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Radioiodine kinetics and thyroid function following the
universal salt iodization policy

D. MOORTHY, A. SOOD, A. AHLUWALIA, R. KUMAR, R. M. PANDEY, C. S. PANDAV,
M. G. KARMARKAR, A. K. PADHY

ABSTRACT
Background Universal salt iodization was introduced in

Delhi in 1989. The present study quantifies the change in iodine
kinetics as a result of this. The previous values were reported
10-30 years earlier, when Delhi was iodine deficient.

Hethods. Thirty subjects (18 men and 12 women, 17-48
years of age) who were residents of Delhi and had no thyroid
disorder, were recruited from our outpatient clinic in 1999. The
2 4-hour urinary excretion of iodine and the iodine content of salt
consumed at home by these subjects were estimated. Kinetic
studies of iodine using radiotracer 1311 were done to detennine
thyroid iodine clearance, renal iodine clearance, percentage
uptake and absolute iodine uptake by the thyroid gland, and
plasma inorganic iodine.

Results. The median 24-hour urinary iodine excretion was
341.3 1J,g. The mean (SO) thyroid uptake of radioactive iodine
was 4.9 (2.3)%at2 hours and 19.1 (8.0)% at24 hours. The
median calculated plasma inorganic iodine was 1.36 ug/dl,
absolute iodine intake 6.S ug/hour and thyroid iodine clear-
ance was 4.8 ml/minute (geometric means 1.68 ug/dl, 8.S
ug/hour and 8.1 ml/minute, respectively). The serum thyroid
hormones and thyroid stimulating hormone were within normal
limits.

Conclusion. Compared to the values reported 10- 30 years
ago when the population was iodine deficient, the present urinary
iodine excretion, plasma inorganic iodine and absolute iodine
intake have increased, while the percentage thyroid uptake of
iodine ingested and thyroid clearance have decreased. The lack
of change in the serum thyroid hormone levels after 10 years of
universal salt iodization indicates that iodine consumption has had
no adverse effect on thyroid function in these normal individuals.
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These changes are consistent with the increase in iodine consump-
tion. Since the iodine ingestion in a community may change with
time, assessment of iodine kinetics should be done periodically
in different regions of the country.
Natl Med J India 200 1; 14: 7 1-4.

INTRODUCTION
Moderate-to-severe iodine deficiency has been reported from
different parts of India.F Universal salt iodization (USI), which
requires edible salt to have not less than 15 parts per million
(ppm) of iodine at the consumption level and not less than 30
ppm of iodine at the production level, has been an integral part
of the country's National Iodine Deficiency Disorder Control
Programme.'> The USI policy was implemented in 1989 and
since then there has been a considerable reduction in the preva-
lence of iodine deficiency disorders.' This has been due to
increased iodine consumption as documented by an increased
urinary iodine excretion.

Increase in iodine consumption is accompanied not only by a
decrease in thyroid volume," but also by an alteration in radio-
iodine uptake and other parameters of iodine kinetics.V The
present study was undertaken to quantify the altered iodine
kinetics following USI. The previous values available are 10-30
years old and were documented when the region was iodine
deficient. 7,8

SUBJECTS AND METHODS
This study was done over a period of one year in 1999, Thirty-one
subjects (18 men and 13 women) were recruited after obtaining
consent. They were residents of Delhi and presented to the
outpatient clinic at the All India Institute of Medical Sciences,
New Delhi, India with complaints such as myalgia, androgenic
alopecia, minor psychosexual disorders or mild dyspepsia with no
other medical or thyroid disorder, The study was approved by the
institutional ethics committee. None of the subjects had a clinical
goitre, One of the subjects was later found to have subclinical
hypothyroidism [elevated thyroid stimulating hormone (TSH)
with normal serum tri-iodothyronine (T3) and thyroxine (T4)

levels] and was excluded from the study. Hence, the analysis was
carried out in 30 subjects, None of the subjects nor any of their
family members had any thyroid or autoimmune disorder, All of
them reported a regular consumption of iodized salt in their diet.
General physical examination carried out by two of the authors did
not reveal any abnormality,
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The subjects were asked to bring a sample of the salt consumed
at their homes for analysis of its iodine content. Each subject also
collected a urine sample over 24 hours for estimation of iodine
content. The volume of urine collected was measured and 5 ml
preserved at 4 °C for iodine estimation. Blood was drawn for
estimation ofthyroid hormones with the necessary aseptic precau-
tions and serum preserved at -20 "C.

