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initiation of dialysis since there is a tendency to lose iron on
dialysis because of blood loss ..

Serum ferritin assay has been found to correlate with the
magnitude of body iron stores if inflammatory disease,
hepatitis and an increased red cell turnover are excluded.'
Serum ferritin is the most reliable laboratory test for
monitoring iron load in patients receiving multiple trans-
fusions." Since the patients were screened and followed up
with ferritin estimations after excluding those with hepatitis,
it is possible that this study missed some who had elevated
liver enzymes due to secondary hepatic haemochromatosis.

This pilot study demonstrates the need for large long term
prospective studies to evaluate the distribution of iron stores
in our dialysis and transplant population. It is not known if
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the initial iron overload will disappear after transplantation.
In the context of iron overload and lack of evidence of iron
deficiency, we suggest that routine oral iron supplementation
in Indian patients receiving mandatory blood transfusions is
unnecessary.
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Iodine deficiency in adolescents from Bombay slums
NINA S. DODD, A. M. SAMUEL

ABSTRACT
Background. Iodine deficiency may be associated

with endemic goitre, lowered levels of circulating thyroid
hormone and suboptimal brain function. We studied iodine
deficiency, thyroid status and scholastic performance in
866 (416 girls and 450 boys) adolescents from the slums of
Bombay.

Methods. We examined 866 adolescents (416 girls and
450 boys) to determine the presence of goitre. Circulating
levels of T3 and T4 were estimated by radioimmunoassay
and of thyroid stimulating hormone by the immunoradio-
metric assay technique. Their scholastic performance
was assessed by the average marks obtained in the last
examination.

Results. The prevalence of goitre was 56% in both
boys and girls. The visible goitre rate was also similar
in boys (9.8%) and girls (10.6%). We found no significant
difference in the mean urinary iodine excretion and urinary
iodine to creatinine ratio between boys and girls, but the
mean serum T3 and T4 levels were lower in girls than in
boys, while the thyroid stimulating hormone levels were
higher. The mean thyroid hormone levels were consistent
with normal thyroid function. With an increase in the size
of goitre, there was a decrease in urinary iodine excretion,
urinary iodine to creatinine ratio, T3 and T41evels while the
thyroid stimulating hormone levels increased. The scholastic
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performance of the adolescents with goitre was poor. Forty-
eight per cent of them obtained less than 50% marks and
their academic grades showed a significant association
with thyroid stimulating hormone levels.

Conclusion. Goitre has a high prevalence among
adolescents in the slums of Bombay. This can be attributed
partly to the increasing demand for iodine at puberty which
cannot be satisfied with the limited amounts available in
food. The children also show a poor scholastic performance.
Mild iodine deficiency can be easily controlled byencourag-
ing the use of iodized salt in adolescents.
Natl Med J India 1993;6:110-13

INTRODUCTION
Iodine deficiency in children and adolescents is character-
istically associated with endemic goitre. Its prevalence
increases with age, reaching a maximum after the first decade
of life.' There is increasing evidence of suboptimal brain
function in subjects with goitre and lowered serum T4 levels
which improves following the correction of iodine deficiency. 2

Recent surveys on the prevalence of iodine deficiency dis-
orders (IDD) in India indicate that it is not only widespread
in the goitre belt, but is also frequently encountered in the
plains of India and even in the coastal regions. 3 As the diets
in urban slums are qualitatively and quantitatively inadequate, 4

it is likely that the high requirements of iodine during
adolescence may not be satisfied."

The present study was planned (i) to assess the iodine
status of adolescents from urban slums and to study the
prevalence of IDD, and (ii) to study the association (if any)
between their iodine status, scholastic performance and
nutritional conditions.
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SUBJECTS AND METHODS
Eight hundred and sixty-six adolescents (416 girls and 450
boys; about 10% of the total adolescents) from the Santa
Cruz (West), Kandivili and Jogeshwari slums of Bombay
were randomly selected for this study. Anthropometric
measurements (height, weight, mid-arm circumference and
triceps skin-fold thickness) were recorded using standardized
techniques.' The subjects were examined by an endocrino-
logist for the presence of goitre which was graded using the
Pan American Health Organization classification.s At the
same time, a random urine sample was collected from each
adolescent in wide-mouthed, iodine-free plastic bottles and
the samples were covered with a layer of toluene (British
Drug Houses AR grade). Creatinine was estimated by an
alkaline picrate method and iodine by the alkali ash method. 7

