Annu. Rev. Nutr. 1989.9:21-38. Downloaded from www.annualreviews.org
by RENSSELAER POLY TECHNIC INSTITUTE on 01/05/12. For personal use only.

O aews Further

Quick links to online content

Annu. Rev. Nutr. 1989. 9:21-38
Copyright © 1989 by Annual Reviews Inc. All rights reserved

THE IODINE DEFICIENCY
DISORDERS: Their Nature and
Prevention

Basil S. Hetzel

International Council for Control of lodine Deficiency Disorders, CSIRO Division of

Human Nutrition, Adelaide 5000 Australia

John T. Dunn

University of Virginia Medical Center, Charlottesville, Virginia 22908

CONTENTS

INTRODUCTION ...t
(€171 72 O O PP PP PP
Endemic Cretimism. ................ouiuiiue e
Fetal Development. ...............cc..ouiumiuiiiiii e et
The NEORQLE ............coeei e et
Child Development ......................cocviiiiiiiiiiiiiiiiiiiiii i
lodine-Induced Hyperthvroidism .......................c.ccocoiiiiiiiiiiin
Demography and Epidemiology ...........................ccoiiiiiiiiiiiiiiiiii

THE CORRECTION OF IODINE DEFICIENCY .......ccoiuiiiiiiiiiiiiiieieeieeeeeea s
lodinated Salt.................coooiiiiiiiiiiii i
T0dized Oil ..........cc.ooonii i
Other TeChNOIOGIEs ................vuiei it

PUBLIC HEALTH PROGRAMS FOR PREVENTION AND CONTROL.................
ASSESSMIENLE ...t
COMMURICAIION .....uvvui i et aeaa
Planning ...........cooueninin i s
Political DeCiSIiON ................ciiiiiiiiiiiii i
IMPlement@tion ................c....cooiiiiiiiiiiiiiiiiiii i
Monitoring and Evaluation .........................coeeiiiiiiiiiiiiiiiiiiiere

INTERNATIONAL ACTION ... ..o

0199-9885/89/0715-0021$02.00

22
22
23
24
25
25
27
28
29
29
30
31
32
32
33
34
34
34
35
35

21



Annu. Rev. Nutr. 1989.9:21-38. Downloaded from www.annualreviews.org
by RENSSELAER POLY TECHNIC INSTITUTE on 01/05/12. For personal use only.

22 HETZEL & DUNN
INTRODUCTION

The erm iodine deficiency disorders refers to the spectrum of effects of iodine
deficiency on growth and development (29). These effects arise because
iodine is an essential nutrient as a constituent of the thyroid hormones
thyroxine 3,5,3',5'-tetraiodothyronine (T,), 3,5,3'-triiodothyronine (Tj3).
The major role of iodine in nutrition arises from the importance of thyroid
hormones in the growth and development of humans and animals.

Iodine dericiency disorders are now recognized as a major international
public health problem because of the large populations at risk due to their
iodine-deficient environments, which are characterized primarily by iodine-
deficient soil (30).

Goiter is the most familiar effect of iodine deficiency; it is a swelling of the
thyroid gland that was well known to the ancient world and has continued to
incite interest over the centuries (41). There is, however, a wide spectrum of
other effects of iodine deficiency that affect all stages of development,
especially the fetal period. These effects are reviewed here in light of recent
advances in knowledge. After the review of the nature of iodine deficiency
disorders, their prevention is considered, followed by a discussion of public
health programs and recent international action designed to expedite these
programs (33).

Goiter

Extensive reviews of the global geographic prevalence of goiter have been
published (39, 70).

Iodine deficiency causes depletion of thyroid iodine stores with reduced
daily production of T,4. A fall in the blood level of T, triggers the secretion of
increased amounts of pituitary thyroid-stimulating hormone, which increases
thyroid activity through hyperplasia of the thyroid. The efficiency of the
thyroid iodide pump increases with faster turnover of thyroid iodine. This
effect can be demonstrated by an increased thyroidal uptake of radioactive
isotopes '3!I and '%I. These features were first demonstrated in the field in the
classic observations of Stanbury et al (68) in the Andes in Argentina.

