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Abstract
Objective: The purpose of this trial was to compare three different iodine
interventions.
Design: School children aged 8–10 years were randomized into one of three groups:
group A was provided with iodized salt by researchers with an iodine concentration
of 25 ppm; group B purchased iodized salt from the market; and group C was similar
to group B with the exception that they were given iodized oil capsules containing
400 mg iodine at the beginning of the study. Salt iodine content was measured
bimonthly for 18 months and indicators of iodine deficiency were measured at
baseline and 6, 9, 12 and 18 months after randomization.
Results: The prevalence of abnormal thyroid volumes, based on the World Health
Organization (WHO) body surface area reference > 97th percentile, was 18% at
baseline and declined to less than 5% by 12 months in groups A and C, and to 9% after
18 months in group B. Results for goitre by palpation were similar. The median urinary
iodine was 94mg l−1 at baseline and increased in all groups to > 200mg l−1 at the 6-month
follow-up.
Conclusions: In this population of school children with initially a low to moderate level of
iodine deficiency, the group receiving salt with 25 ppm (group A) was not iodine
deficient on all indicators after 18 months of study. When the iodine content of the salt
varied, such as in group B, by 18 months thyroid sizes had not yet achieved normal status.

Keywords
Iodine deficiency disorders

Randomized trial
Intervention
Iodized salt
Iodized oil

Goitre
Thyroid volume

Iodine deficiency is the leading preventable cause of
brain damage and mental retardation worldwide1.
The consequences of iodine deficiency, collectively
referred to as iodine deficiency disorders (IDD),
include cretinism, mental retardation, goitre, abortion,
stillbirths, congenital anomalies and low birth weight2.
In 1990 it was estimated that 655 million people
worldwide had goitre and 1.6 billion are at risk of
IDD1. The elimination of IDD by the year 2000 was
determined to be a global public health priority at the
‘World Summit for Children’ in 19903. Over this decade,
the elimination of iodine deficiency through national
salt iodization programmes has been a global devel-
opment priority. Most national programmes use the
prevalence of goitre in school children as their main
indicator to evaluate programme success. The pre-
valence of goitre has not declined as rapidly as
expected in some areas and sometimes it is inconsistent
with urinary iodine results.

IDD is a significant public health problem in China1.
A national survey in 1995 found the prevalence of goitre

among school children to be >10% in 27 of 30
provinces4. The present study was performed in Jiangsu
Province which was classified in 1995 as having a mild
level of IDD5 according to WHO/UNICEF/ICCIDD
criteria with a total goitre rate (TGR) in school children
of 17% and median urinary iodine levels of 85mg l−1.

The primary intervention used to prevent IDD has
been the iodization of salt, which has been associated
with the successful elimination of IDD in a number of
countries6. Currently it is recommended that salt be
iodized in the range of 20–40 ppm at the point of
production in order to assure that median urinary
iodine levels are in the 100–200 mg l−1 range7. UNICEF
estimates that nearly 60% of all edible salt in the world
is currently iodized8. If iodized salt is not available in an
iodine-deficient area, iodized oil capsules are fre-
quently distributed. An oral dose of 400 mg iodized
oil may maintain a median level of iodine in the urine of
>100 mg l−1 for 12 months9,10.

Following the introduction of iodized salt into an
iodine-deficient population, there has been little
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information on how long it takes for thyroids, which
increase in size as a consequence of the deficiency, to
return to normal size. The importance of this question
is because the prevalence of goitre and abnormal
thyroid volumes in school children are used as an
indicator of the magnitude of IDD. Many countries are
now observing a persistence of goitre in school
children despite apparent successful implementation
of near universal iodized salt consumption. This
randomized clinical trial was performed to determine
the impact of iodized salt and iodized oil on thyroid size
and urinary iodine in school children in a remote
population during an 18-month period.

Methods

Study population
This study was performed on Baguanzhou Island,
Jiangsu Province, China. This island, located on the
Yangzi River with a ferry connection to the mainland,
has a population of 30 000 and covers an area of
approximately 47.8 km2. Agriculture is the principal
occupation and most foods consumed are grown
locally. Prior to the present study there were no data
on the iodine status of the population nor had an iodine
prophylaxis programme been initiated on this island.
Salt distributed in the area had not been iodized prior to
the present study.

Sample size was estimated based on the following
conditions: the prevalence of goitre or abnormal
thyroid volume at baseline would be 25% and after
18 months, would be 5%; an alpha value of 0.05; and
a power of 80%. Given these conditions, 60 children
in each group would be required. The sample size
was increased to allow for loss to follow-up and
because the prevalence at baseline was not known
with accuracy.

