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In this paper it is proposed to consider the natural history of endemic
goitre in affected people, and then to review what is known of the pos-
sibilities of cretinism, deaf-mutism and mental deficiency occurring in the
offspring of goitrous forbears.

NATURAL HISTORY OF ENDEMIC GOITRE IN AFFECTED
PERSONS

The Enlargement Process

Age of onset

Goitre can occur at any age in a person living in an endemic area. In
localities where the incidence is high it is not uncommon for babies to be
borne with a goitre. In other areas, where this does not occur, pre-school
children may have a visible enlargement of the thyroid gland. The highest
incidence of endemic goitre in most goitrous areas occurs in girls 12 to
18 years of age, and in boys 9 to 13 years of age. Where an enlargement
of the thyroid does not occur before school age it is reasonable to assume
that the supplies of iodide available in the particular locality are sufficient
to meet the requirements of the child for a certain number of years after
birth, but for a high percentage of children there comes a time when the
needs of growth or of other physiological events-for example, the onset
of puberty and the taking of vigorous exercise-create demands for the
thyroidal hormone which cannot be satisfied with the limited amounts
of iodide available, and compensatory enlargement of the thyroid gland
follows.

An interesting observation, that has not yet been satisfactorily explained,
is that even in the most goitrous areas of the world not all people suffer
from thyroid enlargement. McCarrison 66 found only about 90% of the
population of the Gilgit Valley in Kashmir affected, and he considered this
one of the worst-affected areas in the world. In many other highly goitrous
regions not more than 50% of the female adolescent and adult population
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have a goitre. If a simple goitre does not appear during childhood or
adolescence it is rare for it to make its first appearance in adult males, but
it is not at all uncommon for this to happen to women during pregnancy
or lactation. Lawson Tait 108 was one of the first to recognize the " step-
wise " enlargement of the gland in women with each succeeding pregnancy.
When people, and especially children, move from a non-goitrous area to a
goitrous place, a significant number will develop a goitre, some within
six months of arrival," others not for three or four years.'05

It should be appreciated that sporadic goitres, indistinguishable clinically
from those ccnurring in endemic areas, are found in up to 4% of pre-
adolescent and adolescent girls in non-goitrous areas. Some writers con-
sider this condition a physiological enlargement. It is physiological in the
sense that it represents an increased physiological demand for thyroidal
hormone, but basically the enlargement is an expression of an inadequate
supply of iodide in these children at the final stage of hormone synthesis.
In such girls there may be some constitutional factor which results in high
iodide requirements.

The hyperplastic phase

The initial enlargement of the thyroid is the direct result of the relatively
prolonged action of one of the components of the thyroid-stimulating
hormone (TSH) of the anterior pituitary gland on the cells of the thyroid.
It is generally agreed that the increase in the amount of TSH in the blood
is the outcome of a lower than normal concentration of thyroidal hormone
in the peripheral blood acting upon a sensitive mechanism in either the
pituitary gland or the hypothalmus.38 The low concentration of thyroidal
hormone in the blood is due to insufficient iodide being available for the
manufacture of the hormone.

Clinically, this type of enlargement presents as a uniform soft swelling,
usually involving most of the gland, although occasionally one lobe is more
enlarged than the other. The hyperplastic- phase is of relatively short
duration, and it is not often that the physician has an opportunity of
examining the gland while the enlargement is actually in progress. Once
the hyperplasia has reached the stage when the iodide being trapped
by the gland is equivalent to that trapped by a normal non-enlarged
gland, the gland structure starts to change to a colloid goitre.

Histologically, the initial enlargement consists of hyperplasia of the
cellular components of the acini. The normal rounded acini with their
dense, homogeneously staining colloid become distorted by ingrowths and
invaginations of the lining epithelium, apparently the outcome of intense
multiplication of the cells, to increase the capacity of the gland to trap
more iodide from the blood passing through the gland. The amount of
stainable colloid is reduced by the cellular overgrowth. Klinck 56 recently
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described the microscopical appearance of the thyroid glands from 10 infants
and children who had gross enlargement of the gland which interfered with
breathing or caused death by suffocation. These glands were apparently
in the stage of acute hyperplasia. Most of the follicles were obliterated, or
slit-like. The cells lining the follicles were columnar, tall, and closely
packed together. Subendothelial masses of hyperplastic thyroid cells were
found in some cases. Klinck believed these changes to have been brought
about by the action of a goitrogen.

If the cause of the hyperplasia is removed, be it iodide deficiency or the
action of a goitrogen, while the gland is in this phase it sometimes becomes
smaller, and may even return to normal.

The colloid goitre

This is the resting stage of the gland and is the condition of the goitre
felt in most children with an endemic goitre. Clinically, it is indistinguishable
from the gland during the hyperplastic phase, being a uniform soft enlarge-
ment. Histologically, the gland is a mixture of hyperplasia with the return
of colloid to the acini. The ratio of hyperplasia to colloid will vary through
the full range. The colloid goitre resembles the normal gland except that
the luminae of the acini are larger and the walls are reduced to a thin layer
of flat cubicular cells. In most glands there are projections of the cellular
linings of the acini into the colloid; these are presumably the remnants of
infoldings of the epithelium during the hyperplastic stage. The total iodide
content of colloid goitres approximates that of normal glands, but the
concentration of the iodide (measured in terms of dry gland) is significantly
less than in the normal gland-0. 1% instead of about 0.2%.71

Theoretically, once a balance has been established between the iodide
demands for thyroxine synthesis and the supplies available at this particular
stage in gland function, there should be little or no change in the size or
histology of the thyroid-certainly, so long as the physiological status of
the person remains unchanged. In clinical experience, however, this seldom
seems to happen. Both the supplies of iodide at the site of synthesis of
thyroxine and the demands for the hormone fluctuate, with the consequence
that there are periodic bursts of hyperplasia, often in localized areas of
the gland; hence the frequent occurrence, histologically, of hyperplasia
adjoining areas of colloid in the same gland. When supplies of iodide
increase, or the physiological demands for the thyroidal hormone decline,
portions of the gland undergo involution.

Since the process of thyroid enlargement in the hyperplastic phase and
the maintenance of the resting (colloid) phase are designed to meet
the normal physiological needs of the body for thyroidal hormone, it
follows that these stages, at least, of endemic goitre are associated with
euthyroidism.
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Adults who move into a goitrous area from a non-goitrous region
occasionally develop a colloid goitre for the first time. The sequelae are
similar to those noted for endemic goitres arising in childhood.