Iodine deficiency is demonstrated by determination of urine iodine excre-
tion using either 24-hour samples or, more conveniently, casual samples with
determination of iodine content per gram of creatinine. Normal iodine intake
is 100-150 ug/day, which corresponds to a urinary iodine excretion in this
range (70). In general in endemic goiter areas, the intake is well below 100
pg/day and goiter is usually seen when the level is below 50 ug/day (70). The
rate increases as the iodine excretion falls so that goiter may be almost
universal at levels below 10 ug/day.

Goiter arises from causes other than iodine deficiency through a variety of
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agents known as goitrogens. These goitrogens, however, are of secondary
importance to iodine deficiency as etiologic factors in endemic goiter.

Recent research (16) has shown that staple foods from the Third World
such as cassava, maize, bamboo shoots, sweet potatoes, lima beans, and
millets contain cyanogenic glucosides, which are capable of liberating large
quantities of cyanide by hydrolysis. Not only is the cyanide toxic but the
metabolite in the body is predominantly thiocyanate, which is a goitrogen.
With the exception of cassava, these glycosides are located in the inedible
portions of the plants, or if in the edible portion, in quantities so small that
they do not cause a major problem. Cassava, on the other hand, is cultivated
extensively in developing countries and represents an essential source of
calories for more than 200 million people living in the tropics (16). The role
of cassava with iodine deficiency in the etiology of endemic goiter and
endemic cretinism has now been demonstrated by Delange et al (16) from
their studies in nonmountainous Zaire. These observations have also been
confirmed by Maberly et al (47) in Sarawak, Malaysia.

Endemic Cretinism

A major effect of fetal iodine deficiency is endemic cretinism, which is
distinct from sporadic cretinism (61). Endemic cretinism, which occurs with
an iodine intake below 25 ug per day in contrast to a normal intake of 80-150
g per day, is still widely prevalent and affects, for example, up to 10% of the
populations living in severely iodine-deficient areas in India (61), Indonesia
(61), and China (45). In its most common form, it is characterized by mental
deficiency, deaf mutism, and spastic diplegia; this type is referred to as the
nervous, or neurologic, type in contrast to the less common myxedematous
type characterized by hypothyroidism and dwarfism.

These two types of endemic cretinism were first described in modern
medical literature by McCarrison (48), and the condition still exists in the
same areas of the Karakoram mountains and in the Himalayas (61). Neurolog-
ic, myxedematous, and mixed types still occur in the Hetian district of
Sinkiang, China, some 300 km east of Gilgit, where McCarrison made his
original observations (45). In both China and India, the condition occurs most
frequently in areas below mountain slopes in fertile silt plains that have been
leached of iodine by snow waters and glaciation.

Apart from its prevalence in Asia and Oceania (Papua New Guinea),
cretinism also occurs in Africa (Zaire) and in South America in the Andean
region (Ecuador, Peru, Bolivia, and Argentina) (61). In all thcse areas, with
the exception of Zaire, neurologic features are predominant (6). In Zaire the
myxedematous form is more common, probably because of the high intake of
cassava (16). The clinical manifestations of neurologic cretinism vary con-
siderably, however, and include varying degrees of isolated deaf mutism and
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mental defect. In China the term cretinoid is used to describe these in-
dividuals.

The common form of endemic cretinism is not usually associated with
severe clinical hypothyroidism as in so-called sporadic cretinism, although
mixed forms with both the neurologic and myxedematous features do occur.
The neurologic features are not reversed by the administration of thyroid
hormones, however, unlike the hypothyroidism (28).

The apparent spontaneous disappearance of endemic cretinism in southern
Europe raised considerable doubts as to the relation of iodine deficiency to the
condition. Such a spontaneous disappearance without iodization was noted by
Costa et al (12) in northern Italy and by Konig & Veraguth (40) in Switzer-
land.

A controlled trial in the Western Highlands of Papua New Guinea revealed
that endemic cretinism could be prevented by correction of iodine deficiency
with iodized oil before pregnancy (58, 59).

The value of iodized oil injection in the prevention of endemic cretinism
has been confirmed in Zaire (73) and in South America (63). Mass injection
programs have been carried out in New Guinea in 1971-1972 and in Zaire,
Indonesia, and China. Recent evaluations of these mass programs in In-
donesia and China indicate that endemic cretinism has been prevented where
correction of iodine deficiency has been achieved (18, 45).

