eliminated from a particular country when the following factors occur in combination: i) at 
least 90% access to iodized salt at the household level; ii) a median UI of at least 100 µg/l among at 
least 50% of a population; iii) less than 20% of the samples below 50 µg/l; and iv) implementation 
of at least eight of the 10 programme indicators listed in Table 2.8 (27).

Table 2.8 Criteria for monitoring progress towards sustainable elimination of 
 iodine defi ciency disorders

Indicators Goals

Salt Iodization 
• Proportion of households using adequately iodized salta >90%

Urinary iodine 
• Proportion of population with UI levels below 100 µg/l <50%
• Proportion of population with UI levels below 50 µg/l <20%

Programmatic indicators At least 8 of the 10
• An effective, functional national body (council or committee) responsible to the 
 government for the national programme for the elimination of IDD (this control 
 should be multidisciplinary, involving the relevant fi elds of nutrition, medicine, 
 education, the salt industry, the media, and consumers, with a chairman 
 appointed by the Minister of Health)  
• Evidence of political commitment to USI and elimination of IDD 
• Appointment of a responsible executive offi cer for the IDD elimination programme 
• Legislation or regulations on USI (while ideally regulations should cover both human 
 and agricultural salt, if the latter is not covered this does not necessarily preclude 
 a country from being certifi ed as IDD-free)  
• Commitment to assessment and reassessment of progress in the elimination of IDD, 
 with access to laboratories able to provide accurate data on salt and UI  
• A programme of public education and social mobilization on the importance of IDD 
 and the consumption of iodized salt  
• Regular data on salt iodine at the factory, retail and household levels  
• Regular laboratory data on UI in school-age children, with appropriate sampling for 
 higher risk areas  
• Cooperation from the salt industry in maintenance of quality control  
• A database for recording of results or regular monitoring procedures particularly for 
 salt iodine, UI and, if available, neonatal TSH, with mandatory public reporting
a Adequately iodized salt refers to at least 15 ppm at household level. 
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3. Iodine defi ciency in Europe 
and its control: current status, 
progress and recent trends

3.1 Methods used to record information 
The information reported in this review is based on indicators of the European population’s iodine 
status (UI, TGP and indicators of thyroid function) and status of the interventions carried out by 
health authorities to control iodine defi ciency, mainly salt iodization (salt quality, including iodine 
content, and levels of salt consumption).

This review includes data from the 40 European countries made up of European Union Member 
States including applicant countries and EFTA countries. A detailed list of the countries included 
in the review is given in Annex B. 

While writing this review, national experts from each of the 40 countries were contacted and 
asked to provide their most current data on the subject. Thus, the information contained herein is 
based on the best data currently available to WHO. Data are not necessarily the offi cial statistics 
of countries.

3.1.1 Urinary iodine and goitre prevalence
For each country, the most representative data available on UI and TGP are selected and presented 
according to the methodology described previously (34).

3.1.1.1 Data sources
Data on UI and TGP have been extracted from surveys performed during the past ten years, 
1994–2004, and compiled in the WHO Global Database on Iodine Defi ciency (http://who.int/
vmnis). In August, 2006, fi gures for UI were updated through the end of 2005 for fi ve countries 
with new national data in school-age children. For more details on inclusion criteria for the data-
base, see Annex C. 

3.1.1.2 Selection of survey data
Surveys were fi rst selected according to the administrative level. Surveys are considered as national 
level when they are carried out on a nationally representative sample of the population , or as sub-
national level when they are carried out on a sample representative of a given administrative level: 
region, state, province, district or local. 

Whenever available, data from the most recent national survey were used in preference to sub-
national surveys. In the absence of national data, subnational data were used. When two or more 
subnational surveys of the same subnational level had been carried out in different locations of the 
country during the analysis period, the survey results were pooled into a single summary measure, 
using a weighted sample size for each survey.

WHO recommends that iodine defi ciency surveys examine school-age children (6–12 years) 
(27). When data for this age group were not available, data of the next closest age group were used 
in the following order of priority: data from the children closest to school age, adults, the general 
population, preschool-age children, other population groups.
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3.1.1.3 Population coverage
The population coverage of the data was calculated as the sum of the population of countries with 
data divided by the total population of Europe and expressed as a percentage. Population fi gures 
are based on population estimates for the year 2002 (35).

3.1.1.4 Classifi cation of iodine nutrition
UI data were expressed in µg/l as recommended by WHO (27). Data expressed as µg/g creatinine 
were not included. 

Countries were classifi ed based on data of iodine nutrition: varying median UI levels corre-
spond to different degrees of public health signifi cance (Table 2.5). Median UI below 100 µg/l 
defi nes a population which has iodine defi ciency. If a national median UI was not available, the 
methods were applied to derive a median from various available UI data (34).

3.1.1.5 Proportion of population and the number of individuals with insuffi cient iodine intake
National and regional populations (school-age children and general population) with insuffi cient 
iodine intake were estimated based on each country’s proportion of population with UI below 
100 µg/l as described previously (34).

3.1.1.6 Total goitre prevalence
In surveys where thyroid size was measured by palpation, goitre prevalence was reported as overall 
TGP, according to the WHO classifi cation (27). For some countries, TGP was derived from thy-
roid size as measured by ultrasonography. The method used, including reference values applied, 
was carefully quoted for each survey and referenced. 

3.1.2 Serum concentrations of TSH, thyroid hormones and thyroglobulin 
Current available information on TSH, thyroid hormones and thyroglobulin in the literature 
were reviewed and summarized. Priority was given to TSH, especially during pregnancy and for 
neonates, as being the most sensitive indicator of a lack of thyroid hormones in the growing brain. 
Serum thyroglobulin was used as a particularly sensitive marker of the degree of stimulation of 
the thyroid gland. 

3.1.3 Salt iodization programmes 
Salt iodization, legislation, the proportions of households consuming iodized salt and other proc-
ess monitoring data have been collected. As these data have come from national authorities and 
hence may have been collected from different formats, less rigorous criteria were used for their 
inclusion. In this case the data most similar to that in the tables were used and footnotes included. 
The data reported for legislation, permitted substances and market shares of iodized household 
salt by country were primarily based on the data collected by the European Salt Producers’ Asso-
ciation (the European Salt Producers’ Association, personal communication, 2003). For data on 
salt penetration rate (proportions of households consuming iodized salt) the main source of data 
was the database maintained by UNICEF on salt consumption (70). For the process indicators for 
monitoring progress towards elimination, the data collected by ICCIDD were used (8). 

3.2 Epidemiology and severity of iodine defi ciency
The data obtained from each of the 40 countries for UI, prevalence of goitre and indicators of 
thyroid function are summarized below and in Annexes D, E and F. 

3.2.1 Urinary iodine
3.2.1.1 Population coverage
Data on UI collected between 1994 and 2004 were available from 32 of the 40 countries (Annex 
D). National data were available from 18 countries; 14 countries supplied subnational data (Figure 
3.1). Eight countries had no data on UI. 

Overall, the available UI data covered 90% of Europe’s population 6–12 years of age. Fif-
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ty-six percent of the data were nationally representative. It should be noted that in some cases
subnational data were representative of only selected areas within a country. 

3.2.1.2 Classifi cation of countries based on median UI
Figure 3.2 shows the classifi cation of countries based on their iodine nutrition, estimated from 
median UI. The median UI levels vary markedly from 30 µg/l in Albania to 228 µg/l in The 
former Yugoslav Republic of Macedonia. 

In 11 countries the population has insuffi cient iodine intake as indicated by a median UI 
below 100 µg/l. These countries are classifi ed as iodine defi cient: one country is moderately iodine 
defi cient and 10 countries mildly defi cient. Adequate iodine intake is seen in 20 countries, with 
a median UI between 100 and 199 µg/l. This level is considered optimal. Only one country, The 
former Yugoslav Republic of Macedonia, has a median UI level >200 µg/l. There are no countries 
in the category of median UI levels >300 µg/l. Thus there is only one country in which the popula-
tion would have more than adequate iodine intake and no countries in which the population has 
excessive intake and would be at-risk of iodine-induced hyperthyroidism. 

The pooled median from the subnational surveys available is, in the absence of nationally rep-
resentative data, only the best current estimate of the country’s iodine nutrition. Eight countries 
have no recent data on UI; the current status of iodine nutrition in these countries can therefore 
not be defi ned until data become available. 

It must be emphasized that for some countries previously severely affected, such as Romania 
and Turkey, the present national classifi cation of mild iodine defi ciency does not preclude the 
fact that some provinces or areas in these countries might still be affected by moderate or even 

Figure 3.1 Type of UI survey dataa

The boundaries and names shown and the designations used on this map do not imply the expression of any opinion whatsoever 
on the part of the World Health Organization concerning the legal status of any country, territory, city or area or of its authorities, or 
concerning the delimitation of its frontiers or boundaries. Dotted lines on maps represent approximate border lines for which there 
may not yet be full agreement.

a Refers to the most recent data available from 1994–2006.
Source: WHO Global Database on Iodine Defi ciency.

National, 18 countries     Subnational, 14 countries     No data, 8 countries
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severe iodine defi ciency. The same is true for some countries classifi ed as having adequate iodine 
nutrition on a national level, such as Bosnia and Herzegovina, and Serbia and Montenegro, where 
pockets exist in which people are still affected by iodine defi ciency. Spain is a further example 
where the prevalence of iodine defi ciency was previously known to vary markedly between regions 
(2), with limited areas of severe iodine defi ciency complicated by cretinism (92). However, when 
pooling median UI from recent data, available from dispersed local and provincial areas, derived 
median UI levels indicate adequate iodine nutrition. Nonetheless, it is likely that Spain is still 
affected by some degree of mild iodine defi ciency, considering the absence of a national interven-
tion programme during the past decade. The country has recently announced the implementation 
of a national iodine defi ciency programme. 