Households of pupils in grades 2–4 in Baguanzhou
Elementary School were invited to participate volunta-
rily in the study. Pupils who were less than 8 years of
age were excluded from the study.

Intervention and outcome measures
Pupils were allocated into one of three groups using
systematic block randomization based on age and sex
(Fig. 1): pupils in group A were provided with iodized
salt specifically produced to contain 25 ppm (42.25 g of
potassium iodate per kilogram of salt). Homogeneity,
consistency and precise iodine concentration of the salt
were achieved by thorough mixing and close
laboratory monitoring. Every 2 months, researchers
distributed the iodized salt to their households
immediately after production and collected salt left
over from the previous distribution. Pupils in group B
purchased commercially available salt in the market.
Pupils in group C were similar to group B except that

they received four capsules of iodized oil, each
containing 100 mg iodine, at the start of the study.
The iodized oil used in this trial was provided by
Wuhan Fourth Pharmaceuticals Factory (Wuhan,
China), in which iodine was bound to unsaturated
fatty acids from poppy seed oil11. All salt used for the
study, both the specially prepared salt for group A and
the salt commercially available in the market, was
supplied by one producer (Xiaguan Salt Company,
Nanjing, China).

The three populations were followed for 18 months.
Salt samples were tested for their iodine content using
the titration method described by Sullivan et al.12.
Starting at the second month of the study, every
2 months until the end of study, pupils brought salt
samples from their homes for iodine detection. At
baseline and 6, 9, 12 and 18 months after randomiza-
tion, palpation and thyroid ultrasonography were
performed, and height, weight and urine samples
were obtained. Thyroid volume was measured using
real-time ultrasonography which was performed by
one experienced physician using portable ultrasound
equipment with a 7.5 MHz linear array transducer
(AKHO, Inc, Canada). Longitudinal and transverse
scans were performed allowing the measurement of
the depth (d), the width (w) and the length (l ) of each
lobe in centimetres. The volume of each lobe was
calculated by the formula: volume (ml) ¼ 0.479 ×d ×
w × l and the thyroid volume estimated as the sum of
both lobes. Thyroid volume was classified as normal
or abnormal using the thyroid volume for body
surface area (BSA) reference described by Delange
et al.13. BSA was calculated by using the formula: BSA
(m2) ¼ W0.425 ×H0.725 ×71.84 ×10−4 where W is the
child’s weight in kilograms and H the child’s height
in centimetres14. The prevalence of abnormal thyroid
volume (ATV) was calculated as the number of children
with a volume above the upper limit (> 97th percentile)
divided by the total number of children measured.

Casual urine samples were collected using bottles
processed with heavy acids and washed with deminer-
alized water several times before collecting urine
samples to avoid contamination. The urinary iodine
concentrations were analysed within 24 hours using a
modified acid-digestion method in the Jiangsu Province
iodine laboratory15, which is under regular quality
control by the Chinese Academy of Preventive
Medicine and Chinese National Institute of IDD.
Urinary iodine analysis of six blind quality assurance
samples at three levels by the Jiangsu Province
laboratory did not demonstrate bias compared to
the true values (P ¼ 0.14). The precision of these
determinations is 2.4%. (Laboratory quality assurance
results can be found in the Appendix.)

All laboratory tests (salt titration and urinary iodine
analyses) and thyroid size determinations (palpation
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and ultrasonography) were performed without know-
ledge into which group the pupils had been
randomized.

Data analysis
Criteria by WHO/UNICEF/ICCIDD were used to
classify the severity of IDD in the population16. For
thyroid volumes and goitre, the classification is based
on the prevalence of the condition: mild, 5–19.9%;
moderate, 20–29.9%; and severe, > 30%. For the
median urinary iodine, the classification is: mild, 50–
99 mg l−1; moderate, 20-49 mg l−1; and severe, ,20 mg l−1.

Data were analysed with Epi Info 6.04 and SAS 6.12.
Confidence intervals for median values were calculated
as described by Campbell and Gardner17. Confidence
intervals for the prevalence of ATV and TGR are based
on the exact binomial method. The differences in
ranking of the urinary iodine distributions were tested
using the Kruskal–Wallis method. Chi-square tests were

applied to compare the TGR and the prevalence of ATV
over time among groups.