Variations in Prevalence of Goitre in Children

By localities
The Study-Group on Endemic Goitre, convened by the World Health

Organization in 1952,114 suggested that the most convenient age-groups
for the study of the prevalence of endemic goitre in a locality are the new-
born, schoolchildren and service recruits. A number of surveys have been
made in different parts of the world on schoolchildren and, although the
standards used by the investigators may have differed, rendering strict
comparison impossible, the figures do offer some idea of the variation in
prevalence. A sample of the results of surveys which lend themselves to
comparison is given in the table below. Unfortunately, the results of many
surveys have not been recorded by age and sex. t

VARIATIONS IN PREVALENCE OF VISIBLY ENLARGED THYROIDS IN
THREE AGE-GROUPS IN DIFFERENT LOCALITIES

Prevalence (%)
Age-group

(years)_
A B C D E F G H J

Males

6-8 0.5 - 2.7 8.6* 3.9* 6.0 13.4 4.5 1.4 8.1

9-11 1.2 3.1 5.4 - - 13.0 17.5 5.6 3.7 9.0

12-14 3.8 5.0 3.8 14.2** 9.3** 16.0 13.1 5.1 6.4 9.9

Females

6-8 1.8 8.7 10.2* 5.0* 6.5 17.0 5.4 3.1 9.6

9-11 4.9 5.2 13.6 - - 19.5 25.2 100. 8.5 12.6

12-14 13.0 14.6 12.0 18.2** 10.9**I 21.4 41.7 19.5 20.8 16.7

A. Cincinnati, Ohio, USA 78 F. New Zealand44
B. Oregon, USA"79 G. Victoria, Australia "

C. Tennessee, USA 7 H. Canberra, Australia 15

D. El Salvador" I. Tasmania, 1949"
E. Belgian Congo 12 J. Tasmania, 1954 8
* Age-group 5-9 years ** Age-group 10-14 years

The sex difference is marked in most localities, and there is a wide range
of prevalence. Localities A and B were surveyed by the same investigator,
as were localities G, H, I, and J. The Gippsland District of Victoria (G)
is an area of high endemicity compared with Cincinnati and Oregon.
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Secular trends
Workers in widely separated parts of the world have reported an in-

crease in the incidence of endemic goitre following the First and Second
World Wars. Such an increase apparently occurred in Eastern Europe,64
Western Europe,6' 51, 54 England,26 Taiwan,14 and New Zealand.94 In this
connexion it is of interest to read in Hirsch's work 45 the records of epi-
demics of goitre in France at the end of the eighteenth and in the early part
of the nineteenth century. Various explanations have been offered for these
" epidemics ", including changes in the food and water supply, and specific
deficiency of iodine. No direct evidence has been brought forward in
support of these various claims.

Sequelae of Coiloid Goitre in Childhood

After introduction of prophylactic iodide
When increased amounts of iodide are given to children with an estab-

lished endemic goitre, which is usually predominantly in the colloid phase,
the gland frequently becomes smaller and, while remaining uniform in
consistency, becomes firmer. In the author's experience a well-established
goitre, in children living in an area where goitre has been shown by iodide
prophylaxis to be due to iodide deficiency, does not usually disappear even
with the prolonged administration of adequate amounts of additional
iodide. Similar results have been reported from southern Hungary, where
only 16% of children with enlarged thyroids responded to iodide therapy.109
However, Eugster 29 reports that " 76 per cent of the people who moved
to a goitre-free region lost their goitre after 20 years ". The possibility that
in some localities simple goitre may be due to the action of a goitrogen
might explain this disappearance. When the goitrogen ceases to operate
the gland becomes smaller. This was observed to happen with a number
of drugs which had been prescribed for a variety of conditions and which
were found to produce goitre. The goitre disappeared on cessation of the
therapy; this has been recorded for iodides,7 73, 96 resorcinol,10 and thio-
cyanate.5, 87

If a well-established goitre due to iodide deficiency is detected in a
young child and adequate iodide prophylaxis is continued throughout the
remainder of the growing period, the thyroid gland increases little in size
compared with the over-all growth of the child, so that such children may
reach adulthood without a visibly enlarged thyroid. If the prophylaxis is
continued throughout adult life, special attention being paid to the in-
creased demands during pregnancy and lactation, it is unlikely that un-
favourable sequelae will occur either in the thyroid gland, in the general
health of the person, or in the growth, development or health of sub-
sequent generations.
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The introduction of adequate prophylaxis in a goitrous area brings
about a sharp fall in the incidence of goitre in children, as numerous workers
have testified. 16, 31, 43, 52, 74, 77, 95, 102 A careful study, made by the author over
a number of years, of the child population of a city in a moderately severe
goitrous area revealed that the drop in incidence was largely due to preven-
tion of the development of goitres in children as they moved into the age-
groups usually affected, and to the prevention of palpably enlarged thyroids
from becoming visibly enlarged.

Effects of treatment with thyroid

An interesting development, several years ago, was the re-discovery,
by Greer & Astwood,37 that the administration of thyroid preparations to
children and adolescents brought about the disappearance of visible goitres.
As Greer & Astwood point out, this fact was established by numerous clini-
cians, mainly in Europe, in the 70's and 80's of the last century, and was
then lost sight of for over 70 years. A group of workers 48 in Czechoslovakia
recently had a similar experience with thyroglobulin. The wisdom of this
form of treatment and prophylaxis could be questioned; the results are
presumably achieved by suppression of the secretion of the TSH of the ante-
rior pituitary by maintaining an adequate blood-level of thyroidal hormone
from exogenous sources. One wonders how long this form of treatment
could be continued without permanently affecting the capacity of the ante-
rior pituitary to produce TSH.

In absence of treatment or prophylaxis
When additional iodide is not taken or treatment along lines similar

to those indicated above is not given there is usually a progressive enlarge-
ment of the thyroid gland with advancing age through childhood. In many
localities with a high incidence, a marked increase in size occurs in girls
in the pre-adolescent phase up to the menarche. These girls frequently
exhibit an increase in thyroid size with each menstrual period for a few
years. The progressive increase in size stops somewhere between 15 and
18 years of age. The author has not recorded a pre-adolescent spurt in
goitre size in boys. Stocks 104 collected together the results of surveys made
by a number of workers and related the prevalence of thyroid enlargement
at various ages to the prevalence at the age of 12 years. These he com-
pounded into a single set of figures for each sex. His results are expressed
graphically in the figure below.

It can be seen that there is a rise in the rate of thyroid enlargement
up to 12 years of age in both sexes, and that this continues in the girls into
early adult life. However, in boys the rate commences to fall after 14 years
of age, thus confirming the clinical impression that many youths lose their
goitres in adolescence and early adult life.
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INCIDENCE OF THYROID ENLARGEMENT AT VARIOUS AGES, EXPRESSED IN TERMS
OF FREQUENCY AT 12 YEARS OF AGE *
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From adolescence onwards a goitre behaves in one of the several ways
indicated in the next section.

