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deficiency is the world’s greatest single cause
of preventable brain damage and develop-
mental delay.4 Lack of iodine in the diet, or
iodine deficiency disorder, is a major indi-
vidual and public health problem in many
regions of the world. Pregnant women and
their babies are particularly vulnerable to

neon
Orga
of Iod
of Hu
Resu
4.07%
The p
M

ABSTRACT

Objective:  To use neonatal thyroid-stimulating hormone (TSH) concentration data to 
measure the iodine status of the population of the Australian state of Victoria.
Design, participants and setting:  Retrospective analysis of the results of 368 552 
neonatal heel-prick blood tests for TSH concentration in Victoria in the years 2001–2006.
Main outcome measures:  Iodine deficiency as indicated by a mean percentage of 

atal TSH concentrations > 5 mIU/L of over 3% in accordance with World Health 
nization, United Nations Children’s Fund and International Council for the Control 
ine Deficiency Disorder criteria; comparison of findings for the nine Department 
man Services health regions in Victoria.
lts:  The mean percentage of neonatal TSH concentrations > 5 mIU/L ranged from 
 in 2001 to 9.65% in 2006, and this increase was statistically significant (P < 0.001). 
opulations of all nine Victorian health regions showed increasing iodine deficiency 

over the study period. Metropolitan populations had higher iodine deficiency than non-
metropolitan populations, and this difference was also statistically significant (P < 0.05). 
These results are consistent with urinary iodine excretion research in Victoria.
Conclusions:  The high percentage of elevated TSH concentrations among newborns 
is of concern and requires ongoing monitoring. Neonatal TSH assay is part of routine 
screening in Australia, and thus offers an effective and economical method of 
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monitoring population iodine status.
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I
 ine is an essential micronutrient that

ys a crucial role in ensuring the nor-
l development of most organs, espe-
the brain.1-3 The World Health

Organization reports that even moderate
iodine deficiency can cause a loss of 10–15
points in intelligence quotient, and iodine

iodine deficiency. The WHO global database
on iodine deficiency lists Australia as one of
the world’s 54 iodine-deficient nations.5

To address Australia’s iodine deficiency,
Food Standards Australia New Zealand
(FSANZ) has recently introduced a manda-
tory, Australia-wide, iodine supplementation
program through bread products. Although
this supplementation program is based on
strong evidence of iodine deficiency from a
small number of regional urinary iodine
excretion studies, there has been no Australia-
wide presupplementation baseline data study
(the only national iodine nutrition study was
conducted in 2003–2004).6 In addition,
although the Australian Institute of Health
and Welfare has recommended postsupple-
mentation monitoring with the urinary iodine
excretion method, no Australia-wide monitor-
ing program has yet been announced.7

As the debate in Australia about iodine
supplementation was progressing, we were
coincidently carrying out a four-part iodine
research project in the Gippsland region of
the Australian state of Victoria. A key part of
this study involved a retrospective analysis
of neonatal thyroid-stimulating hormone
(TSH) data of the cohort of babies born in
Victoria for the 6 years 2001–2006. These
data provide baseline information on the
iodine status of the neonatal population of
Victoria that can be compared with the
period after iodine fortification in Victoria.

Routine neonatal blood screening for met-
abolic and genetic disorders in Australia and
many other countries includes the determi-
nation of neonatal TSH concentrations. In
five separate large studies in Switzerland,
Poland, Bulgaria, Belgium and Thailand, it
was found that TSH monitoring could offer

an effective method for monitoring popula-
tion iodine status.8-12 The author of a recent
review urged that a confirmation study of
the sensitivity of this method of monitoring
iodine fortification be carried out in an
iodine-sufficient country with a newborn
screening program.13 Our study provides
baseline information on the iodine status of
the neonatal population of Victoria that will
allow comparison with the period after
iodine fortification in Victoria. Victorian
neonatal TSH concentrations are consistent
with previous studies indicating population
iodine deficiency.6,14

METHODS
In Australia, heel-prick blood samples are
collected routinely from newborns at 2–4
days of age, and the TSH concentration is
determined by enzyme-linked immuno-
sorbent assay (ELISA).15 Since 1977, blood
TSH concentrations of Victorian newborns
have been determined at the laboratory of
the Victorian Clinical Genetics Services
(VCGS) and recorded on a database
arranged according to the postcode of the
birth hospital. The latest audit of compli-
ance with the heel-prick test was conducted

in 2002, and showed that more than 99.4%
of Victorian neonates were screened for
TSH concentration.16 The TSH test kit used
was the Elegance neonatal TSH ELISA kit
(Bioclone Australia, Sydney, NSW) and the
samples were analysed using a Labsystems
Multiskan RC plate reader (Labsystems,
Helsinki, Finland).

