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Review

The development of a global program for the elimination
of brain damage due to iodine deficiency

Basil S Hetzel AC MD FRACP FTSE

Michell Building, ICCIDD, Women’s & Children’s Hospital, North Adelaide, SA, Australia

lodine deficiency is the most common preventable cause of brain damage with more than 2 billion people from
130 countries at risk. The global problem of iodine deficiency has been redefined by a readily transmitted popula-
tion concept, with an easy acronym — the concept of the iodine deficiency disorders (IDD) — referring to all the ef-
fects of iodine deficiency in a population, that can be totally prevented by correction of iodine deficiency with
special emphasis on brain damage and not just to goitre and cretinism (1983). This was followed by the creation
of the International Council for Control of lodine Deficiency Disorders (ICCIDD) supported by WHO and UNI-
CEF with 700 multidisciplinary professionals from more than 100 countries, committed to providing technical as-
sistance to national programs for the elimination of IDD (1986). The WHO policy of Universal Salt lodization
(USI) has been widely adopted which requires iodization of all food for human and animal consumption by the
use of iodized salt (25-40 mg I/kilo). Simple practical methods for monitoring — by the measurement of salt io-
dine and urine iodine were developed and promoted on a large scale with the technical assistance of the ICCIDD.
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INTRODUCTION
lodine deficiency is considered to be the most common
cause of preventable brain damage in the world." The
problem arises when people live in an environment where
the soil has been leached of iodine, either due to flooding
of river valleys or by high rainfall or glaciation in hilly
mountainous areas. The deficiency in the soil leads to
deficiency in all forms of plant life including cereals,
grown in the soil. Hence large populations living in sys-
tems of subsistence agriculture particularly in the devel-
oping countries, as in the great river valleys of Asia, are
locked into the risk of iodine deficiency.?

lodine is an essential element for human and animal
development because it is a constituent of the thyroid
hormones, thyroxine (T,) and triiodo-thyronine (T3). In a
person affected by iodine deficiency, as the thyroid gland
tries to maintain the level of thyroid hormones in the
blood, it enlarges to form a goitre. But eventually it fails
to maintain the hormone levels, with damaging effects on
the development of the brain and other organs. The rela-
tion between iodine deficiency and brain damage was
originally proposed after studies showed the association
between goitre and mental retardation (endemic cretin-
ism). Later there was controversy about whether cretin-
ism was related to iodine deficiency, until a controlled
trial with iodized oil in Papua New Guinea established
that cretinism could be prevented by correction of iodine
deficiency before pregnancy.®* The apparent spontaneous
disappearance of cretinism in Europe was attributed to
‘silent” correction of iodine deficiency by gradual dietary
diversification together with the gradual use of iodine
supplements associated with economic and social devel-
opment.® Studies with animal models (sheep, marmoset

monkey and rat) confirmed that iodine deficiency caused
retardation of foetal brain development.® The combination
of the controlled trial and the results of the studies in an-
imal models clearly established that prevention of brain
damage could be achieved by correction of iodine defi-
ciency before pregnancy.

IODINE DEFICIENCY DISORDERS (IDD)
The results of the research required a re-conceptualization
of the effects of iodine deficiency from the common lump
in the neck (goitre) to include a spectrum of consequences.
These include stillbirths as well as neonatal and other
types of hypothyroidism, but the most important effect is
that of foetal brain damage. To this end, the term iodine
deficiency disorders (IDD) was proposed ’and supported
by a Lancet Editorial ® and has since been generally
adopted throughout the world, including adoption by the
Chinese without translation. The term IDD refers to all
effects of iodine deficiency on growth and development
in a human and animal population, which can be pre-
vented by correction of the deficiency. Effects on brain
function occur at all stages of life, from foetal damage to
the effects of hypothyroidism in the neonate, child or
adult (Table 1).

Social and economic effects result from iodine defi-
ciency in both human and animal populations. In humans

Corresponding Author: Dr Basil S Hetzel, Michell Building,
ICCIDD, Women’s & Children’s Hospital, 72 King William
Road, North Adelaide SA 5006, Australia.

Tel: 61 8 8161 7021; Fax: 61 8 8161 7221

Email: iccidd@a011.aone.net.au

Manuscript received 29 January 2012. Accepted 30 January
2012.