Sequelae of Endemic Goitre in Adults

Development of a nodular goitre

The clinical experience of physicians in goitrous areas is that although
simple goitres often disappear in adult males, it is not common for this to
happen in adult females, particularly those who bear children. Regular,
adequate iodide prophylaxis against endemic goitre is frequently difficult
to maintain in many highly goitrous areas. From the clinical histories and
the appearance of the thyroid it would seem that goitres in women repeatedly
go through periods of hyperplasia, alternating with the resting phase with
subsequent involution leading to the formation of nodules within the gland
substance.88

The nodules may be single or multiple; the latter are more often scattered
irregularly throughout the gland tissue than distributed symmetrically.

I - 1



F. W. CLEMENTS

Small nodules are not easy to detect clinically and frequently are only
found at operation, biopsy or autopsy. Large nodules may produce pressure
symptoms, especially those in the lower pole, which if on a pedicle may
become a true intra-thoracic goitre.89 Wegelin1" found that nodules
were rare under 10 years of age. In a survey made by the author of some
22 000 schoolchildren in Tasmania, nodules were detected in slightly less
than 2% of the children between 9 and 15 years who had a visible goitre.
Nodules become increasingly common after 15 years of age, and the pre-
valence of nodular goitres varies from one section of the population to
another. Histologically, the repeated alternate hyperplasia and involution
results in a marked increase in connective tissue in the stroma of the gland,
and the arteries often show progressive endarteritis with a corresponding
reduction in the supply of blood to the acini, which degenerate to colloid
retention cysts; sometimes these cysts are of enormous size.99 The cells
lining them are flattened to such an extent as to suggest that there could
be very little or no activity.

Macroscopically, the cut section of the thyroid often suggests that the
nodule is encased in a fibrous capsule; this is not a true capsule, merely
the arrangement of the hypertrophied connective tissue, some of which is
seen to contain remnants of glandular material.

In some goitrous areas the processes of alternate hyperplasia and
involution occur so frequently that the outcome is a very large nodular
goitre hanging down onto the chest wall. These goitres often contain
cysts, some of which, on section, are found to be haemorrhagic.

Persistence of a colloid or nodular goitre with euthyroidism

This is the usual sequel, at least in one phase of an endemic goitre.
The only disadvantage is the aesthetic effects of the tumour. Clinical
experience, once again, suggests that this is more likely to happen during
the third and fourth decades of life, for in later life a significant number of
people, especially women, suffer from mild degrees of myxoedema.106

Persistence of a colloid or nodular goitre with hypothyroidism

Many of the earlier textbooks claimed that, by definition, endemic
goitre is always associated with euthyroidism. This is undoubtedly true
of the uncomplicated endemic goitre during the hyperplastic and colloid
phases, but once degenerative changes with the subsequent formation of
nodules occur it is reasonable to argue that the condition is no longer an
endemic goitre. The progressive destruction of epithelial elements by the
overgrowth of the stroma and the pressure of enlarging colloid spaces
gradually reduce the capacity of the thyroid gland to produce thyroxine.
Because the processes of hyperplasia and involution are more frequent
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in females than in males, often being associated with repeated pregnancies,108
it is not surprising that myxoedema of this origin occurs much more fre-
quently in women than in men; Osler80 gives the relative proportions as
about 6: 1. This form of myxoedema, because of its slow onset, is difficult
to detect. Since the development of this condition is generally postponed
until the fifth or sixth decade, the accompanying reduction of physical and
mental activity is often attributed to age by the patient and her friends.
Physicians with long experience in goitrous areas are aware of these changes
in many of their female patients with long-standing goitres.

Clinically, the signs and symptoms of myxoedema which arises in this
way are not different from those described in textbooks; it is probable that
much of the earlier descriptive material was drawn from patients with
myxoedema of this origin.

Development of secondary thyroloxicosis

Several writers have drawn attention to the possibility that endemic
goitre predisposes to secondary toxic goitre. The evidence is indirect and,
while it is not conclusive, it nevertheless strongly supports such a hypothesis.
Campbell 13 compared the distribution maps for thyrotoxicosis and endemic
goitre in the British Isles and concluded that " in the British Isles ex-
ophthalmic goitre is more likely to occur in connection with an area ofendemic
goitre ". McClendon 67 showed that in North America the geographical
distribution of thyrotoxicosis coincided with the areas of high incidence of
endemic goitre. The same author worked out the number of cases of
exophthalmic goitre per 100 cases of endemic goitre for various zones
in Europe. This analysis failed to show a consistent relationship; for
example, much higher figures for toxic goitre were obtained for certain
parts of Northern Italy and Germany than for Switzerland, where the
incidence of endemic goitre has always been considered to be very high.
More recently, Saxen & Saxen 92 have shown that the incidence of toxic
goitre in Finland is considerably higher in the rural areas with a moderate
or high incidence of simple goitre than in the rural areas with a low incidence
of simple goitre. The approximate ratio of toxic goitre in the non-goitrous,
moderately endemic and severely endemic areas was 1: 2: 3.5. In Australia,
Wyndham 11" was the first to show that in the State of New South Wales
" there seems to be, therefore, a natural tendency for these non-toxic
goitres to become hyperplastic and hyperfunctional in middle life ". Later
Clements,17 in an Australia-wide study, showed that the death-rates for
thyrotoxicosis were highest in the states with the highest incidence of
endemic goitre, and lowest in the states where endemic goitre does not
occur. Reviewing some of this evidence, Rundle 89 concluded that " there
is powerful evidence from goitre maps that endemic goitre predisposes to
thyrotoxicosis ". This conclusion seems justified for certain parts of the
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world, more particularly North America, the British Isles, and parts of
continental Europe and Australia, but the evidence in respect of other parts
of Europe and many of the economically under-developed areas of the
world is inconclusive or non-existent. It is surprising that McCarrison 65, 66
and Stott and his co-workers 105, 106 failed to record toxic goitre in the
highly goitrous valleys of the Himalayas and India. In the high plateaux
of the Andes, where several surveys have been made, there are only passing
references to toxic goitre. Mahorner 69 was told that toxic symptoms do
occur in the Indians of Guatemala who have large goitres, but apparently
saw none himself in an extensive visit. Kimball 53 has made no reference
in his survey of several Central and South American countries to the
existence of toxic goitre, nor have Scrimshaw and his team in their various
surveys in Central America.", 93 The one exception on the American
continent is Mendoza Province, Argentina, where Perinetti 84 found a
relatively high prevalence of toxicity superimposed on nodular goitre.

