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AUSTRALIA has been considered to be
an iodine-replete country, with only iso-
lated pockets of mild to moderate iodine
deficiency. Evidence from recent studies
suggests that this assumption may no
longer be valid.1-4

If physiological iodine requirements
are not met, abnormalities of thyroid
development and function occur (Box
1). Following studies in Sydney,1-3 it
was hypothesised that iodine deficiency
in Australia may be increasing and caus-
ing goitre in urban populations.22,23

A pilot study by the Department of
Endocrinology and Diabetes at our hos-
pital between October 1999 and August
2000 examined a population of children
referred with goitre: 81% (26/32) were
found to have urinary iodine levels
< 100 �g/L; 13/16 patients who subse-
quently had thyroid technetium scan-
ning had increased uptake in the range
of 8%–20% (normal range, 2%–5%),
and 25/26 iodine-deficient patients were
thyroid antibody negative and had nor-
mal levels of thyroid-stimulating hor-
mone (TSH).24 This constellation of
antibody-negative goitre with high
uptake on scanning suggests iodine defi-
ciency or congenital thyroid dyshor-
monogenesis as the cause. As the latter
is rare, iodine deficiency is the most
likely cause of goitre in this group.

We report here a study aimed at
examining iodine status and prevalence
of goitre in a larger sample of school-
children to estimate iodine status within
the Melbourne community.

METHODS

Study sample

Our study was designed to assess iodine
status in a representative cohort of
schoolchildren. With the permission of

the school boards, we sent an informa-
tion letter home with each child attend-
ing Years 5–12 in two urban private
schools (one boys school and one girls
school) in Melbourne, inviting them to
participate in our study. The study took
place during August 2001.

Clinical indicators of thyroid disease

We assessed two clinical indicators of
thyroid disease: goitre (by thyroid gland
palpation) and urinary iodine levels.

Two qualified endocrinologists
attended each school and performed
thyroid palpation according to World
Health Organization recommendations,
with three grades used for classification
of thyroid size:25

■ Grade 0: No palpable or visible goitre;
■ Grade 1: Palpable but not visible
goitre;
■ Grade 2: Palpable and visible goitre.

Urine samples were taken about two
hours after rising in all subjects. All
samples for urinary iodine analysis
(identified by code only) were sent to
the Institute of Clinical Pathology and
Medical Research at Westmead Hospi-
tal, Sydney. Urinary iodine levels were
measured by an assay based on the
Sandell–Kolthoff reaction. We catego-
rised urinary iodine values according to
level of deficiency:25

■ < 20 �g/L, severe iodine deficiency;
■ 20–49 �g/L, moderate iodine defi-
ciency;
■ 50–99 �g/L, mild iodine deficiency;
and
■ � 100 �g/L, iodine-replete status.

Ethical approval

Ethical approval for the study was
granted by the Ethics Committee of the
Royal Children’s Hospital.
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Statistical analysis

As the data were not normally distrib-
uted, we calculated median urinary
iodine levels. Urinary iodine levels were
compared according to sex, year at
school, and presence of goitre, using
Pearson’s �2 analysis. We used logistic
regression to assess the simultaneous
effects of sex and year at school on
urinary iodine values.

RESULTS

Six hundred and seven students aged
11–18 years from the two schools gave
their informed consent, and 410 girls
(71%) and 167 boys (29%) were
included in the study. The remaining 30
schoolchildren were unable to provide a
urine sample on the day of the study.
The girls were from Years 5–12, and the
boys were from Years 7–12. Participa-
tion rates were greater at the girls school
(50%) than the boys school (14%).

Median urinary iodine excretion for
the total population was 70 �g/L.
Median urinary iodine excretion was
calculated for boys (82 �g/L), girls
(64 �g/L), school year and goitre status
(Box 2). No median exceeded the
100 �g/L level recommended by WHO
as indicative of iodine sufficiency in a
population.

The association of moderate–severe
(< 50 �g/L) and mild (50–99 �g/L)

iodine deficiency and sex, school year
and presence of goitre was determined.
There were significantly more girls with
ur inary iodine levels < 50 �g/L
(P < 0.001), and this significant differ-
ence remained (P = 0.002) for urinary
iodine values < 100 �g/L (Box 3).

There was no association between
goitre grade and moderate–severe
(P = 0.39) or mild (P = 0.07) iodine
deficiency (Box 4), but we noted an
association, independent of sex,
between school year and moderate
iodine deficiency (P = 0.03), but not for
mild deficiency (P = 0.27).

Use of logistic regression showed that
the odds of a girl having iodine defi-
ciency (urinary iodine level < 50 �g/L)
was 2.5 times greater (95% CI, 1.57–
4.12) than for a boy, adjusted for school
year. Repeat of this analysis for urinary
iodine values < 100 �g/L gave odds of
1.9 (95% CI, 1.2–3.0) for girls com-
pared with boys when adjusted for
school year.

