Chapter 4
ENDEMIC GOITRE

F.W. Clements

CONTENTS
Page Page
Introduction . . . . . . . . . . 83 Todized salt . . . . . . . . . -89
Etiology. . . . . . ... .. .. 84 Todized bread . . . . . . . . 90
Pathogenesis . . . . . . . . .. 85 . .
R Tablets of potassium or sodium
Prevalence and distribution . . . . 86 jodide . . . . . . . . .. 90
Public heaI.th significance . . . . . 88 lodized oil . . . . . . . 90
The goitre . . . . . . . . . . 88 o
Thyrotoxicosis as a result of
Myxoedema . . . . . . . . . 88 oo .
iodine prophylaxis . . . . . 91
Jodbasedow . . . . . . . .. 88
Endemic cretinism . . . . . . gg Summary . . . . ... 92
Prevention of endemic goitre. . . . 89 References. . . . . . . . . . .. 92
Introduction

Endemic goitre is the name given to enlargement of the thyroid gland
occurring in a significant number of people living in any circumscribed
locality. In areas where there is an ample supply of iodine in the diet about
29, of girls aged 12-14 years will be found to have an enlarged thyroid.
Prevalence rates in excess of this could be accepted as an indication of a
goitrous area. As a guideline for public health intervention programmes,
a WHO-sponsored seminar suggested a prevalence of 59 in this age group
(f). While mild thyroid enlargement may have only cosmetic significance,
severe goitre can be the cause of obstructive problems and, perhaps most
important in public health, endemic goitre has been epidemiologically
associated with endemic cretinism and deaf-mutism in many parts of the
world.

The reader interested in learning more about endemic goitre and endemic
cretinism may refer to a number of reviews, colloquia, and seminars including
Clements et al. (2), Hetzel & Pharoah (3), Stanbury (4), and Stanbury &
Kroc (9).
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Etiology

It is now universally agreed that the most important single causal factor
of goitre is an inadequate intake of iodine in food. Although assays have
been made of the iodine content of water supplies to communities the
results must be interpreted with caution. In practically all communities
about 90% of the iodine intake is obtained from the food consumed; the
remainder is provided by the water. Measurement of the iodine content of
community water supplies is only of value in assessing the goitrous potential
in a community if the water assayed runs through or over land normally
used for food production. Water drawn from a river may have fallen on a
catchment area with entirely different geological and soil characteristics.

Marine fish and shellfish are extremely rich sources of iodine; fresh
water fish are poor sources. In most dietary patterns marine fish do not
figure prominently and the common sources of iodine are milk, meat, and
cereals. Some green leaves, especially spinach, are good iodine sources.
Scientists in the USSR (6) have demonstrated that the iodine content of
grasses, cereals, and pastures can be substantially increased by adding seaweed
to the soil. It has even been suggested that, following the administration of
jodized oil in a community, significant amounts of iodine may be recycled
via plants, thereby exerting a small but detectable influence on goitre in
untreated subjects in the community.

Mainly on the basis of animal experiments, a number of foodstuffs and
naturally occurring elements have been suspected of being goitrogenic for
man; however, the likelihood that any of these foods actually have this
effect on human populations seems to be remote. Cabbage and other species
of Brassica, while goitrogenic for some animals (7), have not been shown
to be significant factors in human goitre, except perhaps where the iodine
intake is well below the estimated requirements.

Rutabaga and “swede” (Brassica napus var. napobrassica L.) contain a
goitrogen that could in rare instances be effective in causing goitre in man (8).
Raw soya beans and soya milk have been shown to be goitrogenic for
animals (9) but heating reduces or obliterates this effect (10). Several studies
have cleared fluoride in water of the suspicion of being goitrogenic for man
(1, 12).

Although iodine deficiency has been accepted as the main causal factor of
goitre, investigations in various parts of the world (I3, 14, 15, 16, 17, 18)
have shown anomalies in the distribution of endemic goitre in relation to
the supplies of iodine available in foods eaten. As a result, it has been
speculated that in some localities another type of goitrogen operates,
augmenting iodine deficiency or acting as the sole cause of goitre. However,
much work is still required to isolate and identify these substances.

