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Iodine status of Aboriginal teenagers in the Darwin region before
mandatory iodine fortification of bread
Dorothy E M Mackerras, Gurmeet R Singh and Creswell J Eastman

I

odine deficiency has re-emerged in
south-eastern Australia. Following
reports of iodine deficiency in localised
studies of children1 and pregnant women,1-5
the 2003–2004 Australian National Iodine
Nutrition Study (NINS) found that primary
school-aged children in the south-eastern
states,The
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study only to the extent that they were part
of the general population. The re-emergence
of iodine deficiency in Australia and its
potential adverse effects on the developing
brain have led to mandatory replacement of
non-iodised salt with iodised salt in bread
from October 2009,7 and a recommendation
that pregnant and breastfeeding women
consider taking a daily iodine supplement.8
The iodine status of populations is
defined by measuring MUIC.9 The urinary
excretion of iodine, in common with several
other urinary electrolytes,10 reflects recent
intake. As high concentrations of iodine are
found in a limited range of foods, the iodine
concentration in a spot urine sample, or
even a 24-hour urine sample, may not
reflect the long-term iodine intake, and
therefore iodine status, of the individual.
Within-person variation is a type of random
error and, in a population survey, it
increases the spread of a distribution.11
Consequently, a survey that collects a single
urine sample from each subject can describe
the average iodine level in the population,
but other points on the distribution (eg, the
75th centile) reflect the value on the day of
collection rather than long-term population
values.12 Several methods exist to correct for
day-to-day (within-person) variation in
population survey data. One method is to
collect a second set of data from a subset of
the survey population to calculate a correction factor that is then applied to the main
survey population distribution.7,10,13,14
Participants in our study were members
of the Australian Aboriginal Birth Cohort,
recruited at infancy in 1987–1990 and followed up in 2005–2008.15,16 We describe
the iodine status of Aboriginal teenagers
126

ABSTRACT
Objective: To determine the iodine status of participants in the Aboriginal Birth Cohort
Study who resided in the Darwin Health Region (DHR) in the “Top End” of the Northern
Territory prior to the introduction of mandatory iodine fortification of bread.
Design, setting and participants: Participants in our study had been recruited at birth
and were followed up at a mean age of 17.8 years. Spot urine samples were collected
and assessed for iodine concentration at a reference laboratory. The median urinary
iodine concentration (MUIC) of residents of the DHR was calculated and compared with
international criteria for iodine status. Analyses were conducted for subgroups living in
urban areas (Darwin–Palmerston) and remote communities (rural with an Aboriginal
council). We collected a repeat sample in a subset of participants to explore the impact
of within-person variation on the results.
Main outcome measure: MUIC for residents of the DHR.
Results: Urine specimens were provided by 376 participants in the DHR. Overall
MUIC was 58 μg/L when weighted to the 2006 Census population. Urban boys had
higher values (MUIC = 77 μg/L) than urban and remote-dwelling non-pregnant girls
(MUIC = 55 μg/L), but all these groups were classified as mildly iodine deficient. Remotedwelling boys had the lowest MUIC (47 μg/L, moderate deficiency). Pregnant girls and
those with infants aged less than 6 months also had insufficient iodine status. Correction
for within-person variation reduced the spread of the population distribution.
Conclusions: Previously, iodine deficiency was thought to occur only in the southeastern states of Australia. This is the first report of iodine deficiency occurring in
residents of the NT. It is also the first study of iodine status in a defined Indigenous
population. Future follow-up will reassess iodine status in this group after the
introduction of iodine fortification of bread.
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living in the Darwin Health Region (DHR),
which covers 120 000 km2 of the “Top End”
of the NT.
METHODS
Study cohort
Subject recruitment and follow-up for the
Aboriginal Birth Cohort Study are described
in detail elsewhere.15,16 Briefly, 686 infants
of women recorded as Aboriginal in the
delivery suite register of the Royal Darwin
Hospital between January 1987 and March
1990 were recruited. Apart from a small
private hospital, this was the only hospital in
the DHR at the time. Births in the hospital
include all routine deliveries of infants from
the DHR and high-risk deliveries referred
from a larger area across northern Australia.
Of the infants recruited to our study, 570
were from routine deliveries to mothers in
the DHR. Recruitment depended on the