Logistic regression analysis was used
to examine whether variations in sex
distribution, and therefore iodine levels,
in the schoolchildren in different school

years may have masked a true effect of
iodine level variation in different age
groups. The results of this analysis are
shown in Box 5 for all urinary iodine
values < 50 �g/L. A significant differ-
ence was demonstrated for Years 7 and
12 and a marginally significant differ-
ence for Years 8, 10 and 11 using Year 5
as a reference point once school year
was adjusted for sex. A similar analysis
was undertaken for urinary iodine val-
ues < 100 �g/L, but no difference
between years was detected.

DISCUSSION

The results of our study substantiate
growing concerns that dietary iodine
deficiency is increasing in prevalence in
Australia. We need to know whether the
recent influx of studies demonstrating
iodine deficiency1-4 indicates a re-emer-
gence, or an ongoing problem, of iodine
deficiency.

Our study design is based on WHO
recommendations that at least two
modes of surveillance should be used
and a large study sample targeted.25

Urinary iodine levels reflect dietary

1: Iodine deficiency

Severe iodine deficiency results in goitre,5-9 
and cretinism, with intellectual deficit, deaf 
mutism and severe physical disability 
(including the characteristic spasticity 
and rigidity),10,11 increased perinatal infant 
mortality and neonatal hypothyroidism,12 
as well as decreased maternal fertility.13

Mild to moderate iodine deficiency can 
cause neurological deficits with learning 
disability and reduced hearing acuity in 
children14-18 and increased risk to 
premature infants, with reduced maternal 
transfer of iodine and thyroid hormone, 
which may result in impaired neural 
maturation.19,20

Iodine deficiency is the single most 
important cause of preventable intellectual 
deficit in the world.21

Maintained adequacy of iodine intake in 
populations is dependent on consuming 
food with sufficient natural iodine content 
or food supplemented with iodine.

2: Percentage and median urinary iodine values by sex, goitre assessment 
and school year in a sample of Melbourne schoolchildren

Category (number 
of subjects)

Urinary iodine excretion (�g/L)

25th 
quantile Median

75th 
quantile < 50 �g/L 50–99 �g/L � 100 �g/L

Sex

Male (n = 167) 59 82 107 28 (17%) 85 (51%) 54 (32%)

Female (n = 410) 46 64 92 128 (31%) 198 (48%) 84 (21%)

Total (n = 577) 48 70 98 156 (27%) 283 (49%) 138 (24%)

Grade of goitre*

0 (n =  465) 48 72 100 130 (28%) 218 (47%) 117 (25%)

1 (n = 97) 50 68 95 24 (25%) 52 (54%) 21 (22%)

2 (n = 15) 54 62 79 2 (13%) 13 (87%) 0 (0)

School year

5 (n = 34) 55 69 101 4 (12%) 21 (62%) 9 (26%)

6 (n = 25) 50 71 100 6 (24%) 12 (48%) 7 (28%)

7 (n =  117) 42 70 92 39 (33%) 55 (47%) 23 (20%)

8 (n = 108) 52 74 113 25 (23%) 47 (44%) 36 (33%)

9 (n = 87) 54 76 98 16 (18%) 50 (58%) 21 (24%)

10 (n = 69) 48 67 91 20 (29%) 35 (51%) 14 (20%)

11 (n = 74) 41 67 95 22 (30%) 35 (47%) 17 (23%)

12 (n = 63) 43 62 83 24 (38%) 28 (44%) 11 (18%)

*Grade 0: no palpable or visible goitre. Grade 1: palpable but not visible goitre. Grade 2: palpable and 
visible goitre.
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iodine intake, as 90% of ingested iodine
is eventually excreted in the urine.
WHO guidelines recommend use of
spot urinary specimens to provide an
adequate assessment of a population’s
iodine status.25 Thyroid gland palpation
is a quick, easy and acceptable method
to assess the presence of goitre. All
subjects were assessed by two trained
clinicians to reduce the incidence of
interobserver bias, which has been
reported in previous studies to affect
16%–40% of assessments.26,27

Thyroid ultrasound scanning, which
is considered to be a much more useful
tool to assess thyroid volume, especially
in areas of mild iodine deficiency,26 was
not available for use in our study.