Elimination of iodine deficiency disorders 165

Table 1. The lodine Deficiency Disorders (IDD) t

Abortions

Stillbirths

Congenital Anomalies
Increased perinatal mortality
Neurological cretinism:

mental deficiency, deaf mutism,

Foetus Spastic diplegia, squint
Neurological Cretinism
Hypothyroid cretinism:
mental deficiency, dwarfism,
hypothyroidism
Psychomotor defects
Neonate Neonatal hypothyroidism
Child and Retarded mental and physical
Adolescent development
Adult Goi_tre and its complication_s _
lodine Induced Hyperthyroidism (I11H)
Goitre
Hypothyroidism
All Ages Impaired mental function
Increased susceptibility to nuclear radiation
tHetzel >"

}Transient following iodization, minimized by reduced rate of
increase in iodine intake

there is reduced school performance in children and re-
duced productivity in adults. Detailed calculations were
made of the economic costs of medical assessment and
treatment of goitre in Germany where there was still
much uncontrolled IDD. The yearly costs of diagnosis
were estimated at US$250 million, of treatment at
US$300 million, of hours lost in working time for this
medical care at US$150 million, resulting in a total of
US$700 million a year.? There are also significant effects
on all livestock with impaired reproduction in poultry,
sheep, goats and cattle, with reduced wool growth and
milk production and reduced rates of survival in the off-
spring. Such effects indicate that correction of iodine de-
ficiency has direct economic benefits.® The World Bank
calculated that each dollar dedicated to IDD prevention
would yield a productivity gain of $28.**

THE MAGNITUDE OF IDD

WHO estimated that there were in excess of 2.2 billion
people from 130 countries at risk of IDD in the mid 90s
(Table 2). These countries include the most populous—

Bangladesh, Brazil, China, India, Indonesia and Nigeria
(ICCIDD/WHO/UNICEF 1999). With the recognition
that even mild iodine deficiency in the mother has effects
on the rapidly growing foetal brain continuing into the
first three years, and that these early effects, although
preventable, are not reversible®* this global scourge is of
such great magnitude, that it provides one of the major
challenges in international health.*?

BRIDGING THE GAP BETWEEN RESEARCH
AND ITS APPLICATION

There was an urgent need to bridge the great gap between
research on the subject of iodine deficiency and brain
damage and its application in public health programmes
throughout the world. A beginning was made with a
Symposium in 1983 at the 4th Asian Congress of Nutri-
tion in Bangkok, which agreed on the need for public
health action.”® Subsequently in response to an invitation
to the Australian Government from the United Nations
Administrative  Committee on Coordination  Sub-
Committee on Nutrition (ACC/SCN), a report with a pro-
posal for a global prevention programme was prepared
and submitted to the ACC/SCN early in 1985. The report
included a global review of the scientific evidence, a
model for a national programme and a proposal to estab-
lish the International Council for Control of lodine Defi-
ciency Disorders (ICCIDD). The Council would serve as
an expert NGO available to agencies and government to
assist in the development of national programmes. This
proposal was accepted by the ACC/SCN in 1985 with
subsequent publication.™

INTERNATIONAL COUNCIL FOR CONTROL OF
IODINE DEFICIENCY DISORDERS (ICCIDD)
The ICCIDD, an international multidisciplinary network
formed in 1985 with support from UNICEF, WHO and
the Australian government, aims to bridge the gap be-
tween the research and its application in national pro-
grammes. The ICCIDD now comprises more than 700
multidisciplinary professionals from 100 countries with a
majority from developing countries. The disciplines in-
clude endocrinology, nutrition, epidemiology, laboratory
technology, salt technology, education, mass media and
public health administration.

At the inauguration of the ICCIDD in Kathmandu in
1986, letters of support were received from the Director

Table 2. Current Estimates of Population at risk of IDD by WHO Regionst

Number of Countries

Total population in

At Risk Populationt

WHO Region with 1DD IDD affected countries
Millions Millions % of the Region§

Africa 44 610 295 48%
Americas 19 477 196 25%
South-East Asia 9 1,435 599 41%
Eastern Mediterranean 17 468 348 74%
Europe 32 670 275 32%
Western Pacific 9 1,436 513 31%
TOTAL 130 5,096 2,226 38%

tBased on UN population Division (UN estimates 1997)

$The at risk population is the population living in iodine deficiency areas where total goitre rate (TGR) is more than 5%

