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Iodine deficiency in India
C. S. PANDAV, R. MOHAN, M. G. KARMARKAR, P. SUBRAMANIAN, L. M. NATH

INTRODUCTION
Iodine Deficiency Disorders (IDD) are global
phenomena. Approximately 800 million people in
developing countries live in an iodine deficient environ-
ment. Over'190 million suffer from goitre, more than 3
million are overt cretins and millions more suffer from
some intellectual deficit secondary to iodine deficiency.'
In India, it is estimated that 150 million people are at risk
from IDD of which 54 million have goitre, 2.2 million are
cretins, and 6.6 million have a milder neurological deficit.
The total number of still-births and neonatal deaths
attributable to iodine deficiency is over 90000. All these
make India one of the major endemias of iodine deficiency
in the world.' With every passing hour, 10 children are
being born in this country who will not attain their optimal
mental and physical potential due to neonatal hypo-
thyroidism.

ROLE OF IODINE
Iodine is an essential micro-nutrient for man. The average
daily requirement for an adult is 150 fJ.g which is less than
a teaspoonful over 70 years! However, this tiny quantity
of iodine is required by the thyroid gland every day for the
adequate production of the hormone thyroxine. The
optimum development of the human brain from the early
embryonic to the adult stage is critically dependent on
thyroxine. There is an urgent need to prevent iodine
deficiency as 90% of the growth and development of the
human brain is completed by the second year of life, and
thyroxine deficiency during early life leads to permanent
and irreversible damage.?

SOURCES OF IODINE
The daily requirement of iodine is fulfilled mainly by food
(90%) and from natural water. The richest source of
iodine is sea-weed and consequently, among animal pro-
ducts, sea-fish that feed on sea-weed form the richest
source of iodine. Cereals, pulses, vegetables and fruit
grown on iodine deficient soil are deficient in iodine.' A
major cause of iodine depletion of the soil is deforestation
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which is linked to frequent floods and rivers changing
their course. 4 In view of the continuous degradation of the
environment, there is an urgent need to supplement dietary
iodine.

IODINE DEFICIENCY DISORDERS
The human body has evolved a variety of adaptive
responses to compensate for iodine deficiency. The most
common and visible is an increase in the size of the thyroid
gland which is called 'goitre'. In the initial stages of
adaptation, the enlarged gland is unrecognizable and can
be detected by palpation alone, but later the gland is easily
noticeable.

IDD include goitre at all ages, endemic cretinism
(characterized most commonly by mental deficiency),
deaf-mutism, disorders of stance and gait, impaired mental
function in children and adults, and increase in the rates
of abortions, still-births, perinatal and infant mortality. 5

It is now established that these conditions can be prevented
by correcting iodine deficiency. 5

A MAJOR PUBLIC HEALTH PROBLEM
Iodine deficiency disorders are a major public health
problem all over India. Of the 122 districts from 23 states
surveyed by the Government of India, iodine deficiency
and endemic goitre is prevalent in 111. In the remaining 2
states-Orissa and Tamil Nadu-iodine deficiency has
been reported by the local medical colleges. Thus, there
is not a single state in the country which does not have
iodine deficiency and endemic goitre. Amongst the seven
Union Territories, iodine deficiency is prevalent in
endemic proportions in Delhi and Chandigarh, the only
two areas that have been surveyed.v

There is increasing evidence of a widespread distribution
of environmental iodine deficiency-not just restricted to
the Himalayan mountain areas. It has been reported from
the sub-Himalayan mountain areas, the sub-Himalayan
flatlands (Terai), plains (esp~ially those subjected to
annual flooding), riverine areas, deltas and even coastal
regions."

In the context of widespread prevalence and severity of
iodine deficiency, the Government of India has recently
taken a decision to iodinate salt universally.