Studies of schoolchildren reflect the
current iodine status of a given commu-
nity, and have the extra advantage that
the children can be followed up to
assess the efficacy of introduced control
measures.25

The median urinary iodine excretion
level of 70 �g/L (64 �g/L for girls and
82 �g/L for boys) is below the accepted
criterion of 100 �g/L set by WHO. An
iodine-replete population is indicated
by at least 50% of the population
achieving a urinary iodine value
� 100 �g/L and less than 20% having a
urinary iodine level < 50 �g/L.25,28

Only 24% of our population had a
urinary iodine level � 100 �g/L and
27% had a urinary iodine level < 50 �g/
L. Despite the large proportion of girls
in our study population, and the fact
that our subjects were from two private
schools (which may skew towards a
higher socioeconomic grouping), our
study still provides evidence that there
may be an existing or emerging problem
of iodine deficiency in school-age chil-
dren in Australia. A larger cross-sec-
tional study of schoolchildren is
required to confirm the prevalence and
severity of iodine deficiency in this pop-
ulation.

Analysis of urinary iodine values
showed significantly more girls had
iodine deficiency. This may be due to
the unequal proportions of girls and
boys in our study, and it would be
important to determine whether this
difference is reproduced in a larger
study population. There is no evidence
in the literature that girls are more sus-
ceptible to iodine deficiency. In the

National Health and Nutrition Exami-
nation surveys in the United States,
mean urinary iodine values were lower
in girls than boys of a similar age
group.28 There may be an unidentified
effect of the female sex or sample bias
on iodine homoeostasis. Perhaps boys
are more likely to have a diet rich in
dairy products. In a Dutch study, sex
differences in urinary iodine excretion
were attributed to boys consuming more
iodine-supplemented bread and milk.29

In our study, further statistical analysis

adjusting for sex and school year also
showed a significant age-dependent
effect on urinary iodine values.

The lack of relationship between goi-
tre size and urinary iodine levels may be
a consequence of our small cohort size,
or it may confirm previous studies
showing that the use of thyroid palpa-
tion as an isolated measure to assess
iodine deficiency results in the mild
iodine deficiency group remaining
undetected.26,30 We would recommend
the use of ultrasonography in a larger
population study.

The minimum recommended daily
iodine intake varies with age, but ranges
from 120 �g in school-age children to
150 �g in adults. A urinary iodine
excretion of 100 �g/L corresponds to a
daily intake of 150 �g of iodine.25 The
accumulating evidence for iodine defi-
ciency in cohorts of our population
suggests that iodine intake may be
much lower than this.

A number of reasons for this change
in iodine intake have been postulated.
First, less salt has been consumed by
the past two generations as a result of
large-scale public health efforts to
reduce hypertension and cardiovascular
disorders in ageing populations. Sec-
ond, iodised salt is not frequently used
at home or in commercial food outlets.
The range of preparations available in
most food outlets suggests about a 4:1
availability of non-iodised versus
iodised preparations. While the cost is
similar, population awareness of a need
for iodine supplementation is low.
Finally, iodophors are no longer used in
commercial milk-drum cleaning, which
means that the iodine content of milk is
now lower.

The presence of iodine deficiency in a
population has significant implications.
Mild iodine deficiency is associated with
neurological deficits and hearing
impairments.14-18,30 Studies from Syd-
ney have indicated the emergence of
iodine deficiency in large samples of
neonates.1 Changing patterns of thy-
roid-stimulating hormone concentra-
tions in newborns may provide another
biological indicator of iodine deficiency
in at-risk populations. Iodine deficiency
in populations of schoolchildren and
neonates raises the question of whether
this reflects an increasing prevalence of
iodine deficiency in our community as a

4: Median urinary iodine values 
in schoolchildren, by grade 
of goitre*
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5: Logistic regression analysis 
comparing urinary iodine values 
<50 �g/L with values >50 �g/L, 
when adjusted for school year 
and sex

School 
year

Odds 
ratio 95% CI P

6 2.4 0.59–9.51 0.224

7 5.5 1.78–17.10 0.003

8 3.2 1.02–10.08 0.047

9 2.2 0.68–7.24 0.188

10 3.8 1.17–12.14 0.027

11 3.6 1.13–11.46 0.030

12 5.0 1.56–15.94 0.007

3: Median urinary iodine values 
in schoolchildren, by sex
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whole. Larger, controlled studies of
population subgroups would be able to
answer this question.

If the presence of iodine deficiency is
confirmed through a nationwide study,
then a national program of iodine sup-
plementation will need to be consid-
ered. The choice of vehicle is important
because of health-related limitations on
salt intake. Treatment of population
iodine-deficiency states is ineffective
unless the food supplemented with
iodine can be distributed throughout
the population.31 Whether bread or salt
is chosen as the appropriate vehicle for
iodine,32,33 distribution and social mar-
keting remain the key to successful
eradication of iodine deficiency.34,35

Our study has indicated the presence
of mild iodine deficiency in a cohort of
Melbourne schoolchildren. Our results
support other available data on iodine
status in Sydney and Tasmania to make
a strong argument for a national study
of iodine nutrition.
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