Victorian neonatal TSH values, birth hos-
pital postcode, sex, date of birth, time of
taking the blood sample and twin informa-
tion from the past 30 years was extracted
from the Victorian neonatal database. Com-
plete full-year neonatal TSH data analysis
was performed for the 6 years 2001–2006.
The total number of individual neonatal
blood TSH samples analysed during the
period was 379 735. We excluded 11 183
individual neonatal TSH values because they
were repeat sample tests or from blood
samples that had not been taken within 96
hours of birth. This left data for 368 552
neonates, representing about 61 425 tests
per year over the period. According to the
2007 annual report of the Consultative
Council on Obstetric and Paediatric Mortal-
ity and Morbidity, the total number of births
in Victoria in 2001–2006 was 385773.17

Thus, our sample of 368  552 individual
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neonatal TSH values represents 95.5% of
the total neonatal population.

For the 368 552 neonates for whom we
had data, blood samples were taken at 2
days of age for 47 135 (13%), at 3 days of
age for 284 998 (77%) and at 4 days of age
for 36 419 (10%).

De-identified neonatal TSH values were
analysed for iodine deficiency on the basis of
WHO/United Nations Children’s Fund
(UNICEF)/International Council for the Con-
trol of Iodine Deficiency Disorder (ICCIDD)
criteria, whereby more than 3% of neonatal
blood samples taken 3–4 days after birth hav-
ing a TSH concentration over 5mIU/L is indic-
ative of an iodine-deficient population.4 The
percentage of neonatal TSH concentrations
greater than 5mIU/L for each year was calcu-
lated. The data were arranged by birth-hospi-
tal postcode and then regrouped into the nine
geographical regions designated by the Victo-
rian Department of Human Services (separat-
ing northern and western metropolitan
regions) using SAS Enterprise Guide software,
version 4.1 (SAS Institute Inc, Cary, NC, USA),
and ArcMap, version 9.3 (Esri Inc, Redlands,
CA, USA) was used as mapping software. The
χ2 test was used to determine the statistical
difference in the frequency distribution of TSH
concentrations greater than 5mIU/L, and a P
value of <0.05 was considered statistically
s igni f ican t .

Ethics approval was obtained from the
Royal Children’s Hospital, Melbourne and
the Monash University Human Research
Ethics Committee.

RESULTS

Of the 368 552 neonates for whom we had
data over all 6 years, 26 237 had TSH
concentrations above 5 mIU/L. Of these,
4686 samples (18%) were taken at 2 days of
age, 20 105 (77%) were taken at 3 days of
age and 1446 (6%) were taken at 4 days of
age; thus around 82% of the samples were
collected at 3–4 days.

The mean percentage of TSH concentra-
tions above 5 mIU/L in Victorian neonates
ranged from 4.07% in 2001 to 9.65% in
2006 (Box 1), indicating an iodine-deficient
status according to the WHO, UNICEF and
ICCIDD criteria, for that period. This more
than twofold increase over 5 years was
statistically significant for 2001–2006, and
for each yearly increase in that period
(P < 0.001).

Neonatal TSH values were grouped into
the nine Department of Human Services
health regions in Victoria and the percentage
of TSH concentrations above 5 mIU/L were

replotted (Box 2). The percentage of neo-
natal TSH concentrations above 5 mIU/L in
Gippsland increased from 3.54% in 2001 to
8.37% in 2006, and this more than twofold
increase was statistically significant
(P < 0.001). However, our analysis indicated
that the iodine status of the population in all
nine Department of Human Services health
regions in Victoria had worsened over the
period 2001–2006 (Box 1 and Box 2).
Among the regions, the metropolitan areas
all had a higher percentage of newborns

with blood TSH concentrations above 5
mIU/L than the non-metropolitan areas, and
this was statistically significant (P < 0.05).
The Northern Metropolitan region had the
highest frequency of neonatal TSH values
above 5 mIU/L, at 11.01% in 2006. Within
each region, the differences between the
years 2001 and 2006 were statistically sig-
nificant (P < 0.001). Additionally, each
yearly increase in that period for each region
was statistically significant (P < 0.05), and
the difference between regions was statisti-
cally significant (P < 0.05).

