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ABSTRACT

INTRODUCTION

Synthesis of thyroid hormones in sufficient quantities
to meet the physiologic demands requires supply of adequate
amounts of exogenous iodine(1). It is estimated that a
minimum daily intake of 100ug iodine is essential to
climinate all signs of iodine deficiency, though the daily
requirement varies between different age groups(2). While
iodine is required at all ages, the most critical stages of iodine
requirement are during fetal stage and early childhood due to
rapid neurological development which takes place at that
time. Deficiency of iodine will result in reduced formation of’
thyroid hormones affecting growth, development and
metabolism of various tissues.

The spectrum of manifestations arising from iodine

deficiency in a community is termed ‘Todine Deficiency
Disorders’ (IDD)(3). IDD encompasses a broad spectrum
which includes neurologic cretinism, physical/mental
retardation in childhood, goitre and reduced cognitive
function and work output. This term was coined to replace
‘endemic goitre’ which is the most visible manifestation but
underestimates the other subtle consequences in the iodine
deficient communities.

Epidemiology of IDD

Since diet is the sole source of iodine, its intake in
human and animal population is dependent on the iodine
content of water and soil(1). Land masses which were earlier
replete with iodine have been depleted of iodine due to
glaciations, rains, floods and repeated cultivation. As a result,
vast areas of earth’s land mass especially the mountainous
regions, rainy areas and previously glaciated regions of the
earth are depleted of iodine. In addition to the mountainous
regions, its deficiency has also been noted in lowlands and
plains of Asia, Africa and Europe(4-7). Observational studies

15




IJEM 2007;11(3 & 4):15-21

on populations and experimental studies have suggested
iodine deficiency to be the underlying basis for endemic
goitre as well as endemic cretinism. This is further supported
by the amelioration in IDD seen after iodine prophylaxis.
Thus, IDD constitute the most preventable cause of mental
retardation and remains a major public health problem
around the world.

IDD Assessment

The diagnosis of IDD is made at the level of
community and cannot be made at level of individual.
Though presence of goitre and cretinism are indicative of
iodine deficiency in the community, objective methods are
necessary to assess prevalence and severity of iodine
deficiency due to the fact that IDD often exists with subtler
manifestations. Agencies such as the World Health
Organization (WHO), the International Council for Control
ofTodine Deficiency Disorders (ICCIDD) and the UNICEF
(United Nations International Children’s Emergency Fund)
jointly proposed various indicators to estimate prevalence of
IDD and assess the impact of iodine prophylaxis(8). Goitre
survey remains the most important tool to measure iodine
deficiency and estimate the population at risk. Other
methods used in measuring IDD are: urinary iodine
excretion (UIE), thyroid size by ultrasonography (USG),
thyroid function tests and prevalence of cretinism.

Global Prevalence and burden of IDD

It was estimated in 1999 that nearly 38% of world
population spread across 130 countries were affected by
IDD(6) making IDD the most common endocrine disorders
world wide. Out of an estimated world population of 5.8
billion in different regions, 3.8% are estimated to be suffering
from iodine deficiency in some form, though only 12% is
affected by goitre. In 1994, 43 million were thought to be
suffering from some degree of mental handicap as a result of
IDD(8). Itis known that severe deficiency of iodine exists in
most of developing countries and mild to moderate ID exists
in parts of Europe though accurate data on global prevalence
is lacking.

Iodine prophylaxis and supplementation

The recommended daily dietary intake of iodine varies
from 50ug in infant, to 150mg in adult and 200mg during
pregnancy and lactation(2). Provision of iodine in diet is
achieved by cither universal salt iodisation (USI) or iodized
oil as injectable/oral formulations(9). While USI achieves
gradual elimination of IDD in whole population, iodized oil
delivery through primary health care systems can have rapid
impact in select target populations like children/pregnant
woman.

Evolution of iodisation programs

Switzerland and the United States of America (USA)
were among the first countries to launch iodisation programs
in 1920s. This was done subsequent to recognizing the high
prevalence of goitre and cretinism by surveys and the benefit
of iodisation by experimental studies(9). Saltiodisation along

with introduction of iodate and iodophores in food industry
helped achieve sufficient iodine nutrition in most North
American and North European countries(10). Experimental
studies were carried out in several countries such as Papua
New Guinea, India and others. The positive outcomes from
these subsequently triggered launch of widespread
campaigns for iodine supplementation around the
world(11).

The goal to eliminate IDD from around the globe by
the year 2000 was adopted by the World Summit for Children
in 1990(6). In its latest recommendation by WHO/
UNICEF/ICCIDD, salt iodisation at production site is
targeted in the range of 20-40 mg iodine/kg of salt so as to
provide the daily requirements of iodine in the adult of about
150ng/d(12). Global campaigns for salt 1odisation has
achieved remarkable success so much, that by 1995, of 94
countries that had UNICEF programs, 58 had achieved the
goal of 1odization of 90% edible salt(13). The present article
aims to review the benefits achieved vis-a-vis some unwanted
eftects observed during iodine supplementation programs.