Whatever the future developments in our knowledge of goitre, the
present position is that in places where endemic goitre occurs increases in



ENDEMIC GOITRE 85

the amount of iodine available for the metabolic processes of the body lead
to a decrease in the prevalence of goitre. This statement about the availability
of iodine to the body reflects recent developments in the use of long-acting
intramuscular depots of iodized oil rather than iodine supplementation of
food for the prevention of goitre (79).

Pathogenesis

Some knowledge of the progression of changes in the structure of the
thyroid gland is necessary for an understanding of the complications to the
initial enlargement that are commonly reported.

Low blood levels of inorganic iodine, the result of inadequate intakes of
iodine, are associated with reduced synthesis of thyroxine and a subsequent
reduction of blood levels of thyroid hormone. This is followed by increased
production of thyroid-stimulating hormone (TSH) by the pituitary, resulting
in an increase of the thyroidal iodide clearance rate. This is usually
accompanied by an increase in the size of the thyroid gland. However, it is
possible for an increase in the iodide trapping rate to occur without a
significant increase in the size of the thyroid. It has been suggested that
this may be because certain people have, for some constitutional reason, a
more efficient trapping mechanism (20). The same authors also believe, on
the basis of their own studies, that the utilization of trapped iodide is more
efficient when the intake is limited. The increase in the thyroidal iodide
clearance rate is associated with hyperplasia of the gland in which the
normal rounded acini containing dense, homogeneously staining colloid
become distorted by ingrowths and invaginations of the living epithelium.
This apparently is the outcome of an intense multiplication of the cells
aimed at increasing the capacity of the gland to trap more jodine. The
amount of stainable colloid is reduced by the cellular overgrowth. If the
cause of the hyperplasia, whether it is iodine deficiency, a goitrogen such as
thiocyanate or cobalt, or excess iodine, is removed soon after it has com-
menced to operate, the gland frequently resumes a normal appearance.

The hyperplasic phase usually enables the thyroid to obtain enough
iodide and a resting or colloid phase develops. Clinically, the resting phase
may be indistinguishable from the hyperplastic phase, the acini being uni-
formly enlarged. Histologically, the gland may be a mixture of hyperplastic
and colloid goitre. The colloid sections of the gland resemble the normat
gland, except that the luminae of the acini are larger and the walls are
reduced to a thin layer of flat cubicular cells.

Theoretically, once a balance has been established between the body’s
demands for iodine for thyroxine synthesis and the quantities of iodine
available in the blood passing through the thyroid there should be no
further changes in the clinical appearance and histology of the gland.
However, from the changes in the clinical appearance of goitres and the
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great variation in histological descriptions from most of the geographical
regions where this type of goitre occurs, it appears that stability is not of
long duration.

Variations in the supply of iodine are bound to occur, especially in places
where the total quantities available are, at best, marginal. In addition, the
demand for thyroidal hormone is influenced by the numerous stresses, both
physiological and abnormal, to which individuals are continually subjected.
The result is periodic bursts of hyperplasia alternating with a resting phase.
Buttfield & Hetzel (19) have reported large goitres in which the tissue was
hyperplastic with little or no colloid; striking regression occurred after an
injection of iodized oil. Adenoma appear in a significant number of endemic
goitres in all localities. Some pathologists believe that all such glands
contain adenomata, but some of them are too small to be detected clinically.

In localities where there is a continuing marked deficiency of iodide in
the diet the changes described above are followed early in the course of the
disease by the formation of large cysts, which result in the progressive
destruction of the secretory cells. These cysts continue to enlarge and
produce the grossly enlarged goitres described from the highly goitrous
regions of the Himalayas, New Guinea, and Zaire.

Prevalence and Distribution

A number of descriptive classification systems for goitre seen in the field
have been proposed. One widely used system (27) is given in the following
tabulation.