The irregular occurrence of thyrotoxicosis as a sequel of endemic
goitre throughout the world raises two questions: Has the condition been
overlooked in the localities where it has not been reported? And do the
sequelae of endemic goitre differ in different localities? More intense,
carefully controlled surveys will answer the first question. The answer
to the second question may be bound up with the question of the etiology
of endemic goitre.

Endemic goitre and carcinoma of the thyroid

The WHO Study-Group on Endemic Goitre 114 considered this subject
briefly, reviewing the literature then available. The members of the Group
were impressed with the suggestive character of the data, but felt that,
at the time, it was not possible to form a firm opinion on whether endemic
non-toxic goitre predisposes to carcinoma of the thyroid. Sokal,98 after
an extensive review of the American literature on endemic goitre, thyro-
toxicosis and carcinoma of the thyroid, came to the conclusion that thyroid
cancer arises more frequently in toxic than in non-toxic goitre. He set a
figure of 1 % expectancy of carcinoma during the lifetime of a patient
with nodular goitre and further expressed the opinion that carcinoma
was twenty times more common among persons with hyperthyroidism
than among those with euthyroidism.

More recently Miller,72 after a review of patients at the Ford Hospital,
Detroit, has expressed the opinion that Sokal's estimate that three-quarters
of the cases of carcinoma arise in pre-existing nodular goitres is too generous.
In Miller's series only 6 out of 14 patients with non-papillary cancers
gave a history of goitre of over one year's duration. Saxen & Saxen 92
in Finland were unable to find any difference in the mortality rates for
carcinoma of the thyroid between rural areas where endemic goitre was

184



SCOPE OF THE HEALTH PROBLEM AND RELATED CONDITIONS

rare and those where it was moderately or highly prevalent. Miller 72
has doubts whether this question can be solved with existing data.

Endemic goitre and carcinoma in general

Spencer 100, 101 has recently drawn attention to the possible influence
of the thyroid in malignant disease. He found a correlation between the
prevalence of endemic goitre and the number of deaths from malignant
disease. He points out that endemic goitre leads to hypothyroidism,
with its accompanying reduced output of thyroidal hormone and, sub-
sequently, lowered metabolic rate. He quickly denies that these conditions
should be considered a primary cause of cancer; he suggests rather that
thyroid function or dysfunction may be associated with susceptibility or
immunity to cancer. He offers the hypothesis that hypofunction of the
thyroid may be associated with premature senility of tissue cells, which
in some way is associated with normal mitotic activity. Ellerker 27 has
demonstrated a clinical relationship between non-toxic goitre and malignant
disease of the breast.

SEQUELAE IN PROGENY OF GOITROUS PARENTS

Cretinism

Endemic cretinism has been reported from a number of countries
where endemic goitre occurs. Before proceeding to discuss this, it is
proposed to discuss cretinism in general.

The derivation of the word "cretin" is unknown. A number of
suggestions has been made from time to time: that it is a distorted form
of the French word chretien-a Christian-meaning that those so called
could not sin; that it came from the Latin creta, referring to the chalk-like,
greyish-white faces of the victims; that it originated in the Rhaeto-Romanic
language sometime in the sixteenth century and was applied to dwarfs; 8, 32, 45
that it is derived from the Latin creatura, meaning a creature, and came
through the Romansh language of the Grisons, creatura-cretira-cretin.9
Whatever the precise origin of the word it was apparently used in a written
document for the first time by Felix Platter,85 in 1614, to describe a parti-
cular kind of person occurring in sufficient numbers in population groups
in the valleys of the Alps to warrant identification.70 Platter noted the
relatively wide distribution of cretinism, having read that it occurred in
Egypt and having observed it himself in Carinthia and in his native
Switzerland. The condition must have been common, for he reported
that many children were affected.

His description covers the salient features: disproportion of the body
(large head and short limbs, and immense tongue), deaf-mutism and

185



F. W. CLEMENTS

mental retardation. He recognized that not all of these cretins had thyroid
enlargement.

European writers in the eighteenth and nineteenth centuries frequently
drew attention to the co-existence in the same localities of endemic goitre
and cretinism. De Quervain,23 however, recognized that in any group
of so-called " cretins " there are likely to be a number of different types
and that the signs displayed will depend upon the degree of active thyroid
tissue present. In his own words: "Le cretinisme endemique est loin
de presenter toujours le meme tableau. II y a d'abord des diff6rences de
degre."

Then, in 1871, Fagge 30 in England published accounts of another
form of cretinism which occurred in people who had not, at any time
in their lives, lived in a goitrous district. To this condition Fagge gave
the name " sporadic cretinism ". In the 80 years since Fagge's observations
a considerable number of studies have been made on cretinism. However,
almost all of them have been on the sporadic form. As a result of these
investigations it is now possible to define a number of types of cretin.
One classification based upon current knowledge is:

1. Congenital thyroid aplasia.
2. Familial congenital goitrous cretinism.
3. Acquired athyroidism.
4. Acquired hypothyroidism.
5. Endemic cretinism.

Congenital thyroid aplasia

This condition is also known as congenital myxoedema 35 and congenital
athyroidism. As the term implies, persons suffering from this condition
are born without any functioning thyroid tissue. Hamilton, Reilly
& Eichorn 39 confirmed this when they showed that there was no accumula-
tion of radioiodine in the neck. The hypothesis has been advanced by
several writers 25, 68 that this condition arises as a result of failure of the
thyroid " anlage " to develop from the oral portion of the mesobranchial
arch.

In a non-goitrous area this type of congenital cretinism predominates.
In a series of 60 cretins from the USA and Canada which were examined
by Osler,80 only seven had a goitre and three out of five children in one
family were goitrous cretins (see next section). In their series of 115 cretins,
Wilkins, Clayton & Berthrong 113 found six with goitres.

Cretins have been reported 96 with what was obviously congenital
thyroid aplasia and a tumour in the neck, which was assumed to be an
enlarged thyroid. If it is a goitre-and this can be demonstrated by the
use of radioactive iodine, as will be discussed later-then the patient is
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obviously not in this category. Most of these tumours, however, as Benda 8
has pointed out, are probably remnants of the fourth pharyngeal pouch,
persisting as the ultimo-branchial bodies.

Congenital thyroid aplasia is seldom recognized at birth, although in
retrospect it is possible to recall that many of the features characteristic
of this condition were present then. The baby is usually heavier than normal
and has a large head with a wide-open anterior fontanelle and an open
frontal suture. The limbs are short compared with the length of the trunk;
the skin is greyish-white, dry, wrinkled and scaly, with loose folds about
the wrists, hands and neck. The tongue is often protruding. X-ray examina-
tion of the bones-and for this purpose the distal epiphysis of the femur
and pelvis is most useful-shows delayed development of ossification
centres. In the skull the cartilaginous disc between the clivus and the
spheroid body is clearly to be seen. Feeding such a baby is slow and tedious,
and despite the amount of food eaten little or no weight is gained.