Iodine supplementation - benefits
World scenario: Goitre prevalence and UIE

Subsequent to the first experiments with introduction
of iodine in diet of local populations in Switzerland, studies
showed regression of goitre, reduction in goitre prevalence,
increase in average height of children, reduction in incidence
of deaf-mutism and prevention of cretinism(14). Similar
iodisation program undertaken in USA resulted in total
elimination of endemic goitre(15). A recent study conducted
4 years after iodised salt prophylaxis in Cote d’Ivoire,
Switzerland found reduction in mean thyroid size (56%),
goitre rate (52 to 19%) and normalization of median UIE in
children(16).

Waorld scenario: Pregnancy outcomes and offspring

Several studies were conducted on pregnant women
and their offspring in various countries after the women were
supplemented with iodine in the form of iodized oil
injections. Neonatal outcomes improved and prevalence of
goitre and cretinism decreased in Papua New Guinea(17,18).
Long term studies in the progeny also showed improvement
in the cognitive and motor functions: tests like grip strength,
speed of movement, unimanual or bimanual accuracy were
performed better by the children in the supplemented group
than from control women. There was a salutary effect of
iodine supplementation in children born to mothers in terms
of school attainments and neuropsychological testing in
Ecuador(19, 20).

In Zaire, pregnancy outcomes such as birth weight,
incidence of infantile chemical hypothyroidism, reduction in
perinatal mortality and development quotients of offspring
were better in iodine supplemented group as compared to
controls(21). The beneficial effects noted in these studies
were instrumental in persuading most of countries in
Europe, Latin America and South East Asia to work towards
IDD elimination by iodine supplementation(9).
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Indian scenario

The carly reports pointed to the presence of endemic
goitre and cretinism in the Himalayan belt and Gangetic
plains of Uttar Pradesh(22,23,24). The first evidence to show
that iodised salt as an effective approach to iodine
supplementation came from the results of an experimental
study in the Kangra valley between 1956 and 1972(25,26).
This group found that goitre prevalence reduced from 35% to
15% in 6 years and to 9% after 12 years of use of iodised salt in
the community. This gave the impetus for launching of
national goitre control program in 1962, with iodised salt as
the major route to provide iodine.

A nationwide study undertaken by the Indian Council
of Medical Research (ICMR) found IDD to be endemic in
235 out of 275 districts surveyed and it was estimated that
nearly 100 million of the Indian population is at risk of
IDD(27). Considering the widespread presence of IDD and
the gravity of the problem, National Goitre Control Program
(1962) was re-designated as National Iodine Deficiency
Disorders Control Program (NIDDCP) in 1992 with
adoption of universal salt iodisation as its main strategy for
control and sustained elimination of IDD.

While USI gained wide acceptance with the medical
community, iodized oil injections did not find favour except
for an experimental study which used iodized oil in two
districts of UP(28). Regardless of the approach used for
iodine supplementation, studies showed benefits in terms of
improvement in UIE and reduction in goitre prevalence.

Most of studies that have evaluated the impact of
universal salt iodisation have relied on goitre prevalence and
urinary iodine excretion (UIE) as indicators. Studies from
Delhi as well as other regions of the country revealed
adequate median UIE in school children(29,30,31). Goitre
prevalence (GP) has also been shown to be declining in the
country, as for example in Delhi, the GP reduced from 55% in
1983 to 19% and 9.2% in later studies(30, 31).

Following the USI campaign, there has been significant
improvement in iodine nutrition in terms of UIE and iodine
content of salt(31,32). There is also indirect evidence of
better iodine nutrition in terms of reduction in size of the
gland in terms of goitre grade with more than 90% goiters
seen in surveys to be of grade 1(29,30). The prevalence of
thyroid nodules is also low (0.04%), though pre-iodisation
data is not available in this regard. Similarly, two recent
studies, one in pregnant women and another in children
showed iodine sufficiency(33,34).

The eftect of iodine deficiency on neurodevelopment
was shown by Kochupillai et al when they found that 56% of
schoolchildren in iodine deficient villages of this country had
intelligence quotient (IQ) less than 80 compared to 9% in
non-endemic areas(35,36). It was also seen that more than
80% of children in endemic villages had 1Q less than 90.
Follow up studies after iodisation program clearly revealed
drastic improvement in IQ as shown in table 1 (personal
communication- Prof Manju Mehta).
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Table 1: Comparison of intelligence quotient (MISIC) in school
going children from District Gonda, Uttar Pradesh, India

IQ distribution expressed as percentage

<69 70-79 80-89 90-109  110-119  >120
Year 2001
(n=60) - 8.3 16.7 51.7 18.3 5
Year 1986
(n=60) 23.3 33.3 25 16.7 1.7 0

(Courtesy: Prof. Manju Mcehta, AIIMS, New Delhi)

All these studies are indicative of widespread benefits as
well as remarkable success in the nationwide iodisation being
pursued under the National Iodine Deficiency Disorders
control programme by the Government of India.