IODINE SUPPLEMENTATION
Salt is said to be iodinated when any iodine compound is
added to it. If potassium iodide (KI) is added it is called
'iodized salt', and if potassium iodate (KI03) is added it is
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called 'iodated salt'. 8 Since 1917, various ways of supple-
menting iodine intake have been suggested and tried to
tackle the worldwide problem of iodine deficiency. 8 They
include:

1. Adding sodium iodide in water
2. Taking potassium iodide in tablet or liquid form
3. Adding iodine compounds into the confectionery of

school children
4. Iodizing bread
5. Adding iodine to community water supplies
6. Iodinating salt
7. Administering iodized oil orally or parenterally.

Of these, the most effective methods are iodinating salt
and iodizing oil.

IODINE PROPHYLAXIS:
THE KANGRA VALLEY STUDY
The efficacy of iodination of common salt as a prophy-
lactic measure was established during the 1920s in the
USA and Switzerland. In order to substantiate the role of
iodine deficiency as the causative factor of endemic goitre
in the Himalayan belt and study the effectiveness of
iodine prophylaxis, a prospective study was organized in
1954 in a population of approximately 100000 persons in
the Kangra Valley of Himachal Pradesh.P-'? The study
area was divided into three zones: A, Band C. After a
baseline survey in 1956, the salt distributed to zones A and
C was fortified with potassium iodide and iodate respec-
tively while zone B was supplied with unfortified salt. The
salt fortification was at a level which supplied approximately
200 fLg of iodine per person per day. After six years of
iodination, in 1962, a striking decrease in the prevalence
of goitre was observed' in zones A (from 38% to 19%) and
C (from 38% to 15%) compared with the uniodized zone
B (from 38% t040%). It was also observed that potassium
iodate as an iodinating agent was more effective than
potassium iodide. 9,10 During the last 30 years of this study,
no side-effects or adverse reactions of iodine prophylaxis
have been observed in this population.

RECOMMENDED LEVEL OF SALT IODATION
Based on the results of the Kangra Valley experiment, it
was decided that salt in India would be fortified with
potassium iodate. In India, the average daily consumption
of salt per person is 10 to 15 g. Therefore, in order to
ensure a daily intake of 150 fLgof iodine, the minimum
level of iodate supplement had to be 250 fLgfor 10g of salt,
that is 25 parts per million. In fact the iodation level
should not be less than 50 parts per million!' so as to
compensate for the loss which takes place between salt
iodation plants and the consumer.

STABILITY OF IODINE COMPOUNDS
The stability of iodine compounds in iodized salt has been
extensively studied and is determined by (i) the moisture
content of salt and the atmospheric humidity, (ii) light,
heat and other meteorological factors, (iii) impurities in
salt, (iv) acidity or alkalinity of the mixture, and (v) the
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form in which iodine is present. 12 When potassium iodide
or sodium iodide is used as the iodizing agent, the iodide
content of the salt remains constant and its distribution
remains uniform for many months if the salt is packed in a
container with an impervious lining and kept in a dry, pre-
ferably cool, place and away from strong light. When
these conditions cannot be met, as in many parts of India,
it is desirable to iodinate salt with potassium iodate.F

In countries where salt is of a crude solar variety, not
subject to special drying and processing, iodination with
potassium iodate is a recommended procedure. Under
adverse conditions of moisture, heat and sunlight the
iodine content of salt iodinated with potassium iodate
remains relatively constant. 12 Since 1976, salt is iodinated
with potassium iodate in many countries where there are
adverse conditions of moisture, heat, sunlight, packing,
storage and handling."

TOXICITY OF IODATED SALT
Acute and chronic toxicity tests have been carried out on
sodium iodate to determine whether it can be safely used
in place of sodium iodide for the iodination of salt. 14 The
results of these experiments in man and animals have not
shown any toxic effects. This has been corroborated by
the study group of the World Health Organization. 14

The toxic dose, the lethal dose low (LDLO),of potassium
iodate is531 mg/kg of body weight. IS The LDLOis the lowest
dose of a substance introduced by any route other than
inhalation over any given period of time in one or more
divided portions and reported to have caused death in
humans or animals. Thus, for an individual of 69 kg body
weight, a one time fatal dose of potassium iodate will be
30 g. This means even if salt is fortified at a level of 100
parts per million of potassium iodate, a person would
have to consume 300 kg of salt in a day to die of potassium
iodate toxicity.