Urinary thiocyanate was estimated by the method of Bowler. 8

A 3 ml venous blood sample was collected by a trained
technician from selected subjects. After separation of the
serum, T3 and T4 were estimated by radioimmunoassay
(RIA) and the thyroid stimulating hormone (TSH) by the
immunoradiometric assay (IRMA) technique using kits
obtained from Diagnostic Products Corporation, USA.

The scholastic performance of each adolescent was assessed
by recording the mean marks obtained in the last academic
year at school.

The data were analysed statistically using the Supercal
software package. Mean, standard deviation, 't' tests and
coefficients of correlation were calculated between the
various parameters.

RESULTS
The prevalence of goitre in adolescents from urban slums
is shown in Table I. No difference in the incidence of goitre
was noted among the boys and girls which was 56% in both
sexes. The visible goitre rate was also similar being 9.8% in
boys and 10.5% in girls. No significant difference was
observed in the mean urinary iodine excretion (UIE) or
urinary iodine to creatinine ratio (IIC) between boys and
girls (Table II). The majority of adolescents (88%) showed
normal UIE (>5 (J-g/dl). Mild iodine deficiency (UIE
3.5-5/Lgldl) was detected in 7.7% ofthe adolescents. How-
ever, the IIC ratio indicated a different pattern-only 36%
of the adolescents had a normal iodine status, mild iodine
deficiency was present in 50% while severe deficiency was
observed in 0.8%.

The mean serum T3 and T4 levels were lower in girls
than in boys but the TSH levels were higher. The mean
thyroid hormone levels were however consistent with normal
thyroid function. Individual data showed that only 4.4% of
the boys compared to 21% of the girls had T3 levels lower
than 86 ngldl, while 27% of the boys and 29% of the girls had
T4 values lower than 4.5 f.tgldl. However, their TSH levels
were in the normal range.

Urinary iodine alone and in relation to creatinine
decreased significantly (p<0.OO1) with an increase in the
goitre rate (Table III). BothT3 and T4 concentrations also
showed a decrease with an increase in goitre size, while TSH
showed an increase (p<0.OO1). However, the mean values
for thyroid function tests were consistently within the
euthyroid range.

Urinary thiocyanate excretion levels in adolescents with
and without goitre (Table III) showed no difference. Corre-
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TABLE I. Prevalence of goitre in adolescents from the slums
of Bombay

Boys (n=450) Girls (n=416) Overall (n=866)
n. ("10) n ("10) n ("10)

Grade 0 196 (44) 181 (44) 377 (44)
Ia 99 (22) 87 (21) 186 (22)
Ib 111 (25) 104 (25) 215 (25)
II 44 (10) 42 (10) 86 (10)
III 0 (0) 2 (0.5) 2 (0.2)

Total goitre rate 254 (56) 235 (56) 489 (57)
(I+II+III)
Visible goitre rate 44 (10) 44 (11) 88 (10)
(II + III)

TABLE II. Urinary iodine excretion and thyroid function tests in
adolescents from the slums of Bombay

Parameter Boys Girls Overall
(n=437) (n=393) (n=830)

Urinary iodine (""g/dl)
a. Overall mean «5.0) 7.8 7.6 7.7
b. Staged deficiency

("10 surveyed)
Normal (>5.0) 89 87 88
Mild (3.5-5.0) 6.5 8.9 7.7
Moderate (2.0-3.5) 5.1 3.6 4.3
Severe «2.0)

Urinary iodine/creatinine ratio
a. Overall mean (> 100) 81 78 79
b. Staged deficiency

(% surveyed)
Normal (> 100) 37 35 36
Mild (50-100) 51 49 50
Moderate (25-50) 12 16 14
Severe (<25) 1.0 0.8 0.8

