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Goitre Studies in Tasmania
16 Years' Prophylaxis with Iodide

F. W. CLEMENTS,1 H. B. GIBSON2 & J. F. HOWELER-COY3

The results of 16 years' prophylaxis against endemic goitre among children in Tasmania
are given. A survey carried out in 1949 showed a relatively high prevalence of endemic
goitre among children in most parts of the island, and in 1950 distribution of tablets
containing 10 mg ofpotassium iodide to all schoolchildren was commenced. This distribu-
tion was gradually stopped during 1966, as legislation made it possible to add potassium
iod.ite to all bread baked on the island.

Periodic surveys showed that the prevalence of endemic goitre has fallen significantly,
but not to vanishing point. Seasonal fluctuations in the prevalence found in some regions
of the island decreased at the same time.

Histopathological studies on goitrous tissue and iodine estimations on body fluids
confirmed that the goitre in Tasmania is typical of endemic goitre, which is usually
attributed to iodine deficiency.

The effect of the treatment of established goitres in adolescent girls with thyroxine
is described, as are the results of studies of the ability to taste phenylthiocarbamide,
a property which may be genetically linked to a predisposition to goitre.

BACKGROUND OF THE STUDY

INTRODUCTION

Endemic goitre was reported in Tasmania early
this century by both private practitioners and school
medical officers (Anderson, 1914; Med. J. Aust.,
1916, 1918; Morris, 1923). Although most of the
reports gave the prevalence among schoolchildren,
secondary pathological conditions were by no means
rare in adults. Operations for thyrotoxicosis and
non-toxic nodular goitre were common in the main
hospitals. It was subsequently shown (Clements,
1954a) that the death rate for thyrotoxicosis was
significantly higher in Tasmania in the period
1931-50 than in the remainder of Australia, and
many times greater than in Western Australia, where
endemic goitre is rare.

In March 1949, a survey was made by one of us
(F. W. C.) of the prevalence of thyroid enlargement
in schoolchildren throughout Tasmania. This con-
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firmed that most of the island was goitrous, although
the actual prevalence varied widely from one region
to another. A programme of iodine prophylaxis
was introduced in 1950.

It was accepted that the thyroid enlargement was
due to an inadequate intake of iodine in the diet,
the result of low iodine content of foodstuffs such
as vegetables, milk, cereals and meat, reflecting in
turn the low iodine content of the soil in which
these foods are grown or produced. The usual
method of iodine prophylaxis is with iodine-enriched
salt, but unless this is mandatorily substituted for
non-iodized salt, prophylactic campaigns meet with
limited success (Clements, 1954b). After considera-
tion of alternative methods, the Commonwealth
Department of Public Health agreed to the distribu-
tion at weekly intervals to infants and children,
and where possible pregnant women, of tablets
containing 10mg ofpotassium iodide. The Common-
wealth Government agreed to supply the tablets free
of cost to the Tasmanian Government under the
Pharmaceutical Benefits Scheme of the National
Health Service. The main distribution was under-
taken at schools where it was supervised by either
teachers or school nurses. From time to time the
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potency of the tablets was confirmed by chemical
analysis.
The 1949 survey was made primarily with the

object of determining the prevalence of goitre in the
northern part of the island. Four further surveys
were made in Tasmania over the next 15 years,
each involving a significant segment of the child
population. The children examined were selected in
two ways. In the three large cities of Hobart, Laun-
ceston and Glenorchy, an arbitrary selection was
made of schools which were considered to be re-
presentative of the various socio-economic districts
of each city. Outside these cities almost all schools
in the towns and villages in the geographical regions
selected for the particular survey were visited. (It
will be noted that on occasions not all regions were
visited).
At the city, town and village schools, every child

in attendance on the day of the visit was examined.
It was fortuitous that no epidemics, which would
have excluded children from school, were encoun-
tered during any of the surveys. As a consequence
well over 90% of the children enrolled at each school
were examined. The number of children examined
at each survey, compared with the estimated child
population, is shown in Table 1.
The purpose of the follow-up surveys was to

determine:
(a) the prevalence and character of thyroid en-

largement in Tasmania as a whole, and also in
the various geographical zones; and

(b) the effects of the iodide prophylaxis.
The first of these surveys was made in 1954;

two were carried out in 1960, one in the autumn
(March) and the other in the spring (October), to
determine the extent, if any, of seasonal variation
in thyroid size. The final survey was made in the
early winter of 1965.
The results of these surveys and of a number of

subsidiary investigations are reported in this paper.

DESCRIPTION OF TASMANIA

Tasmania, which was the second area to be settled
by the early colonists, is a small mountainous island,
which was subjected to multiple glaciation -during
the Pleistocene era (Royal Society of Tasmania,
1965). It can be described as a tableland with hills
that run down to sea. Skirting these hills on the
north, east and south are agricultural and pastoral
lands. Nearly all Tasmanian soils are moderately
to strongly leached because of the humid climate.
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GOITRE STUDIES IN TASMANIA: 16 YEARS' PROPHYLAXIS WITH IODIDE

Podzolic soils-grey-leached soils of various kinds-
are the most extensive, while on basalt in the north
of the island the strongly leached krasnozems or red
soils are widespread. These red soils are deep,
well-drained friable clay soils with a strong red or
brown colour from iron oxides. They have a high
agricultural reputation. Most of these areas are
used for dairying and for crops such as potatoes
and peas.

Using several criteria, it is possible to delineate
a number of well-defined regions in Tasmania, each
with its own geographical, climatic and agricultural
or commercial features. These regions, together with
the main towns in each and some of the salient
characteristics, are shown in Table 2 and Fig. 1.
Tasmania lies south of 40 degrees south latitude

and has a mild, temperate climate. The mean annual
temperature at Hobart is 54.4°F (12.4°C).

TABLE 2
REGIONS OF TASMANIA

Region J Main towns f Remarks

Far North-West Smithton, Forest, High rainfall; fertile
Edith Creek, Boat pastoral and agri-
Harbour cultural hinterland;

local milk and veget-
ables

North-west Coast Wynyard, Burnie, High rainfall; fertile
Devonport, Latrobe, pastoral and agri-
Sheffield, Wilmot cultural coastal

plain; local milk and
vegetables

North Central Deloraine, Hagley, Moderate rainfall;
Plains Westbury, Cressy, fertile pastoral plain;

Longford, Perth local milk and veget-
ables

Northern Launceston, George Commercial and
Metropolis Town, Beaconsfield industrial centres;

milk supply from
north central plains

North-east Scottsdale, Lilydale, High rainfall; pasto-
Plateau Ringarooma, ral and agricultural;

Winnaleah, local milk and veget-
Branxholm ables

East Coast St. Helens, Orford Relatively un-
developed agri-
culturally; tourist
and fishing; some
sheep

Central Plains Campbell Town, Low rainfall; pasto-
Ross, Oatlands, ral plains
St. Marys

Southern Hobart, Glenorchy, Commercial,
Metropolis Clarence industrial; milk from

Derwent Valley
D'Entrecasteaux Woodbridge, Snug, Moderate rainfall;
Channel Margate horticulture and

fishing
Southern River Huonville, Moderate rainfall;
Valleys Geeveston, Cygnet, horticulture and

New Norfolk, pastoral; local milk
Glenora, Ouse and vegetables

West Coast Queenstown, Mining
Zeehan, Strahan

The total population of the state is 361 000, half of
which lives in the three largest towns, Hobart,
Glenorchy and Launceston, and the remainder in
smaller towns, villages and rural communities.