3.2.1.3 Proportion of population and number of individuals with insuffi cient iodine intake 
The proportion of the population and the number of individuals (school-age children and the 
general population) with insuffi cient iodine intake (defi ned as proportion of population with UI 
<100 µg/l) is presented by country in Annex D. The lowest proportion of the population with UI 
<100 µg/l is found in Bulgaria (6.9%) while the highest proportion is found in Albania (91.0%).

Figure 3.2 Iodine nutrition based on median UIa

The boundaries and names shown and the designations used on this map do not imply the expression of any opinion whatsoever 
on the part of the World Health Organization concerning the legal status of any country, territory, city or area or of its authorities, or 
concerning the delimitation of its frontiers or boundaries. Dotted lines on maps represent approximate border lines for which there 
may not yet be full agreement.

a Refers to the most recent data available from 1994–2006.
Source: WHO Global Database on Iodine Defi ciency. 

Moderate iodine defi ciency (20–49 µg/l), 1 country 

Mild iodine defi ciency (50–99 µg/l), 10 countries

Optimal (100–199 µg/l), 20 countries

Risk of iodine-induced hyperthyroidism (200–299 µg/l), 1 country

No data
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It is estimated that the iodine intake of 42.7% (22.2 million) of school-age children in Europe 
is insuffi cient (Table 3.1). Extrapolating the proportion of school-age children to the general pop-
ulation, it is estimated that 244 million individuals have insuffi cient iodine intake.

Table 3.1 Proportion of population, and number of estimated individuals with insuffi cient 
 iodine intake in school-age children (6–12 years) and in the general population 
 (all age groups) in Europe,a 2004

 Insuffi cient iodine intake (UI <100 µg/l)

 School-age children General population

 Prevalence  Total number Prevalence Total number
 (%)a  (millions)b  (%)a (millions)b

 47.8 24.9 46.1 272
a  Based on data from 40 countries (Annex B and D).
b Based on population estimates in the year 2002 (35).

3.2.2 Goitre prevalence
3.2.2.1 Population coverage
Data on TGP collected between 1994 and 2004 are available from 23 of the 40 countries (Annex 
E). They are nationally or subnationally representative in 13 and 10 countries, respectively. 
Nationally representative TGP data have been collected for 43.8% of Europe’s population aged 
6–12 years. No recent data are available in 17 countries. It should be noted that subnational data 
from selected area(s) only represent part of the country.

The national TGP, as measured by palpation, vary from 1.3% in Serbia and Montenegro to 
47% in Slovenia. National TGP measured by ultrasonography varies from 0% in Switzerland and 
Croatia to 31.8% in Turkey. 

TGP data should be interpreted with caution. They were collected using different methods. 
For example, TGP measured by ultrasonography applied different reference values in different 
cases, since international reference values were not yet available (65). Additionally, the age groups 
in which the data have been collected are not the same in all countries and TGP markedly varies 
with age. Finally, TGP is a poor index of the present status of iodine nutrition and changes very 
slowly subsequent to recent changes in iodine nutrition. 

3.2.3 Assessment of iodine nutrition based on thyroid function
Indicators of thyroid function – serum concentrations of TSH, thyroid hormones and thyroglobu-
lin – are not currently used to assess iodine status or monitor the impact of control programmes at 
the population level, although some of them, such as TSH, are likely to be used more extensively 
in the future. Rather they are used for individual assessment or for research purposes. In addition, 
the data currently available have been measured on small samples and are therefore diffi cult to 
compare to median UI or TGP as these are measured on a large scale at a national or subnational 
level. Finally, the present review is essentially based on data published in the scientifi c literature. 
This does not include the results of all the investigations that have been carried out, as many have 
not been published. Annex F summarizes the results of the indicators of thyroid function. 

3.2.4 Progress and recent trends
From the above, it can be concluded that iodine defi ciency and its many consequences are still a 
public health problem in much of Europe. Due to the use of varying methods and different indica-
tors used in surveys (TGP versus UI) between the 1993 WHO estimates and this one (2,16 ), trend 
data are only pertinent when looking at country data individually. Data published by WHO in 
1993 (16 ) were based on TGP and, at that time there were far fewer countries with such informa-
tion, thus direct comparison is not feasible. 

Briefl y, the TGP data from the 1993 estimates for the 40 countries considered in this review 
reveal the following: iodine defi ciency was a public health problem in 17 countries, two countries 
had iodine defi ciency under control, 10 countries were likely to have iodine defi ciency under 
control and 11 countries had no data available. Additionally, another review in 1993 concluded 
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that only fi ve European countries had iodine defi ciency under control (Austria, Finland, Norway, 
Sweden and Switzerland) (2).

Today, UI is the main indicator for assessing iodine status. The populations of 13 countries are 
considered iodine defi cient, as indicated by UI; one country is moderately defi cient and 12 mildly 
so (Figure 3.1). Nineteen countries have populations with adequate iodine intake. Iodine nutrition 
in these countries is considered as optimal. Another eight countries have no recent information 
available. As already noted, progress has clearly been made over the past fi ve or six years. The great-
est challenge now is to sustain and improve this progress.

3.3 Policy and legislation 
It has been observed that the national commitment towards ensuring adequate iodine nutrition 
and its prevention is much weaker in most European countries than elsewhere in the world (8). 
Table 3.2 summarizes the data on regulations governing iodized salt and the penetration rate of 
iodized salt in households and, when permitted, in the food industry. 

Iodine compounds used in fortifi cation include potassium iodide (KI), sodium iodide (NaI) or 
potassium iodate (KIO

3
). Many countries in Europe use KI instead of KIO

3
, as do other temper-

ate zone countries such as Canada and the USA. KIO
3
 is less soluble than KI and therefore more 

stable, but in temperate climates, with good quality salt, losses from KI are limited (93). Fifteen 
countries use KI exclusively, six use KIO

3
 and 12 countries permit both and/or NaI. There are no 

available data for the remaining seven countries (Table 3.2). The concentration of the fortifi cation 
levels range from 5 ppm (Norway) to 70 ppm (Sweden and Turkey). Albania’s level is even higher 
(75 ppm).

Use of iodized salt is often permitted but not required in European countries. Table 3.2 shows 
that seven countries do not have legislation on iodine requirements. Information on the present 
state of legislation is available for 29 countries (Table 3.2). Use of iodized salt is voluntary in 16 
countries and in 13 countries it is mandatory. In most countries, salt iodization is far from being 
universal. Iodized salt is permitted for industry only in Germany, the Netherlands and Switzer-
land. 

There is currently a bewildering variety of legislations and regulations from one country to the 
next. Only Germany and Portugal exclusively mandate potassium iodate. In Denmark iodized 
salt is mandatory for bread and baking industry, but not allowed for other types of industry. 
Unfortunately, mandated levels of iodine differ between countries and are seemingly unrelated 
to the severity of iodine defi ciency in a particular population. Therefore, those most in need of 
iodine supplementation are not necessarily receiving it. This situation is exacerbated in situations 
where monitoring of iodine levels has not been updated. Additionally, the present differences in 
national legislation constitute a signifi cant problem for salt producers, and add to the market price 
that consumers pay. Currently the European Comission is developing a directive on micronutrient 
additives to foods which could act as an entry point for harmonized legislation on salt iodization. 

 The two examples that follow show how iodized salt can be introduced to consumers even in 
the midst of confusing legislation. In Italy, the low levels of purchase of iodized salt (and thus, 
low percentage of households using iodized salt) has led the Italian Government to pursue an 
agreement with the salt industry and scientists that might be described as a “semi-compulsory” 
compromise. Non-iodized salt must be specifi ed on the label so that consumers know whether salt 
they buy is iodized or not. If a purchase is made without this specifi cation, the retailer will auto-
matically provide iodized salt. Underlying the agreement is a stipulation that all retailers in Italy 
must have iodized salt on the shelves. In the Netherlands, the compulsory use of iodized salt (with 
potassium iodate) was cancelled upon the insistence of a few bakers who argued for choice. A new 
rule states that if bakeries do not use iodized salt in bread baking, the bread and bakery products 
must be labelled specifying that it was prepared without iodized salt. The result is that in practice, 
almost no bread is for sale in the Netherlands that has been baked without iodized salt.

Unfortunately, the examples above are isolated cases; many European countries have not made 
iodine legislation a priority. This stems, in part, from perceptions about iodine on the part of 
consumers. Thus, their attitudes about iodine need to be more fully investigated, so that advocacy 
efforts can target incorrect assumptions, and inform the public on the need for USI. 

3. IODINE DEFICIENCY IN EUROPE AND ITS CONTROL: CURRENT STATUS, PROGRESS AND RECENT TRENDS



IODINE DEFICIENCY IN EUROPE: A CONTINUING PUBLIC HEALTH PROBLEM

26

Table 3.2 Summary of regulations on salt iodization in Europe

   Year initiated   Permitted Iodine
  and iodine amount  Most recent substances amount State of
Country Legislation (ppm) reviewa (iodate and iodide) (ppm) legislationb