Grade @ Description

Oa Normal thyroid glands

Ob Glands which though distinctly enlarged and abnormal are not usually visible
when the head is extended

1 Enlarged gland on palpation; usually visible with head thrown back and neck
fully extended

2 Goitre visible with head in normal position; palpation not necessary to establish
presence

3 Goitre grossly visible at a distance; gross enlargement often interferring with

respiration or with the wearing of clothes

o Notation of nodules or adenomas is also recommended

In highly goitrous regions most of the adult population exhibits some
degree of thyroid enlargement and a high proportion of individuals have
large cystic goitres. The goitre usually makes its appearance in early child-
hood and progressively enlarges as the child passes into adolescence and
adult life.
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In areas where the iodine intake is higher but still below normal require-
ments goitre develops in older children and women. The ratio of girls to
boys with goitre ranges from 3:1 to 6:1. At higher levels of intake
goitre occurs only in adolescent girls.

In all the most goitrous regions only a certain proportion of the popula-
tion in each age and sex group are found to have a goitre; the proportions
range from 109, to 209}, depending on age and sex and the available iodine
level. A number of authors (22, 23, 24, 25, 26) have postulated the presence
of a factor, perhaps genetic, influencing the manifestation of goitre. The
twin study by McGirr and his colleagues in Western Scotland (27) suggested
that “genetic factors were implicated in the aetiology of simple goitre in
females but were not of paramount importance”. Additional findings by
these investigators raise the possibility that “non-genetic female factors such
as endocrine or metabolic environment may initiate and perhaps maintain
thyroid hypertrophy independent of iodine deprivation”. The prevalence
of goitre in children aged 6-17 years is the most reliable indicator of the
goitrous nature of a physical environment.

At a seminar in New Delhi (/) it was suggested that endemic goitre could
be defined as a prevalence of goitre of at least grade 1 amounting to 59, or
more in pre- and peri-adolescents individuals or of 309, or more among
adults. At this level public health intervention seems to be called for.
The occurrence of cretinism associated with endemic goitre must be regarded
as cause for major concern. Since the occurrence and prevalence of endemic
cretinism appears to bear a close epidemiological relationship to endemic
goitre (28, 29) the prevalence and severity of goitre among women of child-
bearing age is of particular concern.

Endemic goitre has been reported from all the major land areas of the
world. It occursin some population groups resident in all the high mountain
ranges (Alps, Andes, Himalayas, etc.) of the world, and it has been reported
from the plains of Asia, Australia, Europe, and North America. Requirements
for the occurrence of endemic goitre are soils low in iodine in the localities
where food for the population is produced. In practice, this means that
goitre is likely to exist and persist in communities that depend on local
production for the major part of their food. As lines of communication
are opened to other regions and the sources of food become diversified, the
prevalence of goitre is likely to decline since imported foods may be pro-
duced on or in soils relatively rich in iodine. Changes in the origins of food
supplies may account for the otherwise unexplained disappearance of endemic
goitre from a number of localities during the last 50 years.

Reviews of the geographical distribution of goitre have demonstrated
the universality of the disease (see, for example, Kelly & Snedden (30) and
WHO Chronicle (31)). All communities should be surveyed, if only super-
ficially, to determine whether goitre exists in significant numbers of the
population. It is not possible to decide from the nature of the terrain
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whether an area is free from goitre. For example, 20 years after the establish-
ment of Canberra, the federal capital of Australia, the locality was found
by a community survey to be goitrous. The terrain is an undulating plain
approximately 600 m above sea level, and no previous knowledge of the
area suggested that the soil was deficient in iodine.

Public Health Significance

The goitre

A simple hyperplasic-colloid goitre, by definition, should not affect the
thyroid state of the individual; that is, those with this goitre are euthyroid
up to the age of 30 or 40 years, when other changes may occur. These
changes are discussed below. Until they occur the main disadvantage of
this condition is an aesthetic one, which may reduce the opportunities of
goitrous individuals for employment, marriage, etc.

Myxoedema

The progressive destruction of epithelial elements in the thyroid gland
by the overgrowth of noncellular components and the formation of cysts
and large colloid spaces gradually reduces the capacity of the gland to
produce the thyroidal hormone and there is a slow onset of mild forms of
myxoedema. This becomes apparent in people over 40 years of age and
occurs more often in females than in males.

Jodbasedow

This condition, which was originally defined by Kocker in 1910 (34), is
iodine-induced thyrotoxicosis affecting mostly elderly people who have lived
for a significant part of their life in iodine-deficient areas and who usually
have had a goitre for many years. A number of workers (32, 33, 35, 36, 37,
38) have either reported cases or drawn attention to the possible risk of
inducing the condition by the administration of iodine to these people.

