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Classics in Indian Medicine

Professor V. Ramalingaswami passed away
on 28 May 2001.

... IDD control work is not fashionable. The technology is simple and time-
honoured. Its impact on eliminating the most common cause of mental
retardation, subtle and ubiquitous as it is, is one of the most profound impacts
of biomedical science on human well-being.

, .. flashback to my days at Oxford (1949-51) where I was working in the
Oxford University's Laboratory of Human Nutrition and where I had the good
fortune of meeting Sir Robert McCarrison, the founder of the National Institute
of Nutrition as it is known today. McCarrison was then leading a life of
retirement.. .carried out in his days in India as a young Captain in the Indian
Medical Service working on endemic goitre, cretinism and deaf mutism in what
is today in Pakistan-held Kashmir (the area of Gilgit). Although McCarrison
propounded the theory of goitrogens for the first time in the genesis of endemic
goitre, in his later years he had realised the powerful influence of iodine in
thyroid hormone homeostasis. During my visits to him in Oxford, he used to
encourage me to work on Himalayan endemic goitre and resolve the uncertainty
then prevailing .. .1 was determined to go back to India ... to start working on
Himalayan endemic goitre .

. .. 1went back in 1951 to the Nutrition Research Laboratories ... I set out on
my study in Kangra Valley. There I had the good fortune of teaming up with the
Health Officer of the District of Kangra, Dr Santokh Singh Sooch. Dr M. G.
Deo, my first resident in Pathology ... joined me in the study along with Dr
Madhu Karmarkar ... We crossed the Ganges by country boat at Patna with our
counters and other equipment. . .1 recall those exciting days with pleasantness.

Together we wrote the first paper in The Lancet. .. The evidence was
unequivocal.. .Having cleared the aetiology, we were all set for the Kangra
Valley experiment.

.. .I had never dreamt that a public health experiment of such magnitude as
the Kangra Valley experiment was feasible ... I had never dreamt that the
results would be so clear, laying the foundation for India's programme for the
elimination of iodine deficiency ...

.. .This is work of direct human benefit than which I see no better example.

- Excerpts from a letter written by
Late Prof V. Ramalingaswami on 20 July 1999
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THE mountain slopes of the Himalayas, Alps, Pyrenees, and
Andes have been the world's most notorious foci of endemic goitre
(Kelly and Snedden 1958). The northern frontiers of the Indian
subcontinent extending from Kashmir in the west to Bengal and
Assam in the east form an extensive Himalayan goitre belt (fig. 1).
The pioneering work of Sir Robert McCarrison focused attention
not only on the extent of the Himalayan endemic but also on its
Reprinted with permission from Lancet 1961 ;1:791-4.

cause and on the reaction of the thyroid to various noxious
influences-nutritional, toxic, or infective. McCarrison intro-
duced the concept of goitre "noxa" and thought in terms of the
"lifeline" of the thyroid gland (Sinclair 1953).

Despite all that has been written about the aetiology of endemic
goitre, many problems remain unsolved. The study by Stanbury
et al (1954), the first of its kind, of the metabolism of iodine in
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endemic goitre in western Argentina, employing radioactive
iodine and modern chemical methods of assay of stable iodine,
indicates that lack of iodide in the diet is the most probable cause.
Similar observations have been made in other areas, such as
Venezuela, Holland, and Finland, though those from Italy do not
seem to fit in with this hypothesis (Stanbury 1958b). Besides
supporting the iodine-deficiency hypothesis, the work of Stanbury
et al. has thrown light on the mechanism of adaptation of man to
iodide deficiency.

Recent evidence suggests that the iodine-deficiency hypoth-
esis cannot explain endemic goitre in every area and that other
factors may be significant. A naturally occurring goitrogenic
substance has been isolated from human foods (Greer and Astwood
1948), and Clemments (1955) has discovered that endemic goitre
among children in Tasmania is due to ingestion of a goitrogenic
substance capable of interfering with the iodide-trapping mecha-
nism of the thyroid. There are other scattered observations which,
though less conclusive than those of Clemments, nevertheless
incriminate factors other than iodide deficiency (Tolly 1951, Steyn
1955, Hettche 1956).