FOOD SUPPLIES

A high percentage of the meat, milk, cheese,
eggs, root vegetables, peas and other green and
leafy vegetables, potatoes, apples and pears con-
sumed in Tasmania are produced on the island.
The north-west coast provides two-thirds or more
of the total potato, pea, dairy cattle and pig pro-
duction. There is a good export market for some
Tasmanian-produced foods, such as fish, scallops,
crayfish, cheese, meat and potatoes. As a result,
some of these items are not plentiful on the island
and are expensive. A great number of processed
foods are imported from other States. In the last
3-4 years the availability of citrus fruits, grapes,
bananas, pineapples, cucumbers, green peppers,
early tomatoes and beans has greatly increased as
a result of the vehicular ferries now plying between
Tasmania and the mainland States. Conventional
food imports include wheat (for bread-making),
breakfast cereals, processed and fancy cheeses,
other processed foods, milk powder, sugars, tropical
and semi-tropical fruits.
Milk production and distribution present a num-

ber of interesting features. The cities and many of
the large and small towns are supplied by one or
other of the large milk-distributing companies, which
draw their supplies from dairy farmers, a high
percentage of whom are located in the climatically
more equitable north-west part of the State. This
milk is pasteurized and distributed in bottles to
shops, householders and schools. Most of the
schools are supplied in this way.
Many small landholders and town workers,

who live in a rural setting, maintain one or more
cows, which supply them and often their neighbours
with milk, despite the illegality of the latter proce-
dure. The number of householders who derive a
significant amount of their milk supplies from this
source is, however, difficult to estimate. During
an intensive epidemiological survey made by the
authors in 1960 (Gibson et al., 1960) in some of
the more remote rural parts of southern Tasmania,
we found that approximately 50% of the families
obtained most of their milk from this source.
Similar figures have been obtained from the regional
dairy offices in respect of people living in agricultural
and forestry areas in the north-west. From sheer
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FIG. 1

THE REGIONS
OF TASMANIA
DESCRIBED IN THE
TEXT

necessity this is undoubtedly the pattern in many of
the rural areas of Tasmania.

This source of milk is emphasized since few of
these householders have the land to feed a cow

adequately, and many of these animals graze on

bush roads and commons. Here a high percentage

of the feed would be weeds, many of which have
a high content of isothiocyanates. Some house-
holders grow fodder corps, such as one of the bras-
sicae, on their limited lots; these plants are also
rich in isothiocyanates. The significance of this will
be discussed later.

EPIDEMIOLOGY

METHODS

Assessment of thyroid size

The technique of goitre survey described by Perez
et al. (1960) was followed in these studies. The size
of the thyroid was graded as follows.

0: No thyroid swelling visible or palpable.

2: A clearly visible enlargement with the head in
the normal position.
In the 1960 and 1965 surveys grade 2 was sub-
divided into:
2a-the goitre being just discernible as a

swelling between the anterior borders of the
two sterno-mastoid muscles, and
2b-the goitre being clearly visible.

1: A mild diffuse enlargement may be just visible, 3: A marked enlargement clearly visible at a dis-
but always palpable. tance, producing disfigurement of the neck.

wmO 71597
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GOITRE STUDIES IN TASMANIA: 16 YEARS' PROPHYLAXIS WITH IODIDE

In the 4 major surveys after the first, which
was also made by one of us, the assessments were
made by two of the authors (F. W. C. and H. B. G.)
one of whom (H. B. G.) also made assessments of
specially selected groups of children at more frequent
intervals. Before each of the main surveys, the
two authors making the surveys compared their stand-
ards of assessment in an attempt to achieve uni-
formity both within an individual survey and between
surveys.

Presentation of prevalence rates

In this report the prevalence of goitre has been
expressed in two ways:

(a) as a percentage of those examined in specified
age-groups;

(b) as a standardized prevalence rate for the total
population examined in each survey, both for the
whole State and for each region. The standard
population used in these calculations was that
estimated by the Bureau of Census and Statistics
for boys and girls at each age in Tasmania in
June 1960; the prevalence rates used were those
observed at the particular survey.
This procedure made it possible to compare the

prevalence rates between the various regions.
The degree of thyroid enlargement has been

expressed as either " palpable ", which is equivalent
to grade 1 of Perez et al. (1960), and " visible ",
which includes grades 2 and 3. The numbers of
children in grades 2a and 2b in the 1960 (autumn)
and 1965 surveys have been presented separately
in order to demonstrate the significant decrease in
the degree of thyroid enlargement over this period.
In the early surveys, a number of grade-3 goitres

were observed, but in the 1960 and 1965 surveys
this degree of enlargement was not seen.

co

-Jm

RESULTS

Prevalence rates

The State-wide prevalence, expressed as a per-
centage of those examined, of palpable goitre and
of visible goitre for each of the 5 age-groups,
for boys and girls, found at each survey is shown
in Table 3. The age-sex-standardized State-wide
prevalence rates are shown in Table 4.
The standardized prevalence rates for the various

regions derived from the observations at each survey,
using the 1960 population figures as the standard
population, are shown in Table 5 and Fig. 2.
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TABLE 4
AGE-SEX-STANDARDIZED PREVALENCE RATES FOR TASMANIA

FROM 1949 TO 1965

Boys Girls

Prevalence rate Prevalence rate
Year (%) (%)

Palpable Visible Total Palpable Visible Total
goitre ggoitre goitre goitre __°_a

1949 33.9 3.3 37.2 22.4 12.2 34.6

1954 29.2 8.0 37.2 25.2 14.0 39.2

1960A 20.8 6.2 27.0 25.4 11.8 37.2

1960S 21.3 6.5 27.8 27.2 13.5 40.8

1965 - 15.0 - 4.2 [ 19.2 25.0 8.9 31.9

TABLE 5
STANDARDIZED PREVALENCE RATES FOR THE VARIOUS REGIONS OF TASMANIA FROM 1949 TO 1965 a

1949 1954 1960A 1960S 1965
Region PG VG Total PG VG Total PG VG Total PG VG Total PG VG | Total

Central Plains 31.6 10.8 42.4 30.0 12.8 42.8 24.2 2.5 26.7 23.7 3.1 26.8 15.1 5.6 20.7

North-west Coast 43.0 4.1 47.1 28.6 5.4 34.0 19.9 12.4 32.3 19.8 15.0 34.8 19.4 6.5 25.9

Northern Metropolis 33.5 8.3 41.8 32.8 22.9 55.7 17.3 3.6 20.9 19.8 2.9 22.7 14.6 6.4 21.0

North Central Plains 36.3 7.1 43.4 31.6 17.2 48.8 22.8 7.4 30.2 25.4 8.2 33.6 26.5 20.0 46.5

East Coast 37.1 7.7 44.8 37.7 8.2 45.9 23.8 1.6 25.4 21.5 3.0 24.5 16.9 5.4 22.3

North-east Plateau 36.6 10.9 47.5 30.5 11.5 42.0 19.6 3.1 22.7 18.3 2.2 20.5 13.3 10.1 23.4

D'Entrecasteaux
Channel NS NS NS 33.6 8.5 42.1 32.4 11.2 43.6 37.4 13.0 50.4 16.5 3.1 19.6

Southern River
Valleys NS NS NS 42.6 14.1 56.7 32.7 14.0 46.7 31.9 12.7 44.6 16.6 5.3 21.9

Southern
Metropolis 31.7 6.9 38.6 26.4 10.1 36.5 21.6 5.0 26.6 24.1 5.9 30.0 15.8 3.1 18.9

Far North-west NS NS NS NS NS NS 15.7 16.7 32.4 15.9 20.1 36.0 13.3 2.7 16.0

West Coast NS NS NS NS NS NS 22.2 10.3 32.5 18.6 15.2 33.8 13.5 4.1 17.6

a 1960A = autumn of 1960; 1960S = spring of 1960; PG = palpable goitre; VG = visible goitre; NS = survey not made that year.