The apparent spontaneous disappearance of the condition is now attributed
to an increase in iodine intake due to dietary diversification as a result of
social and economic development that reached the more remote rural areas.

Fetal Development

Iodine deficiency of the fetus results from iodine deficiency in the mother.
The condition is associated with a higher incidence of stillbirths, spontaneous
abortions, and congenital abnormalities, which can be reduced by public
health iodization programs. The effects are similar to those observed in
maternal hypothyroidism, which can be reduced by thyroid hormone replace-
ment therapy (49).

Controlled trials with iodized oil have revealed a significant reduction in
recorded fetal and neonatal deaths in the treated group, which is consistent
with animal evidence indicating the effect of iodine deficiency on fetal
survival (35, 61, 73).

Further data from Papua New Guinea indicate a relationship between the
level of maternal thyroxine with the outcome of current and recent past
pregnancies including mortality and the occurrence of cretinism. The rate of
perinatal deaths was twice as high among mothers with very low serum
concentrations (<25 ng per ml) of the total thyroxine (TT,) (36.0%) as the
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rate of deaths in women with higher levels of TT4 (16.4%); the same
relationship was true for free thyroxine (FT,) levels (62).

These data indicate the importance of maternal thyroid function to fetal
survival and development and are complemented by extensive animal data
(35).

The Neonate

An increased perinatal mortality due to iodine deficiency has been shown in
Zaire from the results of a controlled trial of iodized oil injections given in the
latter half of pregnancy alternately with a control injection (73). There is a
substantial fall in perinatal and infant mortality with improved birth weight.
Low birth weight (whatever the cause) is generally associated with a higher
rate of congenital anomalies and higher health risk through childhood.

Apart from the question of mortality, the importance of the state of thyroid
function in the neonate relates to the fact that at birth the human brain has
reached only about one third of its full size and continues to grow rapidly until
the end of the second year (17). The thyroid hormone, which depends on an
adequate supply of iodine, is essential for normal brain development, as
confirmed by animal studies (32, 34).

Recent data have been published on iodine nutrition and neonatal thyroid
function in Europe. They confirm that the continuing presence of severe
iodine deficiency affects neonatal thyroid function and hence poses a threat to
early brain development (15).

Similar evidence comes from observations in Zaire, where 10% of the
neonatal population has been found to have chemical hypothyroidism (25). In
Zaire this hypothyroidism persists into infancy and childhood if the deficiency
is not corrected, with resultant retardation of physical and mental develop-
ment (26).

These observations indicate a much higher risk of mental defect in severely
iodine-deficient populations than is indicated by the presence of classic
cretinism.

Child Development

Iodine deficiency in children is characteristically associated with goiter. The
classification of goiter, which has been standardized by the World Health
Organization, is discussed elsewhere (23). The goiter rate increases with age
and reaches a maximum at adolescence. Girls have a higher prevalence than
boys. Observations of goiter rates in school children of ages 8-14 provide a
convenient indication of the presence of iodine deficiency in a community.

Recent studies of school children living in iodine-deficient areas of several
countries indicate impaired school performance and intelligence quotients in
comparison with those of matched groups from non-iodine-deficient areas.
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These studies are difficult to set up because of the problem of the control
group. There are many possible causes for impaired performance in school
and on intelligence quotient tests, which makes interpretation of observed
differences difficult. The iodine-deficient area is likely to be more remote and
to suffer from. more social deprivation, including a disadvantage in school
facilities, a lower socioeconomic status, and poorer general nutrition. All
such factors have to be taken into account, apart from the problem of adapting
tests that originated in developed countries for use in developing countries.

Initially, studies of psychomotor development, as indicated by tests of
motor coordination, revealed differences that could be regarded, to a large
extent, as independent of educational status.

In Papua New Guinea, children from the controlled trial in the Western
Highlands have been tested periodically. Their differences in bimanual dex-
terity were revealed by having them thread beads and put pegs into a peg-
board; these differences were then compared with the iodine-deficiency status
of the mother. These dexterity differences were found to be significantly
related to the level of maternal thyroxine (but not triiodothyronine) at the time
of the mother’s pregnancy and to persist up to the age of 10-12 years (9, 59,
60).