§ Expressed as a percentage of the total population in the Region®
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General of WHO (Dr Halfdan Mahler) and the Executive
Director of UNICEF (Mr James Grant). A Symposium
was held covering all aspects of the global problem in-
cluding global epidemiology with reference to all the
WHO Regions, technical aspects of control programmes
and proposal of a global strategy.® The ICCIDD was
formally recognized in 1987 as the expert group on all
aspects of iodine deficiency disorders (IDD) by the UN
System through the ACC/SCN. In 1987 the ACC/SCN
also established an IDD Working Group of multilateral
and bilateral agencies involved in nutrition programmes,
and it was to this group that the ICCIDD reported each
year, as well as to WHO and UNICEF. In 1990 a Global
Action Plan®® for the elimination of IDD by the year 2000
was proposed to the ACC/SCN by the ICCIDD, which
provided for actions at the global, regional and national
level. This plan was endorsed by the ACC/SCN (1990).%
In 1994 the ICCIDD was officially recognized by WHO
as an NGO working collaboratively towards the elimina-
tion of IDD by the year 2000.

From its foundation the ICCIDD chose technical assis-
tance to national programmes as the first priority. This led
to a working relationship with the governments of IDD
affected countries (usually Ministries of Health), with the
leading international aid agencies WHO and UNICEF,
and, more recently, with the salt industry. Important
workshops on the assessment of IDD were held with
WHO and UNICEF in 1994 and 2001.*"*®

WORLD HEALTH ASSEMBLY
The 1986 World Health Assembly (WHA), with repre-
sentation from more than 160 governments, passed a
Resolution initially sponsored by Australia, which recog-
nised the importance of iodine deficiency as a cause of
brain damage and the need for effective programmes of
prevention and control.*®

This was followed by WHA Resolutions in 1990, call-
ing for the elimination of IDD by the year 2000 and a
later Resolution in 1996, calling for sustainability of the
programme through systematic monitoring. Both included
reference to the role of the ICCIDD and its availability to
assist countries.? %

WORLD SUMMIT FOR CHILDREN

The endorsement of the Global Action Plan was followed
by adoption of the goal of virtual elimination of IDD by
2000 by the World Summit for Children on September
30th 1990, at a special meeting at the United Nations,
New York. ? This meeting was attended by 71 Heads of
State who signed a declaration providing 27 new goals for
improved health and education for all children throughout
the world (World Summit for Children 1990). This Decla-
ration was subsequently signed by representatives of 88
other national governments. Such a resolution was un-
precedented and has since provided very important politi-
cal support for national IDD programmes throughout the
world. Following the World Summit, UNICEF proposed
a middecade goal (1995) that all countries with an IDD
problem should by this time have established a National
Council for the Control of IDD and a separate control unit
to initiate a salt iodization programme.

UNIVERSAL SALT IODIZATION (USI)

The massive global problem of iodine deficiency has
been met at the technological level by the iodization of
salt. This measure had been shown to be effective in a
number of industrialized countries. Prior to 1990 few de-
veloping countries had large scale iodization programmes
and it was estimated that less than 20% of salt was io-
dized.? This has changed following the adoption of the
policy of Universal Salt lodization (USI) by the Joint
UNICEF/WHO Committee on Health Policy (1994).2
USI requires that all food grade salt for human and ani-
mal consumption be iodized.”® This requires legislation.
However, appropriate legislation did not always follow.
The recommended level is 20-40mg iodine per kilo of salt.
The addition of this amount of potassium iodate can be
made with a greatly reduced salt intake if necessary.

THE GLOBAL PARTNERSHIP

An extended informal global partnership has developed
over the years. This partnership includes the people, gov-
ernments and salt industry of IDD affected countries; the
international agencies WHO and UNICEF, the World
Bank, the bilateral aid agencies and the technical agencies;
the ICCIDD, MI, PAMM (Program against Micronutrient
Malnutrition, now Emory University), the salt industry
and Kiwanis International. The establishment of the Net-
work for the Sustained Elimination of lodine Deficiency
occurred in 2002 in collaboration with the international
salt industry.

DEVELOPMENT OF NATIONAL PROGRAMMES
A significant factor in the development of national pro-
grammes between 1987 and 1998 has been a succession
of annual regional meetings held throughout the world
over 20 years by the ICCIDD with the collaboration of
WHO and UNICEF. These meetings have been attended
by representatives from Ministries of Health and other
important sectors such as the salt industry and media in
relation to the national programmes.