Radioactive iodine kinetic studies were carried out in fasting
subjects according to the procedure described by Alexander et
al," Two standard samples of 25 j.lCi 1311of the same dose, one
for estimation of per cent thyroid uptake and another for estima-
tion of per cent radioacti vity in the plasma and urine, were kept
aside. For the second purpose, the standard was diluted in 1000
ml of water. Each subject was given orally 25 j.lCi of 1311
dissolved in 5 ml of water. After one hour, the subjects voided
and discarded the urine. Thyroid uptake of 1311(percentage of
dose administered) was also measured at this time. They were
then asked to drink 500 ml of water. Thirty minutes later (one
hour and 30 minutes from the time the dose was administered),
3 ml of heparinized blood was collected. Plasma was separated
for measuring the level of radioactivity. After another 30 minutes
(2 hours from the time the dose was administered) thyroid uptake
of 1311was re-estimated. At this time, the subject was asked to
void urine again. The volume of urine was measured and a 5 ml
sample kept aside for estimation of 1311activity. Another 5 mlof
urine was preserved at 4 °C for chemical estimation of iodine in
the urine. The radioactivity of the plasma, urine and the standard
was measured using a well-type gamma counter. Plasma inor-
ganic iodine (PH), absolute iodine uptake (AID), thyroid clear-
ance of iodine and renal clearance of iodine were determined as
described earlier by Alexander et at. 10

After 24 hours, 1311thyroid uptake was measured. The radio-
iodine uptake at 1, 2 and 24 hours was estimated by measuring the
counts over the thyroid gland with the aid of a scintillation detector
incorporating a thallium activated sodium iodide crystal. A thy-
roid scan was done to assess the radiotracer distribution in the
gland and to detect any hot or cold nodules that were not palpable
clinically. This was done by injecting 74-111 mBq of 99mTc
pertechnetate intravenously. Anterior views of the neck were
obtained 20 minutes after injection using a gamma camera (Or-
biter, Siemens, 1991).

Serum T4and T3were estimated using radioimmunoassay kits
from Diagnostic Product Corporation, USA. TSH was estimated
by immunoradiometric assay using a kit from Immuno Corp.,
Canada. The iodine content in salt was determined by the iodometric
titration method as described previously." Briefly, free iodine is
liberated from iodized salt by the addition of sulphuric acid, which
is then titrated against sodium thiosulphate. Urinary iodine was
estimated by a new method based on the Sandell Kolthoff reaction
and described by Ohasi et al." In this method, digestion is carried
out in a microtitre plate encased in a specially designed sealing
cassette. The custom-made cassette prevents loss of vapour and
cross-contamination between wells during digestion at 110 °C for
one hour. Fifty microlitres of the digested mixture is then trans-
ferred to another microplate and the Sandell Kolthoff reaction
carried out by the addition of arsenous acid and cerric ammonium
sulphate. The change in colour is read using a microplate reader.
Quality assurance programmes for the estimation of iodine in salt,
urinary iodine and thyroid hormones were followed by the labora-
tory.

The values of urinary iodine, PH, AIU, thyroid iodine clearance
and renal iodine clearance are not normally distributed; therefore,
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TABLE 1. Characteristics and iodine kinetic parameters of norma!'
subjects (n=30)

Parameter Mean(SD)values [Range]

Age(years)
Gender(M:F)
Saltiodine(partspermillion)
SerumT3 (ngldl)
SerumT4(J.lg/dl)
SerumTSH(J.lIU/ml)
ThyroidRAIUat Ihour(%)
ThyroidRAIUat2 hours(%)
ThyroidRAIUafter24hours(%)

30.9 (7.2)
18:12

31.9 (11.7)
122.1 (24.5)