Throughout life physical growth is extremely slow, so that by the time
adulthood is reached the true congenital thyroid aplastic is not more than
4 feet (1.2 m) long and, owing to the marked curvature of the spine, the
standing height is seldom more than 3 feet (0.9 m). Many of the epiphysial
centres remain open throughout adult life. The nose is broad and flat and
the thick puffy skin, especially around the eyes, gives the face a full apathetic
appearance. Dentition is delayed. So constant are these signs in persons
with congenital thyroid aplasia throughout the world that a number of
writers have suggested that they would appear to have belonged to one
large family.

Parallel with the failure of physical growth there is an absence of mental
development. The congenital thyroid aplastic remains an idiot, incapable
of caring for himself. Because there is no mental development, these
people do not learn to speak and it is doubtful if they comprehend the
spoken word; thus they are deaf-mutes. They utter some harsh unintelligible
sounds from time to time. All movements are slow and awkward, and
they walk with a shuffling unsteady gait.

This form of cretinism is unmistakable and, as stated above, the de-
scriptions have been built up from a detailed study of persons so afflicted
living in non-goitrous areas. One of the most interesting comments in this
regard is that made by Osler,80 that none of the cretins investigated by him
came from the goitrous districts of Canada or the USA.

Infants and children with. congenital thyroid aplasia respond to oral
administration of dried thyroid gland or thyroxine. The results will depend
upon the age of the child when the treatment is commenced and the
thoroughness with which it is maintained.

The recent report by Ainger & Kelly 3 of three siblings in a family with
cretinism, two without thyroid enlargement and one with a small enlarge-
ment, whose parents were cousins, is of considerable interest. Examination

13
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of the genealogical background of this family revealed at least twelve
additional closely related people who may have been similarly affected.
This led the authors to suggest that in this family the cretinism was due to a
specific inherited defect which, because of the history, was probably a
Mendelian recessive factor.

Familial goitrous cretinism

In the last 12 years or so a number of highly important observations
have been made in the USA and Great Britain on a number of goitrous
cretins. The significant factor in most of these cases was the familial
character of the disease. Hamilton, Reilly & Eichorn 39 have reported
several observations, including studies with radioactive iodine on two
children with severe hypothyroidism, as indicated by careful histories,
physical examination and pertinent laboratory tests, who also had pro-
nounced goitres. The uptak, of radioactive iodine in both cases was rapid
and complete, resembling that found in hyperthyroidism. Autoradiographs
demonstrated that most of the radioactive iodine was in the cells of the
acini.
A biopsy of the thyroid showed incomplete formation, and rupture of

many acini with little colloid. Hamilton and his co-workers concluded
that, in these two subjects, some fault prevented the release into the circula-
tion of the thyroxine formed. Lerman, Jones & Calkins 63 reported the
rapid uptake of radioactive iodine by two cretinous brothers with goitre.
The evidence suggests that the cretinism was first detected in one boy at
about the age of 10 years, and in the other somewhere between 5 and 8
years of age.

Stanbury & Hedge 103 studied four siblings who were goitrous cretins.
The parents, who had no goitre, were half-Indian and cousins. The first
three children had developed normally, but the succeeding four were
cretins. The uptake of radioactive iodide in these four subjects was rapid
and reached a high level, similar to that found in hyperthyroidism; appar-
ently this iodide could not be incorporated into an active thyroid hormone.
Biopsy of the thyroid showed intense compensatory hyperplasia of the
gland which had been followed by degeneration and fibrous replacement.

In Scotland, McGirr & Hutchison 68 have made similar studies on twelve
goitrous cretins. Seven of these subjects were related; four were members
of one family, and three were cousins of these; two others were members
of another family, and the remaining three were unrelated to either of the
families or to each other. All these cretins accumulated iodide from the
blood-stream, most of them rapidly and in large amounts, the uptake
curves again resembling those obtainable in hyperthyroidism. Tests showed
that the thyroid could convert the inorganic iodide to an organic form,
and that some of this was released into the circulation. The fact that all
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the subjects were cretins is proof that the protein-bound iodide recovered
from the blood was not thyroxine. These patients had all responded to
oral thyroid medication-a fact which indicated that the defect was not due
to insensitivity of the tissues to thyroid hormone.

Smeby 97 has reported two sisters with cretinism. Their parents were
second cousins and healthy. There was no hypothyroidism in an older
brother or in other relatives.

Attention has already been drawn to the fact that this type of cretinism
is relatively rare in non-goitrous areas. Osler 80 had 7 such cases in his
total of 60, and Wilkins, Clayton & Berthrong 113 had 6 in 115 cretins.

The above five studies of goitrous cretins showed that the thyroid of
each had a marked avidity for iodide, which was accumulated by the gland.
In some cases the iodide was converted into an organic compound which
was released into the circulation; the evidence suggests that this was not
thyroxine. In other cases the gland apparently could not convert the iodide
into an active hormone. In all patients the development of the goitre was
apparently a compensatory hypertrophy in response to the absence of
thyroid hormone in the circulating blood. In this respect the reaction was
similar to that which occurs in simple endemic goitre. The cretinism or
hypothyroidism was an expression of an extremely low level of active
thyroid hormone in the circulating blood. These cases differed from cases
of simple endemic goitre in that the enlargement of the thyroid permits
the accumulation of sufficient inorganic iodide from the blood to allow
adequate amounts of thyroid hormone to be produced.

The real interest in this series lies in the familial character of the defect
in seventeen of the subjects studied. It is noteworthy that the parents of
the four siblings of Stanbury's series were cousins, as were the parents of
Smeby's two cases. McGirr & Hutchison 68 have suggested that familial
goitrous cretinism arising in a non-endemic area could be due to " an
inborn error of metabolism, genetically transmitted ".

The clinical picture of persons suffering from this condition is similar
to that described for thyroid aplasia. However, the manifestations are
generally less severe, since there is often some functional thyroid tissue, or
was some in infancy and early childhood, allowing some growth and
development. It is interesting to note that many writers on endemic
cretinism have noted that the larger the goitre the less severe the degree
of cretinism.

Acquired athyroidism and acquired hypothyroidism
As the names imply, these are variations in degree of the same condi-

tion. In the one there is complete failure of thyroid secretion; in the other
there is partial failure leading to the development of a degree of myxoedema,
hence the use of the term "juvenile myxoedema ", which is sometimes
applied to those so afflicted.
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A number of writers 20, 25, 35, 58, 62, 81 claimed that the condition followed
an infectious disease, for example, measles and whooping cough, in cases
they had studied. It is of interest that Fagge's original case occurred after
an attack of measles with erysipelas.30 Other writers attribute the cause
to birth injuries which extended to involve the thyroid gland. A hypothesis
advanced by McGirr & Hutchison 68 iS that, in fact, some of these subjects
possess enough thyroid tissue at birth to meet the needs up to that time and
perhaps for some time after, but this later proves insufficient for the increased
needs of the larger child.