In the United States of America, potassium iodate is
used as a dough conditioner in bread making. Under FDA
Regulation No. 17, potassium iodate is used in bakery
products at a maximal concentration of 0.0075%, that is,
75 parts per million by weight of flour alone or with
potassium bromate, calcium iodate and/or calcium
peroxide." The FDA regulations (FDA: 121.101) also
permit the addition of potassium iodide to table salt for
fortification up to a maximum concentration of 0.01%. As
both bakery products and table salt are meant for human
consumption, and the maximum permissible limits are 75
parts per million of potassium iodate and 100 parts per
million of potassium iodide, it follows that, within these
limitations, the FDA authorities consider both these
chemicals to be safe. 16

Potassium iodate is not mentioned among the hazardous
chemicals I? and it is accorded a 'low toxicity' rating by the
Condensed Chemical Dictionary. 18

'EVIDENCE' AGAINST POTASSIUM IODATE
The lone 'evidence' against potassium iodate comes from
the Kirk-Othmer Encyclopedia of Chemical Technology
which makes a reference to iodate as a 'poison"? on very
doubtful grounds.
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COMPLICATIONS OF IODINE PROPHYLAXIS
Some rare complications of iodine prophylaxis are: allergic
reactions, iodism and iodide goitre and iodine induced
hyperthyroidism. In the past, iodized salt was often
blamed for skin rashes and acne but now such reports are
extremely rare.P From 1935 to 1974, among 20000 children
in the United States suffering from allergy, not a single
case of hypersensitivity to iodine in food was reported. A
request for notification of allergy to iodine published in
the Annals of Allergy in 1974 has not yielded a single
report. 20

IODINE INDUCED HYPERTHYROIDISM:
THE TASMANIAN EXPERIENCE
Iodine induced hyperthyroidism or 'Jodbasedow' is a rare
complication of prophylactic programmes with iodated
salt or iodized bread. It occurs in people long subjected to
iodine deficiency who have autonomously functioning
elements in their thyroid gland which respond to iodide
repletion by secreting an excessive amount of thyroid hor-
mones. This was first reported from Tasmania, but it was
subsequently demonstrated that iodine supplementation
only 'unmasked' the sub-clinical stage of hyperthyroidism
and was not responsible for its causation.

The island of Tasmania, a state of Australia with a
population of 380000, is an area of iodine deficiency with
a high prevalence of goitre. The distribution of potassium
iodide tablets in schools from 1950 to 1966 significantly
reduced but did not eliminate goitre in children. Although
available, iodized salt was not generally used, perhaps
because it was expensive. Since April 1966 iodine is being
added to commercially baked bread throughout the island
to correct the deficiency of iodine and to further reduce
the incidence of goitre. This was done by replacing some
of the potassium bromate in bread improver by potassium
iodate in a concentration that would provide mean iodine
intake ranging from 80 to 270 !J.gof iodine per day. 21 It was
noted that the incidence of thyrotoxicosis at two clinics on
the island more than doubled, an increase that was evident
a few months after the iodation of bread. Most patients
were found to have nodular goitres and the increase
occurred mainly in the older population. The safety of
iodine supplementation in endemic goitre areas thus came
to be questioned."

Technical advances have now made it possible to accur-
ately determine the levels of triiodothyronine (T3) and
thyrotropin (TSH) in the blood. Using these newer
techniques, a team of five scientists studied patients from
Tasmania who had developed hyperthyroidism.F They
found that iodine supplementation in an endemic goitre
region might have precipitated thyrotoxicosis in a small
number of patients who already suffered from subclinical
autoimmune hyperthyroidism or had autonomous thyroid
nodules. The authors conclude that 'the correction of
iodine deficiency by minimal supplementation not only
abolishes endemic goitre but also ultimately reduces the
incidence of hyperthyroidism. The disadvantage of a
temporary increase in hyperthyroidism is more than
compensated for by these long-term benefits and should
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not inhibit correction of iodine deficiency in endemic
areas.F?