Discussion. The 1949 survey revealed a com- 8-year-old group was 9: 1, being reduced to 5: 1
paratively high prevalence of goitre in all regions for girls aged 9 to 11 years and to 2: 1 for the
visited. The over-all prevalence of goitre ranged 12- to 14-year-old and 15- to 17-year-old groups.
from 23.5% in 5-year-old boys to 72.3% in 15- to The prevalence of thyroid enlargement, whether
17-year-old-girls. In all age-sex-groups the preva- palpable or visible goitre, is a measure of the
lence of palpable goitre was appreciably greater intensity of action of goitrogenic substances; in 1949
than the prevalence of visible goitre. For boys the it was assumed that goitrogenic activity was due to
ratio palpable : visible varied between 6: 1 and deficiency of iodide in the diet. Likewise, the ratio
10: 1; whereas for girls the ratio in the 6- to of the prevalence of visible goitre to palpable goitre



GOITRE STUDIES IN TASMANIA: 16 YEARS' PROPHYLAXIS WITH IODIDE

FIG. 2
STANDARDIZED PREVALENCE RATES
FOR PALPABLE AND VISIBLE GOITRE
FOR THE REGIONS OF TASMANIA
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is an indication of the degree of iodide deficiency.
From the figures in Table 3, it can be concluded
that, as children advance in age, their iodide require-
ments increase so that more children fail to have
their needs met-hence the increased prevalence of
thyroid enlargement in older children-and that,
in addition, more children exhibit greater enlarge-
ment-hence the higher prevalence of visible
goitre.
As a result of numerous surveys in many coun-

tries, it has been assumed that the needs of girls
for iodide, especially during pre-puberty and puberty,
are appreciably greater than those of boys; this
would explain the higher prevalence of goitre in
girls at these ages.

A feature of the 1949 survey was the high per-

centage of visibly enlarged (grade-3) goitres, especi-
ally in girls (although to condense the results,
grade-3 goitres have been grouped with grade 2 as

visible goitres). Moreover, the great majority of the
visibly enlarged goitres were prominent and clearly
demonstrable to the lay observer, such as a school
teacher. This characteristic is emphasized because
of the marked reduction in size of the visibly
enlarged goitres in subsequent surveys.

Table 5 shows the standardized prevalence rates
for the various regions. The prevalences of visible
goitre ranged from 4.1% for the North-West Coast
to 10.8% and 10.9% for the Central Plains and the
North-east Plateau (see Fig. 1) respectively. The
total prevalence of goitre showed much the same

trends as the prevalence of visible goitre, except
that since the prevalence of palpable goitre in the
North-west Coast region was appreciably higher
than that for the other regions, the total prevalence
of goitre for the North-west Coast was similar
to that for the North-east Plateau, which was

the highest.
The variations in the prevalence between regions

in 1949 suggest variations in the degree of iodide
deficiency. One explanation of these differences in
iodide supplies was the relatively high local produc-
tion of vegetables in most rural areas, and the fact
that in 1949 significant amounts of meat and milk
were produced in most localities for consumption
within the area. The State-wide distribution of
bottled milk did not begin until after 1951, when
the Commonwealth Government introduced the
Free Milk Distribution Scheme for primary-school
children.

In 1954 there was a significant rise in the preva-

lence of visible goitre in boys of all ages and in

girls under 12 years of age. For both boys and
girls up to 8 years of age, there was also an increase
of the prevalence of palpable goitre, giving the
following total increases: boys, 5-year-old, 24%4;
6-to- 8-year-old, 32%4; girls, 5-year-old, 35°4;
6- to 8-year-old, 27%. The other age- and sex-groups
showed substantial falls in the total prevalence,
despite, in 3 instances, a rise in the prevalence of
visible goitre. Boys of from 9 to 11 years had a
constant prevalence of 38%, despite a rise of 5.4%o
in visible goitre. The corresponding figures for the
other age-groups were: boys, 12-to-14-year-old,
44.7%4 to 42% (a rise in visible goitre of 3.5%4);
15-to-17-year-old, 40.9%4 to 33.1% (a rise in visible
goitre rates of 2.4%); girls, 9-to-1 1-year-old, 49.97.
to 38.8% (a rise in visible goitre rates of 4.2y.);
12-to-14-year-old, 65.5?/ to 50.0%° (a fall in visible
goitre rates of 4.1 yo), and 1 5-to-17-year-old, 72.3%°
to 52.4% (the visible goitre rates were identical).

It would appear that children under 9 years of
age differed from children over this age in respect
of the degree and character of thyroid enlargement.
Analysis of the figures by age showed that for
both boys and girls at each single age from 5 to
8 years inclusive, the prevalence of visible goitre
was almost identical at approximately 8% This
phenomenon was investigated and a number of
pertinent facts were obtained. The introduction
in 1951 of the free-milk scheme for schoolchildren
initiated substantial changes in dairy farming in
most of Tasmania. The full implementation of the
free-milk scheme called for a greatly increased
production of milk, particularly during the late
autumn, winter and early spring. Because of the
severe winters, with subsequent failure of the pas-
tures, it had been the custom of many dairy farmers
to dry-off their cows in the late summer. To meet
the increased demands for milk they introduced
forage crops of the brassicae family and intensified
the improvement of pastures. The supplies of milk
during the winter and early spring for domestic
purposes also increased significantly, so that whereas
prior to 1950 the per capita consumption of milk
in Tasmania was about 60% of that in Victoria,
by 1955 the per capita consumptions for the two
States were about the same.

Following upon the work of Astwood (1949),
it was postulated in 1954 (Clements & Wishart, 1956)
that the milk from cows fed large amounts of
brassicae forage crops contained one or more goitro-
genic substances. This hypothesis was subsequently
investigated by Clements (1957), who demonstrated
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that samples of milk and extracts of milk interfered
with the uptake of 1311 by the thyroid in human
subjects.
The possibility of iodine-resistant dietary goitro-

gens, arising primarily from the fodder of dairy
cows and conveyed to the child through the milk,
was investigated by Trikojus and his colleagues in
the Department of Biochemistry, University of
Melbourne. Since Clements had originally postu-
lated that the source of the goitrogens might be
chou-moellier or marrowstem kale (Brassica oleracea
var. acephala), a widely used fodder crop following
the reorganization of the dairying industry after 1950,
or varieties of cruciferous weeds which heavily
contaminate poor pastures and the rural roadsides
where many domestic cows are grazed in Tasmania,
Trikojus and his colleagues concentrated on samples
of these plants from Tasmania.

In another goitrous area-namely, at Warwick
in Southern Queensland-Clements (1957) had de-
monstrated a marked difference in the prevalence
rates for goitre in schoolchildren, depending on
whether they consumed milk from cows grazing
on pastures heavily infested with turnip weed
(Rapistrum rugosum). Trikojus and his colleagues
(Bachelard & Trikojus, 1960, 1963a, 1963b; Bache-
lard, McQuillan & Trikojus, 1963) found only
traces of recognized goitrogens in samples of the
plants and seeds of cruciferous weeds from Tas-
mania. Although the well-established antithyroid
compound, goitrin, was found to be present in
substantial amounts in the seeds of marrowstem
kale, it was not found in plant tissue.

Glucocheirolin and its aglucone cheirolin (3-
methylsulphonylpropyl isothiocyanate) were obtain-
ed in high yield from the fruit and leaves of Rapistrum
rugosum, but goitrin was not isolated from this
plant. Cheirolin was converted into the disubstituted
thiourea, dicheirolin thiourea, when incubated with
bovine rumen liquor. Both these substances were
tested by Bachelard, McQuillan & Trikojus (1963a,
1963b) for their antithyroid activity by a short-
term 1311 test and by short-term administration to
rats. Cheirolin proved active in the short-term
test, whereas dicheirolin thiourea was inactive.
Dicheirolin thiourea was also inactive when tested on
human volunteers.

Furthermore, Trikojus and his co-workers did not
detect antithyroid activity in samples of milk from
goitrous areas in Tasmania, thus failing to repeat
earlier findings of goitrogenic activity in samples of
Tasmanian milk reported by Clements (1957).