It is obvious that the clinical appearance of children affected by either
of these conditions will be influenced by the age of onset. The older the
child the less marked the effects, especially in respect of mental development
and growth. The amount of deficiency of thyroidal hormone will likewise
affect the severity of the clinical signs.

Acquired athyroidism has most of the features of the congenital form.
Pale or yellow skin, thinning of the hair, coarseness of the skin, and arrested
osteological development dating from the time of onset. The hands often
have a spade-like appearance. Hearing and speech may be affected,
depending upon the age of onset of the condition, and, in general, will
bear a relationship to the degree of mental retardation. The presenting
features are usually failure to grow at a satisfactory rate and mental
retardation.

In the last few years attention has been drawn to two other types of
acquired thyroid enlargement in infants and children. Marked thyroid
enlargement has been reported in a number of newborn infants whose
mothers had taken one of the therapeutic antithyroid drugs during preg-
nancy.1', 21, 28, 34, 41, 47, 83, 90 Two infants, one of whom died shortly after
birth, showed full cretinism; and a third displayed definite hypothyroidism.
The thyroid of the cretin who died showed much vascular enlargement,
with marked hyperplasia of the glandular tissue; the acini, which were
lined with low columnar epithelium, contained no colloid.47 The other
cretin proved extremely difficult to feed-partly, perhaps, because of the
large tongue-and failed to gain weight. But a week after the condition
had been diagnosed and appropriate treatment commenced, it began to
take its feeds normally and started to gain weight regularly. This continued
as long as the thyroid medication was given.

Hypofunction and hyperplasia of the thyroid gland have occurred in
a number of children who themselves had been treated with cobalt for a
blood dyscrasia, or whose mothers had been so treated during pregnancy.
Klinck 56 reports severe effects, leading to death, in young infants whose
mothers had been treated during pregnancy; in these cases the gland showed
marked hyperplasia with almost complete obliteration of the follicles.
Kriss, Carnes & Gross 60 reported similar but less severe signs in a number
of children, one of whom had severe myxoedema. Holly,46 on the other
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hand, failed to detect any abnormal effects in 78 pregnant women or their
progeny who were given cobalt and iron, or cobalt alone, for 90 days
before delivery. Jaimet & Thode 50 found no evidence of thyroid enlarge-
ment or clinical hypothyroidism in 17 children given up to 6 mg of cobalt
chloride per kg of body-weight per day for 10 weeks. Obviously a great
deal more work needs to be done to clarify the position of cobalt as a
goitrogen.

Other drugs, including iodide,42 73, 88 resorcinol,'0 thiocyanate,5 87 and
perchlorate,55 have been shown to produce hyperplasia of the thyroid in
adults, sometimes with myxoedema. It is not proposed to elaborate further
on these goitrogens. The list, which is not complete, is quoted to show the
extensive range of drugs which have been found to produce goitre and
hypothyroidism.

Endemic cretinism

Cretinism has been recognized in Europe as a clinical entity since the
sixteenth century. It was not, however, until the end of the eighteenth
century that Fodere 32 published the first detailed scientific study. The
recognition of cretinism in other parts of the world came considerably later.

At the present time endemic, cretinism occurs in at least three regions
of the world:

(a) in localized areas in the European Alps and in the plains of northern
Italy; 24

(b) in the foothills of the Himalayas and in isolated communities in
the plains of the Indian peninsula; 65, 105, 106

(c) in extremely isolated and restricted communities in the Belgian
Congo.12, 22

There has been considerable confusion about certain aspects of endemic
cretinism. In the main this arises from uncertainties of diagnosis and the
arguments of at least two schools of thought about the etiology.

Description of endemic cretins. The diagnosis of fully established
cretinism presents no difficulty. Good descriptions have been given by
numerous writers over the last 150 years. The following essential charac-
teristics have been taken from the description given in the report of the
Sardinian Cretinism Commission, published in 1848.91 More recent accounts
are identical.8' 24

Even in the first half of the last century there was a general belief in
cretinous districts that the cretinous infant exhibited appearances at birth
which indicated its future fate. However, this belief was not held by every-
body. Workers who have investigated sporadic goitrous cretinism, in
recent times, recognize that many of these infants are apparently normal
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at birth and that the signs of cretinism do not appear until the middle of the
first year, by which time the characteristic features of the cretin have made
their appearance. At this age the fully developed cretin is retarded in
physical growth and mental development. The head is large with wide
fontanelles; there is a marked absence of any mental or bodily vivacity, and
the infant spends long periods asleep. This child does not walk until the
sixth or seventh year, and speech is limited to a few harsh sounds. The
lack of speech is a sequel to deafness, which is characteristic of the disease.
The Sardinian Commission noted that there seemed to be no intermediate
age between infancy and puberty, or between puberty and old age; infancy
is prolonged to puberty, and old age succeeds at once. A fully developed
cretin does not exceed 3 feet (1 m) in height. The face bears the impress
of stupidity. The tongue is often large and protrudes between the teeth.
This description applies to cretinism resulting from thyroid aplasia and is
similar to that given for sporadic congenital thyroid aplasia.

Other endemic cretins appear to have a small amount of functional
thyroid tissue, at least during the early part of their life; this is sufficient to
prevent the development of some of the features of the fully developed
cretin. Growth is not so stunted, such people often being more than 3 feet
tall. They frequently have some mental faculties and often limited speech.

Classification of endemic cretinism. The range of clinical signs seen in
cretins in the old Kingdom of Sardinia prompted the Commission to
define three types of cretin:

1. Those with only vegetative faculties, entirely destitute of reproductive
and intellectual powers and not capable of employing articulate language.
These people were called " cretins ".

2. Those endowed with vegetative and reproductive faculties and some
of the rudiments of language. The intellectual faculties of this type are
strictly limited to expressing the bodily wants and are due solely to the
impressions of the senses. They were called " semi-cretins ".

3. Those endowed with vegetative and reproductive faculties and
possessed of a less imperfect language carried on by words and gestures.
The intellectual faculties of this type are also less limited than those of the
semi-cretins, but are always below the ordinary level. Such people are, to
some extent, capable of following an occupation and of carrying out
manual labour. They were called " cretinous persons ".

Nearly 100 years later De Quervain 23 employed practically the same
classification. In addition, he recognized that the goitrous idiot and the
goitrous mental defective in a goitrous community must be differentiated
from the true cretin.