Albania No 1997c  – Iodide  75  –
Andorra – – – – – –
Austria Yes 1963 (10) 1999 Both 15–20 M 
Belgium Yes 1990 1992 Both 6–45 V 
Bosnia and Herzegovina Yes 1953 1998 Iodide 20–30 M
Bulgaria Yes 1958 1997 Iodate 22–58 M
Croatia Yes 1953 1999 Iodide 25 M
Cyprus – – – – – –
Czech Republic Yes 1950 1999 Iodate 27–42 V
Denmark Yes 1999 2001 Iodide 13 M
Estonia – – – Both – –
Finland No 1963 (25)d  1998 Iodide 25 V
France Yes 1952 (10–15) 1997 Iodide 10–15 V
Germany Yes 1981e  2001 Iodate 15–20 V
Greece Yes 1963 2000 Iodide 40–60 V
Hungary No  – 1999 Both 10–20 V
Iceland – – – – – –
Ireland No  1992 Iodide 25 –
Italy Yes 1972 (15) 1997 Both 30 V
Latvia Yes – – Both – V
Liechtenstein – – – – – –
Lithuania Yes 2003 2004 Both 20-40 M
Luxembourg No – 2000 Both 10–25 –
Malta – – – – – –
Monaco – – – – – –
Norway Yes – 1992 Iodide 5 V
Netherlands Yes 1968 (3–8) 1998–99 Both 30–40 V
Poland Yes 1935 (5) 1999 Iodide 30 ± 10 M,P
Portugal Yes 1969 (20) 1996 Iodate 25–35 V
Romania Yes 1956 (15–25) 2002 Iodate 34 ± 8 M
San Marino – – – – – 
Serbia and Montenegro Yes 1951 2000 Iodide 20 M
Slovakia Yes 1966 (19) 1999 Iodide 25 ± 10 M
Slovenia Yes 1953 (10) 1999 Iodide 25 M
Spain Yes 1982 (60) 2000 Both 51–69 V
Sweden Yes 1936 (10)  1999 Iodide 40–70 V
Switzerland Yes 1922 (1.9–3.75) 2002 Both 20–30 V
The former Yugoslav 
 Republic of Macedonia Yes 1999 1999 Iodate 20–30 M
Turkey Yes 1999 2002 Iodide/Iodate 40–70/20–40  M

United Kingdom  No – 1992 Iodide 10–22 V

– No data.
a Refers to the most recent data available during the period listed.
b V, voluntary; M, mandatory; U, uncertain; P, partial.
c Decree prohibiting import of non-iodized salt.
d Recommendation.
e  Declaration.
Source: John Dunn (93), Delange (8), ICCIDD (94), the European Salt Producers’ Association, personal communication, 2003.
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3.4 Iodized salt 
3.4.1 Access to iodized salt
In 1999, it was estimated that of the 130 countries in the world having had a past iodine defi ciency 
problem of public health signifi cance, 68% of households had access to iodized salt as compared 
to fi ve to 10 per cent in 1990 (20,95). However, at that time, the European Region of WHO was 
identifi ed as having the lowest (27%) coverage of salt iodization of all the WHO regions, most 
of which are considerably less fortunate in economic terms than the majority of European coun-
tries.

The problem of iodine defi ciency in European countries has been greatly underestimated for 
several decades, and so salt iodization programmes have suffered. After initially successful efforts 
to combat endemic goitre with iodized salt in the 1940s and 1950s, complacency took hold, and 
the issue of iodine defi ciency was disregarded due to the emergence of other health problems in 
Europe. Recently there has been an increase in salt iodization coverage, which is encouraging. 

All European countries have endorsed the goal of iodine defi ciency elimination. The primary 
mode to do this is salt iodization, with the aim of eventually achieving USI. If USI is adopted 
and properly implemented, iodine adequacy will inevitably follow. The way the salt iodization 
programme is implemented is a key factor in the ability of a country to achieve the goal of iodine 
defi ciency elimination. When appropriate levels of iodine concentrations are found in national salt 
systems, but the penetration rates of iodized salt into households is low, or if the salt used in food 
industries is not iodized, then the positive impact on public health will be muted. 

Specifi c information by country on the current iodized salt distribution and coverage of house-
holds consuming iodized salt is shown in Table 3.3. Information is available from 27 countries. Of 
the information on penetration rate of iodized salt into households, only nine of the 27 countries 
with available information have a rate equal or greater than 90%, eight have a rate between 50 and 
89% and 10 have a rate below 50%. 

With regard to industry, data are reported only for three countries. The market segment of 
iodized salt at the national level is only 43% in Germany, 70% in the Netherlands and 60% in 
Switzerland. Data, however, should be treated with caution since they are not being systematically 
collected on a regular basis.

Overall, it can be concluded that, in the past fi ve or six years, European countries, especially 
those of eastern Europe, have made great progress in establishing the conditions needed for effec-
tive salt iodization programmes, including legal provisions, public campaigns for the promotion 
of iodized salt and monitoring. Nevertheless, more progress towards USI is needed in the majority 
of countries. 

3.4.2 Recent trends and obstacles to effective iodization programmes 
Several factors infl uencing salt iodization programmes have led to the shift in the iodine nutrition 
situation over the past decade. 

3.4.2.1 Political and social changes
Political and social changes have interrupted both the salt iodization process itself, and quality 
control measures. The changes that led to a resurgence of iodine defi ciency in some countries, 
particularly in central and eastern Europe, have been largely resolved, and programme declines 
reversed. In fact, some of the most dramatic recent progress has been in countries of eastern 
Europe.

3.4.2.2 Increased exchange of food trade between countries
The enlargement of the EU market along with increasing globalization, have led to greater move-
ment of food across national barriers, some processed with iodized salt, some not. Countries with 
a long history of iodization (e.g. Switzerland) have re-adjusted their salt levels in line with modern 
realities of the EU and increasing globalization, to maintain their “iodine defi ciency under con-
trol” status. 
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3.4.2.3 Changes in dietary sources of salt
An increasing amount of the proportion of total salt consumed comes from sources other than 
table salt. Table 3.4 illustrates the proportion of salt consumed from different sources with changes 
over time. Trends in three countries show a reduction in the consumption of table salt. A small 
amount of dietary sodium is consumed as table salt, for example, in the United Kingdom. This 
accounts for only 15% of all salt consumed – and a third of this is added at cooking (96 ). As well, 
there is a trend towards a far greater proportion (at least 60%, and often more) of the consumed 
salt being “hidden” in processed foods. Similar situations can be seen for Finland and France and 
the same trend is presumed to be occurring in virtually all European countries. 

In countries of western and central Europe about 80% of salt is consumed in processed foods 
such as in bread, sausages, canned and other ready-to-eat foods, as so-called “hidden salt”. Con-
sequently, if this hidden salt is not iodized, it is extremely diffi cult for a population to achieve 

Table 3.3 Penetration rate according to market segmentsa

Country Penetration rate (%) for the market segments (iodized salt >15 ppm) households/food industry 

Albania 56
Andorra Unknown
Austria 95
Belgium 10
Bosnia and Herzegovina 77
Bulgaria 98
Croatia 90
Cyprus Unknown 
Czech Republic > 90
Denmark Unknown / >90b

Estonia 12
Finland 90
France 55
Germany 84/43
Greece 18
Hungary 90
Iceland Unknown 
Ireland 3
Italy 34
Latvia 3
Liechtenstein Unknown 
Lithuania 6
Luxembourg Unknown 
Malta Unknown 
Monaco Unknown 
Norway Unknown 
Netherlands 60/70
Poland > 90
Portugal 1
Romania 53
San Marino Unknown 
Serbia and Montenegro 73
Slovakia Unknown 
Slovenia Unknown 
Spain 16
Sweden Unknown 
Switzerland 94/60
The former Yugoslav Republic of Macedonia 100
Turkey 70
United Kingdom  2

– No data.
a Data are the most recent national data available.
b Based on salt and bread samples from shops all over the country, 2001.
Source: John Dunn (93), UNICEF (70), ICCIDD (94), ICCIDD personal communication, 2004.
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adequate iodine intakes. The trend in some segments of the population to consume “cottage salts” 
and “plain” sea salt can also contribute to reducing the consumption of iodized salt.

3.4.2.4 Dietary sources of salt covered by regulations on iodization 
Often only table salt or cooking salt is mandated to be iodized, and, as noted above, this represents 
an ever declining source of dietary salt (Table 3.4). Where iodization of this type of salt is still 
voluntary, this represents a real constraint to achieving the elimination of iodine defi ciency.

A few European countries require iodized salt in food processing but most do not. So far, only 
Denmark, Germany, the Netherlands and Switzerland have considered their national recent intake 
trends (in relation to iodine intakes) in how foods are being prepared and cooked at home, the 
increase in take-away foods and the supply and sources of processed food products in general, and 
amended their regulations accordingly (97). 

Industry and national regulatory authorities have expressed some reservations about using 
iodized salt in some food processing, for example in meat products (curing and preservation with 
nitrited salt) and cheese. Nevertheless, when permitted, (e.g. in Germany since 1991 in meat 
products and in cheese since 1994) this has led to dramatic changes in the iodine penetration rate 
(Figure 3.3) (100). It also refl ects a public health food processing policy more in line with popula-
tion level prevention of iodine defi ciency, and should become the norm in all countries. 

3.4.2.5 Decreased levels of salt intake
Partly because of concern about hypertension, salt consumption has gradually declined, although 
it remains around 8–10 g/day at this time (Table 3.5). The national recommendations on salt 
intake range from 5–8 g/person per day (101). Several countries only recommend a limited salt 
intake but do not quantify this recommendation. If, as noted above (Table 3.4) packaged table 
salt is contributing only about 10 to 15% of the dietary salt intake, and the average consumption 
is only 8 g/day per person, then iodine intake for many people, in many European countries, 
depends on 1 g salt/day per person (100). Current recommendations on intake being considered 
by WHO and other bodies are even lower (<5 g/day), and if adopted for European populations, 
would likely require some modifi cation of iodine levels with which salt is being iodized in differ-
ent countries. 

Table 3.4 Proportion (%) of sodium intake from various dietary sources in Finland, France 
 and the United Kingdom, with changes over time

 Finland France United Kingdom

 1980a  1998b  1950c  2000d  1985e 1999f 

Average intake (g/day) 12.6 10.0 10.0 8.0 10.7 9.2

Discretionary salt
• Table salt 38.0 12.0 55.0 15.0 15.0 9.0
• Cooking salt – – – – 17.0 6.0

Food salt
• Natural food 12.0 10.0 14.0 12.0 12.0 14.3
• Processed food from industry 50.0 78.0 25.0 65.0 51.0 62.4

Other
• Na salts added as food additives – – 6.0 8.0 – –
• Salt in water – – – – – 0.6

– No data.
Sources: Adapted from Information compiled by the European Salt Producers’ Association (97) from various sources: 
a Pietinen (98).
b H. Karppanen, Succesful salt reduction in Finland, personal communication 2001.
c B. Moinier, Evolution des ingesta sodés, personal communication 2002.
d B. Moinier, personal communication, 2003
e James et al. (99).
f Edwards & Marsh (96).
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3.4.2.6 Other factors
The following factors also affect iodization programmes.