availability of the neonatal paediatrician to
see the mother. About half of all eligible
infants were recruited and there was no
difference in the birthweight distribution or
sex ratio between those recruited and those
not recruited.15
Follow-up of cohort
Participants were followed up between
December 2005 and January 2008 (about 18
years after recruitment) in over 40 locations.16 A spot urine sample was collected in
addition to height and weight measurements.
Girls were asked if they were pregnant, as
well as the number and age of any other
children. Because the NT has a unique identification number for each person that is used
in all hospitals, publicly funded health clinics
and associated data collections, we used the
NT Perinatal Data Collection as a supplementary source of information. Girls who stated
that they were pregnant at the interview
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(n = 20) or had a birth recorded in the Perinatal Data Collection less than 9 months after
the interview (n = 4) were classified as pregnant for the current analysis. The method of
infant feeding was not ascertained, but
breastfeeding is the normal practice in NT
Aboriginal communities, so girls with an
infant born less than 6 months before the
date of interview (n = 11) were assumed to be
breastfeeding and grouped separately from
other non-pregnant girls. Girls who were
neither pregnant nor had a young infant were
described as non-pregnant.
A second spot urine sample was collected
opportunistically at a later date from a subset
of participants living in the larger communities, as part of an additional study investigating hepatitis B immunity.16 This allowed us
to examine the impact of correcting for
within-person variation on the estimated
range of UIC in the population.
Processing of urine samples
Urine samples were kept cool, decanted
within 2 hours and frozen. They were
transported to Darwin at − 60 ° C, stored at
− 80 ° C, and subsequently transported on
dry ice to Westmead Hospital, Sydney, in
two batches. The Westmead laboratory participates in the Ensuring the Quality of

Urinary Iodine Procedures quality assurance program (Centers for Disease Control
and Prevention, Atlanta, Ga, USA) and is
an Asia–Pacific regional reference laboratory. Urinary iodine measurements were
performed by ammonium persulfate
digestion17 before a Sandell–Kolthoff reaction in a microtitre plate format.18
Iodine status
Standard criteria for defining population
iodine status were applied to boys and nonpregnant girls — ie, a population has mild
iodine deficiency if its MUIC falls in the
range 50–99 μg/L and moderate deficiency if
its MUIC falls in the range 20–49 μg/L.9
For pregnant and breastfeeding women in
the population, MUICs < 150 μg/L and
< 100 μg/L, respectively, define insufficient
iodine status.9 In our study, these criteria
were applied to the subgroups of pregnant
girls and girls with infants under 6 months
of age, respectively.
Remoteness categories
Our analysis was restricted to participants
living within the DHR. Residents of the
region were divided into “remote” residents
(living in a community with an Aboriginal
council) and “urban and other” residents,

which included people living in the Darwin–Palmerston area and a small number of
participants living in rural towns. Results
were calculated for the DHR as a whole and
for the two subareas. The 2006 Census data
for the Darwin and Jabiru Indigenous Geographical Classification areas (which overlap
the DHR) show that 46% of Indigenous
people live in remote communities and the
remainder live in Darwin–Palmerston and
surrounding towns.19 We used this information, and the assumption of an equal sex
ratio, to estimate a weighted MUIC value for
the region.
Analysis
For analysis purposes, 19 participants with a
UIC below the limit of detection (10 μg/L)
were assigned a value of 5 μg/L. Regression
using the natural logarithm of UIC was
performed to test for differences by sex,
reproductive status and area of residence
(urban or remote).
As there was a significant location–sex
interaction, and because only one repeat
specimen was collected in an urban area, we
used the 82 repeat specimens collected in
remote communities to estimate a corrected
UIC distribution among remote-dwelling
participants only. After taking the natural

1 Urinary iodine concentrations in the Aboriginal Birth Cohort Study, 2005–2008
Urinary iodine concentration (μg/L)
Number

Median

IQR

< 50 μg/L (%)

376

58

39–80

37.1

na

All (study population )

376

54

34–77

43.6

na

Boys

183

55

29–78

43.7

Mild deficiency

All girls

193

53

36–76

43.5

na

Non-pregnant girls

158

55

36–78

41.1

Mild deficiency

Pregnant girls

24

49

40–72

50.0

Insufficient

Girls with infant < 6 months of age

11

39

31–56

63.6

Insufficient

All (study population)

81

70

47–91

25.9

na

Boys§

45

77

61–100

12.8

Mild deficiency

All girls

36

55

40–79

38.9

na

Non-pregnant girls§,¶

29

55

39–79

37.9

Mild deficiency

All (study population)

295

51

29–72

48.5

na

Boys§

138

47

23–70

52.9

Moderate deficiency

All girls

157

53

35–74

44.6

na

Non-pregnant girls§,††

129

55

35–76

41.9

Mild deficiency

Pregnant girls††

18

47

36–67

—

Insufficient

Girls with infant < 6 months of age††

10

41

31–56

—

Insufficient

Location

Group

All

All (weighted† )
†

Urban and other‡

Remote**

Population iodine status*

IQR = interquartile range. na = no criteria defined for a mixed group with varying reproductive status. * Criteria for iodine status in a general population: mild deficiency
if median urinary iodine concentration (MUIC) = 50–<100 μg/L; moderate deficiency if MUIC = 20–<50 μg/L; pregnant women: insufficient status if MUIC < 150 μg/L; lactating
women: insufficient status if MUIC < 100 μg/L.7 † Weighted to the 2006 Census Indigenous population;19 study population result shows the unweighted results.
‡ Darwin–Palmerston area and rural towns. § P < 0.001 for interaction between sex (boys and non-pregnant girls) and location. ¶ Data for one pregnant girl and six girls with
infants < 6 months of age not shown separately. ** Community with an Aboriginal council. †† P = 0.4 for difference by reproductive status among remote-dwelling girls.
◆
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Raw distribution from single
random sample (μg/L)