The cause of Himalayan endemic goitre is obscure.
The early chemical studies ofMcCarrison on the iodide content of soil and

water provided no evidence to support the iodide-deficiency hypothesis
(McCarrison et al. 1927). McCarrison' s extensive investigations indicated that
infection with organisms of the coli group might be the causal factor (McCarrison
1917). In later work he suggested that faulty and unbalanced diets played a
leading part (McCarrison and Madhava 1932). Soon afterwards Stott et al.
(1931), working in another Himalayan endemic zone (Uttar Pradesh), con-
cluded that the drinking of hard water containing excessive amounts of calcium
was of aetiological importance. This supports the belief that calcium may be a
goitrogenic factor, and recalls the conclusion arrived at a century earlier in India
by McClelland (1835) on the basis of extensive medicotopographical studies.
More recently Wilson (194 I) suggested that excessive intake of fluorine might
be a causal factor in the Punjab, where she found a close association between the
incidence of endemic goitre and fluorosis.

In this paper we present the results of a preliminary inquiry into
some relevant aspects of iodine metabolism in this condition.

Material and Methods
Material

The study was made in two areas of the sub-Himalayan goitre belt (fig. I).
Area I is a township, Pathankot, in the Punjab State. Area II is a township, Bettia,
in the Bihar State. The two areas are about 600 miles apart. Both are in the heart
of the goitre belt; earlier surveys among schoolchildren showed a goitre preva-
lence between 50 and 60% in area I, and of almost 100% in area II. Schoolchil-
dren, aged 8-16 years, who had lived in the areas for at least five years and who
had visible goitres of varying grades were included in the study. Schoolchildren
of comparable age in area lIT, the city ofPatna in the Bihar state, were studied
as controls on whom similar measurements were made (fig. I). Area III, which
is known to be free from endemic goitre, is about 150 miles from area II, is
physically contiguous with it, and its population is akin in their way oflife to that
in area n. This is the nearest good control that could be obtained. Some
information about the persons studied and their goitre status is given in table I.
All the children studied were euthyroid. Some adult men and women in areas I
and II (permanent residents) were also studied atthe same time, and the results
were compared with those obtained among adults in Delhi. anothernon-endemic
area (fig. I).

Methods
In each of the areas a field laboratory was set up where in-vivo counts of 1311

uptake by the thyroid were made. Blood-sera for the estimation of protein-bound
iodine (P.B .1.) were transported immediately to our laboratories in Delhi where
the actual estimations were made within a matterof3 or4 days after collection.

30 ~C of13I1 was given in lOOml. of water to each person and the uptake by
the thyroid was determined by measuring the activity over the thyroid with the
aid of a high-efficiency y-ray detector attached to a Geiger-Miillercounter. The
tube was kept at a constant distance of 6 in. from the isthmus of the
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Wimi Endemic: zone

Fig. I-Map of endemic zone and areas of study.

TABLE I-GROUPS OF CHILDREN INCLUDED IN THE STUDY

Status of goitre

Locality Age- Sex No. Diffuse, smooth. Asymmetrical
range and symmetrical and/or nodular
(yr.)

- + ++ +++

Areal 12-16 M 15 5 8 I
(endemic) 12-16 F 18 9 7 2

Area II 8-12 M 30 4 6 4
(endemic) 8-12 F 13 5 3 I

Area III 12-14 M 9 9
(control) 14-15 F 9 9

16
4

The goitre is classified. after Murray et al. (1948), as:
+ Just visible. diffuse, symmetrical.
++ Clearly visible, diffuse, symmetrical.
+++ Very clearly visible (Rosetti neck). diffuse. symmetrical.
- Indicates absence of visible goitre.

thyroid gland. The counts were made in all cases at the end of 24 hours,
and in many at 2, 6, 12, and 48 hours. Background counts were made at
each time-interval, and these were subtracted from the neck counts.
Radioactive decay of the isotope was corrected for by measuring the
counts of the standard IltI in a phanto-cube at intervals. The results were
expressed in terms of percentage of radioactivity taken up by the thyroid
out of the total dose administered. Serum-r.e.r. was determined according
to the method of Barker et al. (1951).

The effect of potassium thiocyanate (KeNS) on IJI I uptake was studied in
4 persons with endemic goitre. The drug was given by mouth during the rising
phase of uptake and a watch was kept over the thyroid at intervals for evidence
of release of 1311 from the gland. 2 persons received 0·5 g., and the other 2 had
1·0 g. each.

The effect oflarge doses of potassium iodide by mouth on the 131[ uptake was
studied in 5 persons whose uptake pattern was determined earlier. 3 persons
recei ved 5 mg. of potassium iodide each as a single dose, and the other 2 had 10
mg. each. 24 hours after the administration of the drug, the uptake pattern was
again determined.