There is no doubt that many surveys made in European countries in
the eighteenth and nineteenth centuries included idiots and other mental
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defectives in the records as cretins.45 It is also fairly certain that numbers
of idiots and mental defectives, who were not cretins, were admitted to
institutions for cretins, when these were established in Europe, following
Dr Guggenbuhl's example near Interlaken, Switzerland,33 in the 1830's.
Benda,8 who worked for a number of years, comparatively recently, in
Switzerland on endemic cretinism, and who visited areas of cretinism in
Austria and France, made the following observation:

" Comparison of a large group of cretins in a Swiss institution or a Swiss community
with a large group of feeble minded patients in an American institution for mental de-
fectives would show that in the former group numerous patients are regarded as cretins
whose equivalent and likeness can be found in the American institution where no cretinism
exists."

There seem to be good reasons for assuming that a group of endemic
" cretins " in European centres would include some mental defectives
whose condition is probably not due to thyroid deficiency.

The clinical picture of cretinism, and so the classification of cretins,
was further confused in the early part of this century by the writings of
McCarrison 65 following his study of cretins in some of the Himalayan
valleys. He described a form of " nervous cretinism ", which he believed
differed from the cretinism of Europe in that the subjects displayed bizarre
posturing of the arms, often accompanied by a degree of rigidity and some-
times spasticity of the lower limbs. Many of these subjects had exaggerated
reflexes. From his description it is almost certain that some of the cretins
he observed had spastic paralysis of the lower limbs.

These observations by McCarrison were taken up by a number of
European writers,19' 59, 62 who subsequently described a condition which
some called " thyroneural dystrophy ". A number of these cases were
presented to learned societies about 40 years ago and the discussions which
followed most of these presentations showed that the majority of the
audience rejected the need for a separate classification. These speakers,
although admitting that it was unusual to find cretinism associated with
injury at birth or other causes of diplegia, saw nothing extraordinary in
this. In this connexion it is of interest to note that McCarrison reported
that 14% of his cretins had had " difficult births ".

Confusion about the diagnosis of the minor grades of cretinism, the
separation of idiots and mental defectives, and the attempts to define
" myxoedematous " and " nervous " forms of cretinism must have materially
influenced the figures for the prevalence of cretinism.

Almost all writers on the subject of cretinism have recognized that some
cretins have goitres while others do not. The Sardinian Commission 91
found that approximately one-third of the cretins investigated were without
thyroid enlargements. In McCarrison's 65 series 56 % were without goitres,
while 60% of the 35 cretins studied by Stott & Gupta'06 in India had
goitres.
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The presence of a goitre has not been used by any workers as a basis for
classification, yet it would appear from the studies on sporadic cretinism
that the athyroidic cretin and the goitrous cretin are different in their
pathology. The former is born with a defect in the initial development of
the gland, and the latter has some defect in the internal metabolism of the
gland which prevents the formation of effective thyroidal hormone. The
athyroidic cretin cannot respond to increased amounts of TSH, while the
goitrous cretin responds with hyperplasia and, later, fibrous degeneration
of the tissue.

Prevalence of endemic cretinism. In the previous section it was pointed
out that the separation of non-cretinous idiots and simple mental defectives
from true cretins and semi-cretins is difficult. For this reason figures from
surveys do not necessarily give an accurate picture of the extent of cretinism.
In general this is more likely to be true the older the records, although it
has already been noted that Benda 8 considers that many inmates of institu-
tions for cretins in the 1930's and 1940's were not cretins. With these
reservations it is difficult to interpret the figures from any survey.

The Sardinian Commission discovered 7083 cretins in a population of
2 651 000 in the Sardinian States. The rate varied from 0.01 % to 2.79%,
the latter obtaining in the Province of Aosta at the foot of Mont Blanc.
The Commission assigned these cretins to the three categories it had
defined, as follows:

Confirmed cretins ....... . 2165
Semi-cretins . . . . . . . . . . 3518
Cretinous persons ....... . 433
Unspecified ........... 967

In other parts of Europe, during the nineteenth century, the prevalence
varied considerably. Many of the data are for military conscripts and do
not relate to the whole population. The figures range from 4 to 22 per
thousand. The most affected regions were the Hautes-Alpes and Savoie,
in France, and parts of southern Germany, Austria and Hungary. It was
noted that although the Hautes-Alpes and Savoie were so heavily affected,
the Jura, in which there was a similar prevalence of goitres, had scarcely
any cretinism (2.7 per thousand, including idiots).

More recent surveys have shown much less cretinism in all the affected
regions. Eugster 29 records a cretin-rate range of from 0.6% to 1.0 %, with
one Swiss village having a rate of 3.5%. However, even these figures do
not relate to the current position. Benda 8 states that the number of cretins
in Switzerland is about 1.25 per thousand, spread over the whole country.
It seems that one of the most recent surveys, limited to a circumscribed
area, was made by Koller,57 but even this is nearly 50 years old. He found
2% of the people in the Canton of Appenzell affected with cretinism,
including all forms of mental retardation.
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Benda has remarked on these relatively low figures, pointing out that
the prevalence of mental deficiency in any population is around 2%. The
obvious explanation is that the figures usually quoted relate to relatively
large groups-for example, a canton or province-when, in fact, cretinism
is limited to villages whose total population is a small percentage of the
whole canton.

A surprising announcement on the prevalence of cretinism in Switzer-
land was made recently by Wegelin."12 He reported that cretinism had
disappeared from Switzerland; presumably he meant that cretins were no
longer being born there.

The last reports from the Himalayan and Indian foci are now 20 years
old and neither McCarrison in his early surveys 65 (first decade of this
century) nor Stott and his collaborators in the 1930's 105, 106 actually made
a census. There certainly is need for a careful survey to determine the
present position. Calonne 12 reported 4.3 % of the entire population of the
locality he studied in Ruanda-Urundi as being cretins. Benda 8 has sug-
gested that any team investigating endemic cretinism should include a
psychiatrist to help separate the non-cretinous mental defectives.

Etiology. The etiology has been deferred to the end because so little
is known about it and because it has been the subject of marked controversy
almost since cretinism was first studied. Writers on the etiology are divided
on the relationship of endemic cretinism to endemic goitre. Most writers
favour a close causal relationship, pointing out that endemic cretinism is
found only where there is endemic goitre. It is hard to interpret this state-
ment when it is realized that up to two-thirds of all cretins have goitre.
No one has recorded whether goitrous cretinism exists in any locality where
there is no endemic goitre in fully grown normal individuals. Those who
hold the view that there is a causal relationship advance the hypothesis
that the forbears of a cretinous child must have suffered from some enlarge-
ment of the thyroid gland through a number of generations, and that in
each succeeding generation there is a progressive deterioration of the
thyroid gland with the enlargement, leading to reduced function or dys-
function, until ultimately a cretinous child is born. McCarrison65 emphas-
ized this point and explained the absence of cretinism from some goitrous
valleys of the Himalayas by pointing out that goitre had made a relatively
recent appearance in these regions.