Distribution corrected for
within-person variation (μg/L)

5th

Below limit of detection

Below limit of detection

10th

13

20

25th

29

32

50th

51

48

75th

72

61

90th

101

77

95th

129

92

Maximum

470

234

Proportion < 20 μg/L

16%

11%

Proportion ⭓ 100 μg/L

10%

3%

Centile

logarithm, repeated measures analysis of variance was performed on data from the 82
participants with repeat values to determine
the between-person (sb) and total (sobs)
standard deviations. A corrected UIC value
was calculated for each person in the remote
population by adjusting the transformed
value for each person, according to the following formula:13,14
Adjusted UIC = [(person’s UIC – group
mean)  (sb ÷ sobs)] + group mean.

After exponentiation, the distribution of
UICs for remote-dwelling participants was
recalculated using the adjusted values. Statistical analyses were carried out using Stata
software, version 10.1 (Stata Corp, College
Station, Tex, USA).
Ethics
Our study was approved by the Joint Institutional Ethics Committee of the Royal Darwin Hospital and the Menzies School of
Health Research, which agreed that participants were mature minors and could give
informed consent. Parents of participants
aged under 18 years were also informed of
the study. The Committee has an Aboriginal
subcommittee with veto powers.
RESULTS
Of the 686 participants recruited at birth,
469 were seen at follow-up and 27 had died
since birth (a 71.2% participation rate
among living cohort members). A further
122 participants were traced but not seen —
11 of these refused to participate and the
other 111 were not interviewed for logistical
reasons. Sixty-eight participants could not
be traced.13
128

We analysed results for the DHR residents
only (n = 376), rather than all cohort participants, because this is more likely to give
results that are generalisable to the Aboriginal
population of the DHR. All DHR residents
seen provided a urine specimen; mean age
was 17.8 years (range, 16–20 years). Median
height and weight were 172.5 cm and
58.0 kg in the boys and 161.6 cm and
51.2 kg in the girls, respectively.
Boys and girls in both areas of residence
(urban/other and remote) were iodinedeficient based on the standard criteria (Box
1). In urban areas, boys had a higher MUIC
than non-pregnant girls, whereas the
reverse was true in remote areas. Notably,
the MUIC for urban boys was 20–30 μg/L
higher than that for remote-dwelling boys
or non-pregnant girls in either location
(P [interaction] < 0.001). MUIC varied by
only 8 μg/L between remote-dwelling boys
and remote-dwelling non-pregnant girls,
but this straddled the cut-off point between
mild and moderate deficiency. The boys
were therefore classified as having poorer
iodine status than the girls. The MUIC for
remote-dwelling girls who were pregnant or
had young infants was lower than that for
non-pregnant remote-dwelling girls (P =
0.4). When weighted to the 2006 Census,
the MUIC for the DHR was 58 μg/L, compared with 54 μg/L for our study population.
Among the 82 remote-dwelling participants (32 boys) who provided a second
urine sample, the MUICs for the first and
second readings were 50 μg/L and 58 μg/L,
respectively (P = 0.1). The urine samples for
the whole group were collected between
January 2006 and November 2007 and the
82 repeat samples were collected between

July and December 2007. The median
number of days between the repeats was
354 (interquartile range [IQR], 196–501
days), and there was no association between
the time between sample collections and the
magnitude of their difference. The correlation coefficient between the two sets of logtransformed UIC readings was 0.32
(P < 0.004). The sb ÷ sobs ratio was 0.69 for
the log-transformed values, which indicates
that correction for within-person variation
reduces the standard deviation of the logtransformed distribution by 69%. UIC distributions for all participants living in
remote communities before and after correcting for within-person variation are
shown in Box 2 and Box 3. Because the
distribution was about log-normal, the contraction in the UIC distribution was more
pronounced for high values.
DISCUSSION
Our study population of Indigenous teenagers in the DHR was iodine-deficient, like
other populations in south-eastern Australia
but in contrast with those in Queensland
and WA.6 Urban boys had better iodine
status than urban girls, whose status was
similar to that of remote-dwelling boys and
girls. As urban boys were the tallest and
heaviest group, we hypothesise that their
overall food intake, and therefore intake of
all nutrients, was greater; however, we have
no dietary information to enable us to assess
this directly.
The MUICs in our study were below those
reported elsewhere in Australia.6 Our participants were Indigenous teenagers, mostly
living in remote Aboriginal communities in