T3 (ng/dl)
a. Overall mean (86--187) 131.4±30.9 119.6±33.3 124.9±32.6
b. % less than normal 4.4 21 14

T4 (ug/dl)
a. Overall mean (4.5-12.5) 7.3±3.1 6.7±3.3 6.9±3.2
b. % less than normal 27 29 28

TSH (mIU/ml; 0-3.5) 1.4±0.9 1.8±0.9 1.6±1

Figures in parentheses indicate the normal values

lation coefficients between selected indicators of iodine
status are shown in Table IV. With increase in the severity of
goitre, the decline in UIE, IIC ratio, T3, T4 and iricrease in
TSH was significant at p<O.OOl.

The mean age, anthropometric measurements and
academic achievements of the 866 adolescents studied are

. shown in Table V. No significant difference in the mean
weight-height ratio or mid-arm circumference in adolescents
with different severity of goitre were noted. However, the
correlation of weight per height with UIE was significant
(r=0.62 at p<0.01). The triceps skin-fold thickness of
adolescent boys and girls with grades Ib and II goitre was
higher than those without goitre or with grade Ia goitre.
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TABLEIII. Urinary iodine excretion and serum T3, T4 and TSH concentrations in boys and girls with different grades of goitre

Grade 0 Gradela Gradelb Grade II

Boys Girls Boys Girls Boys Girls Boys Girls

Urinary iodine (",gldl) 9.5±1.4 9.5±1.4 6.9±1.0 6.9±4.1 5.3±1.4 5.3±1.0 3.9±1.5 4.0±1.4

Iodine/creatinine ratio 99.5±14.7 98.7±16.0 n.6±10.0 n.7±11.2 52.1±15.0 52.5±12.0 4O.0±20.8 33.9±8.3

Urinary thiocyanate (mg/L) 3.5±1.5 4.2±1.6 3.8±1.5 3.8±0.9

T3(ngldl) 154.9±14.9 153.2±14.3 104.0±20.9 118.6±10.7 102.6±7.6 104.7±19.7 79.5±5.0 74.8±12.5

T4(",.gldl) 9.6±1.6 10.5±0.8 4.2±2.2 5.5±2.2 4.5±0.9 4.7±1.0 3.0±1.1 2.8±0.6

TSH (mIU/ml) 0.7±0.2 0.8±0.2 1.6±0.2 1.4±0.2 2.6±0.5 2.4±0.4 3.0±0.0 3.1±0.4

The differences between the mean values of the boys as well as the girls of each grade are significant, i.e. the mean value of urinary iodine of the boys with a grade
o goitre is significantly different from those of the boys with grade la, grade Ib and grade II goitres and so on.

TABLEIV. Correlation coefficients between selected variable

Goitre grade Urinary iodi~e Urinary iodine T3 T4 TSH
creatinine ratio

Goitre grade -0.8' -0.85" -0.86" 0.78' 0.82"
Urinary iodine -0.8' 0.7' 0.7' 0.81" -o.n·
Urinary I/e ratio -0.85" 0.7' 0.82" 0.91" -0.78'
T3 -0.86" 0.7' 0.82' 0.89" -0.78'
T4 -0.78' 0.81" 0.91" 0.89" -0.82"
TSH -0.82" -o.n- -0.78" -0.78' -0.82"
Weightlheight -0.52 0.62' 0.55 0.48 0.58 0.44
Mid-arm circumference 10.5 0.58 0.6' 0.52 0.53 -0.6
Triceps skin-fold thickness -0.68' -0.68' -0.48 0.56 0.62" 0.38
Academic grades -0.56 0.58 0.52 0.55 0.54 -0.62"

Significant at levels '0.01 "0.001

TABLEV. Anthropometric measurements and scholastic grades of adolescents

Grade 0 Gradela Gradelb Grade II

Variable Boys Girls Boys Girls Boys Girls Boys Girls
(n=196) (n=181) (n=99) (n=87) (n=111) (n=104) (n=44) (n=42)