Goitre was graded clinically by following in principle the classification
proposed by Ryle and his colleagues (Murray et al. 1948). A distinction was
made qualitatively between smooth symmetrical diffuse enlargements and
asymmetrical nodular ones. This distinction seems basic to the under-
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standing of the natural history of endemic goitre (Ramalingaswami
1958). The size of the goitre itself was arbitrarily classified into mild (+),
moderate (++), and very large (+++).

Results
1311 Uptake Pattern
The 24-hour uptakes of 1311 in the children in the three areas are
shown in table II and graphically in figs. 2 and 3. It is obvious that
children with endemic goitre in areas I and II have increased
avidity of the thyroid for iodine compared with those from the non-
endemic control area, III. The mean 24-hour uptake value in the
endemic areas (I and II) was 62·5% and 69·9% respectively in
comparison with the mean value of39·05% in the control area, III.
The difference in uptakes is very striking, most of those with
endemic goitre having uptakes much above the highest value
observed in the control group.

The 2-hour and 6-hour uptakes indicate the speed with which
1311 is removed from the circulation and taken up by the thyroid
(table II). The differences in the 2-hour uptakes between endemic
area II and the control area (III) are most pronounced, there being
scarcely any overlap between the two sets of data. In 30 out of 43
cases, the 2-hour uptakes exceeded 50%, and in 22 of them even
60%, of the dose administered. In 8 cases they were close to 24-
hour uptakes. Unfortunately, 6-hour-uptake measurements in the
control group (area III) were not possible. The mean 6-hour
uptakes of 67·1 % for males and females in endemic area II are

TABLE II_131 I UPTAKES IN THE ENDEMIC AND CONTROL AREAS

2-hour uptake 6-hour uptake 24-hour uptake
(%) (%) (%)

Locality Sex No. Mean No. Mean No. Mean
studied uptake studied uptake studied uptake

with S.D. withS.D. withS. D.

Areal M .. .. 15 70.0
(endemic) ±11.9

F .. II 39.3 18 56.2
±12.3 ±17,4

Area II M 30 55.9 30 67.1 28 68.6
(endemic) ±16.96 ±12.57 ±12.1

F 13 54.1 13 67.1 12 73.1
±24.54 ±22.01 ±18.15

Area III M 9 10.6 .. 9 39.9
(control) ±4.2 ±12.9

F 9 8.7 .. 9 38.2
±2.9 ±4.1

~ Area I (endemic) ~ Area m (controls)

Males Females

:;;f6~g~:g "'I'I"'~II)
PERCENTAC; UPTAKE OF 1311

Fig. 2-Comparison of 24-hour 1311 uptakes between areas 1 and III.
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Fig. 3-Comparison of 24-hour 1311 uptakes between areas 1and III.

abnormally high by any standard. Thus, in a group of 181
euthyroid persons with no goitre, McConahey et al. (1956)
found a mean value of 14·9% as the 6-hour thyroid uptake, 95%
of the values lying between 7·5 and 25·0%.

Protein-bound Iodine
Table III shows the values for P.B.!. in goitrous persons in

areas I and II compared with those in euthyroid persons with no
goitre from the Delhi area. Blood samples could not be collected
from the children in the control area (III), and so the values in
endemic area are compared with those from another non-
endemic area (Delhi). It is significant that 15 out of 17 children
with endemic goitre had P.B.!. values below the lowest value
found in the control group. By contrast, none of the controls
had values less than 4 ug. It must be remembered, however, that
the values from Delhi relate to adults, and therefore the two sets
of data may not be strictly comparable. For a similar reason, we
have refrained from comparing the values from areas I and II with
those in euthyroid persons from other parts of the world.

Iodine Metabolism and State of Goitre
We tried to find out whether the nature of the thyroid

enlargement was related to the activity of the gland as measured
by the uptakes (table IV). In those in which asymmetry and
nodular development had taken place the uptakes were variable
and somewhat lower than in those, of comparable size, with no
nodularity. Nevertheless, the uptakes in the nodular goitres

TABLE IJI-SERUM-P.B.1. LEVELS IN ENDEMIC AND
NON-ENDEMIC GROUPS

No. of persons
Serum-r.a.r.

level (ug. per Endemic area Non-endemic area
100 ml.)