It is noteworthy that goitrogenic activity has been
detected in samples of cow's milk in a number of
other places in the world. Greene, Farran &
Glascock (1958) found in England that kale, which
is widely used as a fodder crop for cows during
the winter months, contains a substance which
causes epithelial hyperplasia in the thyroid of
rabbits. These workers also found that milk from
cows fed kale contains a substance which temporarily
suppresses the uptake of 13l1 by human thyroids.
They were unable to offer an opinion on the clinical
significance of this observation. Also, in England,
Kilpatrick et al. (1961) detected considerable goitro-
genic activity in cow's milk from the Sheffield area
during the spring months by experiments on rats.
However, the authors were unable to decide whether
this finding had any relevance for humans. No fur-
ther work on this subject has been published from
this region.

Peltola & Krusius (1960) reported that in the
goitrous area of Finland, where iodine deficiency
had not at that time been proven, plants of the
families Cruciferae, Compositae, and Umbelliferae
abound in the natural meadows, whereas the con-
tamination in the non-goitrous region is much less.
Milk from cows in the goitrous area was shown to
produce goitre in rats after prolonged administra-
tion; moreover its effect was not inhibited by iodide.
Virtanen and his colleagues (Virtanen, 1963) made
an exhaustive study of- the problem in Finland and,
unlike Peltola & Krusius, concluded that the milk
was not goitrogenic.
We thus have the confusing situation that a

number of somewhat crude studies have shown
some samples of milk to have varying degrees of
goitrogenic activity. When detailed laboratory tests
have been applied to other samples of milk from
the same areas, goitrogenic activity has not been
demonstrated. Moreover, the possible fodder sources
of any goitrogenic activity have found to be weakly
goitrogenic.

In this connexion recent studies are of interest.
It has been suggested that mildly goitrogenic sub-
stances, too weak to produce any significant goitro-
genic effect individually, might potentiate each other
when they occur together in plants or foods. One
example is the potentiating goitrogenic action of
iodides upon sulfonamides (Milne & Greer, 1962a,
1962b). Langer et al. (1964) have isolated several
isothiocyanate derivatives, which singly are poorly
goitrogenic but which collectively, as they occur in
foods, are strongly goitrogenic. Whether this obser-
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vation has any application to human thyroid metabo- The two surveys in 1960 and in 1965 showed an
lism remains to be proven; even more fundamentally, over-all decline in the prevalence of goitre from 1960
the existence of food goitrogens with significant to 1965. These declines are seen most clearly in
activity for human beings remains in doubt. Tables 4 and 5 and Fig. 2, based on standardized

TABLE 6
PREVALENCE OF SMALL AND MEDIUM VISIBLE GOITRE a

IN 1960 AND 1965, BY AGE

Boys Girls

A(e-aroup Small Medium Small Medium

119601 1965 1960 T1965 1960 1965 1960 1965

5 3.6 2.3 1.3 0 5.7 2.5 1.9 0

6-8 5.5 3.4 1.8 0.12 6.4 3.7 2.7 0.26

9-11 5.7 5.1 1.5 0.49 7.7 6.2 2.8 0.72

12-14 5.3 4.5 1.3 0.55 10.4 8.4 4.2 1.71

>15 2.8 3.3 0.9 0.16 11.1 8.0 4.6 1.50

a Expressed as a percentage of those examined.

SEASONAL VARIATION IN
FIG. 3

PREVALENCE RATES OF VISIBLE GOITRE IN
OBSERVED AT REGULAR INTERVALS

A GROUP OF CHILDREN
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prevalence rates, and in Table 6, which shows the
decline in the prevalence of medium-sized visible
goitres (grade 2a) in the 5 years between 1960
and 1965.

It is apparent that 16 years of iodide prophylaxis,
during which approximately 36 million tablets, each
containing 10 milligrams of potassium iodide, have
been distributed mainly to schoolchildren, have not
completely prevented a small amount of thyroid
enlargement in a significant number of children.
It may be that for sQme of these children the iodide
prophylaxis should have been commenced at an
earlier age, even before birth, to prevent nodular
hyperplasia and subsequent involution, as has been
suggested by De Smet (1960). It is noteworthy that
in two regions-namely, the D'Entrecasteaux Chan-
nel and the Southern Metropolis (Fig. 1)-the preva-

lence of visible goitre had fallen in 1965 to approxi-
mately the level observed for sporadic goitre
in non-endemic areas, about 4%4.
The high prevalence of goitre found in the North

Central Plains and North-east Plateau during the 1965
survey will be discussed in the section on Prophylaxis.

Seasonal variation in thyroid size
In the summer of 1956, during a routine survey

of children attending a group of schools along the
D'Entrecasteaux Channel, the investigator (H. B. G.)
noted that the prevalence of goitre was significantly
higher than that found in the previous survey.

This increase was unexpected because the school
nurses were confident that the great majority of the
children had regularly taken the potassium-iodide
tablets. It was decided to examine the children
at frequent intervals, at first half-yearly, and then
quarterly. At two schools (Woodbridge and Mar-
gate) the dose of potassium iodide was increased
from one 10-mg tablet once a week to one tablet
twice a week. Continued observation over the next
few years revealed that the increased iodide (which
the teachers and school nurses were confident the
children consumed) had no effect upon the seasonal
rise in the thyroid size or on the prevalence of
endemic goitre. The results of these surveys are

shown in Fig. 3. An investigation into the epidemio-
logy of the seasonal enlargement (Gibson et al., 1960)
was disappointing in that it failed to disclose the
cause of the seasonal enlargement, although the
following interesting facts were observed.

(a) The peaks of the thyroid enlargement occurred
in the late spring and early summer, with a recession
in winter.

(b) The same children appeared to be affected
each year, and they constituted about 30/. of the
children studied.

TABLE 7
SEASONAL INCREASE IN THYROID SIZE,

AUTUMN TO SPRING 1960

No. of Children with
children

seasonal
School examined enlargement

twice No. %

St. Helen, St. Marys,
Campbell Town,
Westbury, Beaconsfield, 1 798 0 0
small North-East and
East coast schools

Scottsdale, Cressy, 2 130 6 0.28
Georgetown, Brighton

Cygnet, Tasman, Ouse 544 3 0.55

Launceston, Lilydale 1158 8 0.69

Geeveston 416 3 0.72

Total 4 248 20 0.47

Hobart 1 887 19 1.01

Deloraine 520 7 1.34

Derwent Valley schools 1 161 16 1.38

Huon Valley schools 1 014 14 1.38

Queenstown 661 11 1.66

Total 5 243 67 1.27

D'Entrecasteaux Channel
schools 634 14 2.21

Wynyard 444 16 3.60

Smithton 743 29 3.90

Ulverstone 399 16 4.01

Burnie 1 056 43 4.07

Sheffield 496 24 4.84

Devonport 716 35 4.89

Hagley 240 12 5.00

Yolla 690 40 5.80

Penguin 361 23 6.37

Latrobe 203 15 7.39

Total 5 982 267 4.5

Grand total 17 271 354 2.0
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(c) Approximately 18% of the boys and 25% of
the girls had a normal thyroid over the 3-year
period of the intensive study, and 29% of the boys
and 22% of the girls had a persistently enlarged
thyroid.

(d) No differences were found in the physical
environment, economic status, way of life or die-
tary pattern (including milk consumption) of the
children in the 3 groups.

(e) The seasonal enlargement appeared to coin-
cide with the spring growth of pasture, including
the annual flush growth of weeds; when spring was
delayed, due to a severe and prolonged winter,
the seasonal thyroid enlargement was not observed

in September, but was noted when the children
were examined in November or December.
There has been a dramatic reduction in the

prevalence of goitre during the past 3 years (1963 to
1965 inclusive) associated with the disappearance
of the seasonal variation.