7.8 (1.8)
2.1 (J.J)
2.6 (1.6)
4.9 (2.3)

19.1 (8.0)

[17-48]

[15.9-56.1]*

[0.1-7.4]
[1.6-13.8]
[4.9-36.2]

Medianvalues [Range]

24-hoururineiodineexcretion(J.lgI24hours)
Plasmainorganiciodine(ug/dl)
Thyroidiodineclearance(ml/minute)
Absoluteiodineuptake(ug/hour)
Renaliodineclearance(ml/minute)
Thyroidorganiciodinepool(J.lg)

341.3
1.36
4.8
6.5

22.1
9079

[32.4-788.4]
[0.13-19.95]
[0.60-783.3]
[0.57-1045]
[1.46-58.0]

[1613-23650]

RAIU radioactive iodine uptake 'One salt sample which had no iodine has been
excluded

their median and range are given. The other values are expressed
as mean (SD).

RESULTS
The mean (SD) age ofthe subjects was 30.9 (7.2) years. The mean
iodine content of the salt consumed was 31.9 (11.7) ppm. There
was only one salt sample with an iodine content of less than 15
ppm. The serum T3,T4and TSH levels were within normal limits
(Table I).

The median 24-hour urinary iodine excretion of the subjects
was 341.3 ug (range 32.4-788.4j.lg). All subjects except one had
a 24-hour urinary iodine excretion of more than 100 ug. The mean
(SD) radioactive iodine uptake by the thyroid at 1, 2 and 24 hours
was 2.6 (1.6)%, 4.9 (2.3)% and 19.1 (8.0)%, respectively.

The calculated PH had a median of 1.36 j.lg/dl (range 0.l3-
19.95j.lg/dl). However, only 3 subjects had PH values of more than
5 .Sug/dl. The range ofPII in the majority ofthe subjects was 0.16-
5.5 ug/dl. The median thyroid iodine clearance ofthe subjects was
4.8 mllminute (range 0.60-783.3 mllminute). Five subjects had
values >100 ml/minute; the rest had a range of 0.60-60 mll
minute. The AID had a median of 6.5 ug/hour (range 0.57-1045
ug/hour). Only 4 subjects had an AID value> 100 ug/hour, and the
range for the majority of the subjects was 0.57-80.82j.lg/hour. The
median renal iodine clearance was 22.1 ml/minute (range 1.46-
58.0 mllminute) and the median thyroid organic pool was 9079j.lg
(range 1613-23650 ug). The geometric means of these are given
in Table II.

DISCUSSION
We evaluated the kinetics of iodine in 30 subjects residing in Delhi
who presented to the outpatient department of our hospital without
any major medical illness. The results were compared with previ-
ous studies reported from the same region (Table II). The reports
by Kochupillai, 13Godbole" and Kumar? included normal subjects
who had come to the outpatient department of the same hospital
where the present study was carried out. The method for studying
the kinetics of iodine in the present study was similar to that used
in previous studies. Thus, a comparison among these studies,
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TABLEII. Comparison of reported studies of iodine kinetics in normal and healthy subjects

Author Year of Number Urinary Plasma Absolute Thyroid Renal 24 hours Serum T3 Serum T4 Serum
study of iodine inorganic iodine iodine iodine RAIU (ng/dl) (ug/dl) TSH

subjects excretion iodine uptake clearance clearance (%ofdose) (/-LIUIml)
(ug/dl) (ug/hour) (mllminute) (mllminute)

Alexander et al. 10 1961 33 44-171 0.19 (0.02) 2.30 (0.2) 22.7 (1.7) 30.5 (2.0)
ug/day

Pittman et at.6 1969 53 680 (170) 1.87 (0.21) 6.6 (0.6) 30.3 (2.3)
ug/day

Kochupillai et at. 13* 1967 45 76.4 (10.2) 0.137 1.6 (0.0) 22.2 (3.4) 21.7 (2.2) 157 (5.7) 7.0 (6.5)
/-Lg!g (0.018)

creatinine
Rastogi et al. 19 1968 - 18 147.6 (41) 13.5 (2.2) 30.7 (12.4) 21

ug/day
Ahuja et al.8* 1974 14 90.8 (7.4) 5Ll (2.5)