Children Adults Adults

0-1 .. 3 ..
1-2 4 3 ..
2-3 6 2 ..
3-4 5 4 ..
4-5 .. .. 6
5-6 2 I 2
6-7 .. .. ..
7-8 .. .. I

Mean value .. 3·00 ug. 2-33 ug, 5·1 ug.
Range .. .. (1·2-6·0 ug.) (0-4-5·6~g) (4·1-7-4 ug.)
S.D . .. .. ±1-43 ±1·55 ±1·37
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were still considerably higher than in normals. In adults, how-
ever, where the nodularity, asymmetry, and pathological alter-
ations in the thyroid were greater, the uptakes had fallen in many
cases to within normal limits.

Effect of Potassium Thiocyanate
Fig. 4. shows the l3l1-uptakepattern in 2 representative cases

with endemic goitre after the administration of 0·5 g. and 1·0 g.
of KCNS during the rising phase of uptake. Clearly no release
of trapped iodide has taken place and the curve assumes a
plateau after the administration of KCNS.

Effect of 127[Supplement
Fig. 5 shows 1311curves of 2 persons with endemic goitre who

initially had high uptakes and to whom a single large dose of
potassium iodide had been administered. A single dose of 5·0
mg. of potassium iodide reduces the uptake to within normal
limits. The effect is more noticeable with 10·0 mg. dose.

Adults with Endemic Goitre
22 adults in areas I and II were studied at the same time as the

children. All had large long-standing goitres, distorted by
nodularity, asymmetry, and cystic change. In sharp contrast to
the children, their maximum uptakes were not uniformly raised;
and, in many cases, these fell below 50% (table V). The measure-
ments were made with the subjects seated in front of the counter
in as nearly as possible the same position as the children; but
the large size of the goitres obscured neck landmarks to such
an extent that the position can only be regarded as approximate.
Slight shifts in the position of the subject sometimes resulted
in considerable variations in counts, and, when different por-
tions of the goitre were presented to the tube, widely variable
counts were observed. "Cold", "warm", and "hot" nodules
were easily shown.

TABLEIV-24-HOUR13IIUPTAKEINRELATIONTOSTATUSOFGOITRE

Status of goitre

Locality Sex Mild Moderate Nodular or
to severe asymmetrical

No. Uptake No. Uptake No. Uptake
examined Ofl311 examined of 1311 examined Ofl311

Areal M 7 69·7 7 71-4 1 63·0
F 9 48·1 9 64·3 .. ..

Area II M 4 74·8 9 74·3 15 63·7
F 5 79·1 3 81·1 4 60·2

K.C.N.S.
0·5g. orall~

~
!:I 90

~ 80

~ 70
)... 60
Ql
1<1 50

~ 40
~ 30

~•...•20

~ 10

oL-~2~4~6~8~I~O~12~14~16~1~8~2~O~2~2~2~4~
IfOURS

Fig. 4-Effect of potassium thiocyanate (KCNS) on 1311 uptake in
endemic goitre.
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Fig. 5-Effect Of1271supplement on 1311uptake in endemic goitre.

Serum- P.B.I. was determined in 13 persons with goitre, and
in all except lthe level was below 41lg. per 100 ml., whereas none
of the adults from the non-endemic area had a r.a.i.-Ievel less
than 4 ug. (table III).

Discussion
This study was concerned chiefly with children of school age
in two areas in the heart of the Himalayan endemic belt, and with
children of similar age from a non-endemic area adjacent to the
goitre belt. The children from the endemic areas all had goitres;
those from non-endemic area had no visible or palpable thyroid
enlargement. Both groups were clinically euthyroid.

The results clearly show increased avidity of the thyroid
for iodine and low serum-P.B.I. levels in children with
endemic goitre, compared with the controls. In 11 children
with endemic goitre in whom 24-hour urine collections could

hour uri . f 1271be regarded as accurate, the 24- our unnary excretion 0

was less than 10·0 ug. 2 members of the field-investigating
team from Delhi with no thyroid enlargement and 24-hour 1311
uptakes of 25 and 13% excreted during the same period
27·7 ug. and 63·82 ug. of 1271respectively. These findings,
taken together, seem consistent with the hypothesis that in
the two areas studied the endemic is probably related causally
to a deficiency of iodide in the body. It should be emphasised
that the patients did not change their dietary habits, and were
studied in their own environment. If goitrogenic factors

TABLE V_ll1 I UPTAKES IN ADULTS WITH ENDEMIC GOITRE

6-hour uptakes 24-hour uptakes
(no. of persons) (no. of persons)

Uptake of 1311
(%) Endemic Non-endemic Endemic Non-endemic

(Delhi) (Delhi)

0-10 I 6 1 ..
10-20 2 5 1 ..
20-30 2 I 2 6
30-40 9 .. 10 4
40-50 4 .. I 2
50-60 3 .. 6 ..
60-70 .. .. .. ..
70-80 .. .. .. ..
80-90 I .. I ..