• The fact that iodine legislation is not mandatory throughout Europe could adversely affect con-
sumption levels of iodine; some consumers may choose non-iodized salt for instance. Conse-
quently, both consumers and policy-makers need to be fully informed about iodine defi ciency, 
its consequences and its prevention and control. 

• Many of the remaining problems with regard to iodine defi ciency in European countries are 
due to inadequate controls on imported salt and a lack of resources for monitoring salt iodiza-
tion effectively. The most important factor, however, is the lack of a clear commitment from 
governments, and ultimately, an insuffi ciently strong consumer demand for iodized salt.

• Instituting a standard for the level of iodine in salt across Europe would contribute to the 
removal of technical barriers to trade, and salt would then be distributed more freely among the 
countries of Europe. This lack of a standard is still a major problem in Europe: it unnecessarily 
restricts export/import and trade.

• The cost of iodized salt could potentially affect iodization programmes. Even when iodized salt 
is universally available, its price may be signifi cantly higher than the price of the non-iodized 
form, which, combined with poor public awareness of the importance of iodine, could lead to 
low consumption (21). In most countries in Europe, the price of iodized salt is similar to that 
of plain salt (the European Salt Producers’ Association, personal communication, 2003). [In 
chapter 2, the cost–benefi t is clearly favourable. Wouldn’t the price of iodized salt be subsidized 
somehow by governments, so as to keep it roughly equal with that of non-iodized salt?]

Figure 3.3 Trends of iodized salt usage by households and the food industry following legislation 
 to allow fortifi ed salt in various processed foods, Germany

Source: European Salt Producers’ Association, personal communication, 2003 (100).
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Table 3.5 Total amount of dietary salt consumed (g/day) in selected European countries 
 at the end of the 1980s

Country Intersalt James et al. 

Belgium 8.3–8.7 8.4
Denmark 8.2 7.4
Finland 9.0–10.0 7.0–11.1
France – 7.9–8.4
Germany 7.2–8.9 9.7–10.1
Greece – 8.2–10.3
Italy 9.8–10.9 9.0–11.0
Portugal 10.7 9.0–11.5
Spain 10.2–10.8 –
Netherlands 8.2–8.8 8.5
United Kingdom  8.3–8.8 –

– No data.
Source: Adapted from Intersalt (102), James et al. (99).
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3.4.3 Quality assurance
The adequate production of iodized salt depends both on manufacturers capable of delivering food 
grade salt properly fortifi ed with iodine, and on adequate legal provisions (legislation and more 
often, regulations) which stipulate quality standards for iodized salt (97). The salt manufacturers 
in Europe have agreed to do this, and to take responsibility for the quality assurance procedures 
that confi rm that iodine levels are meeting local requirements during the process (batch) and 
before distribution (ex-factory). This is an important step in terms of sustainability and demon-
strates the importance of a wider partnership. With the movement of iodized, but more impor-
tantly non-iodized, foods across national borders in Europe, widespread sustainability will only be 
achieved by increased harmonization of regulations, and comparability of quality assurance and 
control. 

3.4.4 Process indicators 
Most countries do not have strong units within the ministry of health (or elsewhere) with the 
responsibility of ensuring adequate iodine nutrition. Even if that were not the case, It has been 
noted by many observers that efforts to educate the government and citizens have been limited, 
given the many public health responsibilities of national governments. 

Information on the progress towards iodine defi ciency elimination can be seen in Annex G, 
which includes indicators necessary for successful USI programmes. Data are scarce for several 
of the process indicators designated for use in evaluating iodine defi ciency control programmes, 
especially those concerning the presence of a national body, executive offi cer, adequate laborato-
ries, quality assurance/control, cooperation with the salt industry and the presence of a national 
monitoring database. However, there appears to be relatively little correlation with the adequacy 
of iodine nutrition status of a country and these process indicators. From Annex G it can be seen 
that, of 21 countries with adequate or more than adequate iodine intake, about two thirds – 14 
countries – have a national commitment (as expressed by having a national programme), and 
17 countries have legislation or regulations in place. Thirteen countries regularly collect data on 
salt iodization and 11 countries regularly collect data on UI. For the countries with documented 
iodine defi ciency, the number of countries with process indicators in place are less than half. These 
fi gures must be treated with considerable caution as it is likely that much of the missing infor-
mation is, in fact, available at a national level. As each country evaluates its success towards the 
elimination of iodine defi ciency, this information should emerge. 

Encouragingly, there are several recent success stories regarding the elimination of iodine defi -
ciency in Europe. In Germany, a multisectoral working group – Jodmangel Arbeitsgruppe (Jodsiegel) 
– has been active since 1997. This coalition brings together various stakeholders – government 
ministries, scientifi c experts, NGOs, the salt producers association, the pharmaceutical industry 
association and international agencies. German insurance companies were especially interested 
because the improvements of iodine nutrition would help to contain rising costs associated with 
diagnosis and treatment of thyroid disorders linked to iodine defi ciency in the German popula-
tion. This partnership was able to promote changes in regulations in Germany, after which house-
holds, the food industry and public catering were permitted to use iodized salt. They did this by 
sponsoring different activities designed to increase knowledge and awareness about iodine defi -
ciency in Germany’s population, thus stimulating the use of iodized salt, and motivating experts 
and industry to support salt iodization.

Denmark has also achieved success over the past few years by instituting USI. All table salt and 
salt for bread and bakery products is iodized, but at a relatively low level (13 ppm). Nevertheless, it 
is assumed to reach all households. However the use of iodized salt by the food industry is limited, 
which makes iodine nutrition adequacy at the national level somewhat problematic. As noted ear-
lier, iodized salt used in bread making is also an important method of iodine supplementation. 

Since 1942, in the Netherlands, the iodine in salt used by bakers for bread has been the main 
source of iodine. Recently national levels of iodine consumption were found to be still inadequate, 
and so the potassium iodide content has been increased from 55 to 65 mg/kg, as has that of table 
salt (from 23 to 29 mg/kg) (74). A recent study has reported normal values for the prevalence of 
goitre and UI in school-age children, including in a formerly iodine-defi cient area (103).
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3.4.5 Other iodine defi ciency control measures 
In countries such as Romania, where some endemic areas are not fully reached by iodized salt, 
alternative options need to be considered. Reinforcing the legislation or even making it compul-
sory is an option only applicable for areas with mild iodine defi ciency. As areas in Romania were 
considered endemic, iodized oil was introduced and has been successfully used as a complement 
to iodized salt in schoolchildren to prevent iodine defi ciency. The prevalence of goitre was 29% 
before the administration of the oil and was reduced to 9% one year later (72). 

Finland has an innovative approach of adding iodine to animal fodder and fertilizer so that 
it enters the food chain (Pietinen, personal communication, 2003). Iodophores used in milking 
(sterilization of teats and milking machines) has been an adventitious source of iodine in the 
United Kingdom and many other western European countries for a long time (77), and as already 
noted, a change in dairy practice would reverse the situation and increase the possible likelihood 
of iodine defi ciency. Consequently, it is of interest that iodophores are no longer permitted for this 
use in some countries in Europe. 

Finally, iodized water has been used successfully in Italy (Sicily), but on a limited scale (104).

3.5 Economic consequences 
Cost-effectiveness is a measure of the cost of the intervention and the amount of money saved 
because of the intervention. Both cost-effectiveness and benefi t-cost ratio are defi ned in section 
2.2.1. It is notoriously diffi cult to capture the total costs or the total benefi ts of health interven-
tions. This might well be even truer of iodine defi ciency, where the resulting effects can be very 
subtle and represent a continuum of clinical and subclinical sequelae. There appears to be little 
work on this issue in Europe. 

What information there is comes largely from Germany where Pfannenstiel (105) reported that 
in 1981 the prevalence of goitre was 15%. Approximately 1.5 million patients were investigated 
each year for goitre and related disorders. The annual expenses incurred in the diagnosis and 
treatment was estimated to be about DM 770 million per year for thyroid disorders due to iodine 
defi ciency. The author concluded that a reduction of DM 500–700 million per year should be 
possible by the introduction of a programme of USI. However, the cost of such a programme was 
not evaluated. More recent calculations have given health costs of approximately 2.1 billion DM 
(approximately 1 billion USD) (52). In their cost estimation of thyroid disorders in Germany, 
Kahaly and Dietlein (52) concluded that better prevention of iodine defi ciency and its long-term 
consequences should effectively reduce direct as well as indirect costs and overall economic impact 
of endemic goitre as the most important thyroid disease in Germany. They note, however, that 
while sustainable elimination of iodine defi ciency is technically possible, “it needs further com-
mitment and support at all levels” (52).

In Switzerland, the fi gure of US$ 0.07 per year per person is the quoted cost of the programme 
but it is unclear how this fi gure was derived (11). The total cost of the benefi ts accruing from 
iodine defi ciency interventions in terms of health, economic productivity and agricultural produc-
tivity has not apparently been done in Switzerland, or indeed other European countries. In terms 
of useful advocacy, and the evidence-base for interventions, there is an urgent need for this to be 
attempted in some countries. Although the economic costs of not eliminating iodine defi ciency are 
less well quantifi ed in the context of an enlarged EU, it has been consistently shown to be a highly 
cost-effective national intervention where this has been addressed. It is also an intervention that 
has, in fact, been in place in some European countries for over 70 years and costs are presumably 
amortized over time. 

The World Bank has made an estimate of the likely saving to countries of up to 5% GDP by 
investing only 0.3% GDP in micronutrient programmes (106 ). However, it is unclear that this 
would necessarily pertain to many countries in Europe. Likewise, the impacts and effects of iodine 
defi ciency interventions can be wide-ranging, and often not very apparent. Consequently not all 
of the impacts can be captured and thus considered in the calculations of effectiveness, benefi ts 
and cost. 