In 1960 two State-wide surveys were made, one in
the autumn (March) and the other in the spring
(October), to ascertain the extent, if any, of seasonal
variation throughout the State. These surveys
revealed an increase in prevalence in the spring.
Of the 17 271 children examined in both the autumn
and spring of 1960, 2450 (14.2%) showed an increase
in thyroid size in the spring; in 354 (2%) this was

SEASONAL VARIATION IN
FIG. 4

PREVALENCE RATES OF GOITRE IN TASMANIA IN 1960
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marked. In many of the children who exhibited
this change, the enlargement was from a small
normal thyroid to a palpably enlarged goitre or a
small visible goitre; in others the enlargement was
from a palpable goitre to a small visible goitre.
The distribution of children who exhibited this

enlargement was not uniform over the whole State.
Most of these children lived in the rich pastoral
areas of the North-west Coast, in the North Central
Plains and along the D'Entrecasteaux Channel
(Fig. 1).
The schools visited were partitioned into a number

of groups, based on the percentage of children who
showed a marked increase in thyroid size. The ar-
rangement of the schools in order of increasing
magnitude of the seasonal variation is shown in
Table 7, and the regional distribution of the season-
al variation is shown in Fig. 4. Approximately
75%° of the childreri who experienced a seasonal
enlargement of the thyroid were seen at schools
attended by 25%Y of the total schoolchild popu-
lation.

Discussion. The numerous surveys in Tasmania
have demonstrated that under certain conditions
there was a regular enlargement of the thyroid in
a significant number of children, either in the late
spring or early summer. The evidence suggests
that the same children were affected each year.
A remarkable fact is that with the almost complete
eradication of endemic goitre in these areas, there

has also been an equally definite disappearance of
the seasonal variation. This suggests that one of the
factors causing enlargement of thyroid in endemic
goitre is also responsible for the seasonal enlarge-
ment. Although the seasonal variation has disap-
peared from children attending schools along the
D'Entrecasteaux Channel, it still appears in some
years in children living in the Far North-west
region.
So far as we know, seasonal variation in thyroid

size has not been reported from endemic goitrous
regions in other parts of the world.
Two suggestions are offered for the lack of reports.

Seasonal variation will be missed unless surveys
are made regularly to correspond to the seasons.
The increase in thyroid size as a result of the season-
ally related factors is comparatively small and would
be missed unless a careful check was being kept by
the same investigator.
From the Tasmanian experience it would appear

that a seasonal increase in prevalence is closely
related to the environment. The most marked
increases occurred where a high percentage of the
population live in comparatively recently developed
rural areas, even though the children attended
schools in the provincial towns. Conversely, the
seasonal increase is lowest in the urban areas and
the more closely settled older-established rural
areas, where there appears to be more extensive
pasture improvement.

PATHOLOGY

The significant reduction in the prevalence rates
in most parts of the island following prolonged
iodide prophylaxis strongly suggested that iodide
deficiency is the main etiological factor in Tas-
manian goitre. However, a number of steps were
taken to confirm the nature of the enlargement;
a review was made of the pathological changes in
thyroid glands removed at surgery and arrangements
were made for a number of laboratory studies to be
carried out.

PATHOLOGICAL CHANGES IN THYROID GLANDS

De Smet (1960) reviewed the literature on the
pathological changes in the thyroid glands of people
living in endemic goitrous regions. To this he added
his own observations on 225 thyroids removed at

surgery from subjects living in an area bordering
on a large hyperendemic area in the Congo. The
characteristic change in endemic goitre is glandular
hypertrophy, associated with multiple nodular for-
mation. Nodules are described as foetal adenoma,
microfollicular adenoma and macrofollicular ade-
noma. Dr Roger Connelly of Hobart, Tasmania,
has made a detailed study of the pathology of thyroid
tissue surgically removed from children and adults
living in Tasmania. He has supplied us with notes
of his observations and we are indebted to him for
permission to quote from them.

" Smooth colloid goitre does not occur; all
thyroids removed contain nodules. Haemorrhage
into a nodule is common. Microscopically the
glandular tissue shows irregularity in the size of the
acini, with compression of the surrounding tissue."

309



F. W. CLEMENTS, H. B. GIBSON & J. F. HOWELER-COY

FIG. 5
PROTEIN-BOUND IODINE
ESTIMATIONS IN GOITROUS AND
NON-GOITROUS GIRLS

The nodules regularly observed in Tasmanian
material include the three types described by
De Smet.
The pathological changes in the thyroid tissue

studied in Tasmania thus appear to resemble closely
those described from other endemic goitrous regions
including the Congo, where endemic goitre is
considered to be predominantly due to iodide defi-
ciency.

LABORATORY INVESTIGATIONS

The laboratory investigations made on the school-
children seen in these surveys were restricted to a

limited number of determinations of protein-bound
iodine (PBI) and the taking of a small number of
samples of urine for analysis of the iodine content.
In view of the fact that all children seen by us were

judged, on the clinical evidence, to be euthyroid and
that an appreciable response was noted to the iodide
prophylaxis, the administration of even small doses
of radioiodine was not considered justified.

Protein-bound iodine

Blood was collected from girls who had had a

persistent goitre for a number of years and from
girls who had not had a goitre at any time. The blood
was collected by venepuncture after swabbing the
skin with ethanol and ether, in a place free from
iodine, bromine, mercury or derived compounds,
into dry sterile siliconized syringes. After spinning
in dry sterile siliconized centrifuge tubes, the serum

was packed with ice and despatched to Sydney for
analysis. The method of analysis used was a modi-
fication of that devised by Barker, Humphrey &
Soley (1951).
The girls from whom the blood was taken had

suspended the intake of tablets of potassium iodide

for approximately a month prior to the collection of
the sample of blood.
The results of the estimations, which are given in

Fig. 5, show a definite shift to lower values for
the girls who had had a persistent goitre.

Discussion. A number of goitre surveys made
in other countries have included estimations of the
serum PBI; the pattern of results has varied.
De Visscher et al. (1961), working in the Democratic
Republic of the Congo, obtained results similar to
those reported here: sera from goitrous subjects
showed distinctly lower PBI values than the con-

trols. Ramalingaswami et al. (1961) found that
15 out of 17 children in a Himalayan village had
PBI values below the lowest value found in the
control group. These figures confirmed the findings
of Raman & Beierwaltes (1959) that both the PBI
and butanol-extractable iodine (BEI) values for
people in the Himalayas were lower than those for
normal subjects in the USA. On the other hand,
Lamberg et al. (1958) found no difference between
the ranges of PBI values for goitrous and non-

goitrous people on Aland Island, Finland, and
Stanbury et al. (1954) reported that " statistical
dispersion of serum concentrations found among
patients in Western Argentina was greater than in
a control series but the mean value was very nearly
the same ". Kilpatrick et al. (1963) reported that
in two general practices in Great Britain " the
serum P.B.I. in the goitrous patients fell within
the accepted range of 3.5 to 7.5 Mug/I00 ml but in
comparison with normal subjects the distribution
was skewed with a predominance to low levels".

It would appear that surveys made in conditions
similar to these in Tasmania have reported a similar
pattern of PBI values. The significance of the lower
than normal PBI in children who appear to be
euthyroid has not yet been adequately explained.
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Urinary iodine excretion

Previous studies.. Follis (1964) published the
details of a series of surveys, conducted at 59 regions
in 8 countries, in which the iodine concentration
of casual urine specimens, expressed in terms of
creatinine content of the sample, was used to
evaluate the iodine nutrition of the population.
He grouped the regions into 5 categories according
to the distribution pattern of the iodine excretion
per gram of creatinine. On the basis of the correla-
tion between urinary iodine excretion and the uptake
of radioactive iodine by the thyroid by Thai school-
girls, he selected the figure of 50 ,tg of iodine per g
of creatinine as the " tentative lower limit of normal "
for older children (above 10 years) and the corrected
figure of 32.5 ,ug for children 5-10 years of age.

Follis's category I comprised regions where no
excretion values fell below 50 ,ug of iodine per g
of creatinine; Follis accepted these as non-goitrous
regions. Category V comprised regions in which
the percentage of subjects in the 0 ,ug-25 mg range
exceeded that in any higher 25 ,u-g interval; these
were taken as areas of high prevalence of iodine-
deficiency goitre. The other 3 categories represented
regions of intermediate iodine deficiency. Caughey
& Follis (1965) subsequently applied this grading
procedure to an area of northern Iraq where they
made clinical assessments of thyroid size and col-
lected random samples of urine for iodine and
creatinine analyses. The goitre prevalence rates were
high throughout the area. They found that the
iodine excretion per gram of creatinine was low
in 3 places, 2 of which they placed in category V
and the other in category IV.