Differences in motor coordination have also been observed in Indonesia.
More recent critical studies by Bleichrodt et al (2) in Indonesia and in an
iodine-deficient area in Spain, however, have used a wide range of psycho-
logical tests and showed that the mental development of children from
iodine-deficient areas lags behind that of children from non-iodine-deficient
areas. The differences in psychomotor development became apparent from
the age of two and one half years.

A study from Chile (54) found that children with goiter demonstrated
poorer performance on intelligence quotient tests than did children without
goiter from the same area. Similar data are now becoming available from
China but have not yet been published (W. Dong, unpublished results).

The next question is whether these differences can be affected by correction
of the iodine deficiency. In a pioneering study initiated in Ecuador in 1966,
Fierro-Benitez et al (27) reported the long-term effects of iodized oil in-
jections by comparing groups of children from two Highland villages, one
(Tocachi) being treated, the other (La Esperanza) acting as a control group.
Particular attention was paid to 128 children aged 8-15 whose mothers had
received iodized oil prior to the second trimester of pregnancy and a matched
control group of 293 of similar age. All children were periodically examined
from birth at key stages in their development. Women in Tocachi were
reinjected or injected in 1970, 1974, and '1978. According to the authors,
assessments in 1973, 1978, and 1981 revealed the following:
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Scholastic achievement was better in the children of treated mothers when measured in
terms of school year reached, for.age, school dropout rate, failure rate, years repeated and
school marks. There was no difference between the two groups by certain tests (Terman-
Merrill, Wechsler or Goodenough). However, both groups were impaired in school
performance—in reading, writing and mathematics, but more notably the children of
untreated mothers.

The results indicate the significant role of iodine deficiency, but other factors
were also considered important in the school performance of these Ecuador-
ean children, such as social deprivation and other nutritional factors (27).

A controlled trial carried out with oral iodized oil in a small Bolivian
village (Tiquipaya) 2645 meters above sea level revealed significant benefits
to school children’s mental performance in association with reduction of
goiter (1).

Iodization programs have been shown to increase the level of circulating
thyroid hormones in children in India (66) and China (45). These changes
occur whether or not the child is goitrous and indicate a mild degree of
hypothyroidism without any apparent symptoms.

The major determinant of brain (and pituitary) triiodothyronine (Ts) is
serum thyroxine (T4) and not Tj; (as is true of the liver, kidney, and muscle)
(13). Low levels of brain T3 have been demonstrated in the iodine-deficient
rat in association with reduced levels of serum T4, and these levels have been
restored to normal with correction of iodine deficiency (55).

These findings provide a rationale for suboptimal brain function in subjects
with endemic goiter and lowered serum T, levels and their improvement
following correction of iodine deficiency. '

lodine-Induced Hyperthyroidism

A mild increase in the incidence of hyperthyroidism has now been described
following iodized salt programs in Europe and South America and following
the introduction of iodized bread in Holland and Tasmania (10, 71). A few
cases have been noted following iodized oil administration in South America.
No cases have yet been described in New Guinea, India, or Zaire. This lack of
cases is probably due to the scattered nature of the population in small villages
and limited opportunities for observation (42). The condition is largely con-
fined to those over 40 years of age—who make up a smaller proportion of the
population in developing countries than in developed countries. Detailed
observations are available for the island of Tasmania (71, 76).

The condition is readily controlled with antithyroid drugs or radioiodine.
Spontaneous remission frequently occurs. In general, iodization should be
avoided in those over the age of 40 because of the risk of hyperthyroidism
(69).
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The correction of iodine deficiency prevents the formation of an autono-
mous thyroid and so prevents the condition of iodine-induced hyperthyroid-
ism (76). Hence, this condition is included among the iodine deficiency
disorders.

Demography and Epidemiology

Large populations are at risk of developing iodine deficiency disorders be-
cause they live in iodine-deficient environments (30). As mentioned, this
iodine-deficient environment is characterized by soil from which iodine has
been leached by glaciation, high rainfall, or flooding. This leaching occurs
most often in mountainous areas as in the Himalayan region, the Andean
region, and the vast mountain ranges of China. Low-lying areas subject to
flooding, as in the Ganges Valley in India and Bangladesh, however, are also
severely iodine deficient. As a result, all the food grown in such soil is iodine
deficient; thus, iodine deficiency will persist in the local populations until
there is dietary diversification, as occurred in Europe late in the nineteenth
century and in the early decades of this century, or until some form of iodine
supplement is given.