In most European countries the challenge is to identify benefi ts in often relatively healthy pop-
ulations. One of the challenges is due to the fact that there are few fl orid cases of iodine defi ciency. 
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Consequently, the health benefi ts are generally limited. This may be less so in some countries 
in eastern Europe. Another factor is the relatively resource intensive and greater expense of high 
technology approaches to screening, diagnosis and medical interventions (and health care costs 
in general), in most European countries. These factors considerably alter the cost-effectiveness of 
approaches to prevent and control iodine defi ciency. 

The picture is further complicated by time frames and changing trends. Many of the countries 
in central Europe that had previously adequate iodine status in the 1960s experienced precipitous 
declines in the 1990s. This was a direct result of changing public health systems, including a lack of 
resources being invested in prevention programmes such as those directed to iodine defi ciency, and 
a breakdown of [quality assurance/quality control?] systems. This has been well documented (24). 
In many such countries this is now being reversed. Nevertheless, affl uent Europeans countries, 
often with a long history of salt iodization and with otherwise excellent public health systems, have 
also seen a decline in iodine levels in their populations – presumably a result of complacency.

3. IODINE DEFICIENCY IN EUROPE AND ITS CONTROL: CURRENT STATUS, PROGRESS AND RECENT TRENDS



4. The major issue for EUROPE: 
sustained prevention and control

This report clearly establishes that iodine defi ciency remains a signifi cant health and socio economic 
problem in Europe. Of the 40 countries reviewed, 11, including the more affl uent countries such 
as Belgium, France and Italy, are still affected by well documented iodine defi ciency, albeit only 
mildly. However, recent information is lacking for eight countries. In the countries where only 
subnational data are available, urgent action is needed to assess the status of iodine nutrition 
nationally.

Iodine defi ciency has well established consequences in terms of public health and cost, espe-
cially in neuro-intellectual damage to infants born to even mildly iodine-defi cient mothers, and 
to productivity, and hence, economic well-being. Health outcomes are basically the result of dys-
function of the thyroid, particularly among pregnant and lactating women and young infants. 
Additionally, iodine defi ciency has adverse consequences for human fertility, is responsible for the 
development of often unrecognized hyperthyroidism in the elderly, and also increases the negative 
consequences, such as cancer, of irradiation of the thyroid gland in case of nuclear accident. The 
consequences for the agricultural sector due to the impact on farm animal productivity is also well 
documented.

The cost of the diagnosis and treatment of iodine defi ciency in Europe has been estimated in 
only a limited number of countries. It has been attempted most precisely in Germany where costs 
of 1 billion Euros per year are needed by the curative medical sector to address the results of iodine 
defi ciency and its disorders, whereas their prevention by programmes of salt iodization has been 
estimated to cost some 100 times less. The costs to European countries in terms of national pro-
ductivity are likely to be signifi cant but are as yet unknown.

Progress in ensuring adequate iodine nutrition has, nevertheless, greatly accelerated in recent 
years, and the review underscores the major improvement seen in the iodine status in European 
countries, especially within the past several years. Compared to the European situation of 10 years 
ago (2), when only fi ve countries had achieved iodine suffi ciency – Austria, Finland, Norway, 
Sweden and Switzerland – the present fi gure of 21 countries with well-documented iodine suf-
fi ciency represents real progress. 

Mild iodine defi ciency persists in 11 of the 40 countries reviewed, most of them in eastern 
Europe. In some of them (e.g. Turkey) moderate iodine defi ciency persisted until recently. In sev-
eral countries, there is still even the possibility of local foci of endemic cretinism in rare, severely 
affected areas. In others, iodine defi ciency has not been severe for some time now and consequently 
there have been no obvious visible manifestations of the disease, such as a high prevalence of visible 
goitres or an alarming presence of endemic cretinism. It is probably the reason why, although the 
problem is particularly well documented, national measures aimed at its correction often remain 
inadequate in these countries.

This review establishes that iodization of salt has been the most appropriate response for the 
improvement of the situation. Major progress has been made in salt iodization, particularly in the 
private sector, which is taking increased responsibility in this area. Yet, a persistent constraint is 
the lack of commitment, including appropriate legislation and monitoring, to USI.
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4.1 Main policy issues regarding the elimination of iodine defi ciency
4.1.1 Assessment of iodine status 
Eight countries have inadequate recent data on iodine status. Based on the experience of countries 
with long-standing iodization programmes, some of these eight are likely to be facing a public 
health problem with respect to iodine defi ciency, especially in localized areas. Assessment is the 
preliminary step before any action can be taken. Where data show iodine defi ciency, they can then 
be used to convince the authorities to revise an iodine defi ciency control programme. Effective 
advocacy or the design of an appropriate intervention to complement USI cannot be done in coun-
tries with poor data. For example, dispersed regional data collected from generally iodine suffi cient 
areas, and the absence of national programmes, are concerns for such countries. 

Where no data on iodine status exist at all – the situation in eight of the 40 countries considered 
in this review – ongoing detailed evaluation is needed. 

4.1.2 Implementation of USI
There is universal agreement that USI remains the intervention of choice for improving the status 
of iodine nutrition in Europe, as elsewhere in the world. The next step consequently is the imple-
mentation of USI programmes wherever iodine defi ciency is documented, or where countries are 
only implementing a limited programme (e.g. only table salt is iodized). The second is to strengthen 
current programmes to ensure quality and sustainability. Most European countries have iodized 
salt available. All countries with a documented iodine defi ciency problem have legislation on salt 
iodization. However, in many instances legislation is either not universal or not enforced. 

Several factors have constrained efforts to reduce iodine defi ciency over the past decade.

• In contrast to most other parts of the world, iodized salt is only voluntary in most European 
countries, which certainly diminishes the likely effectiveness of the programmes, although there 
are exceptions (e.g. Switzerland). For voluntary programmes to be effective, the public needs to 
be aware of the effects of iodine defi ciency. Public awareness is missing in many countries where 
voluntary programmes exist.

• Political and social changes have interrupted national programmes, both the salt iodization 
process itself and the necessary quality control measures. 

• The formation of common markets, along with increasing globalization, have led to greater 
movement of food across national barriers, some processed with iodized salt, some not.

• The percentages of salt coming from table salt and from processed foods have dramatically 
changed during the past 20 years. An increasingly smaller amount of salt is consumed as table 
salt and relatively more in processed foods. Overall, partly through the concern about hyper-
tension, total salt consumption has gradually declined. Over the past 50 years consumption 
of salt dropped by an average of 2 g/day in a number of countries, bringing the average daily 
consumption to about 8–10 g/day. Consumption of smaller amounts of iodized salt reduces 
iodine consumption. In Europe, as elsewhere, the hidden salt in processed foods is becoming a 
major source of salt in the diet, which means that salt used in these foods should also be iodized. 
More information on the source and distribution of salt is required for most of the European 
countries.

• National level legislation on iodized salt show great diversity in terms of the required iodine 
concentration in salt, and even the compounds to be used, which creates major diffi culties in 
the export and free movement of iodized salt from one European country to another. One of 
the major challenges for the future is the harmonization of the existing regulations and rec-
ommendations, and if necessary, the reinforcement and implementation of legislation on salt 
iodization. This includes standardization of techniques and consistent regulations on salt iodi-
zation in terms of the compounds that should be used, along with agreed ranges of iodization 
and harmonized regulations on trade. Some progress has been made: import duties on salt no 
longer exist within the European Economic Area (EU and EFTA) and value-added tax is now 
levied at the lowest rate for table salt.

• Advocacy efforts to promote two health objectives – decreasing salt intake as part of pro-
grammes for the prevention of cardiovascular diseases, and consuming iodized salt – have led 
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to the confusing message that consuming more iodized salt necessarily results in consuming 
more salt. This is untrue. Both objectives can be combined by adequately iodizing salt, that is, 
by limiting consumption to iodized salt. To do this, good data on levels of iodization and food 
consumption are needed. 

4.1.3 Focus on infants and pregnant women
The groups most at-risk of the effects of iodine defi ciency are pregnant women and young infants, 
because of their increased hypersensitivity to the effects of iodine defi ciency during periods of rapid 
and new growth, and the risk of brain damage in the fetus and infant. Appropriately, the majority 
of recent investigations of thyroid function in iodine defi cient countries have focused on pregnant 
women and neonates. It is particularly worrying to therefore note that so many neonates in Europe 
today still exhibit unquestionable biochemical signs of a lack of thyroid hormones in their develop-
ing brain (e.g. Belgium) (107). This clearly should alert health authorities to the continuing risk of 
brain damage and some likely degree of irreversible neuro-intellectual damage, and the resulting 
impact on national economies. Increased attention needs to be paid to these vulnerable groups. It 
may be that complementary alternative strategies to correct defi ciency are needed, such as iodized 
oil (29). Additional efforts on monitoring of iodine status and thyroid function during pregnancy, 
in neonates and young infants, should be implemented in a series of countries, especially the ones 
for which these data are presently lacking, such as Bosnia and Herzegovina, and Portugal.

4.1.4 Implementing alternative strategies to correct iodine defi ciency
It has been shown in many countries that USI will eliminate iodine defi ciency if there is an effec-
tive programme in place and adequate time is given. However, in the European context, many 
countries are not implementing USI, or are doing so inadequately. In these cases, while work 
to strengthen the national programmes and private salt industry involvement continues, some 
susceptible groups are still receiving inadequate iodine. From this review, and cited evidence, 
this applies specifi cally to pregnant and lactating women and young infants, who are the groups 
most affected by the consequences of iodine defi ciency. Thus, where iodine defi ciency is identi-
fi ed in pregnant women and infants, alternative options to salt iodization should be considered, 
such as supplementation with iodized oil, physiological quantities of iodine through tablets, drops 
or multiple micronutrient supplements that include iodine (29). Based on results from Belgium 
(108) and France (109), such programmes need to be considered in iodine defi cient countries as 
well. The temporary use of iodized oil in conditions of severe or moderate defi ciency might also 
need to be considered in some remote areas not currently reached by iodized salt, such as Alba-
nia or Romania (72). Moreover the adoption of a policy to reduce salt consumption by a grow-
ing number of countries suggests that in addition to salt iodization, complementary strategies to 
increase iodine intake are needed (78). 