/-Lg!g
creatinine

Godbole'4* 1980 11 64.4 (3.9) 0.14 (0.01) 2.06 (0.12) 25.9 (1.8) 21.2 (1.2) 21.2 (2.0) 109 (7.0) 6.8 (0.6) 2.3 (0.6)
/-Lg/g

creatinine
Kumar?" 1989 21 132.2 (29.6) 0.18 (0.04) 2.01 (0.38) 24.9 (2.1) 114.2 (10.3) 7.2 (1.2) 2.8 (0.8)

/-Lg/g
creatinine

Present studyt* 1999 30 177.6 (17.4)
/-Lg/day 1.68 (0.27) 8.5 (2.2) 8.1 (2.2) 17.0 (2.4) 19.1 (8.0) 122.1 (24.5) 7.8 (1.8) 2.1 (Ll)

* studiescarriedoutinthesameregionofDelhi RAIU Radioactiveiodineuptake
t valuesofurinaryiodineexcretion,plasmainorganiciodine,absoluteiodineuptake,thyroidclearanceandrenal iodineclearancearerepresentedasgeometricmean(SE)

which have been carried out over the past 30 years, would be
informative. The median 24-hour urinary iodine in the subjects
was 341.3 ug (mean 177.6 ug, range 32.4-788.4 ug). The median
urinary iodine concentration was 186 ug/L. This is more than what
has been reported previously from this region. 8,9,13,14Kochupillai et
al.13reported thatthe mean urinary levels in 1967 were 76.4 (10.2)
lJ,g/g of creatinine. The mean urinary iodine concentration was 48
ug/l, as reported by Pandav et al." in 1979, and 65 lJ,g/g of
creatinine reported by Sharma et al." in 1988. In 1994, Pandav et
al.4 reported a median urinary iodine concentration of 198 ug/L
among schoolchildren in Delhi. Since 1989, there has been an
increase in the daily iodine intake after the implementation of the
National Iodine Deficiency Disorders Control Programme and the
USI programme. The mean iodine content of salt consumed by
normal subjects in the present study was 31.9 (11. 7) ppm. This is
twice the recommended level of 15 ppm.'? All except one sample
had an iodine content of more than 15 ppm.

In spite of the increase in iodine consumption, serum thyroid
hormone levels have not changed over the past 20 years since the
introduction of US I. The serum T3, T4 and TSH values are similar
to those reported in 1980 and 1989 (Table II). Kochupillai et al:"
reported slightly higher serum T3 values of 157 (5.7) ng/dl but
similar serum T4levels in a study done in 1967. Preferential
secretion of T 3is known to occur in iodine deficiency, which was
prevalent in 1967.

There has been considerable change in the values of radio-
iodine thyroid uptake over the years in subjects studied in Delhi.
The mean 24-hour radioiodine thyroid uptake in our subjects was
19.1 (8.0)%. This value was lower than the previously reported
values of 35,7 (7.0)% by Talukdar" in 1970, as well as those by
Ahuja ercl' in 1974, Godbole'f in 1980 and Kumar+in 1989 (Table
II). In 1980, Pandav et al." reported that 68%-75% of school-
children in Delhi had 24-hour radioiodine uptake values greater

than 35%. The decrease in the 24-houriodine uptake by the thyroid
seems to parallel the increase in urinary iodine levels over the
years. Pittman et at.6 studied radioiodine uptake in healthy euthy-
roid subjects in the USA and reported that the uptake was 28.6
(6.5)% in 1959 and 15.4 (6.8)% in 1967-68. This decrease in
uptake was attributed to the greater iodine intake over a decade.
Despite the small number of subjects in this study it can be inferred
that the normal values in our population at present are likely to be
2%-8.6% for the 2-hour uptake and 6.4%-35% for the 24-hour
uptake study. These are the 3rd and the 97th percentile cut-off
limits. It should be noted that only 5 subjects (16.7%) had a 24-
hour radioiodine uptake value more than 25%.