There is consensus that 800 million people are at risk of developing iodine
deficiency disorders; of these 190 million have goiter, more than 3 million
are overt cretins, and millions more have some intellectual or motor deficit
(30, 75).

In northern India, a high degree of apathy has been noted in populations
living in iodine-deficient areas. This apathy may even affect domestic animals
such as dogs! Reduced mental function is widely prevalent in iodine-deficient
communities and affects the inhabitants’ capacity for initiative and decision
making. Thus, iodine deficiency is a major block to the human and social
development of communities in iodine-deficient environments. Correction of
the iodine deficiency represents a major contribution to development, as is
more fully discussed elsewhere (30, 35).

An instructive and broad example of the possibilities is provided by
observations of the effect of an iodized salt program dating only from 1978 in
the northern Chinese village of Jixian in Heilongjiang Province (43). The
average income increased from 43 yuan per capita in 1981 to 223 yuan in
1982 and 414 yuan in 1984, which was higher than the average per capita
income in the district. In 1983, cereals were exported for the first time. Before
iodization, no family had a radio, but by 1984 55 families had televisions.
Since 1978, 44 young women had come from other villages to marry young
men in Jixian. Seven men had joined the People’s Liberation Army, whereas
before they had been rejected for goiter. These effects can be largely attrib-
uted to the correction of communitywide hypothyroidism by iodized salt.
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THE CORRECTION OF IODINE DEFICIENCY

In principle, iodine deficiency is easy to correct. People in deficient areas can
receive iodine as an additive to food or water or by direct administration.
Additive programs are more practical on a large scale, particularly if the
vehicle is one that can readily be controlled, such as salt or water. Establish-
ing such a program, however, frequently involves major changes in marketing
and distribution patterns and requires years to achieve. Even then, some target
groups may not be reached. Direct administration of iodine is usually in the
form of iodized oil, but potassium iodide or iodine in Lugol’s solution can
also be given. In this section, we describe the major techniques for iodine
administration—salt, oil, water, and potassium iodide—and discuss their
place in overall iodine deficiency disorders control programs.

Todinated Salt

Salt is universally desired. In many rural self-sufficient communities, it may
be the only commodity that requires importation. These factors make salt an
excellent vehicle for supplementation programs.

Salt is produced either from solar evaporation of seawater or brine or from
rock deposits (5, 50). Production of crude granular salt may be as simple as
collecting it from the salar, letting it dry in the sun, and packaging it. The
crude salt is refined by recrystalization or hydromilling. Iodine can be added
by dry mixing of the iodine compound with the salt, by addition of a liquid
solution of iodine by drip or spray to salt on a conveyor belt, or by submer-
sion. The degree of technical sophistication in these methods varies ex-
tensively. For example, dry mixing can consist merely of adding dry potas-
sium iodide to the salt and mixing by hand or on a conveyor belt. The
machinery for drip feeding or spray mixing is quite simple and inexpensive.
Crushing, grinding, and sieving are uncomplicated if the salt is of sufficient
purity, and the entire iodination operation can be successfully adapted to most
production sites in developing countries. Of the several methods described,
the drip-feed system is the simplest and cheapest, but the spray-mix method
achieves more uniform distribution of iodine with very fine salt.

Potassium iodide and iodate are the most common additives. lodide is
cheaper but iodate is more stable, particularly in warm, humid climates or
where there are significant impurities in the salt (66). lodine is usually added
at a ratio to salt between 1:10,000 and 1:50,000. The level can be adjusted
for the estimated daily consumption of salt, which varies from less than 3 g a
day to 15 g per day. The minimum daily requirement of iodine is about 50 ng,
and the recommended intake is 100-150 pg.