In a series of studies on individuals, Vought
et al. (1965) made comparisons between the iodine
content of a random sample of urine and that of
the total amount of urine excreted over 24 hours.
They found that use of the iodine/creatinine ratio
led to systematic overestimation of the daily iodine
excretion in the urine by approximately 20%. On the
basis of these results they considered the use of
random samples of urine unsatisfactory for the

FIG. 6. URINARY IODINE EXCRETION
IN SELECTED TASMANIAN GIRLS

assessment of
while relevant
invalidate the
Follis for the

iodine metabolism. This criticism,
to studies on individuals, does not
use of the procedure adopted by
comparison of the state of iodine

nutrition of populations in different regions.

Urinary iodine excretion in selected Tasmanian girls
Samples of urine were collected from volunteers

from schools at which iodide tablets had never
been distributed. Urine iodine was determined by
the methods of De Visscher et al. (1961) and urine
creatinine by the method set out by Varley (1962).
The results of the analysis of the samples of

urine from girls who had not received iodine supple-
ments are shown in Fig. 6. The pattern corresponds
to Follis's category 111-moderate iodine deficiency.

Discussion
The results of the estimation of protein-bound

iodine and urinary excretion of iodine by children
who had not received any iodine medication con-
firm that iodine deficiency is a significant factor in
the etiology of simple enlargement of the thyroid
in those parts of Tasmania in which the subjects
who contributed the specimens lived.

PROPHYLAXIS TRIALS

THE EFFEC`TIVENESS OF THE IODIDE PROPHYLAXIS under the supervision of class teachers. The over-all
The distribution of the tablets containing 10 mg policy of the school was determined by the attitude

of potassium iodide to schoolchildren was made at of the school principal. A number of principals and
school, usually in individual class-rooms, and was teachers declared their objection to the scheme and
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failed to give it the necessary support. In these
schools there was seldom a significant drop in the
prevalence of goitre while this policy was in opera-

tion. School nurses had the responsibility of main-
taining the supply of tablets to the schools in their
district. This enabled them to maintain a gentle
pressure on the school staffto support the programme.
The distribution to infants and pre-school children

was through the child health centres; the success

of this phase depended on the regular attendance
of the mother at the centre. A feature of the child-
health-centre services throughout Australia is the
decline in attendance after the baby has passed its
first birthday.
When it was proposed that iodide prophylaxis

should be by this method of extensive tablet distri-
bution, it was realized that the effectiveness of the
scheme would depend upon the reliability and
perseverance of hundreds of people. However, as

pointed out earlier, the political climate in Tasmania
in 1949 was such that it was deemed impossible to
introduce a scheme of compulsory iodization of salt.
The effectiveness of the tablets as a method of

prophylaxis is demonstrated by a comparison of the
size of the thyroid glands of girls attending two
schools in Geeveston, southern Tasmania. At one

school the tablets had been distributed regularly for
a number of years, and children had been given
tablets to take home for consumption during the
holidays. At the other school tablets had not been
distributed at any time. The prevalence of goitre in
the same week in 1960 at both schools is shown in
Table 8.

If we now return to the results of the various
surveys we can find an explanation for some of the
deviant results. The unduly high prevalence rates
for both the North Central Plains and the North-
east Plateau can be traced to the persistent failure

over a number of years of the teachers at several
large schools in these regions to distribute the
tablets.

This explanation is not adequate for the initial
high prevalence at schools along the Southern
River Valleys and along the D'Entrecasteaux Chan-
nel. In a number of parts of Tasmania the preva-

lence of goitre was initially higher than in other
places; it was found at Huonville that 2 tablets a

week were necessary to prevent the appearance of
goitre in young children, suggesting a marked degree
of iodine deficiency in that area. The regular dis-
tribution of adequate quantities of iodide has finally
succeeded in reducing the prevalence of goitre in
children at schools along the Southern River Valleys
to close to the over-all State average, shown in
Table 6. It is of interest that the glaciation ofsouthern
Tasmania involved the Huon Valley, now carrying
perhaps the largest population of any of the areas
covered by extensive glaciation.
There is a substantial body of evidence to suggest

that the fluctuations in prevalence in children
attending schools along the D'Entrecasteaux Channel
was in part, if not wholly, due to some factor which
was seasonal in character.

Despite the apparent defects in the regular dis-
tribution of the iodide tablets, the results of the
surveys clearly demonstrate that this method of
prophylaxis has almost completely abolished visible
goitre from a number of regions in Tasmania and
has significantly reduced the prevalence of palpable
goitre.

Furthermore, the great majority of existing visibly
enlarged thyroids are small, clearly discernible as

visibly enlarged to the experienced observer, but
not easily noticed by the casual lay observer. Thus,
not only has there been a significant reduction in
the prevalence of goitre where the tablets have been

TABLE 8
PREVALENCE OF VISIBLY ENLARGED GOITRE AND REGULARITY OF DISTRIBUTION

OF TABLETS, AMONG GIRLS IN GEEVESTON, TASMANIA, IN 1960

Satisfactory distribution Tablets not distributed

Age-roup No. Visibly enlarged goitre No. Visibly enlarged goitre
Examined No. Examined No.

9-11 61 6 9.8 13 . 9 69

12-14 43 3 7 19 9 47

312



GOITRE STUDIES IN TASMANIA: 16 YEARS' PROPHYLAXIS WITH IODIDE

effectively distributed, but where an enlargement
has occurred it has not been as great as before the
prophylaxis was introduced. This is shown in
Table 6.

Since April 1966, bread baked commercially in
Tasmania has been enriched with potassium iodate,
starting in the cities and extending to the towns and
villages. This has been achieved by substituting
some potassium iodate for potassium bromate in
the bread improvers supplied to bakers. Appro-
priate legislation authorized this change.
During 1966, regular surveys have been made

by one of us (J. F. H.-C.) to collect information on
bread consumption by children in different age-
groups and by adult men and women. Analyses
have also been made of the iodine content of bread.
These results confirm that the average intake of
iodine from enriched bread is not less than 50 ,ug
per day for children and from 75 pg to 150 jug
per day for adults.
The distribution of tablets of potassium iodide

was discontinued gradually, starting from April 1966,
as the addition of iodine to the bread became
stabilized.

THE TREATMENT OF ENDEMIC GOITRE

WITH THYROXINE

Simple thyroid enlargement was treated with
crude extracts of the thyroid glands of animals in
France and Germany in the 1880s. With the dis-
covery of the role of iodine deficiency in the etiology
of this condition, thyroid extracts went out of favour
as the therapeutic agent for this condition, to be
revived in 1948 by Astwood and his colleagues
(Greer & Astwood, 1953). With the availability of
synthetic thyroxine, this became the drug of choice.
As part of the studies in Tasmania it was decided

to give L-thyroxine to a group of adolescent girls
who had had a persistent goitre for a number of
years. The changes in the thyroid size over the year
during which the medication was maintained were
compared with the changes in a matched group, the
members of which had not been treated, and with
the changes in a group of girls who had not shown
any thyroid enlargement prior to the commencement
of tho trials.
The following information was collected before

the commencement of the therapy and at intervals
of 1, 3 or 6 months throughout the year: weight,
height, skin-fold thickness over the triceps, bone age

as revealed by an antero-posterior X-ray of the left
wrist and pubertal development, including the age
of the menarche. In addition, those girls taking the
thyroxine were seen once a fortnight for the first
3 months and then at monthly intervals by the
school nurse, who recorded the weight and noted
any symptoms which might have been attributable
to hyperthyroidism.
The dose of thyroxine ranged from 0.2 mg to

0.3 mg per day in divided doses. If symptoms
suggestive of hyperthyroidism appeared, the dose
was reduced; if an enlarged thyroid remained un-
changed in size for 6 months, the dose of thyroxine
was increased by 0.05 mg per day and a close watch
was kept on the subject. The therapy was maintained
for at least a year; in some instances the girls have
remained on a maintenance dose of thyroxine since
it was found that withdrawal was followed by
re-enlargement.