4.1.5 Monitoring and evaluation 
Monitoring is a key issue in the elimination of iodine defi ciency. The defi ning criteria to be used 
are well-established (27), both for the process of salt iodization and for the monitoring of its 
impact on iodine nutrition and thyroid function. In monitoring iodine status and thyroid func-
tion, median UI remains the key indicator. As the ultimate desired outcome is normal thyroid 
function, countries should also consider neonatal screening of TSH (as an indicator of brain dam-
age), which is already done in several countries (e.g. Belgium, Bulgaria, the Czech Republic, 
Germany, Poland and Spain).

Both monitoring and evaluation have improved recently but those improvements need to be 
sustained, especially at the national level. Yet gaps remain, and include inadequate data collec-
tion, and in many cases, actual lack of implementation of programmes. In several countries, the 
laboratory capacity to effectively monitor programmes is lacking, in particular with regard to 
iodine status. Cooperation between countries with well-equipped laboratories and those without is 
required. The IRLI Network, with reference laboratories in Belgium and Bulgaria, is an important 
step in this direction (see Annex A). A common challenge to all iodine defi cient countries is the 
organization of quality control and assurance and effective monitoring of iodine supplementation 
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to ensure there is adequate iodization from the producer through to the consumer. In order to 
properly monitor iodized salt consumption, further information on household and food industry 
penetration with iodized salt is needed for all countries. Monitoring consumption not only shows 
iodine suffi ciency, but can also reveal excess intake.

For example, possible side-effects of iodine supplementation, that is, potential iodine excess 
with possibly harmful health consequences (e.g. iodine-induced hyperthyroidism) has to be con-
sidered; uncontrolled fortifi cation of just any food with iodine – often referred to as “wild” iodine 
fortifi cation – could lead to unrecognized iodine excess. Thus, programmes monitoring hyperthy-
roidsm are already being implemented in some countries (e.g. Croatia, Denmark and Poland). To 
date, iodine excess was not found in any country under review.

4.1.6 Legislation 
In order to ensure USI sustainability, many iodine defi cient countries need not only legislation on 
salt iodization, but also strengthened efforts implementing and monitoring that legislation, both 
of which are currently insuffi cient.

Attitudes of consumers also impact legislation efforts. In the Nordic countries and in France, 
for example, public opinion is decidedly anti-iodized salt, as compared with some other European 
countries. Moreover, a number of consumers prefer cottage salt products (containing no iodine), 
which are sold as being closer to nature irrespective of the product’s quality. There is also currently 
considerable public scepticism about government positions on food safety. As noted, if non-iodized 
salt is to be available, then considerable public advocacy is required to inform the public of the 
necessity of including iodine in the diet. Unfortunately, this is currently quite weak in most coun-
tries.

4.1.7 Economic impact
One of the clear outcomes of this review is highlighting the dearth of information available on the 
impact of iodine defi ciency on the economic productivity and national neuro-intellectual capaci-
ties of the European populations concerned. What information does exist suggests that the impact 
is relatively signifi cant. Additionally, data that do exist show that iodine defi ciency control and 
prevention programmes are highly cost-effective.

4.1.8 Advocacy and partnership 
A common challenge to all European countries is the need for communication and social mobiliza-
tion: advocacy and training on iodine defi ciency have to be maintained, reinforced and even initi-
ated in some countries (110). This challenge is particularly relevant for countries in which iodine 
defi ciency is particularly well established but where, in spite of sustained efforts, it has not been 
possible to institute a national policy to reduce it. The objective of educating all partners involved 
in iodine defi ciency control to facilitate their collaboration remains valid, but needs considerably 
more progress if it is to be achieved. The main partners to be targeted include the public, national 
health authorities and the salt and food industry. The policy decision-makers need to be mobilized 
to increase their awareness of the public health importance of controlling iodine defi ciency and its 
implications for health, education and economic development. The essential role of industry, both 
the salt and the food industries, is now established in the fi ght to control, and ultimately prevent, 
iodine defi ciency. The public and their representatives in the consumer associations need to become 
enthusiastic advocates for consuming adequate levels of iodine to prevent iodine defi ciency. The 
methodology of advocacy and social mobilization has been recently reviewed (110). 

4.2 Challenges for the future
The Member States of the enlarged European Union and the EFTA countries face many chal-
lenges in the sustainable elimination of iodine defi ciency. In the future the following issues will 
need to be addressed.

• Programmes for iodine defi ciency prevention and control in countries with mild iodine 
defi ciency or limited national commitment must be accelerated. This includes: i) ensuring 
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governments build on recent progress and continue efforts to eradicate iodine defi ciency in their 
populations; and ii) gathering current data with which to accurately assess iodine status.

• All iodine supplementation programmes must become sustainable. Thus: i) ensuring govern-
ments institutionalize measures in place to ensure sustainability of adequate iodine nutrition 
for their populations; ii) Institutionalizing support so that national committees and similar 
bodies increase advocacy to governments; iii) increasing public education so that demand for 
adequately iodized salt is consumer driven; and iv) reinforcing iodine defi ciency networks, espe-
cially the Network for the Sustained Elimination of Iodine Defi ciency, to ensure effective coop-
eration between public and private partners.

• Commit to USI and strengthen or initiate measures to be taken to achieve USI.
• Increase focus on at-risk pregnant and lactating women, infants and young children (advocate 

iodine supplementation of pregnant and lactating women when required).
• Strengthen monitoring and surveillance systems. This includes: i) obtaining better information 

on the epidemiology of salt consumption, the techniques of salt production and salt iodization, 
and iodized salt in the diet; ii) maintaining the effort to strengthen cooperation with the salt 
industry to ensure salt quality control and assurance; iii) improving household salt consump-
tion data by improving collection of information on household penetration rates, on the source 
of iodized salt used, household use, and intra-household distribution; iv) improving availability, 
and use, of information on commercial use of iodized salt in processed foods, and carrying out 
penetration rate studies for coverage of iodized salt in industry processing, retail outlets and 
household use; v) reinforcing laboratory performance and capabilities to get better monitoring 
of iodine status; vi) expanding the role of the iodine defi ciency laboratory network, including 
publishing a list of national and regional laboratories with expertise in UI measurement and 
salt quality control; vii) substantially increasing the resources and efforts for monitoring the 
progress towards iodine defi ciency elimination – governments should enlist national and inter-
national partners in evaluating national iodine defi ciency programmes, using recommended 
indicators, including the regular monitoring of UI and USI; and viii) encouraging better infor-
mation at the national level on thyroid function (e.g. screening of TSH levels in neonates) as 
resources permit.

• Enact legislation. This includes: i) enacting appropriate legislation and regulations in all coun-
tries; ii) continuing efforts to achieve harmonized salt iodization regulations, including levels of 
iodization, choice of iodine compound, and appropriate nutrition labelling; and iii) implement-
ing cost-effectiveness and benefi t–cost ratio studies.

4.3 Conclusions 
Specifi c conclusions and new insights coming from this review follow below.

• The efforts, and results, in the fi ght to prevent and control iodine defi ciency have markedly 
progressed in Europe during the past 10 years so that from only fi ve European countries which 
were considered as iodine suffi cient in 1994, there are, in 2004, a total of 21 countries which 
have reached iodine suffi ciency. 

• Iodization of salt has been the major intervention responsible for the signifi cant improvement 
of the situation. However, in contrast to many other parts of the world, especially in less indus-
trialized countries, it is clear that table salt now represents only a relatively small fraction of the 
salt intake in European populations. Therefore, the evaluation of the impact of programmes of 
iodized salt by estimating the access of iodized salt at the household level (as usually reported) 
provides only part of the information. In 1999, the access of iodized salt at the household level 
for Europe was the lowest regional average fi gure in the world at 27%. Because of the declining 
consumption of table salt, this probably did not refl ect properly the access of households to salt, 
and consequently, potentially to iodized salt. Nevertheless, it also is clear that greater attention 
is urgently needed to iodize all sources of salt for human and animal consumption.

• In the meantime, the successful trends seen over the past fi ve to six years need to be sustained, 
as remaining iodine-defi cient sub-populations are targeted and the necessary public health goal 
of USI for all countries is achieved. This will most likely require increased efforts, as these areas 
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have not responded to initial progress. There do not appear to be trend data on increasing, or 
decreasing, levels of greater public and policy-maker awareness.

• Effective monitoring is critical to the sustained success of programmes, and requires both 
progress indicators and confi rmatory urinary, and even clinical, indicators of successful imple-
mentation. Proper monitoring, as seen from several countries’ experiences, is essential for sus-
tained elimination of iodine defi ciency.

• It is clear that there is very limited information available on the impact of iodine defi ciency on 
thyroid function, and even less so on the impact on the economic productivity and national 
neuro-intellectual capacities of the populations concerned. 

• In the course of the review, it was confi rmed that pregnant women and neonates are the frac-
tion of the population particularly susceptible to the effects of iodine defi ciency. The single fi nal 
objective of programmes of correction of iodine defi ciency is to normalize thyroid function in 
all age groups but especially in pregnant women and young infants because of their hypersen-
sitivity to the effects of iodine defi ciency and the risk of brain damage in the progeny. Con-
sequently, these groups must be properly assessed for possible further preventive and remedial 
action. 