Salt has several advantages as a vehicle for fortification with iodine. There
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is a universal requirement for salt, yet its sources are restricted, which usually
makes control at the production site simple. Iodination of salt does not require
direct contact with each individual, which makes it suitable for mass pro-
phylaxis programs. The technology is straightforward and easily adapted to
developing countries, and the overall cost of iodination is low. The major
disadvantage of iodinated salt is that it may require years of patient negotia-
tion to alter existing patterns of salt trade sufficiently to incorporate iodina-
tion. Obviously these constraints vary widely. In countries where refined
table salt is already produced, the addition of an iodination step is simple. In
other countries where anyone can collect salt from salars, however, introduc-
tion of iodination requires a massive shift in production and distribution
strategy.

lodized Oil

Iodine in covalent linkage with vegetable oils is introduced into the body
either by intramuscular injection or orally (19, 22, 36). The injected material
is slowly released from the muscle depot, deiodinated either in the muscle or
circulation, and presented to the thyroid as iodide. With oral administration,
the iodinated fatty acids are absorbed from the gut and deiodinated, either in
the gut, circulation, or both, and the iodide is then concentrated from the
circulation by the thyroid. Additionally, some iodinated fatty acids appear to
be stored in body fat depots, from which they are slowly deiodinated and
released. A single dose of injected iodized oil provides adequate iodine for at
least 3 years. The most experience has been with iodinated poppyseed oil
(Lipiodol), which was developed as a radiocontrast medium and contains 38%
iodine by weight. lodinated walnut and soybean oils, which contain approx-
imately 25% iodine, are also available.

Administration of iodized oil requires direct contact with each target sub-
ject, in contrast to iodinated salt. Iodized oil has usually been administered
either by mobile teams or via the primary health care system. The most
extensive experience is with intramuscular injections. In Zaire the teams
consisted of five health service personnel who could inject an average of 500
subjects per day, and allowing for travel, 100,000 doses per year (36). In
Nepal, districts are programmed for injection and local vaccinators are re-
cruited, taught, and then sent in teams of two systematically through the area,
each team giving at least 50 injections per day or 11,000 per year (1).

The experience with oral iodized oil is more limited than that with the
injected form (1, 19, 22, 24, 25, 44). Oral iodized oil is clearly less effective
in duration, as would be expected in the absence of an intramuscular depot. A
single oral administration appears effective for at least a year and more often
at least two. Factors influencing its effective duration include the severity of
the initial iodine depletion, the completeness of intestinal absorption, and
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probably the extent of fat stores. In some studies, oral administration was as
effective as intramuscular injection (19, 44). Research studies have provided
most of the data on oral iodized oil, since large-scale interventions are
lacking, although several are planned. Oral iodized oil is particularly adapt-
able to areas with a strong primary health care system, because the actual
administration requires little more than delivering the oil to a responsible
person (a teacher or other village leader), and no special equipment such as
syringes is required. A large program designed to administer 1.5 million
doses orally is currently underway in Bolivia (1988-1989); the iodized oil is
distributed solely through the primary health care system.

lIodized oil provides adequate iodine for several years after its initial
administration. Since it is a direct intervention, it requires direct personal
contact with the target but avoids the massive logistic problems often associ-
ated with iodized salt programs. Thus, an effective intervention with iodized
oil can begin almost immediately. Its effects on goiter reduction are often
dramatic and can be valuable in demonstrating the beneficial effects of iodine,
thus paving the way for the later introduction of iodinated salt.

The need to establish direct contact with each subject sharply limits the
number of individuals who can receive iodized oil. In addition, injection
programs must be concerned with proper disposal of syringes and with the
risk of improper technique resulting in transmission of viruses such as those
that cause AIDS and hepatitis. lodine administered as a bolus once every 3
years is clearly less physiologically desirable than a daily ration such as with
iodinated salt. lodine-induced thyrotoxicosis occasionally occurs as described
above, although it is usually mild and self-limited and occurs with any iodine
intervention, including iodized salt. lodized oil is usually somewhat more
expensive than iodized salt, although occasionally the cost of transporting
iodinated salt may reverse this difference.

From the above considerations, the effective use of iodized oil in pro-
phylaxis has become better defined. Its optimum application is in moderate to
severe iodine deficiency in areas that will not be reached by better means of
prophylaxis (usually iodinated salt) within a reasonable time, perhaps one or
two years. lodized oil is usually introduced as an emergency stopgap measure
to control iodine deficiency in severely affected areas while the introduction
of an effective program for iodinated salt is planned. In many areas, un-
fortunately, the problems in iodinating salt are so complex that many years
will elapse before iodine deficiency is corrected by this means.

Other Technologies

Iodine prophylaxis is occasionally achieved by adding iodine to drinking
water. In its more sophisticated form, this technique uses a cannister of iodine
crystals through which some water is diverted and then returned to the main
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stream. Regulation of the flow diverted through the iodine bed controls the
amount of iodine added. Such a program proved successful in correcting
iodine deficiency in villages of Malaysia (46) and in Troina, Sicily (67).