Results

The changes in thyroid size in the 3 groups of
girls are shown in Table 9.

TABLE 9
EFFECTS OF THYROXINE THERAPY

ON ADOLESCENT GIRLS IN TASMANIA

Goitre
Change in size of thyroid T ontrojNormal

|Treated |Control

Decrease to normal 43 _

Decrease almost to normal 12 -

Slight reduction I - 7 -

No change 1 37 57

Slight increase - 14 3

Definite increase - - 4

Total 56 58 64

Comparisons in the weight and height gains and
the changes in skin-fold thickness were made with
due regard to the stage of pubertal development.
It wa3 not possible to detect any significant differ-
ences in the weight or height increments or in the
skin-fold thickness in the 3 groups. The adminis-
tration of exogenous thyroxine did not stimulate
bone maturation.
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Discussion

It will be seen from Table 9 that the exogenous
thyroxine dramatically reduced existing goitres in
the majority of the girls. Most of the girls who still
had some enlargement at the end of the year's
therapy were maintained on treatment for another
year, with subsequent further reduction in the size
of the thyroid.
The exogenous thyroxine apparently supplemented

and, to some extent, replaced endogenous thyroxine
up to the individual's requirements. If the total
amount of thyroxine available exceeded the body's
requirements, symptoms of hyperthyroidism ap-

peared. These were controlled by reduction of the
dose.
The length of time required to reduce the thyroid

to normal size is noteworthy. In some girls, the gland
returned to normal within 6 months of the com-
mencement of therapy, but for the majority therapy
lasting from 6 to 12 months was necessary and for
some a longer period still was required.
The increase in thyroid size in 7 girls who had

normal thyroid glands at the outset of the study
may be attributed to the discontinuance of the
prophylactic iodide tablets during the year of
observation.

POSSIBLE EFFECT OF CONSTITUTIONAL FACTORS

Some of these questions suggest the possible
operation of constitutional factors, which predispose
certain individuals to simple goitre when the intake
of iodine is at the lower limits of the range of
recommended dietary allowances. This notion
receives some support from clinical experience that
patients with thyroid disease frequently give a his-
tory of similar disease in close relatives. This
applies to Graves' disease, non-toxic nodular goitre
and, also during these studies in Tasmania, to simple
thyroid enlargement. Further, certain rare types of
thyroid disease have been shown to have a genetic
origin (Stanbury, 1960). Two of these diseases
are of particular interest, for it has been shown
that the clinical manifestations are the result of
the interaction of the genetic endowment with the
environment. Stanbury has pointed out that the
clinical manifestations of dehalogenase defect and
iodide-trapping defect would not occur if the diet
contained large enough quantities of iodide. He
further goes on to speculate that " iodide deficiency,
so long recognized as the cause of endemic goitre,
might, in certain instances, be the result of a mild
environment deficiency of iodide playing upon a

constitutional defect common to the people of a

particular area ".
Another group of investigations is associated with

the accidental discovery in 1931 (Fox, 1932) that
some people, approximately 30%. of Europeans and
white Americans, cannot taste phenylthiccarbamide
(PTC), while the remainder can. Blakeslee (1932)
discovered that the inability to taste PTC was

inherited as a Mendelian recessive character (and

that the ability to taste was dominant). When it
was shown that this human dimorphism is common
to a group of anti-thyroid substances (Harris &
Kalmus, 1949) an examination was made of the
taste reaction to PTC of patients suffering from
various thyroid diseases in England (Harris et al.,
1949). Similar studies have been repeated on other
groups of people with thyroid disease (Howel
Evans & Kitchin, 1961). These studies have shown
that in patients with adenomatous goitre, both toxic
and non-toxic, there is a significantly high percentage
of " non-tasters " (of PTC), whereas people with
a single adenoma or a non-toxic diffuse goitre have
a normal taste distribution. Howel Evans & Kitchin
(1961) have postulated that taster/non-taster geno-
types are important in determining the type of
thyroid disease an individual may develop.

THE DISTRIBUTION OF PTC TASTERS AND NON-TASTERS

AMONG CHILDREN WITH GOITRE
IN SOUTHERN TASMANIA

An investigation was made in Tasmania of the
distribution of tasters and non-tasters in the children
with goitre. The results are reported here.
A study of the goitre pattern in several hundred

twins has also been undertaken and the results will
be reported at a later date.
The PTC taste response was determined by the

method of Harris & Kalmus (1949) and is based
on the ability of individuals to discriminate various
dilutions of the test substances from water.
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TABLE 10
FREQUENCY OF NON-TASTERS OF PTC

IN THREE GROUPS OF CHILDREN IN TASMANIA

Boys Girls

Non-tasters Non-tasters
Total Total
I No.1|% No.1|%

Control 28 10 35.7 30 11 38.7

Persistent goitre 23 7 30.4 19 8 42.1

Seasonal goitre 28 8 28.6 30 8 26.7

The test was applied to 3 groups of boys and
girls from 7 to 12 years of age:

(a) those who had had a persistent goitre for a
number of years;

(b) those who had a goitre which had shown a
marked seasonal enlargement for a number of years;

(c) those who had not had a goitre at any time
(controls).
The small numbers in this study were governed

by the number of children in the area in the 2 experi-
mental groups. The results of this test are shown in
Table 10, from which it will be seen that the non-
tasters made up 26.7%. of those with seasonal goitre
and 42.1% of those with persistent goitre; consider-
ing the small numbers involved this cannot be con-
sidered a significant departure from the proportion
of 30%4 non-tasters previously found in Caucasian
communities.

This result is similar to that obtained by other
investigators with people having a simple diffuse
goitre.

CONCLUSIONS

The results of the prolonged administration of
tablets of potassium iodide to schoolchildren have
clearly demonstrated that the thyroid enlargement
in a significant percentage of the children in Tas-
mania is the result of iodine deficiency. The geolo-
gical history of the island supports this idea. A large
part of the western half of the island was covered
by ice-caps and glaciers during the Pleistocene era.
Although the glaciation was most extensive on the
central and southern plateaux, which today are
relatively sparsely populated, the glaciers did extend
down into a number of the southern river valleys,
including that of the Huon, which, in the early
years of this study, contributed large numbers of,
children with relatively large goitres. Moreover,
this is the region where the dose of prophylactic
iodine had to be doubled compared to the other
regions in order to cause significant reductions in
the prevalence rate and the virtual disappearance
of large yisible goitres. The high prevalence of
goitre in other regions noted in 1949 and 1954
might also be explained, in part at least, by the
removal of mature iodine-containing top-soil by
the glaciers.

Other factors, such as the character of the soil
and its susceptibility to the leaching effects of water,
increase the chances of the iodine impoverishment
of soil, as does continuous cropping, a feature of
some of the more goitrous regions. The type of

fertilizers used is important. Of those commonly
available, Chilean sodium nitrate, which contains
appreciable quantities of iodine (0.15 g per kg-
Chilean Iodine Educational Bureau, 1956), is not
widely used in Tasmania.
The variations in the prevalence rates over the

16 years of this study require comment. In all but
2 regions, the long-term trend has been downward.
A noteworthly feature is the relatively long period
of time taken for the prevalence of visible goitre to
fall in most regions to around 6%. This figure is
higher than the prevalence of sporadic simple goitre
in non-goitrous areas. The mean prevalence of
simple goitre throughout the USA is estimated to
be at least 4%° (Astwood, Cassidy & Aurbach, 1960).
This figure is similar to those found by us in other
parts of Australia. Unfortunately, there are few
similar studies in other parts of the world with
which to compare our results. Kimball, (1937)
reported a decline in the prevalence of goitre in
Michigan, USA, from around 40%° to approxi-
mately 8%/ over a period of 12 years in those who
alleged that they used iodized salt exclusively.
Kimball did not specify who made the periodic
goitre surveys, and there is no evidence that these
were done by the same people on each occasion.