In conclusion, this review shows that iodine defi ciency remains a signifi cant public health problem 
in Europe. It provides an update on the current status of iodine defi ciency and existing iodine 
programmes within the countries of Europe. The quality and availability of information on iodine 
nutrition has substantially improved over the past two decades. Thus, national data were used 
extensively as the basis of this review’s conclusions. Where national data were not available, sub-
national data were used. 

This review must be a living document, that is, it will increase in relevance as more recent data 
become available. It is hoped that new data will refl ect improvements in the national picture of 
iodine defi ciency among countries in Europe; or, if not, they will show more clearly the gaps in 
coverage, so that efforts can focus on where they are most needed. It is further hoped that this 
review will contribute to the necessary success of the advocacy effort to mobilize countries towards 
the internationally agreed upon goal of the elimination of iodine defi ciency.

4. THE MAJOR ISSUE FOR EUROPE: SUSTAINED PREVENTION AND CONTROL
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The International Resource Laboratories 
Network for Iodine (IRLI): European 
Laboratories members of the network
Urinary iodine laboratories contact information

Belgium
Contact person: Daniella Gnat*
Laboratory: Laboratory of Clinical 

Chemistry, CHU St-Pierre
Address: 322, rue Haute, 1000 Brussels
E-mail: daniella.gnat@stpierre-bru.be
Phone: +32 2 535 46 08 
Fax: +32 2 535 46 56

Contact person: Philippe De Nayer
Laboratory: Dept Medicine and 

Therapeutics, Clinique Universitaire Saint-
Luc (University of Louvain)

Address: Clos Chapelle aux champs, 30–54, 
1200 Brussels

E-mail: philippe.denayer@pcs.lbcm.ucl.ac.be
Phone: +32 2 764 25 63 

Bosnia and Herzegovina
Contact person: S Imsiragic-Zovko 
Laboratory: Paediatric Clinic, University of 

Tuzla Clinical Center
Address: Trnovac 30, 75000 Tuzla
E-mail: neutrino@bih.net.ba
Phone: + 38 7 352 514 69 
Fax: + 38 7 352 514 69

Bulgaria
Contact person: Ludmila Ivanova**
Laboratory: National Center of Hygiene, 

Medical Ecology and Nutrition
Address: 15 Dimiter Nestorov Street, 1431 

Sofi a
E-mail: l.ivanova@nchmen.government.bg
Phone: +35 9 2 58 12 528
Fax: +35 9 2 95 81 277

Croatia
Contact person: Zvonko Kusic, Ljerka 

Lukinac
Laboratory: Department of Oncology & 

Nuclear Medicine, Thyroid Laboratory 
Unit, University Hospital Sestre 
Milosrdnice

Address: 29 Vinogradska Str, 10000 Zagreb
E-mail: zvonko.kusic@zg.tel.hr, llukinac@

kbsm.hr
Phone: +38 5 1 3768 301
Fax: +38 5 1 3768 303

Czech Republic
Contact person: Radovan Bilek
Laboratory: Deptartment of Proteohormones 

and Biofactors (OPB), Institute of 
Endocrinology

Address: Národní 8, 116 94 Prague 1
E-mail: rbilek@endo.cz
Phone: +42 0 224 905 251
Fax: +42 0 224 905 325

Denmark
Contact person: Peter Laurberg
Laboratory: Department of Endocrinology 

and Internal Medicine, Aalborg Hospital
Address: DK-9000 Aalborg
E-mail: laurberg@aas.nja.dk
Phone: +45 99321739
Fax: +45 98120253

* Contact person of the European resource laboratory responsible for western Europe. 
** Contact person of the European resource laboratory responsible for central Europe
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Germany
Contact person: Thomas Remer
Laboratory: Nutrition and Health, Research 

Institute of Child Nutrition
Address: Heinstueck 11, 44225 Dortmund 
E-mail: remer@fke-do.de
Phone: +49 231 79221043
Fax: +49 231 711581

Contact person: Roland Gärtner
Laboratory: Division of Endocrinology, 

Department of Medicine, Ludwig-
Maximilians-University, Munich 

Address: Ziemssenstr. 1, 80336 Munich
E-mail: rgartner@medinn.med.uni-

muenchen.de
Phone: +49 89 51 2332
Fax: +49 891 51 60 44 30

Contact person: Andreas Schirbel 
Laboratory: Department of Nuclear 

Medicine, Radiochemistry, University of 
Wuerzburg

Address: Josef-Schneider-Str. 2, 97080 
Wuerzburg

E-mail: Schirbel_A@klinik.uni-wuerzburg.de
Phone: +49 931 201 35879 
Fax: +49 931 201 35975

Greece
Contact person: Chryssanthi Mengreli
Laboratory: Deptartment of Biochemical 

Laboratories, Institute of Child Health, 
Aghia Sophia Children’s Hospital 

Address: 115 27 Athens 
E-mail: inchildh@otenet.gr
Phone: +30 210 7467790 
Fax: +30 210 7700111

Contact person: Kostas Markou
Laboratory: Division Endocrinology Medical 

School, University of Patras
Address: PO Box 1045, 265 00 Rion, Patras
E-mail: markou@med.upatras.gr
Phone: +30 2610 999260 
Fax: +30 2610 993982

Hungary
Contact person: Ferenc Peter
Laboratory: BCH Hormone Laboratory, 

Buda Children’s Hospital 
Address: PO Box 14, Bolyai u. 9. 1277 

Budapest 23
E-mail: peter_f@elender.hu
Phone: +36 1 345 0603;
+36 1 345 0600 
Fax: +36 1 345 0619

Contact person: Szabolcs István 
Laboratory: Laboratory: National Medical 

Center 
Address: PO Box 112, 1389 Budapest 
E-mail: szabolcsi@pmed.hiete.hu
Phone: +36 1 3594264
Fax: +36 1 4864820

Ireland
Contact person: Peter PA Smyth
Laboratory: Endocrine Laboratory, 

Department of Medicine, University 
College Dublin 

Address: Conway Institute, UCD, Belfi eld, 
Dublin 4 

E-mail: ppa.smyth@ucd.ie
Phone: + 353 1 716 6736
Fax: +353 1 716 6701

Italy
Contact person: Aldo Pinchera, Lucia Grasso 
Laboratory: Department of Endocrinology, 

University of Pisa
Address: Via Paradisa 2, 56124 Pisa
E-mail: iccidd@endo.med.unipi.it 
Phone: +39 050 995001; +39 050 995041 
Fax: +39 050 578772

Contact person: Stefano Mariotti 
Laboratory: University of Cagliari, Policlinico 

Universitario
Address: S.S. 554 – Bivio per Sestu, 09042 

Monserrato CA 
E-mail: mariotti@pacs.unina.it
Phone: +39 070 60286430
Fax: +39 070 60286429
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Contact person: Francesco Trimarchi
Laboratory: Università degli Studi di Messina, 

Dipartimento clinico sperimentale di 
medicina e farmacologia, sezione di 
endocrinologia; Azienda Ospedaliera 
Universitaria Policlinico G.Martino 
[Messina University, Department of 
Medicine and Pharmacology, Section for 
Endocrinology, Institute of Polyclinical 
University Hospital G. Martino]

Address: via Consolare Valeria 1, 98125 
Messina

E-mail: trimarki@unime.it
Phone: +39 090 695450 
Fax: +39 090 2213185; +39 090 2213518

Contact person: Vincenzo Macchia
Laboratory: Dipartimento di Patologia 

Clinica- Azienda Universitaria Policlinico- 
Universita degli Studi di Napoli “Federico 
II” [Department of Clinical Pathology, 
University Institute of Polyclinics, Naples 
University Federico II]

Address: Via Sergio Pansini 5, 80131 Napoli
E-mail: vincenzo.macchia@unina.it
Phone:+39 08 174 636 16

Luxembourg
Contact person: Jean-Paul Hoffmann
Laboratory: Chimie Biologique 

[Biochemistry], National Laboratory of 
Health

Address: BP 1102, 1011 Luxembourg
E-mail: lnsbioph@pt.lu
Phone: +352 491 191 323 
Fax: + 352 49 47 07

Netherlands
Contact person: Carrie Ris-Stalpers
Laboratory: Laboratory of Pediatric 

Endocrinology, Academic Medical Center
Address: PO Box 22700, 1100 DE 

Amsterdam
E-mail: c.ris@amc.uva.nl
Phone: +31 205665625 
Fax: +31 206916396

Poland
Contact person: Jerzy W Naskalski
Laboratory: Clinical Chemistry, Department 

of Diagnostics, Collegium Medicum, 
Jagiellonian University in Krakow

Address: Kopernika Str. 12 B, 31-301 
Krakow

E-mail: mbnaskal@cyf-kr.edu.pl
Phone: +48 12 4213876
Fax: +48 12 4248361

Portugal
Contact person: Madureira Deolinda
Laboratory: Laboratory of Endocrinology, 

Portugese Cancer Institute-Lisbon Centre
Address: Professor Lima Basto, 1099–023 

Lisboa 
E-mail: labendoc@ipolisboa.min-saude.pt
Phone: +351 21 720 0447 
Fax: +351 21 7229 844 

Contact person: Santos Antonio Carvalho
Laboratory: Department of Clinical 

Chemistry, St Antony Hospital
Address: Largo Prof Abel Salazar, 4099–001 

Porto
E-mail: Mp1298@mail.telepac.pt
Phone: +351 2233 26780

Serbia and Montenegro
Contact person: Jane Paunkovic
Laboratory: Nuclear Medicine, Medical 

Center Zajecar
Address: Rasadnicka BB, 19000 Zajecar
E-mail: janep@sezampro.yu
Phone: +381 19443521 
Fax: +381 19420672

Slovenia
Contact person: Vekoslava Stibilj 
Laboratory: Department of Environmental 

Sciences, “Jozef Stefan” Institute
Address: Jamova 39 SI, 1000 Ljubljana 
E-mail: vekoslava.stibilj@ijs.si
Phone: +386 1 5885 359 
Fax: +386 1 5885 346
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Spain
Contact person: Ana Mendez
Laboratory: Laboratory of Endocrinology, 