Programs designed to use less skilled persons to monitor the repetitive
administration of iodized oil or some other agent have significant advantages
in implementation. Such programs have been done through school teachers
and community groups in Tanzania using oral iodized oil capsules. In a small
program in Bolivia, A. Pardo (personal communication) decreased goiter by
providing Lugol’s solution to village health workers, school teachers, and
family heads with instructions to administer an appropriate dose, such as a
drop a day of a properly diluted solution, to school children and others. Such a
program, while requiring a responsible administrator, has the advantages of
providing a fairly physiologic dose rather than the boluses of iodized oil, and
the materials are available in most hospital pharmacies, even in developing
countries. This experience recalls the original trial of Marine & Kimball in
Akron, Ohio (52); goiter was successfully controlled in school children by
administration of 2 g of sodium iodide in 0.2 g doses over a 2-week period
twice each year.

Iodine has been added to a number of other vehicles, including bread,
candy, and vitamin tablets (21), but since distribution of these items in a
population is difficult to predict or control, such programs are rarely serious
alternatives to the methods described above.

PUBLIC HEALTH PROGRAMS FOR PREVENTION AND
CONTROL

Iodine deficiency disorders control programs can be conveniently divided into
the following components: assessment, communication, planning, political
decision, implementation, and monitoring and evaluation (30).

Assessment

Assessment comprises establishing the presence of these disorders and assess-
ing their degree. The two major technical tools are estimates of goiter
prevalence and urinary iodine determinations. The Pan American Health
Organization/World Health Organization has standardized a definition of
goiter and a classification for its size (14).

The most useful laboratory marker is the determination of urinary iodine,
because most iodine is excreted in the urine and because urine is easy to
obtain (3, 4, 37). The best measure, a 24-hour sample, is very difficult to
obtain under field conditions, so the value is usually expressed either as a
concentration (ug iodine/dl) or in relation to creatinine (ug iodine/g creati-
nine). The latter measurement correlated reasonably well with 24-hour urine
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determinations in Spanish schoolchildren (37), but many such samples related
poorly to total urinary iodines in many other cultures. Bourdoux (3) makes a
persuasive case for relying on the concentration of iodine in casual samples of
urine, since, given a large enough sample size (e.g. 40 or 50), differences in
urinary dilution among individuals should be overcome. He and others have
conducted field studies that support this position. Some investigators have
advocated using a timed 2-hour collection.

While thyroid palpation and the urinary iodines are by far the most practical
measures for assessing iodine deficiency, other tests of thyroid function can
be very valuable if obtainable (4). Thus, in subjects with iodine deficiency,
the serum thyroid-stimulating hormone level is typically elevated, the serum
thyroxine level low, the ratio of serum thyroxine to serum triiodothyronine
levels low, and the radioiodine uptake quite high. These tests can define the
severity of the endemia more precisely than goiter surveys and urinary iodine
determinations, but blood is frequently difficult to obtain and process under
field conditions, isotope measurements are now less acceptable, and these
added measures increase the cost of assessment considerably.

The best group for survey is usually school children (14, 33). They are
conveniently congregated so that an individual examiner can assess several
hundred in several hours. Children represent the current situation of iodine
deficiency better than do older people, who may have preexisting, irreversible
nodules that remain after iodine deficiency has been corrected for many years.
School children also provide a valuable baseline for gauging the effects of any
subsequent intervention.

Communication

Communication is another essential component of an iodine deficiency dis-
orders control program (7, 51, 72). All interested parties must be made aware
of the presence of these disorders, their consequences, and the importance of
their correction. Target groups for these educational efforts include govern-
ment officials, principally those in the Ministry of Health, the medical
community, teachers, civic groups such as mothers’ clubs, and the affected
population itself. The message should emphasize that the consequences of
iodine deficiency are much more severe than goiter alone. It should also stress
the irreversible effects of iodine deficiency on mental and physical develop-
ment of children and the relative ease of its prophylaxis. Many previous
efforts at correction have failed to achieve lasting results because the involved
parties did not properly understand the control program or its importance.
Successful programs have employed a wide variety of communication tech-
niques, ranging from fairly sophisticated medical pamphlets for physicians to
simple slide shows and teaching aids designed like comic books for the less
educated. Radio, television, and video films are also popular and effective.
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Iodine deficiency disorders booths are set up at local fairs to give information
and occasionally to administer iodized oil or to distribute iodinated salt.