MJA • Volume 194 Number 3 • 7 February 2011

3 Population distribution of urinary
iodine concentrations for
Aboriginal teenagers living in
remote Top End communities in
the Northern Territory (n = 295)
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2 Urinary iodine concentration distribution, with and without correction for
within-person variation, for Aboriginal teenagers living in remote Top End
communities in the Northern Territory (n = 295)
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the tropics, whereas the other surveys examined younger children living in cities and
towns, predominantly in temperate areas.6,20
This limits direct comparison between our
results and those of other surveys.
There was no variation in MUIC by reproductive status among the girls; however,
changes in glomerular filtration rate during
pregnancy make it difficult to assess iodine
excretion accurately during this lifestage.
Although there have been previous iodine
studies of Australian pregnant women,25,21,22
our study appears to be the first to
assess urinary iodine in pregnant and nonpregnant females sampled from the same
underlying population. Reports from other
countries that have conducted iodine studies, except Switzerland, indicate that MUIC
is similar in pregnant and non-pregnant
women, regardless of whether overall status
is in the adequate23 or deficient range.24 Our
results agree with these general findings,
although the small number of pregnant girls
in our study should be taken into consideration. Because the reference range for MUIC
is higher in pregnant women than in nonpregnant women, similar MUICs in these
groups indicate a relatively greater iodine
inadequacy in pregnant women.
Our study is the first documentation of
iodine status in the north of the Australian
continent or in a defined Aboriginal population sample. A strength of our study was the
high follow-up rate, despite the difficult and
remote situations, mobility of the population and cultural factors. The larger communities had to be visited on more than one
occasion to find all the participants, and
follow-up occurred over a 2-year period.
Therefore, the low iodine concentrations
found cannot be attributed to short-term
aberrations in the food supply. The similarity in UICs in the first and second urine
samples for participants providing two samples also indicates that the low values were
not due to unusual food availability immediately before the main survey.
Ideally, we would have selected a random
sample for the repeat analysis to estimate the
correction factors, rather than our pragmatic
convenience sample. Our results support
earlier studies discussing the impact of
within-person variation on the observed
UIC distributions,12 and our ratios were
similar to, or lower than, those observed in
p r ev i o u s st u d i e s o f o th e r u ri n a r y
electrolytes10 and vitamin and mineral
intakes.25 Our study population had low
overall iodine intake. It is possible that
within-person variation for iodine intake or

excretion might be greater in populations
with more varied diets. If so, this would
result in a greater correction of the distribution than we found.
The overdispersed distribution of UIC
based on a single urine sample from each
individual has implications for interpreting
future UIC surveys in Australia, owing to
the geographical variation in iodine status in
populations across the continent. As an
illustration, the impact of correcting for
within-person variation can be estimated for
the NINS 6 if the log-scale 0.69 correction
factor we found is assumed to apply to the
general population. In Victoria, the MUIC in
the NINS was 73.5 μg/L (IQR, 53–104 μg/L).6
The IQR contracts to 58–93 μg/L after correction. This shows that the proportion of
the population with long -term low
(< 100 μg/L) iodine status is underestimated
if the population is deficient and a survey
collects only one sample from each participant. In Queensland, the MUIC was 136.5 μg/
L (IQR, 104–184 μg/L;6 or 112–166 μg/L
after correction). This illustrates that the
proportions of a population with low and
high long-term iodine status are overestimated if the population has an overall adequate status and one sample is collected
from each survey participant.
In Australia, after mandatory replacement
of non-iodised salt with iodised salt in bread
from October 2009,7 average population
intakes were expected to increase by 40–
50 μg/day. Post-fortification surveys collecting a single urine sample from each participant might lead to incorrect conclusions
about the proportion of the population with
continuing low iodine status in some areas or
even excessive intakes in other areas. Our
analysis indicates that if estimating the proportion with high or low status is a goal in a
survey, then the survey design should
include an assessment of within-person variation from all relevant subgroups.
In summary, this first study of iodine status
in the NT Indigenous population found deficiency in teenagers, including those who
were pregnant or had young children, before
the introduction of mandatory iodine fortification in October 2009. Because bread is
widely eaten,26 iodine status is expected to
have improved, and we will reassess UICs in
the next follow-up of our cohort. Our results
are a reminder that iodine deficiency affects
males and females of all ages; although most
surveys target only primary school-aged children and pregnant women. We recommend
that future health studies in Indigenous populations should assess the possibility that

iodine deficiency may be a significant contributor to ill health and disability.
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