Iodine supplementation —concerns

Though supplementation of iodine is associated with
large scale benefits, concerns have been raised regarding side
effects due to the complex nature in which different levels of
iodine act on thyroid gland. Though evidence from studies
show that iodine intake up to 1mg/day could be tolerated by
normal adults(37,38), this was not reassuring enough due to
accumulation of evidence to the contrary. Continued
exposure to iodine at levels higher than required daily intake
may result in clinical conditions like goitre, hypothyroidism,
autoimmunity and others. (It is thought that these are more
likely to occur during iodine supplementation in iodine
deficient populations).

Thyrotoxicosis

Iodine induced thyrotoxicosis (II'T) was first reported
from Tasmania and has since been observed in most of
iodisation programs(39,40). The outbreak occurred in
Tasmania following iodine supplementation by iodine
tablets, iodized bread and use of iodophores in the milk
industry. The incidence increased from 24/100,000 in 1963 to
125/100,000 in 1967 and occurred more frequently in people
over 40 years of age and those with multi-nodular goiters.
Epidemic lasted for 10-12 years, after which incidence of
thyrotoxicosis fell below that prior to the epidemic despite
continued iodisation.

A sharp increase in incidence of thyrotoxicosis from
3/100,000 to 7/100,000 was observed in Zimbabwe over 18
months of introduction of iodised salt(41). High risk of
iodine induced hyperthyroidism was also reported from
Kivu, Zaire following iodised salt introduction(42). A multi-
centric study in 7 African countries including Congo and
Zimbabwe showed that thyrotoxicosis stemmed from
sudden induction of excessively iodised salt in severely iodine
deficient population for a long time(43). In Switzerland, an
increase in incidence of thyrotoxicosis by 27% was seen
during the year after level of iodine supplementation was
increased from 90ug/day to 150ug/day(44). Similarly,
introduction of iodised salt in China with borderline
deficiency resulted in slight but significant increase in the
incidence of thyrotoxicosis(45).
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In variance to the above reports, two controlled studies
using iodized oil in iodine deficient population of Iran, and
Romania did not find any increase in incidence of II'T while
goitre prevalence decreased (46, 47, 48). A recent study from
three provinces of China with mild iodine deficiency (UIE
84 pg/lit, Panshan), more than adequate iodine intake (243
pg/lit, Zhangwa) and excessive iodine intake(651 ug/lit,
Huanghwa) respectively showed no association of increase in
iodine with hyperthyroidism(49). Other studies did not
reveal any excess occurrence of hyperthyroidism after iodine
prophylaxis (50,51). Study on thyroid function during goiter
surveys in India also did not show hyperthyroidism though
the country is undergoing iodisation for last two
decades(30,51).

It appears that while benefits of iodisation are
overwhelming, it could result in IIT especially in the early
phase, in individuals with pre existing nodular disease, in the
absence of adequate monitoring of the programs.

Goitre and autoimmunity

It has been suggested that iodine supplementation
could induce/aggravate autoimmunity resulting in goitre and
thyroid dysfunction as evident from animal studies,
experimental studies on humans and population studies. The
first observations were made in chicken and rats when
experimental autoimmune thyroiditis (EAT) was induced on
administration of iodine (52, 53). This hypothesis was further
supported by population studies from USA and Japan which
showed higher prevalence of AIT in parallel with higher
iodine intake(54,55,56). lodinated contrast agents and
amiodarone which contain large amounts of iodine are also
reported to induce AIT in certain individuals(57).

Lymphocytic infiltration of thyroid gland and
development of antithyroid antibodies in serum were
reported following iodisation programs in countries such as
USA, Greece(58,59). Increased production of anti-thyroid
antibodies in association with increase in iodine intake was
first reported after introduction of iodised oil in Greece and
Italy (60,61). In Epirus which was under salt iodisation for 3
decades, overall prevalence of AIT by thyroid antibodies was
3.3% & goitre specific prevalence was 16.5%(62).

A study on schoolchildren from Delhi, India found
autoimmune thyroiditis (positive anti-microsomal or anti-
thyroglobulin or both) in 112 of 396 goitrous subjects out of
4320 children(30). This study also reported direct correlation
between urinary iodine excretion (UIE) and autoimmunity
with goitre and autoimmunity with thyroid dysfunction
(subclinical hypothyroidism). In China, autoimmune
thyroiditis was found to be associated with more than
adequate or excess iodine but no such relation of iodine status
with thyroid antibodies alone(49).