Planning

Planning will almost always be the responsibility of the government, usually
the Ministry of Health and its division of nutrition (37, 57, 64, 74). A
National Control Commission for lodine Deficiency Disorders should be
formed and include representatives from major interest groups: various
ministries of the government such as Commerce, Transportation, and Mining,
academic institutions, the medical profession, the media, citizen representa-
tives, and appropriate others.

The planners must consider the severity and distribution of the disorders
and on that basis recommend the most appropriate response. They also need
to analyze existing patterns of salt production and distribution and decide how
quickly and easily salt iodination can be achieved. If the extent of iodine
deficiency disorders is severe and if effective iodination of salt will be
delayed, plans for an interim program with another modality, probably io-
dized oil, should be developed.

Political Decision

Once the plan is developed, the government must decide to back its im-
plementation (30, 64). In most instances, this process requires passage of a
law mandating iodination of all salt for human and animal consumption. It
also requires a commitment of national resources to execute the program. The
most important element is a clear determination by the government to carry
out a successful program. The law usually requires iodination of salt but
leaves details of implementation, such as the level of iodine in the salt, to
subsequent regulation by the Ministry of Health. The government must
provide enough funding to permit the program to become successful. An
unimplemented law is of little value. For example, almost every Latin Amer-
ican country has a law for salt iodination, but in only a few is the law applied
seriously (20).

Implementation

The next step is implementation of the plan for correction of iodine de-
ficiency. Leadership in implementation will usually come from the Ministry
of Health but should be in close cooperation with other ministries and interest
groups, preferably through a National Control Commission for lodine De-
ficiency Disorders. The program organization should include sufficient per-
sonnel to carry out all its various components, many of which extend beyond
the Ministry of Health.
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Monitoring and Evaluation

To be successful the program must also provide for monitoring and evaluation
of its effectiveness (53). The assessment techniques described above are the
most useful ones for monitoring and evaluation, specifically goiter surveys
and determinations of urinary iodine levels. The program must also monitor
the levels of iodine in salt, both at the site of production and of consumption.
Monitoring and evaluation are perhaps the least “glamorous” components of
the program but are vitally important to its long-term success. A suitable
budget must be provided and continue many years after initiation of the
program. Many initially successful programs have foundered for lack of
effective follow-up control. For example, school children in Guatemala had a
goiter prevalence of 38% in 1952, which an effective salt-iodination program
reduced to 7% by 1964. Failure to monitor salt iodination ensued, however,
with the goiter prevalence rising to 11% in 1979 (65) and 21% in 1987 (A.
Noguera, personal communication). Columbia provides a similar example
(11).

Further details of the experiences of different countries with national iodine
deficiency disorders control programs are reviewed elsewhere (8, 23, 30).

INTERNATIONAL ACTION

The wide gap between new knowledge of the iodine deficiency disorders and
the application of this knowledge through national control programs in de-
veloping countries has led to the formation of the International Council for the
Control of lodine Deficiency Disorders (ICCIDD). The inaugural meeting of
this multidisciplinary group of epidemiologists, nutritionists, endocrinolo-
gists, chemists, planners, and economists was held in Kathmandu, Nepal, in
March 1986. A series of papers presented in Kathmandu on all aspects of
iodine deficiency disorder control programs was published (33). The ICCIDD
has now established a global multidisciplinary network of some 300 people
with expertise relevant to these disorders and programs to control them. It
works closely with the World Health Organization, the United Nations In-
ternational Children’s Emergency Fund (UNICEF), and national governments
within the United Nations system in the development of national programs
31).

The feasibility of substantial progress in the prevention and control of
iodine deficiency disorders in the next 5-10 years was endorsed in a World
Health Assembly Resolution in 1986 (77). A global strategy for a ten-year
program has now been adopted by the United Nations agencies (31, 75).
These various developments encourage the hope that significant progress can
be made in the prevention and control of iodine deficiency disorders within
the next decade with great benefits to the quality of life of the many millions
affected.
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