Hospital General de Asturias
Address: Celestino Villamil s/n., 33006 

Oviedo

Contact person: Gabriella Morreale de 
Escobar 

Laboratory: Department of Endocrinology, 
Instituto de Investigaciones Biomedicas 
Alberto Sols, Spanish Research Council 
and Autonomous University of Madrid

Address: Arturo Duperier 4, 28029 Madrid
E-mail: g.morreale@iib.uam.es
Phone: +34 91 397 54 00 
Fax: +34 91 585 44 01

Contact person: Garriga Jose
Laboratory: Hospital Regional de Malaga, 

Dept/ Laboratorio de Hormonas [Regional 
Hospital of Malaga, Hormone Laboratory]

Address: Sierra de los castillejos 19-2°-A, 
29016 Malaga

E-mail: Garrigacascon@hotmail.com
Phone: +34 95 10 30 100 

Contact person: Mercedes Espada Saenz-
Torre 

Laboratory: Laboratorio Normativo de Salud 
Pública, Departamento de Sanidad del 
Gobierno Vasco [Normative Laboratory of 
Public Health, Sanitary Department of the 
Basque Government]

Address: C/Mª Diaz de Haro, 58, 48010 
Bilbao

E-mail: metabobi-san@ej-gv.es
Phone: +34 94 403 15 18 
Fax: +34 94 403 15 01

Contact person: Rios Monserrat
Laboratory: Servicio de Endocrinologia-

Laboratorio de Investigación [Laboratory 
for Endocrinology]

Address: Ch XERAL – CIES C/Pizarro 22, 
36204 Vigo

E-mail: rios.santome@cmpont.es
Phone: +34 986 816 000 (ext 16137)

Switzerland
Contact person: Michael Zimmermann
Laboratory: Laboratory for Human 

Nutrition, Swiss Federal Institute of 
Technology Zurich 

Address: Seestrasse 72, PO Box 474, 8803 
Rüschlikon

E-mail: michael.zimmermann@ilw.agrl.ethz.
ch

Phone: +41 1 704 5705 
Fax: +41 1 704 5710

The former Yugoslav Republic of 
Macedonia 

Contact person: Sonja Kuzmanovska
Laboratory: Iodine Laboratory, Institute of 

Pathophysiology and Nuclear Medicine, 
University Kiril and Metodji

Address: ul, Vodnjanska 17, 1000 Skopje
E-mail: sonjageorg@hotmail.com
Phone: +389 91 147 203 
Fax: +389 91 11 2831

Turkey
Contact person: Murat Faik Erdogan
Laboratory: Department of Endocrinology 

and Metabolism, Medical School, Ankara 
University 

Address: Ibni Sina Hospital, 10. Kat, D Blok, 
06100 Sıhhıye, Ankara

E-mail: murat.erdogan@temd.org.tr
Phone: +90 312 3103333
Fax: +90 312 3094505
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General characteristics of countries 
included in the report

Country Total Total Annual growth Life Mortality rate Salt
 population population rate expectancy (per 1000 live births)b production
 (000)a aged 6–12 1991–2001b at birth
  years (000)a (%) (years)b Aged <1 year Aged <5 years 

Albaniaf 3141 434 -0.5 69.5 25 32 –
Andorraf 69 6 5.0 79.5 4 5 –
Austriac 8111 650 0.4 79.0 4 5 Yes
Belgiumc 10 296 846 0.3 78.0 4 5 Yes
Bosnia and Herzegovinaf 4126 357 -0.2 72.8 14 17 –
Bulgariae 7965 599 -1.0 71.5 14 17 Yes
Croatiaf 4439 351 0.3 72.9 7 8 –
Cyprusd 796 87 1.3 76.9 6 7 Yes
Czech Republicd 10 246 810 0 75.4 4 5 Yes
Denmarkc 5351 473 0.3 77.2 5 5 Yes
Estoniad 1338 112 -1.3 71.2 9 11 –
Finlandc 5197 448 0.3 77.9 3 4 –
Francec 59 850 5128 0.4 79.3 4 5 Yes
Germanyc 82 414 6022 0.3 78.2 4 5 Yes
Greecec 10 970 759 0.4 78.1 6 7 Yes
Hungaryd 9923 817 -0.4 71.7 8 10 –
Icelandf 287 32 0.9 79.8 3 4 –
Irelandc 3911 375 0.9 76.5 5 6 –
Italyc 57 482 3866 0.1 79.3 5 5 Yes
Latviad 2329 200 -0.1 70.7 11 13 –
Liechtensteinf 33 3 n.a. – – – –
Lithuaniad 3465 334 -0.1 72.9 8 10 –
Luxembourgc 447 40 1.4 78.5 3 4 Yes
Maltad 393 37 0.8 78.1 6 7 Yes
Monacof 34 3 -2.9 80.3 4 5 –
Netherlandsc  16 067 1395 0.6 78.3 5 6 Yes
Norwayf 4514 427 0.5 78.8 3 4 Yes
Polandd 38 622 3437 0.1 74.0 8 9 Yes
Portugalc 10 049 774 0.1 76.5 5 7 Yes
Romaniae 22 387 1836 -0.3 71.1 18 22 Yes
San Marinof 27 2 1.4 80.8 5 5 –
Serbia and Montenegrof 10 535 976 0.3 72.2 12 14 –
Slovakiad 5398 496 0.2 73.3 8 9 Yes
Sloveniad 1986 144 0.3 75.9 4 5 Yes
Spainc 40 977 2712 0.1 78.9 4 5 Yes
Swedenc 8867 807 0.2 80.0 3 4 Yes
Switzerlandf 7171 576 0.4 80.2 5 5 Yes
The former Yugoslav 
 Republic of Macedoniaf 2046 213 0.6 71.8 13 14 –
Turkeye 70 318 10 119 1.7 69.0 36 43 Yes
United Kingdomc 59 068 5349 0.3 77.5 6 6 Yes
– No data. 
a Based on population estimates for the year 2002 (35).
b Tabulation prepared for the World Health Report 2002 (111). 
c European Union Member States. 
d New Member States 2004.
e Applicant countries.
f European Free Trade Association and other European countries
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ANNEX C

The WHO Global Database 
on Iodine Defi ciency 

WHO’s mandate with regard to iodine defi ciency is to assess its global magnitude, monitor and 
evaluate the impact and effectiveness of WHO’s prevention and control strategies, track progress 
towards the goal of iodine defi ciency elimination, and identify emerging issues with regard to 
iodine defi ciency. WHO manages the Global Database on Iodine Defi ciency. The database com-
piles data on UI and TGP and presents it in a standardized and easily accessible format (http://
who.int/vmnis). 

Data sources are collected from the scientifi c literature and through a broad network of col-
laborators, including WHO regional and country offi ces, United Nations organizations, NGOs, 
ministries of health, other national institutions, and research and academic institutions.

MEDLINE and regional databases are systematically searched. Articles published in non-
indexed medical and professional journals and reports from principal investigators are also sys-
tematically sought. Data are extracted from reports written in any language.

For inclusion in the database, a complete original survey report providing details of the sam-
pling method used is necessary. Studies must have a population-based sample frame and must use 
standard UI and TGP measuring techniques (27). 

Only TGP data measuring goitre by palpation are included. Until recently no international 
reference values for thyroid size measured by ultrasonography were available, and thus results from 
surveys using this technique have not yet been included (65).

When a potentially relevant survey is identifi ed and the full report obtained, all data are checked 
for consistency as part of routine data quality control. When necessary, the authors are contacted 
for clarifi cation or additional information. Final data are extracted, standardized and included in 
the database. The full archived documentation and correspondence are archived and available on 
request. The database contains data from 1960 to the present, and is continuously being updated 
as information from new surveys becomes available. 
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Every European nation endorsed the goal of eliminating iodine defi ciency at the World Health 
Assembly in 1992. Globally, great progress has been made since that time. However, the World 
Health Organization’s (WHO) European Region has been identifi ed as having the lowest coverage 
of salt iodization of all the regions.

The primary purpose of this document is to review the current extent of iodine defi ciency in the 
European Union (EU) Member States, applicant countries and those in the European Free Trade 
Association (EFTA). Its ultimate goal is the mobilization of all European governments to implement 
and monitor sustainable programmes to control and prevent iodine defi ciency in their populations. 
Part one of the report gives the background, historical context and global strategies. The second 
part addresses the main issues related to iodine defi ciency: its magnitude, the public health 
signifi cance, and the health and economic consequences of iodine defi ciency, and outlines the 
current strategies being used to reach the goal of iodine defi ciency elimination. In the third part, 
the focus is on the iodine defi ciency situation in 40 of the countries of Europe. The fi nal part 
highlights the need for sustainable programmes and makes recommendations to help achieve 
this.

The report concludes that iodine defi ciency remains a public health concern in Europe; the health, 
social and economic consequences of this are well established. Salt iodization remains the 
recommended strategy for eliminating iodine defi ciency. Foremost among the challenges are (i) 
to strengthen monitoring and evaluation of national programmes for the prevention and control 
of iodine defi ciency in the countries of an enlarged EU, including the surveillance of the iodine 
status of national populations; (ii) to ensure the sustainable implementation of USI in all countries 
of the enlarged EU, by harmonizing relevant legislation and regulations; (iii) to ensure adequate 
quality control and quality assurance procedures to strengthen the monitoring of foods fortifi ed 
with iodine, especially salt iodization, from the producer to the consumer; (iv) to increase the 
awareness of political leaders and public health authorities on the public health and social 
dimensions of iodine defi ciency and the need to implement and sustain programmes for its 
control; (v) to educate the public on the need to prevent iodine defi ciency by consuming iodized 
salt, and thereby also increase consumer awareness and demand; and (vi) to consider alternative 
iodine supplementation for the most susceptible groups – pregnant women and young infants – 
where there is insuffi cient iodized salt and to take into account public health policies to reduce 
salt consumption. 