It is through these regional meetings for review of na-
tional programmes that the limited number of experts
from the ICCIDD network, have been able to communi-
cate with professionals from many countries. This has
subsequently led to consultancies and further contacts
designed to identify and subsequently remove obstacles to
progress. The expertise required includes epidemiology,
the establishment of laboratories (salt iodine, urine io-
dine), advice regarding planning, education and commu-
nication, management, iodized salt and other iodine tech-
nologies. This is why the ICCIDD multidisciplinary net-
work has been developed to assist countries.

A series of ICCIDD/WHO/UNICEF Regional Reports
(covering all six WHO regions) have been published.
Notable progress has occurred in Africa. At the first Afri-
can Regional meeting (Yaounde, Cameroon in 1987),
only 22 countries were represented. At this time an IDD
Task Force for Africa was established by the ICCIDD
with WHO and UNICEF to promote national programmes.
In 1996, 45 countries were represented including Angola,
Eritrea, Mozambique and Republic of the Congo in spite
of the occurrence of civil war in these countries. There
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Wheel model for IDD Elimination Program

Prevalence IDD
Urinary lodine

Vs

Population at risk
Prevalence IDD

NI

Salt iodine ) Salt economy
Evaluate Firstly
Program Assess
Situation
Resource Health
allecation Implementation Communication Professi ",‘“
of Program and Public
Program
EdL!c_atlon Achieve
Training Political
Will Action
Community Mntersectoral
groundswell Commission

Figure 1%. 1. Assessment of the situation requires baseline IDD prevalence surveys, including measurement of urinary iodine levels and
an analysis of the salt economy. 2. Communication of findings to health professionals and the public, so that there is full understanding of
the IDD problem and the potential benefits of elimination of this most common preventable cause of brain damage. A community educa-
tion campaign is required to educate all age groups about the effects of iodine deficiency with particular emphasis on the brain. 3. Devel-
opment of a plan of action includes the establishment of an inter-sectoral committee or commission on IDD and the formulation of a strat-
egy document on achieving the elimination of IDD. 4. Achieving political will requires intensive education and lobbying of politicians
and other opinion leaders. 5. Implementation needs the full involvement of the salt industry. Special measures, such as negotiations for
monitoring and quality control of imported iodized salt, are required. It will also be necessary to ensure that iodized salt delivery systems
reach all affected populations, including the neediest. In addition, the establishment of cooperatives for small producers, or restructuring
to larger units of production, may be needed. Implementation will require training at all levels in management, salt technology, laboratory
methods and communication. 6. Monitoring and evaluation require the establishment of an efficient system for the collection of relevant
scientific data on salt iodine content and urinary iodine levels. This includes the establishment and the maintenance of suitable laboratory

facilities.

has been significant progress in country programmes in
Africa since 1987, including the Republic of the Congo.

THE SOCIAL PROCESS MODEL
At these regional meetings a ‘wheel’ feedback model for
a national programme has been presented to show the
social process involved, as shown in Figure 1.° The model
shows the diversity of functions that have to be linked
together to achieve an integrated successful national IDD
elimination programme, and involves six components
clockwise in the hub of the wheel. Three key elements in
the Social Process Model are: a national inter-sectoral
coordinating body, commission or coalition; a plan of
action for the elimination of IDD; and legislation on salt
iodization. The ‘wheel’ model is driven by the ‘marker’
of salt iodine consumption and the urine iodine excretion
of the community or population. Urinary iodine excretion
provides an excellent indication of iodine intake, and can
be easily assessed using the median level from a sample
of just 40 subjects from each local community. These
markers have provided the essential elements for monitor-
ing the programme to assess whether iodine deficiency is
being eliminated. Determinations should be carried out
regularly every year. If there is evidence of inadequacy of
iodine intake through iodized salt then appropriate meas-
ures can be taken at factory, retail or household level.
Measurements of urinary iodine have usually been car-
ried out in children aged 8-12 years taking advantage of
their availability in the school setting. However, if school
attendance is reduced (through distance or poverty) then
this must be followed up by sampling at the household
level.

Another community group of great importance to the
elimination programme are women of reproductive age,
particularly including pregnant and breastfeeding women.
These groups should receive special attention, for exam-
ple as has been done in China where comprehensive data
are now being collected.