Results

Of the 220 pupils enrolled in grades 2–4, 205 were 8–
10 years of age and were randomized into one of the
three groups (Fig. 1). All households agreed to
voluntarily participate in the study and there were no
withdrawals during the 18-month study period. The
number of urinary iodine results available varied at
each follow-up visit, from 130 (63%) to 149 (73%) out of
the 205 pupils followed. The three groups did not differ
in age, sex, weight, height, BSA, TGR, prevalence of
ATV, or median urinary iodine at baseline (Table 1).
Approximately half of the pupils were male, TGR was
27%, the prevalence of ATV 18%, and the median
urinary iodine in all three groups was ,100 mg l−1.
Using the WHO/UNICEF/ICCIDD classifications16, the

Fig. 1 Trial profile

Table 1 Comparison of general variables among three groups at the beginning of the study

Variables Group A Group B Group C P value*

Number of pupils:
aged 8 years 23 22 23
aged 9 years 23 24 22
aged 10 years 23 22 23 0.996
total 69 68 68

Sex: male (%) 50.7 50.0 50.0 0.995
Weight (mean, kg) 28.0 28.1 28.0 0.990
Height (mean, cm) 129.3 129.1 129.2 0.983
Body surface area (mean, m2) 1.002 1.004 1.003 0.959
Total goitre rate (%) 26.1 26.5 26.5 0.998
Prevalence of abnormal thyroid volume (%) 17.4 17.7 17.7 0.999
Median urinary iodine (mg l−1) 92.4 95.0 94.2 0.828

*Chi-square test was used for comparison for proportion of age, sex, total goitre rate and the prevalence of abnormal thyroid volume.
One-way ANOVA was used for comparison for the mean weight, mean height, mean body surface area and mean thyroid volume.
The Kruskal–Wallis method was used to compare the median urinary iodine concentration.
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TGR would classify the area as having a moderate level
of IDD, and the levels of prevalence of ATVand median
urinary iodine would classify the area as having a mild
level of IDD.

The salt iodine content in group A was stable with
mean values ranging from 24 to 28 ppm during the
study period. For groups B and C, the iodine
concentrations in the salt varied, with mean values
from 13 to 47 ppm (Fig. 2). No significant difference in
mean salt iodine concentrations was found between
groups B and C (P > 0.05), but the mean salt iodine
content in group A differed significantly from groups B
and C (P , 0.01).

At baseline all three groups had a median urinary
iodine , 100 mg l−1 and at all subsequent visits the
urinary iodine was >200 mg l−1 with one exception
(Fig. 2). In group B the urinary iodine fell below
100 mg l−1 at the 12-month follow-up, which corre-
sponds to the time when the iodine content of the

market salt fell below 16 ppm (months 10 and 12). After
the iodine content of the market salt remained >23 ppm
at months 14–18, the median urinary iodine level
increased in group B. When the iodine content of the
market salt was >25 ppm, group B had a higher median
urinary iodine level than group A; when the iodine
content of the market salt fell below 25 ppm, group A
had a higher urinary iodine level than group B. As
would be expected, the median urinary iodine at
month 6 was the greatest in pupils who received the
iodized oil capsules. Significant differences in median
urinary iodine levels were found among the three
groups (P , 0.001) at 6, 9, 12 and 18 months.

In all three groups, the prevalence of ATV and TGR
declined during the study period (Fig. 2). By the 12th
month, groups A and C had a prevalence of ATV ,5%,
and a TGR near 5% by the 18th month. For group B,
the prevalence of ATV declined similarly to groups A
and C until between months 9 and 12, where there

Fig. 2 Iodine content of salt, median urinary iodine levels, total goitre rate and the prevalence of abnormal thyroid volume by group over time.
Error bars represent 95% confidence intervals
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was little decline. This corresponds to the same time
when the iodine content of the market salt fell below
16 ppm.

Discussion

Based on the results in group A, one of the main
findings in this study was that consumption of salt with
a uniform iodine content of 25 ppm maintained a
urinary iodine level >100 mg l−1 and reduced thyroid
sizes to normal levels after 12–18 months. In a
population where the salt iodine concentration is not
consistently maintained to at least 20 ppm in the
household, it may take longer for thyroid sizes to
return to normal, as with group B. The latter situation is
more likely to be found in the real world, as many salt
producers have not established stringent quality
assurance to guarantee a uniform and standard
concentration of iodine at the household level. In
group C, the addition of iodized oil capsules as well as
iodized salt from the market gave similar beneficial
results to those seen in group A after 12–18 months. In
populations with severe levels of IDD, it is likely that
the prevalence of ATV and TGR may take longer to
become normal.