There are a number of facts which do not support this hypothesis, some
of which were put forward by the Sardinian Commission 91 and by even
earlier writers.2

(a) All writers admit that endemic cretinism does not occur in all
localities in an endemic goitre area; even the suggestion that severe endemic
goitre must have existed for several generations before cretinism occurs is
not an adequate explanation for the difference. Some regions such as the
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Jura have just as long a history of endemic goitre, with just as great an
incidence, as the Hautes-Alpes and yet endemic cretinism has not been
reported from the former region.45

(b) Cretinism is rare, if it occurs at all, in the Andes, where goitre has
existed for several centuries.

(c) Cretinism is often concentrated in villages and even in households
in a village.29' 65

(d) Cretinism was more frequently met with the further investigators
penetrated into the mountains of Hungary.45

(e) Many cretins are the progeny of parents who did not have a thyroid
enlargement. This was so in at least 4% of McCarrison's series, and the rate
appears to have been much higher in some of the European studies.65'91"06

(f) The prevalence of cretinism seems to bear a direct relationship to
the extent of intermarriage within the cretinous districts.65' 91 It tends to
disappear from those districts when one marriage partner comes from
outside the district. Intermarriage has been extremely common in some
of the remote, relatively land-locked valleys where cretinism has been most
common. With the development of communications more partners have
come from outside these circumscribed localities. The same could hold for
pockets of land isolated by river systems, as in parts of India.

This last observation, coupled with the studies on sporadic goitrous
cretinism which have shown a high familial factor in the etiology, suggesting
that it is due to a recessive Mendelian factor, raises the question whether
much of the endemic goitrous cretinism has not the same etiology.

One argument that has been used to refute this possibility is discordancy
among monozygotic twins in respect of cretinism. Eugster 29 collected from
the literature nine sets of identical twins, six of whom were concordant in
relation to the cretinoid state and three discordant. In a series of 15 non-
identical twins, 10 were concordant and five discordant. Dissimilarity of
monozygotic twins was once accepted as evidence of the non-genetic
character of a disease or condition. Warkany & Selkirk 110 have discussed
the appearance of hypothyroidism in one of a pair of monozygotic twins.
They point out that extensive recent studies on twinning have shown that
the development of monozygotic twins can be severely modified by parental
or post-natal non-genetic factors. This would explain the appearance of
cretinism in only one monozygotic twin; whereas the cretinous twins in
the nine monozygotic sets collected by Eugster could all be genetic in origin.

Hitherto, the most widely held explanation for the manner in which
endemic goitre produces cretinism in the progeny is that of thyroid degene-
ration or dysfunction associated with a goitre through repeated generations;
however, this theory bears too much resemblance to Lamarckism and
the inheritance of acquired characteristics to be accepted today. This
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fact, together with the strong suggestions of consanguinity in the parents
of cretins, calls for an intensive investigation of endemic cretinism where
it still occurs, employing modern techniques with radioactive iodide
combined with a thorough genetic study. Such an investigation is necessary
because of the repeated statements in textbooks 49 and scientific articles 53, 93

that endemic goitre predisposes to endemic cretinism; it seems that such
statements are often copied from one authority by another without any
cognizance being taken of recent developments in genetics or in the study
of sporadic cretinism.

Deaf-mutism

Deaf-mutism is one of the cardinal features of the fully developed
cretin. This has led some workers to regard deaf-mutism alone, especially
when it occurs in a goitrous locality, as being a sequel of endemic goitre,
just as endemic cretinism has been assumed to be.

During the last 40 years the etiology of many forms of deaf-mutism
has been investigated. While these studies have c'overed most countries
in Europe and America, the most significant contributions have come
from Switzerland, where it is estimated that 0.12% of the population are
deaf-mutes.4 40 It has been shown that about 40% of the deaf-mutism
in Switzerland is inherited; of the remaining " sporadic " cases, an
undisclosed number are true cretins and the others appear to have a
congenital or acquired form of the disease. From their studies of the
genealogical trees of a large number of families with a history of deaf-
mutism extending back for several centuries, Albrecht 4 and Hanhart 40
concluded that inherited deaf-mutism is due to a Mendelian recessive
factor. Their evidence shows that the gene remains unimpaired for many
generations, ready to reappear whenever it meets a similar gene.

The work of Gregg,38 Swan et al.,'07 Patrick 82 and others in the 1940's
demonstrated that maternal rubella, if it occurs during the first trimester
of pregnancy, may lead to congenital deaf-mutism in the child. Lancaster 61
has pointed out that rubella in populous areas was formerly almost entirely
a disease of childhood. If a country or an area is isolated for any length
of time rubella may die out and then, when re-imported, may attack
individuals of all ages. Under these circumstances it could well be that
some cases of deaf-mutism in the population of isolated mountain valleys
where endemic goitre occurs are a sequel of maternal rubella.

The recognition of two forms of deaf-mutism which occur mainly
as the result of the isolation of the population, and the complete absence
of any biological explanation of how endemic goitre in parents can produce
simple deaf-mutism in the offspring, calls for a review of the belief that
one of the sequelae of endemic goitre is uncomplicated deaf-mutism.
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Mental Deficiency

Mental deficiency without the other stigmata of cretinism has some-
times been considered to be a sequel of endemic goitre. Most of those
who have made this claim have not had close association with endemic
cretinism.53 93 The inclusion of mental defectives of normal height along
with true cretins and semi-cretins in European institutions has undoubtedly
added to this confusion.8 Extensive investigations of mental defectives
in non-goitrous areas have failed to show any connexion between thyroid
function and mental deficiency, except in relation to cretinism.76 There
seems to be no justification for the statement that one of the sequelae
of endemic goitre in the progeny is uncomplicated mental deficiency.

Summary

In the last section of this paper doubts have been cast on the possibility
that persons suffering from endemic goitre are more likely to produce
cretins, deaf-mutes and mental defectives than persons living in a goitre-
free locality.

Recent research into sporadic cretinism has shown the need for an
intensive investigation into endemic cretinism, using the same methods
and techniques as have been used for sporadic cretinism.

The discoveries in respect of inherited deafness and congenital deafness,
the sequel of maternal rubella, have clearly revealed the need for making
careful inquiries into the family history of persons with deaf-mutism
alone in goitrous areas before labelling them the victims of endemic goitre.
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