The availability of the salt iodine and urine iodine de-
terminations suitable for large-scale use is a great strength
for the National IDD Elimination Programme. The effec-
tiveness of the social process can be reliably and readily
assessed through these determinations. Adequate re-
sources must be provided for iodine measurements by
funding trained manpower, equipment and materials.

CRITERIA FOR MONITORING PROGRESS

The criteria for monitoring progress towards sustainable
elimination of IDD as a public health problem were origi-
nally determined by a Joint WHO/ UNICEF/ICCIDD
Working Group on Assessment and Monitoring of IDD in
1994.%* They were endorsed at the subsequent meeting in
2001. (Table 3)*®

REPORT ON PROGRESS IN NATIONAL PRO-
GRAMMES

In 1999 ICCIDD in collaboration with WHO and UNI-
CEF published a report which reviewed the IDD global
situation with reference to national programmes, and pro-
vided an evaluation of progress from 1986 to 1997.%° Ac-
cording to the report, following the promotion of the goal
of elimination of iodine deficiency, legislation on iodized
salt and the sensitization of the salt industry, there had
been a big increase in the consumption of iodized salt
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Table 3. WHO/ICCIDD/UNICEF criteria for monitoring progress towards eliminating IDD as a public health

problemt
Indicator Goal
1. Salt iodization

Percentage of households consuming effectively iodized salt >90%
2. Urinary iodine

Proportion below 100ug/L <50%

Proportion below 50 pg/L <20%
3. Thyroid size

In School children 6-12 years of age:

Proportion with enlarged thyroid (by palpation or ultrasound) <5%
4. Neonatal TSH

Percentage with levels >5U/L whole blood <3%

t+ WHO/UNICEF/ICCIDD*

Table 4. Monitoring of Household Consumption of lodized Saltt. Current Status of Monitoring and Laboratory

Facilities
WHO Region Ngmbe_r of % Househ_old Monitorir_lg salt qual- Monitoring iodine
countries with IDD consumption ity status
Africa 44 63% 29 24
Americas 19 90% 19 19
South-East Asia 9 60% 8 7
Eastern Mediterranean 17 66% 17 13
Europe 32 27% 14 10
Western Pacific 9 76% 8 6
Total 130 68% 95 79
100% 73% 61%

t ICCIDD/WHO/UNICEF*

with global coverage of 68% of households in 1997 (Ta-
ble 4). This compared with less than 20% before 1980
with only spasmodic efforts and no sustained commit-
ment by governments to national programmes. All re-
gions, except Europe, had achieved 60% or more but
Europe had achieved only 27%. The poor achievement of
Europe with only 27% coverage is correlated with the
inadequate facilities for the monitoring of salt iodine and
urine iodine. Of 130 IDD affected countries, 105 (77%)
had national inter-sectoral bodies in place. Ninety eight
(75%) had legislation on salt iodization in place and a
further 12 had it in draft form. This indicates substantial
progress with the establishment and functions of national
programmes.

FACTORS IN SUCCESS
This global program for the elimination of brain damage
due to iodine deficiency provides a model that could be
applicable to a variety of other health, social and envi-
ronmental problems. The former Director General of the
WHO (Dr Gro Brundtland) has pointed out that the
achievement of IDD elimination “will be a major and
total public health triumph ranking with small-pox and
polio”. It will be a major global triumph in the elimina-
tion of a non-infectious disease.”” Some of the principal
factors that | consider responsible for this success are:

1. The Virtual Elimination of lodine Deficiency Disor-
ders by the year 2000 was included in the 27 goals ac-
cepted by the World Summit for Children in 1990.%
The World Summit provided major political support
for National IDD Elimination Programmes.

2. The WHO/UNICEF policy of Universal Salt lodiza-
tion (USI) requires iodization of all food for human
and animal consumption by the use of iodized salt (25-
40 mg I/kilo). The salt industry has also accepted and
adopted this intervention as a permanent organized
measure.

3. The global problem of iodine deficiency was redefined
by a population concept, with an easy acronym — the
concept of the iodine deficiency disorders (IDD) — re-
ferring to all gradations of the effects of iodine defi-
ciency in a population, that can be totally prevented by
correction of iodine deficiency with special emphasis
on brain damage and not just to goitre and cretinism.