In the study population, the severity of IDD based on
the WHO/UNICEF/ICCIDD criteria for urinary iodine,
goitre, and ATV indicated a mild or moderate level of
IDD prior to intervention16. Six months after the
initiation of the study, for group A the urinary iodine
values indicated no IDD whereas goitre and thyroid
ultrasound still indicated a mild to moderate level of
IDD. It is biologically plausible that as the iodine intake
increases, this will be reflected within days in the
excretion of iodine in the urine, but it takes months,
and perhaps years, for the thyroid size to return to
normal, at least in an initially mildly to moderately
deficient population. After 18 months, in groups A and
C, all three IDD indicators were in agreement in
indicating no IDD. In group B, after 18 months the
urinary iodine indicated no IDD while the TGR and the
prevalence of ATV indicated mild IDD. When there are
inconsistencies between different indicators of IDD,
where frequently urinary iodine is normal but thyroid
size indicates IDD, this may be due to an inadequate
amount of time allowed for the population to attain a
low prevalence of goitre after initiation of the inter-
vention. Another possible explanation for differences
between indicators could be the accuracy of the urinary
iodine analyses and assessment of thyroid size.

A concern with the introduction of iodized salt into
populations with moderate to severe levels of IDD is
the potential for the occurrence of iodine-induced
hyperthyroidism (IIH)18. To minimize the potential of
IIH, it has been recommended that the iodine content
of salt be set at the minimal level to result in median

urinary iodine levels in the 100–200 mg l−1 range. In
group A, it appears that the iodine content of the salt
could be decreased slightly while still ensuring iodine
sufficiency. In group B, the iodine content of the salt
varied widely during the study period indicating
potentially poor quality control by the producer.
When the iodine content of the salt in the household
for group B was >38 ppm the urinary iodine levels were
much higher than 200 mg l−1, and when the iodine
content was , 15 ppm the urinary iodine level fell
below 100 mg l−1.

Because of the limited sample size, the power to
detect some differences between groups was not high.
While the confidence intervals around the salt iodine
content and urinary iodine levels were relatively
narrow, the confidence intervals around the prevalence
of ATV and TGR were wide.

At baseline, the median urinary iodine levels and
ATV indicated ‘mild’ IDD while the TGR indicated
‘moderate’ IDD. The WHO/UNICEF/ICCIDD cut-offs
are not exact, and slight discrepancies may be
expected. Other possible explanations for the slight
differences include that the individual performing the
palpation may have overestimated the prevalence or
that the urinary iodine results may be higher than in
other laboratories. Concerning the comparison of
ATV and TGR, the WHO thyroid volume for BSA
reference is relatively new and, as of this writing, there
was no published literature comparing these two
methods.

Compared to group B, the urinary iodine concentra-
tion in group C was about 450 mg l−1 higher, which is
consistent with results of studies using the same iodized
oil capsules11, and remained higher until 12 months.
This indicates that oral administration of 400 mg of
iodized oil can be effective for the first 12 months. This
result is similar to a number of studies9,10,19–21 and in
contrast with others22,23. A literature review failed to
find any studies reporting the simultaneous effects of
iodized salt and iodized oil. The raised median urinary
iodine concentration in group C in the first 12 months
could be the combined effects of iodized oil and
iodized salt.

It is recommended that all salt for human and
animal consumption be adequately iodized to elim-
inate IDD. The iodine content of the salt should ideally
result in urinary iodine levels in the 100–200 mg l−1

level7. In many situations this requires iodizing the
salt at between 20 and 40 ppm at the factory. The exact
level at which to iodize salt depends on a number of
factors, including the amount of iodine from other
sources, the average salt consumption per person per
day, the methods used to add iodine to salt, and other
factors that lead to iodine loss between production
and consumption. It is important for salt producers
and public health officials to work together to ensure
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that iodized salt is produced with high and consistent
quality and that its impact on the population is
monitored to ensure that the iodine intake of the
population is neither too low nor too high.
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Appendix

All quality assurance specimens were tested three times with
the results shown below.

No. of True value Mean of measured values
specimen (mg l−1) (mg l−1)*

1 76.3 79.4 (78.9, 79.7, 79.6)
2 153.9 159.1 (157.6, 158.6, 161.2)
3 296.3 297.4 (295.4, 296.8, 300.1)
I1 89.4 91.1 (89.8, 91.6, 92.0)
I2 133.0 132.7 (131.9, 132.8, 133.4)
I3 184.9 192.7 (193.6, 191.4, 193.1)

* Numbers in parentheses are measured values.