Stacpoole (1953) reported a drop of 16% in the
prevalence of goitre among schoolchildren in
5 schools in the Federal District of Mexico over
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a period of 2 years, following the introduction of
iodine prophylaxis by means of iodized sweets.
Unfortunately for the purposes of comparison with
our results, he does not give the figures for the
prevalence before or at the end of the period.

In parts of the Canton of Valais in Switzerland
(Nicod, 1953) the prevalence of goitre in school-
children dropped from about 70% to about 300o
within 6 years of the compulsory introduction of
iodized salt.
A decrease occurred in the prevalence of goitre in

schoolchildren in Guatemala and El Salvador within
15 to 25 weeks following the administration of 5 mg
of iodine once a week, either as potassium iodide
or as potassium iodate. The prevalence returned to
its former level when the supplementation with
iodine was temporarily halted during the school
vacation, and decreased when prophylaxis was
resumed. It is noteworthy that the prevalence only
dropped to around 20% with the prophylaxis
(Scrimshaw et al., 1953).

In a later review of the effectiveness of iodization
of salt in Guatemala at a level of 1: 10 000 for
more than 2 years, Scrimshaw (1964) reported a
decline in some places from between 50% and 70%
to between 7%/ and 10%; in other places the
decline was less marked, from around 3000 to
between 10% and 20%. In no locality was there
evidence that goitre had been eradicated.
Any evaluation of the effects of iodine prophylaxis

must be made over a comparatively long period,
ideally by the same investigators, because of varia-
tion of standards. Prophylactic iodine is effective
in reducing prevalence, mainly by the prevention
of the development of an enlargement in individuals
with a previously normal thyroid. Our experience
confirms the observation by Means (1948) that a
goitre still in the hyperplastic stage will disappear
with the ingestion of iodine, but that after the
development of the colloid stage, the administration
of iodine does not appear to confer any striking
benefit. Under these circumstances the reduction
in prevalence rates is mainly the result of the pro-
gression, through the population being studied,
of cohorts containing significant numbers of indi-
viduals who were prevented from developing a

goitre. This does not explain the residue of 2%-6%
of children of various ages in our series, who devel-
oped a small visible goitre despite extensive pro-
phylaxis. It is noteworthy that a residue of this
order has been reported by a number of other
investigators. Attention is drawn to the continued
failure of the children in a number of large schools
in 2 geographical regions to receive the tablets
containing potassium iodide regularly, which appar-
ently led to high prevalence rates. This failure
emphasizes the weakness of this method of prophy-
laxis and reinforces the need for a method of
distributing adequate amounts of iodine to the
whole population in an area which has been demon-
strated to be deficient in this element. Iodized salt
can be effective as long as the supply is controlled
and the population has no choice. This method
has worked well in the Himalayan foot-hills (Sooch
& Ramalingaswami, 1965). The addition of iodine
to bread as iodate improver will provide approxi-
mately 150 ,ug per 100 g of bread per day, assuming
that there is no loss in baking.

There remains the unresolved question of the
possible effects of other goitrogenic factors than
iodine deficiency. This has been discussed in part
above; it may suffice to add here that the authors
of a number of review articles (Scrimshaw, 1964;
Stanbury & Ramalingaswami, 1964) and several
investigators in other parts of the world have
considered this question, without doing more than
suggesting that goitrogens from food and perhaps
from other sources might be contributing factors
(O'Shea, 1946; Kilpatrick et al., 1961; Trotter
et al., 1962; Greig et al., 1966; Nwokolo et al., 1966).
Clearly more research is needed into this problem.
The occurrence of seasonal fluctuations in the

prevalence of goitre, involving the same children
each year, is a curious phenomenon-the more so
since it appears to have disappeared in several
parts of Tasmania with the marked reduction in
the prevalence of goitre. The possibility that seasonal
fluctuations in thyroid size occur in other parts
of the world awaits confirmation by repeated surveys
of suitable localities by the same teams of workers.
We are unable to offer an explanation for our
observations.
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RI SUMIP

L'existence du goitre endemique a ete signalee en
Tasmanie (Australie) des le debut de ce siecle. En 1949,
une enquete montra que l'affection atteignait surtout les
enfants et etait observ6e partout dans l'ile, bien qu'avec
une frequence tres variable d'une region a l'autre. Un
programme de prophylaxie par l'iode fut mis en aeuvre
en 1950. En 1966, on remplaca progressivement la distri-
bution de tablettes d'iodure de potassium aux enfants
par l'incorporation au pain d'iodate de potassium.
Des enquetes successives (une en 1954, deux en 1960,

une en 1965), dont les resultats sont presentes dans le
present article, ont ete effectuees en vue de preciser la
pr6valence gen6rale et locale de l'affection chez les ecoliers
et ses caracteristiques cliniques, et d'evaluer 1'effet des
mesures therapeutiques.

L'enquete de 1949 montrait un taux de prevalence elev6
dans toutes les regions, allant de 23,5 % chez les garcons
ages de 5 ans A 72,3% chez les filles Agees de 15 A 17 ans.
Dans les deux sexes et dans chaque groupe d'Age, la
proportion des goitres palpables etait notablement plus
forte que celle des goitres visibles. En 1954, on nota une
fr6quence nettement accrue des goitres visibles chez les
gargons de tout age et chez les filles de moins de 12 ans.
Les enquetes de 1960 et 1965 montrerent en revanche une
diminution generale des taux de prevalence. Les varia-
tions saisonnieres de la fr6quence - le nombre de cas
6tant plus 6lev6 au printemps - s'att6nubrent au fur et
A mesure que le nombre des cas diminuait.
De 1949 a 1965, la prevalence globale des goitres

visibles et palpables s'est abaissee de 37,2% a 19,2 % chez
les garcons et de 34,6% A 31,9% chez les filles. Cette
reduction des taux resultant de l'application de la pro-

phylaxie par l'iode donne a penser que la carence en cet
element est le facteur 6tiologique essentiel du goitre en
Tasmanie. Une serie d'investigations complementaires
ont ete entreprises pour confirmer ce fait. L'etude
anatomo-pathologique de tissu thyroldien pr6lev6 chez
des goitreux a montre des alterations tres semblables a
celles qui ont ete decrites dans d'autres regions oiu le
goitre est consider6 comme dut a un deficit en iode.
D'autre part, quelques analyses de laboratoire ont montre
chez les enfants atteints de goitre une diminution du taux
de l'iode combine aux proteines seriques et une reduction
de 1'excretion urinaire de l'iode.

Les auteurs discutent l'hypothese selon laquelle l'aug-
mentation de la frequence du goitre, imm6diatement apres
1950, aurait pu etre due a une consommation accrue de
lait par les ecoliers, ceux-ci ayant ben6ficie a partir de
1951 d'une distribution gratuite de cet aliment. Les
analyses du fourrage - a base de chou moellier - ser-
vant a I'alimentation des vaches laitieres n'ont cependant
revele aucune teneur anormale en substances goitrigenes.

L'administration de thyroxine a donn6 d'excellents
resultats pour le traitement d'adolescentes atteintes de
goitre depuis plusieurs ann6es, et a entraine une r6duction
notable de l'hypertrophie de la glande apres un an.
On a aussi envisage l'influence possible de certains

facteurs constitutionnels favorisant I'apparition d'un
goitre simple en cas d'apport iod6 tout juste suffisant.
L'etude de la fr6quence, parmi un petit groupe d'ecoliers,
du caractere gen6tique de non-perception par le gout de
la phenylthiocarbamide n'a pas donne d'indication nette
quant a la valeur de ce test pour detecter les porteurs de
goitre et la nature de l'hypertrophie.
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