Though rising incidence of thyroid autoimmunity is
reported by above studies, other studies using iodine have
failed to find similar evidence(63). Two population studies
from India and studies from iodine deficient and replete areas
of Europe did not show any correlation between UIE and

thyroid autoimmunity(51, 64, 65, 66). A one year prospective
trial in Northern Morocco following introduction of iodised
salt showed a transient increase in anti-thyroglobulin
antibodies but the antibody levels returned to baseline after 1
year(67). Similar findings were reported from Sri Lanka but
pre-iodisation status was unknown(68).

Iodine nutrition and thyroid dysfunction

Some studies point to increasing thyroid dysfunction
with increased iodine intake possibly due to iodine directly
suppressing thyroid function as well as iodine inducing
autoimmune thyroiditis. A recent study from three different
regions of China with differing iodine intake, increased
iodine intake was associated with increase in prevalence of
overt and subclinical hypothyroidism(49). The cumulative
incidence of supranormal thyrotropin (TSH) among
euthyroid subjects with positive antithyroid antibodies
increased with increasing iodine intake in all the three
cohorts(49). In another study on children from Delhi, the
median UIE in children with subclinical hypothyroidism
(17.6 = 3.4 pg/dl) was significantly higher than in euthyroid
children with autoimmune thyroiditis (14.7 £ 4.4; p <
0.001)(30). High prevalence of raised TSH (>5 plU/]) in
32.4% seen 3 years after introduction of iodised salt in Car
Nicobar Islands in Bay of Bengal (69 mallik).

Other studies do not corroborate the above evidence
linking iodine with thyroid dysfunction. In United States,
National Health and Nutrition Evaluation Survey
(NHANES III) did not find any correlation between UIE
and thyroxine (T4) or TSH(10). Similarly, one countrywide
study from India also did not show any correlation between
urinary iodine and thyroid function(29, 51).

Iodine nutrition and goiter

It is suggested that excessive iodine could cause goitre
due to iodine induced increase in autoimmune thyroiditis as
well as iodine induced block of thyroid hormone release
causing increase in TSH and goitre. Higher median urinary
iodine was shown in goitrous subjects compared to controls
in a cross sectional study of school children in India(29). In
Delhi, India direct correlation of UIE with goitre was seen in
presence of autoimmune thyroiditis but not otherwise(30). A
large prospective study from China showed goitre
correlation with mild iodine deficiency as well as excess
iodine intake(49). A large international study showed direct
relation of urinary iodine >50ug/dl with thyroid volume but
not for 30-50 ug/dl range (70).
Iodine and thyroid neoplasia

The existence of a relationship between occurrence of
thyroid cancer and iodine status continues to be debated. In
experimental studies on iodine deficient animals, increased
development of thyroid carcinomas was seen(71,72). It was
proposed that chronic stimulation due to raised TSH seen in
such animals may induce neoplasia in thyroid, but whether
this could play arole in areas of endemic goitre is not clear.

The overall incidence of thyroid carcinoma in a
population is not thought to be influenced by iodine
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intake(73). In Italy, incidence of thyroid carcinoma was
higher in an iodine-deficient area compared to that in an
iodine-sufficient region(74). On the other hand, studies
from Iceland and Hawaii which are areas of high iodine
intake, the incidence was initially linked to iodine intake, but
this could also be due to higher natural radiation in these
volcanic areas (75,76). Reduction in incidence of thyroid
cancer from 2-3/100,000 in 1950 to 1-2/100,000 in 1998 was
seen in Switzerland, after iodine supplementation(77).
Similarly, after iodine prophylaxis in Poland, fine needle
aspiration of 3572 patients over a period of 15 years (1985-
1999) found significant decrease in neoplastic lesions and
increase in ratio of papillary to follicular carcinoma(78).

There is a distinct change in the type of carcinomas in
thyroid gland following iodisation in deficient populations.
The ratio of papillary to follicular carcinomas rose in
Argentina and Switzerland(79,80). These studies and others
denote changes in epidemiological pattern of thyroid cancer
subsequent to iodine prophylaxis, with probable
improvement in prognosis due to shift towards more
differentiated forms of thyroid cancer that are diagnosed at
earlier stages(81).

Data on this aspect is scanty from India with one study
reporting that course and outcome of differentiated thyroid
cancer in children from iodine deficiency areas is no different
from those in iodine sufficient areas(82).

SUMMARY OF EVIDENCE AND
CONCLUSIONS

Despite all the above adverse effects of iodisation
reported so far, these have not been found to have major
consequences to public health. The safety of iodated salt as
the public health approach to eliminate IDD is well known.
Benefits of correcting iodine deficiency far outweigh its risks.
Iodine induced thyrotoxicosis and other adverse effects can
almost be entirely avoided by adequate iodine supplemen-
tation and sustained quality assurance and monitoring of
programs.
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