The median plasma inorganic iodine determined by the isotope
dilution method in the present study was 1.36 lJ,g/dl and the mean
was 1.68 lJ,g/dl (range 0.13-19.95 ug/dl), This is in marked
variation from previously reported studies from this region. The
plasma inorganic iodine was 0.14 (0.01) ug/dl in 1967 as reported
by Kochupillai et al:" In 1980, Godbole" reported PH values
0.138 (0.018) lJ,g/dl and Kumar? in 1989 reported PII values of
0.185 (0.04) ug/dl. There seems to have been a considerable rise
in the PII concentration with increase in iodine ingestion by the
population after USI. Similar experiences have been reported from
elsewhere. Alexander et at. 10 reported serum PH values of 0.19
(0.02) lJ,g/dl in 1960. Pittman et al.6 in 1969 found that with an
increase in iodine ingestion in the USA, the mean PH of the
population changed to 1.87 (0.21) ug/dl. The values in the present
study are similar to the levels observed by Pittman et al.6 in
subjects with higher iodine ingestion. The thyroid iodine clear-
ance has decreased from 22.2 mllminute reported 10-30 years
ago13,14to a mean of 8.1 ml/minute in the present study. Such a
change is known to occur with increase in iodine consumption."
The median AID was 6.5 ug/hour and the mean 8.5 ug/hour (range
0.57-1045 ug/hour) which is three to four times more than that
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reported in the previous years.9,13,14 The high value of AIU may
indicate partial overwhelming of the adaptive mechanisms that
normally decrease thyroid iodine clearance in the face of increas-
ing levels of PII. However, the thyroid gland is still able to
maintain normal thyroid hormone secretion, possibly due to
regulation of other steps of thyroid hormone synthesis. The signifi-
cance of the increase in AIU is unclear. The range of values of
these iodine kinetic parameters for the subjects studied is consid-
erable. This is possibly a result of the changing iodine consump-
tion pattern of the society and may also be due to the considerable
variation in the iodine content of salt, with iodine in some samples
being more than 3 times the required amount. However, the
extreme outliers were only 4 to 5 subjects and even after exclusion
of these subjects, the results and conclusion of the study were not
altered.

Rastogi et al.t? studied normal schoolchildren in 1968, four
years after the introduction of compulsory salt iodization in
Chandigarh, located about 270 kms from Delhi, and its surround-
ing rural areas. The prevalence of goitre was 16.4%. The iodine
kinetics in non-goitrous children (Table II) were different from
those seen in goitrous children who had lower levels of urinary
iodine and higher thyroid iodine clearance and uptake rates. The
area under this study was possibly not fully iodine replete at that
point of time, as indicated by the high occurrence of goitre, and the
values of iodine kinetics are consistent with this observation.
However, no comparison with previously reported values from the
same region was made in this study.

The USI programme, adopted by the Government of India in
1984 and implemented in 1989 in Delhi and surrounding areas,
has not only decreased the prevalence of goitre," but also altered
the measurable parameters of iodine kinetics. There has been an
increase in PII levels and AID by the thyroid gland. Simulta-
neously, thyroid radioiodine uptake values have decreased. The
changes observed in the iodine kinetic. parameters were as ex-
pected consequent to the increased iodine intake in the population
and have been reported earlier from other areas of the world
whenever there has been an increase in iodine intake," These
changes in iodine kinetics became more marked only after the
effective implementation of USI. The present study carried out on
30 normal subjects indicates that there was no abnormality of
thyroid function and TSH was within normal limits in all the
subjects who were continuously consuming iodine in the form of
iodized salt over a long period, indicating no adverse effects of
iodine consumption in these subjects.

Iodine kinetics alter with changes in dietary iodine intake, and
thus there will always be a need to measure these periodically,
preferably every 10years. This is not only true for iodine-deficient
areas where iodine supplementation is being carried out, but also
for iodine-sufficient areas where changes in iodine consumption
are known to occur even after the region becomes iodine replete."
There is also a regional variation of iodine status within the
country and thus similar studies need to be carried out in other
areas of the country.
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