Jodbasedow occurred in a significant number of adults of all ages in
Tasmania following the addition of iodate to bread and the widespread use
of iodophors as sanitizers in the food industry during the last decade
(39, 40, 41).

Endemic cretinism

To classical cretinism it is necessary to add deaf-mutism, which has been
noted in people not exhibiting the other features of cretinism in areas where
endemic goitre is severe. These conditions have been reported in isolated
areas in the European Alps (42), in the foothills of the Himalayas (43, 44),
West Irian (29) and Papua New Guinea (47), and Zaire (45, 46, 54).
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It appears from these surveys that the prevalence of cretinism and other
conditions such as deaf-mutism correlates well with the prevalence rates and
severity of the goitre. Cretins, deaf-mutes, and mental defectives place a
considerable economic burden on a community, and on this score alone
every effort should be made to eliminate endemic goitre.

Prevention of Endemic Goitre

A large number of well controlled studies in goitrous regions have
demonstrated conclusively that when the amount of iodine available to the
thyroid gland is increased to the estimated daily requirements (100-150 ug
per day for adults), the prevalence rate of goitre slowly declines. This is
achieved by the prevention of goitre in children and adolescents who did
not have a goitre at the time when the preventive measures were introduced.
Under ordinary circumstances the quantities of additional iodine provided
by the addition of iodide or iodate to a variety of foodstuffs do not bring
about a significant reduction in size of an already well established goitre.

Four methods have been used to increase the iodine intake of populations
in goitrous regions:

(1) addition of iodide or iodate to salt;

(2) addition of iodide or iodate to bread;

(3) use of tablets containing potassium or sodium iodide;

(4) administration of iodized oil.

Todized salt

A worldwide survey of the use of iodized salt by Lowenstein (48) revealed
that legislation had been enacted in 23 countries providing for the com-
pulsory use of iodized salt. In 11 countries the legislation covers the whole
country and in 12 countries it applies to limited, defined areas in the country.
The rate of iodization ranges from 1: 10 000 to 1: 130 000; the average being
between 1:25000 and 1:50000. Follow-up surveys in some of these
countries suggest that iodized salt can reduce the goitre rate by 40-959,
depending on the degree of iodine deficiency and the acceptance of the
iodized salt.

In European countries, Australia and New Zealand, and North America
free-flowing table salt is iodized with potassium iodide but in the countries
of Asia, Africa, and Latin America the less refined salt is iodized with
potassium iodate, which is more stable under the particular conditions of
storage.

If iodized salt is to be effective, the following conditions must be fulfilled.

(1) The level of iodization must be such that the usual level of salt con-
sumption provides the required amounts of iodine in the diet.

(2) The manufacture and distribution of iodized salt, including monitoring
of the iodine content, must be under strict governmental control.
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(3) The entry of noniodized salt into the area must be prevented or
greatly restricted.
(4) The distribution of iodized salt must be uniform throughout the region.

Iodized bread

The method of providing additional iodine in bread has been in use in
parts of the Netherlands and in Canberra, Australia, for more than 15 years,
and in the whole of Tasmania, Australia, for 3 years (49). In populations
where bread is universally consumed this appears to be an effective measure,
judging by the results of the 3-year trial in Tasmania.

In the Netherlands and Canberra (50) the iodine is provided through
appropriately enriched salt used in the bread formula. In Tasmania it is
provided as potassium iodate—a bread improver.

Tablets of potassium or sodium iodide

In the original prophylactic trial in the USA at Akron, Ohio, Marine
used tablets of sodium iodide. Tablets containing 10 mg of potassium iodide
were distributed to infants, children, and young adolescents in Tasmania for
16 years before the introduction of iodized bread and proved highly effective
when regular distribution could be maintained (49).