4. The International Council for Control of lodine Defi-
ciency Disorders (ICCIDD) supported by WHO and
UNICEF with 700 multidisciplinary professionals
from more than 100 countries, has provided technical
assistance to national programs for the elimination of
IDD as well as advice at global level on scientific is-
sues.

5. Simple practical methods for monitoring —the meas-
urement of salt iodine and urine iodine have been
made effective for use on a large scale with the techni-
cal assistance of the ICCIDD.

ADDENDUM
Update since 2000. The latest IDD Newsletter (February
2012) included a Report from UNICEF with data on
global iodine nutrition for 2003, 2007 and 2011.%

Over two thirds of the world population is now covered
by iodized salt - the number of iodine deficient countries
has decreased from 54 in 2003 to 47 in 2007 and 32 in
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2011. This is described as 'a remarkable leap forward in
the past decade'.

ACKNOWLEDGEMENTS
I acknowledge the work described was the outcome of a new
NGO, The International Council for Control of lodine Defi-
ciency Disorders (ICCIDD) officially recognised by WHO and
UNICEF dating from 1986 when it was formally created at a
Founding Meeting in Kathmandu, Nepal (23-28 March 1986).
The ICCIDD consists of 700 multidisciplinary professionals
from 100 countries with a majority from developing countries.

I was Executive Director (1986-1995) after which | became
Chairman (1995-2001) and now Emeritus Chair.

In 1994 the ICCIDD was officially recognised by WHO as an
NGO working collaboratively towards the elimination of IDD
by the year 2000.

COPYRIGHT

This paper has been published previously by SCN News 35
(2007)*. SCN News is published twice a year by the United
Nations System (SCN). Permission has already been given by
the SCN for this paper to be reproduced in whole or in part with
acknowledgement.

*Global Progress in addressing lodine Deficiency through
Universal Salt lodization (USI) The Makings of a Global Public
Health Success Story — The First Decade (1985-1995) (No 35
pp5-11 encl 2007 ISSN 1504-3743, SCN News, C/- WHO, 20
Avenue Apia, CH1211, Geneva, 27 Switzerland

The title has been altered to ‘“The Development of a Global
Program for the Elimination of Brain Damage due to lodine
Deficiency’. There are other minor additions to the text.

AUTHOR DISCLOSURES

I declare no conflict of interest. Funding for the ICCIDD has
been from WHO, UNICEF, World Bank, AusAID, CIDA and
the Dutch Agency for International Development. ICCIDD An-
nual Reports are available from 1986.

REFERENCES

1. WHO. lodine and Health. WHO/NUT/94.4. Geneva: WHO;
1994.

2. Hetzel BS. The story of iodine deficiency: an international
challenge in nutrition. Oxford and New Delhi: Oxford Uni-
versity Press; 1989.

3. Pharoah POD, Buttfield IH, Hetzel BS. Neurological dam-
age to the foetus resulting from severe iodine deficiency in
pregnancy. Lancet. 1971;1:308-10.

4. Lancet Editorial. New light on endemic cretinism. Lancet.
1972. 2: 365-66.

5. Burgi H, Supersaxo Z, Selz B. lodine deficiency diseases in
Switzerland: historical review with some new goitre preva-
lence data. Acta Endocrionlogica. 1990;123:577-90.

6. Hetzel BS, Mano M. A Review of Experimental studies of
iodine deficiency during foetal development. J Nutr. 1989;
119:145-51.

7. Hetzel BS. lodine deficiency disorders (IDD) and their
eradication. Lancet. 1983;2:1126-9.

8. Lancet Editorial. From endemic goitre to iodine deficiency
disorders. Lancet. 1983;2:1121-2.

9. Pfannensteil P. Direct and indirect costs caused by continu-
ous iodine deficiency. In: Hall R, Koloberling J, editors.
Thyroid Disorders associated with iodine deficiency excess.
New York: Raven; 1985, p.447.

10. Pandav CS, Rao AR. IDD in livestock: ecology and eco-
nomics. New Delhi: Oxford University Press; 1997.

11. Levin HM, Pollitt E, Galloway R, McGuire J. Enriching
lives. Overcoming vitamin and mineral malnutrition in de-
veloping countries. Washington DC: World Bank; 1993.

12. Hetzel BS, Delange F, Dunn J, Ling J, Mannar V, Pandav
CS, editors. Towards the elimination of brain damage due
to iodine deficiency. New Delhi: Oxford University Press;
2004.