90-100 .. .. .. ..

Mean ....
Range.. ..
S.D .....

37·30
6·0-82·0
±15'06

11·30 40·90
6·0-25·0 7·2-82·0

±5-41 ±15-47

31·3
22·0-40·0

±7·27
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depressing iodide uptake played any part, they should
have been revealed under the conditions of this study.

The results of thiocyanate administration also indicate that
there is no block in the utilisation of inorganic iodide trapped
by the gland. The depression of IlII uptake to within normal
limits after administration of a single dose of 5 mg. or more of
potassium iodide may indicate that this amount was sufficient
to replenish the iodine stores and that it is some measure of the
degree of iodide deficit. Possibly, however, this effect may be
due to other factors. In Stanbury's experience with the Argen-
tina endemic, when a single dose of 5 mg. of iodide was given
the capacity of the gland to take up iodide became extremely
limited, and above this level no further iodide found its way into
the gland (Stanbury et al. 1954).

Our results show the severity of the endemic in the two areas
studied, particularly area IT. This is borne out by the high incidence
of goitre (100% in schoolchildren in area IT), by the development
of nodular asymmetrical goitre during childhood in some cases, by
the invariable presence of nodularity among the adults, and by the
tendency for the P.B.1.to fall below the lower limit of normal. In some
children, 2-hour uptakes exceeded 50% of the administered dose.

The low P.B.1.values found in some goitrous children is at
variance with the finding of values within normal limits in the
endemics of Argentina, Holland, Finland, and Italy (Stanbury
1958a). Considerable attention was paid to P.B.1.estimation in
the present study, and periodic checks on duplicates showed
agreement. We believe that, in the light of other data col-
lected in this study, the low P.B.1.values should be interpreted
as reflecting the intensity of iodide deficiency. It is surpris-
ing that, with such low levels of P.B.I., the children showed no
gross evidence of hypothyroidism. They were all attending
school and did not appear to be physically retarded in
comparison with children of similar age and economic status
from non-endemic areas. Possibly, however, a more detailed
study of these children might reveal. defects of mental and
physical development. Our findings agree with the low P.B.1.
and butanol-extractable-iodine values reported by Raman
and Beierwaltes (1959) in another Himalayan endemic area,
further to the east, bordering on Burma.

All the goitrous adults had huge goitres, grossly altered by
nodularity and cystic change. The lack of consistency in their
uptakes is perhaps understandable in the light of Taylor's
finding that such thyroids show unevenness of uptake of
iodine and incorporation into hormone (Taylor 1953). There was
a distinct lowering of the P.B.!. values, the depression being
more severe than in the children. The I3IIuptakes and P.B.!. levels
in goitrous adults, compared with goitrous children, are conso-
nant with the assumption that the picture in adults represents
the continuation of the process initiated in childhood, with
varying degrees of degenerative alteration supervening over a
period.
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The present study provides a basis for the belief that, in the
areas studied, supplementation of the diet with iodine in some
form or other would be the most rational procedure for large-
scale prevention. Even though McCarrison and Madhava (1932)
looked for factors other than iodide deficiency to explain the
complex picture of Himalayan endemic goitre, neither he or Stott
et al. (1931) denied the value of iodide prophylaxis.

Summary
Endemic goitre pervades the entire northern border of the

Indian subcontinent and is one of the most notorious endemics in
the world. Its cause is not known with certainty.

Some aspects of iodine metabolism were investigated in two
widely separated endemic areas of this region, and the results were
compared with those in a contiguous control area, free from the
endemic. The study was made chiefly on schoolchildren aged 8-
16 years, and the investigations included measurement of 1311
uptake by the thyroid and determination of serum-protein-bound
iodine (P.B.!).

The results showed increased avidity of the thyroid for iodine
in endemic goitre associated with low serum-P.B.I. levels. The
results are consistent with the view that the Himalayan endemic in
the two areas is probably causally related to an environmental
iodide deficiency. They also show that the deficiency is extreme.

This investigation was supported by a grant from the Indian Council of
Medical Research. The authors would like to express their indebtedness to the
officers of the Directorate General of Health Services, New Delhi, and the
Directorates of Health of the Punjab and Bihar States for their help and
cooperation in making this study possible. Mr. H. C. Malhotra rendered
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