DISCUSSION

Our analysis of neonatal TSH concentra-
tions, representing 95.5% of Victorian chil-
dren born during 2001–2006, indicates that
the Victorian population is iodine deficient
according to WHO, UNICEF and ICCIDD
criteria. This result is consistent with three
smaller Australian studies in Sydney in New
South Wales that used newborn TSH
data.18-20 One Sydney study found that
8.1% of newborns born between August
1998 and April 1999 (1316) and 5.5% of
newborns born between 1 March and 31
December 2000 (1457) had TSH values
above 5 mIU/L.18 The second Sydney study,
carried out in 2002 and 2003 found that
7.1% of newborns born by caesarian section
(651) and 4.3% of newborns born by vagi-
nal delivery (1380) had TSH levels above
5 mIU/L.19 The third Sydney study, carried

2 Mean percentages of neonatal thyroid-stimulating hormone (TSH) 
concentrations >5 mIU/L in the nine Victorian Department of Human Services 
health regions,* 2001–2006.

* Metropolitan regions are highlighted by dashed lines. ◆
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1 Mean percentages* of neonatal 
thyroid-stimulating hormone (TSH) 
concentrations > 5 mIU/L in 
Victoria, 2001–2006

* Bars represent standard error of the mean. 
† More than 3% of neonatal blood samples having 
a TSH concentration > 5 mIU/L indicates an iodine-
deficient population. ◆
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out in 2005 and involving 815 pregnant
women and 824 newborns, found only
2.2% of newborns (18) with TSH values
above 5 mIU/L; however, the results of the
urinary iodine excretion study of the 815
pregnant women indicated iodine defi-
ciency.20 Unlike our study, these studies
were based on small sample numbers col-
lected over a short period (less than a year).

Our findings are also consistent with
those of two further urinary iodine excretion
studies — the 2003–2004 National Iodine
Nutrition Study (NINS), which included
348 Victorian schoolchildren,6 and a 2001
study of 577 schoolchildren in Melbourne,
Victoria.14 Both studies found that Victorian
schoolchildren had urinary iodine excretion
concentrations indicative of mild iodine
deficiency according to WHO, UNICEF and
ICCIDD criteria.

Some factors that might affect newborn
TSH concentrations include age at the time of
collection of blood samples, thyroid hormone
supplementation during pregnancy and
exposure to iodine-containing disinfectants
during delivery. Effects from iodine-based
disinfectants during delivery or thyroid hor-
mone therapy during pregnancy could not be
ruled out, as these data were not recorded in
the neonatal database. However, the data
analysis followed the standard guidelines for
age at collection of blood samples and only
included blood samples that were taken at
between 48 and 96 hours from birth.21-24

WHO, UNICEF, ICCIDD and national food
standards authorities, such as FSANZ, have
emphasised the need for regular monitoring
of population iodine status. The urinary
iodine excretion assay, although recognised as
the gold standard test, is expensive in terms
of time, cost, personnel and effort. We sug-
gest that the regular analysis of routine neo-
natal screening TSH test results is an easier
and less expensive method of monitoring
iodine deficiency in the most vulnerable pop-
ulation group (pregnant women). Neonatal
TSH data are collected as part of an ongoing
national population screening program for
congenital diseases, and so provide an oppor-
tunity for regular and continual monitoring
of this population’s iodine status. This
approach has been used very effectively to
monitor the beneficial effects of the Swiss
iodised salt program.9 An additional advan-
tage with this method is its flexibility as the
monitoring may be carried out on an ongoing
basis as part of a national, state-by-state or
regional monitoring program. This offers the
additional advantage of being able to detect

potential iodine deficiency “hot spots” using
the birth hospital postcode as a locator.

We suggest that neonatal TSH concentra-
tions in all states of Australia be analysed as
soon as possible, and that this analysis
should become a regular part of neonatal
screening in Australia.
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