Todized oil

Since 1957 a group of people, varying in number from 3 000 to 5 000,
inhabiting a highly goitrous area of New Guinea have been given periodic
intramuscular injections of iodized oil (BP 1953) as a prophylactic procedure
(19, 36, 51). This is an eminently satisfactory method of prophylaxis (36, 57)
and is also effective in bringing about a significant regression of goitre in a
high proportion of those with visible goitres within 3 months of giving the
injection (79). '

Through a review of experience gained with this approach (4, 6) a tentative
dosing schedule developed (52), and this is now in use in Latin America
and elsewhere. The schedule (Table 1) is based on the use of iodized ethyl
esters of the fatty acids of poppy seed oil (475 mg iodine per ml) administered
intramuscularly in the gluteal regionin children or the deltoid region in adults.

Table 1. Suggested intramuscular dosage of iodized oil 2

Age lodine Oil-administered &
(mg) (ml)

0— 6 months 95-180 0.2-0.4

6-12 months 140-285 0.3-0.6

1- 6 years 230-465 0.5-1.0

6-45 years 475-950 1.0-2.0

2 For persons with nodular goitre (including thyroid nodules without goitre) the dosage
should be reduced to 0.2 ml.

537 % iodine by weight.
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Treatment at intervals of 3—4 years is probably appropriate but this
should be judged on the basis of local experience and the rate of recurrence
of thyroid enlargement. A minimum of 2 years was recommended by
Kevany & Chopra (53) between the original and repeat dosages. Precautions
should be taken to avoid multiple administration to the same individuals at
close intervals.

This approach to prophylaxis appears to be indicated in situations where
there is little or no possibility of controlling the iodization of salt or ensuring
its regular and uniform distribution. It may also be considered as an interim
measure while a salt fortification programme in getting under way or as an
expedient measure in areas of endemic cretinism. A major disadvantage of
the approach is that individual contact must be made with the affected
population.

There have been recurrent suggestions that iodine prophylaxis of this
type may potentiate or reactivate leprosy. No evidence to support this
postulate has been obtained, even when programmes have been conducted
in areas where leprosy is present. However, it would probably be wise to
avoid administering iodine in this form to persons known to have leprosy.

Thyrotoxicosis as a result of iodine prophylaxis

Thyrotoxicosis has been repeatedly reported after the introduction of
iodine intervention programmes in populations in which endemic goitre has
existed for long periods. It was described during trials with salt iodization
and occasionally as a sequel to the administration of iodized oil. The most
extensive and severe epidemic on record occurred in the island state of
Tasmania, Australia, where the particular character of the health services
enabled the problem to be studied in detail and some interesting theoretical
concepts developed (39, 41).

Mass medication of populations in which endemic goitre is a serious
public health problem has now been in force in a number of countries for
a decade. Apart from the Tasmanian epidemic, relatively few outbreaks of
jodbasedow have been reported. Investigators have suggested that the
circumscribed area and the type of health services available in Tasmania
might partly account for this observation. Cases may be occurring in other
areas and will possibly be reported as more follow-up surveys are made.
A certain prevalence rate of jodbasedow may be the inevitable outcome of
increasing the iodine intake of a population which has had a low intake for
many generations. The increase could occur as part of a planned public
health prophylactic programme, as in Tasmania. It could be the result of
the introduction of iodine into the food, as in the use of iodine-containing
sanitizers; this also has happened in Tasmania. An increase of iodine intake
could also occur when the food supply of an area changes radically. This
has happened in parts of the Philippines as the result of improved trans-
portation into formerly landlocked areas (author’s personal observation).
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A certain level of jodbasedow in the older age groups in the community
is probably the price that has to be paid to protect the younger generations
against the effects of iodine deficiency.

Summary

The approaches to the control of endemic goitre are probably better
understood and theoretically more effective than those for any other form
of deficiency disease. The major problems confronting the health worker
seem to be logistical, i.e., problems of implementing control programmes,
and when choosing an approach these problems must be kept in mind and
an approach selected that is most suitable in the circumstances. It seems
clear that, if feasible, the iodization of salt is to be preferred. However, in
situations where this is impossible because of a lack of central sources of
supply or of cooperation by the producers, because of reluctance to imple-
ment appropriate national legislation, or where endemic cretinism exists
and rapid intervention is desirable direct supplementation, either with oral
tablets or intramuscular injections, is a possible alternative. Because of the
logistical problems involved in direct supplementation programmes, it seems
appropriate to consider this as an interim approach pending the introduction
of a more permanent programime.
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