IS EXCESS IODINE HARMFUL?
The minimum suggested dose of iodine supplementation
is 150 !J.gper person per day to prevent the occurrence of
IDD. In Japan, the average daily intake of iodine has
been reported to be 3000 !J.g.This is 20 times more than
the recommended intake of iodine in India, and several
times greater than the intake in non-endemic areas in
Europe or in the USA.23

Studies on normal Japanese subjects have shown that
they are clinically and biochemically eumetabolic in spite
of the ingestion of large amounts of iodine. Values for
their absolute thyroidal iodine uptake are much greater
than the reported values in non-endemic areas of other
countries. However, values for their thyroid hormone
release are not different from those elsewhere, indicating
that normal subjects can adapt to the excess iodide by
releasing the excessively organified iodine in forms other
than thyroid hormones. The existence of such adaptation
has also been confirmed by animal experirnents.P There
is also no evidence that the incidence of thyroid disease in
Japan is higher than the incidence in non-endemic areas
of other countries.P Thus, consumption of iodized salt is
totally safe even for people who do not live in iodine
deficient areas.

IODIZED OIL-AN INTERIM ALTERNATIVE
In view of the high incidence of unsuspected neonatal
hypothyroidism in some of the severely hyperendemic
areas in India, the most immediate concern is to provide
adequate iodine supplementation, especially to high-risk
groups, i.e. women of child-bearing age and children
under five. In these hyperendemic areas iodine can be
most effectively supplemented by iodized oil administra-
tion.>'

Iodized oil injection is a low cost (less than Rs 2 per per-
son per year), safe and acceptable method of iodine
prophylaxis. Over 15 million iodized oil injections have
been given all over the world. One ml of injected iodized
oil forms a depot of iodine in the human body from which
iodine is slowly released into the circulation for a period
of five years. In some studies oral iodized salt has provided
effective iodine levels for one to two years. While it is
clearly not as effective as intramuscular injection, it is less
expensive and easier to give. Administration of iodized oil
as a public health measure offers a satisfactory interim
method for prophylaxis until an iodated salt programme
can be effectively implemented. At present iodized oil has
to be imported but production has begun in India and
mandatory studies are being carried out before the com-
pounds are approved fit for human use.24

CONCLUSION
The tragic consequences of environmental iodine defi-
ciency on the people living in iodine deficient areas of our
country make iodine prophylaxis an urgent need, both for
health as well as for economic reasons. At the Annual
Meeting of the Central Council of Health, held in New



PANDA V et at. : IODINE DEFICIENCY IN INDIA

Delhi in 1984, a decision was taken to universally iodinate
edible salt in India by 1990, giving highest priority to
hyperendemic zones. The resource allocation for the
National Goitre Control Programme has increased from
Rs 8 million allocated in the Sixth Five Year Plan to Rs 200
million in the Seventh Five Year Plan. Close collaboration
between the Ministry of Health and Family Welfare,
Ministry of Industry and the Salt Commissioner have
resulted in a marked increase in the production of iodated
salt. Over 600 private manufacturers have been issued
licences and the production of iodated salt which had
remained constant at 150000 metric tons per year till
1984-85 has risen to 700000 metric tons in 1986--87.The
increased supply position of iodated salt is being coupled
by creating a demand for iodated salt by a sustained infor-
mation campaign in iodine deficient areas-"

In India, the focus has shifted from uni-disciplinary
(medical) to multi- and inter-disciplinary participation. A
comprehensive document on the 'Policy, strategy and
plan of action to control IDD' for the various states has
been prepared.

The control of 'endemic goitre' has also been included
in the Prime Minister's new 20-point programme (Point
VIII-Health for All (ii) Fight against leprosy, TB,
Malaria, Goitre)."

The words of David Marine who initiated iodine
prophylaxis in the U.S.A. in the early part of this century
will hopefully become a reality in India. 'Simple goitre is
the easiest and cheapest of all known diseases to prevent
and its control may be accomplished by available methods
as soon as any organized society determines to make
the effort.'
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