13. Lancet. Control of iodine deficiency disorders in Asia. Lan-
cet. 1983;2:1244.

14. Hetzel BS. The prevention and control of iodine deficiency
disorders, report to the United Nations System. ACC/SCN
Nutrition Policy Discussion Paper No. 3. Rome: FAO;
1988.

15. Hetzel BS, Dunn JT, Stanbury JB, editors. The prevention
and control of iodine deficiency disorders. Amsterdam: El-
sevier; 1987.

16. ACC/SCN. Global action plan for the elimination of iodine
deficiency disorders by the year 2000. UN Administrative
Committee of Coordination/Sub-Committee on Nutrition
(SCN), 16th Session. Paris; 1990.

17. WHO/UNICEF/ICCIDD. Indicators for assessing iodine
deficiency disorders and their control through salt iodiza-
tion. WHO/NUT94.6. Geneva: WHO; 1994.

18. ICCIDD/WHO/UNICEF. Assessment of iodine deficiency
disorders and monitoring their elimination.
WHO/NHD/01.1; 2001 (online)

19. WHO. Prevention and control of iodine deficiency disor-
ders. Report to 39th World Health Assembly, Geneva; 1986.
WHA39.6.

20. WHO. Prevention and control of iodine deficiency disor-
ders. Report to 43rd World Health Assembly, Geneva; 1990.
WHA43.2.

21. WHO. Prevention and control of iodine deficiency disor-
ders. Report to 49th World Health Assembly. Geneva; 1996.

22. World Summit for Children. New York: United Nations;
1990. WHAA49.13.

23. Dalmiya N, Darnton-Hill I, de Benoist B, Andersson M.
The role of UNICEF and WHO in eliminating iodine defi-
ciency disorders. In: Hetzel B, Delange F, Dunn J, Ling J
Mannar V, Pandav C, editors. Towards the global elimina-
tion of brain damage due to iodine deficiency. New Delhi:
Oxford University Press; 2004. pp. 52-72.

24. UNICEF/WHO Joint Committee on Health Policy. Special
Session, Geneva 27-28 January 1994. JCHPSS. 1994.
94/2.7 (online)

25. WHO/UNICEF/ICCIDD. Recommended iodine levels in
salt and guidelines for monitoring their adequacy and effec-
tiveness WHO/NUT96.13. Geneva: WHO;1996. (online)

26. ICCIDD/WHO/UNICEF. Progress towards elimination of
iodine deficiency disorders. WHO/NHD/99.4; 1999.

27. WHA Statement by the Director General of WHO, Press
Release. WHA/17. Geneva: WHO; 1999.

28. Andersson M, Zimmermann M. Global iodine nutrition: a
remarkable leap forward in the past decade. IDD News Let-
ter. 2012;40:1-5.



170 BS Hetzel

Review

The development of a global program for the elimination
of brain damage due to iodine deficiency

Basil S Hetzel AC MD FRACP FTSE

Michell Building, ICCIDD, Women’s & Children’s Hospital, North Adelaide, SA, Australia

BRI FE Y WF FIRk s L TR R G

f!’ié%%’ Agr e HY ¥ L2 VISR T & 130 BREY 7 428E 20 g4 7

B oo DIRMAA IR R - BREFBEIEHERA T AT & (1983
&) 4 fjﬁ,qﬁ i H g 450 - IDD(R 4 L 5o #) L g o IDD £ % ¥ ¢ o
%iﬁﬁéé%’“?ﬁﬂaLﬁ%i“%iﬁﬁ*%%ﬁﬂﬁ%ﬁéﬁﬂﬁ
4@ #ﬁ'uﬁrﬁ ;r ¥ 1986 Fd X A2 R AT AL E AT
£l BME R Ak L Ff}ia #1%2 R ¢ (ICCIDD) > = R % % p 100 % i & 3 700 =
LA R RO g iR R "J‘J}i'“/ffi'iér-; f??i s e
Bihr g & WA (USrc il @ AR iLgR* > = o ’T SR 4 2540
3 AP R R g ST S T AREEALARENILR ¢
Hprpher T o A ERAFSAFETFERCE-PESRDIAE R R
Boagk o o AR B T dade o

Mats %5 MERALAREHAR§ - BAL AR BB SR4E - 2
8 WAl