Age (years) 13±2.1 12±1.8 13±1.9 13±1.8 13±2.0 13±1.7 13±1.5 13±1.3

Height (em) 140±13 137±12 140±12 140±10 142±13 138±10 142±13 138±12

Weight (kg) 30±7.6 30±6.7 29±6.4 30±5.4 31±6.4 30±5.5 29±5.4 33±4.0
Weightlheight (%) 79±10.6 82±10.4 78±9.2 81±10.4 80±9.9 80±9.0 78±10.4 85±8.5
Mid-arm circumference {ern) 18±3.4 18±2.3 18±1.9 18±2.5 18±2.2 19±1.9 17±1.7 19±1.9

Triceps skin-fold thickness (mm) 9.9±1.6 12.1±5.3 8.2±4.3 1O.9±4.0 10.6±5.3 13.3±5.5 1O.9±4.8 13.5±5.8

Average marks obtained (%) 47±10.3 50±11.4 46±10.4 49±8.0 47±8.0 49±8.0 48±10.7 48±8.7

There was also a significant association (p<O.Ol) of the
triceps skin-fold thickness with the grade of goitre (-0.68),
UIE (0.68) and T4 (0.62).

The mean scholastic performance of all the adolescents
(irrespective of goitre grade) was poor, with 48% of them
scoring below 50% marks. The average marks obtained by
adolescents with different grades of goitre were almost
similar. The mean academic grade showed a significant
association only with TSH (-0.62).

DISCUSSION
The goitre rate observed in this study is similar to that
reported by other investigators in different parts of India.9,10

In these studies the prevalence of goitre was found to be
higher among girls than boys. It has been suggested that
endemic goitre can be defined as a prevalence of goitre of at
least grade Ib of 5% or more in pre- and peri-adolescence. As
goitre of grade Ib was present in 25% of the adolescents
we surveyed, endemic goitre is a problem in the slums of
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Bombay. However, 88% of the adolescents had VIE levels
higher than 51£g/dlindicating a euthyroid status. None of the
adolescents had a VIE level less than 2 (J.g/dlwhich indicates
severe iodine deficiency. This observation was also made by
Pennington!' who reported normal to high iodine excretion
levels in both goitrous and non-goitrous subjects. Analysis of
data from other countries has also shown that there is no
significant correlation (r=0.16, p>O.l) between goitre
prevalence and VIE.12

Since the thyroid hormone levels in most adolescents with
goitre are consistent with normal thyroid function, the ques-
tion remains why nearly 57% have goitres. This may be
partly attributed to the physiological changes occurring at
puberty, which creates demands for thyroid hormone that
cannot be satisfied with tlie limited amounts of iodine avail-
able in the diet. We noted, however, that both T3 and T4
concentrations showed a decrease with increase in goitre
size, while TSH showed an increase (p<O.OOl).

Salvi et at.13 and we have noted that VIE alone and in
relation to creatinine decreased with an increase in goitre
size (p<O.OOl).

The prevalence of goitrogenic factors in a number of
dietary items is well known but these seldom play a major
role in the aetiology of endemic goitre. In this study the
urinary thiocyanate excretion levels in goitrous and non-
goitrous adolescents were almost similar and this suggests
that thiocyanate exposure does not play an important part in
inducing goitre.

Recent studies in children living in iodine deficient areas
from a number of countries indicate impaired school perfor-
mance and intelligence quotient in comparison to matched
groups from iodine sufficient areas.14,15However, we did
not find any significant association between scholastic
performance and the grade of goitre, although mean
academic grades showed a significant association with TSH
(-0.62).

Our results suggest that mild iodine deficiency is a public
health problem among adolescents in the slums of Bombay
and the use of iodized salt should be encouraged.
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Obituaries
Many doctors in India practise medicine in difficult areas under trying cir-
cumstances and resist the attractions of better prospects in western countries
and in the Middle East. They die without their contributions to our country
being acknowledged.

The National Medical Journal of India wishes to recognize the efforts of
these doctors in a new section 'Obituaries'. We invite short accounts of the
life and work of a recently deceased colleague by a friend, student or relative.
The account in about 500 to 1000 words should describe his education and
training and highlight the achievements as well as the disappointments. A
photograph should accompany this article.

-Editor


