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Abstract 

 

Iodine is crucial for thyroid hormone production which is essential for growth and 

development. Iodine deficiency in pregnancy can lead to cognitive impairment, poor growth, 

congenital abnormalities and in severe situations cretinism. Mild iodine deficiency re-

emerged in Australia in the last decade. To address this issue, in 2009 mandatory iodine 

fortification of bread was implemented and in 2010 routine iodine supplementation in 

pregnancy was recommended. Since mandatory iodine fortification there has been limited 

data on the iodine intake and iodine status of Australians, including pregnant women.  

 

Intervention trials in iodine deficient populations have shown a higher maternal and infant 

urine iodine concentration (UIC) in iodine supplemented groups compared to controls, with 

the effect on thyroid function being less clear. However, no studies have assessed the 

relationships between maternal iodine intake from food and supplements in pregnancy and 

maternal or infant iodine status and thyroid function in mildly iodine deficient or sufficient 

populations.  

 

The primary aims of the thesis were to examine the associations between maternal iodine 

intake/iodine status/thyroid function in pregnancy and markers of maternal and infant iodine 

status/thyroid function. The secondary aims were to examine the associations between 

maternal iodine intake/thyroid function in pregnancy and pregnancy/birth outcomes, infant 

growth and the general health of pregnant and postnatal women.  

 

783 pregnant women in South Australia participated in the study. An iodine specific food 

frequency questionnaire (I-FFQ) was developed and validated to assess dietary iodine intake 

at baseline (<20 weeks’ gestation) and 28 weeks’ gestation. Maternal UIC, maternal thyroid 



xi 

 

function and the general health and wellbeing of pregnant and postpartum women was 

assessed at baseline, 28 weeks’ gestation and 3 months postpartum. Breast milk iodine 

concentration (BMIC) was assessed at birth and 3 months postpartum. Thyroid stimulating 

hormone (TSH) was collected from newborn screening at birth. Pregnancy/birth outcome data 

and infant anthropometrics at birth were collected from the women’s and infant’s medical 

records and infant UIC, infant thyroid function and infant growth was measured at 3 months 

of age.  

 

Based on the median UIC, pregnant women in this study were classified as iodine sufficient, 

both with or without the use of iodine supplements during pregnancy. Maternal iodine intake 

in pregnancy was positively associated with maternal UIC and BMIC (Chapter 4), while no 

association was found with maternal thyroid function (Chapter 4), infant UIC, infant thyroid 

function (Chapter 5) or clinical outcomes (Chapter 6). At 28 weeks’ gestation maternal free 

triiodothyronine (fT3) was positively associated with infant fT3 at 3 months of age, while 

maternal fT3 and thyroglobulin (Tg) was inversely associated with infant TSH at 3 months of 

age (Chapter 5). Furthermore, markers of maternal thyroid function at 28 weeks gestation 

was associated with the mental and physical health of women at 3 months postpartum as well 

as the severity of stress at 28 weeks gestation (Chapter 6).  

 

In summary, maternal iodine intake in pregnancy is not associated with maternal or infant 

thyroid function in an iodine sufficient population, although maternal thyroid function at 28 

weeks’ gestation is associated with infant thyroid function at 3 months of age and with 

aspects of the general health and wellbeing of pregnant and postnatal women. Further 

research is needed to better understand these relationships in populations with various iodine 

status and their impact on infant development.  



xii 

 

Declaration 

 

I certify that this work contains no material which has been accepted for the award of any 

other degree or diploma in any university or other tertiary institution and, to the best of my 

knowledge and belief, contains no material previously published or written by another person, 

except where due reference has been made in the text. In addition, I certify that no part of this 

work will, in the future, be used in a submission for any other degree or diploma in any 

university or other tertiary institution without the prior approval of the University of Adelaide 

and where applicable, any partner institution responsible for the joint-award of this degree. 

 

My PhD project is a component of a larger project titled ‘The PINK cohort study’. Due to this 

the study concept and design had been developed and research staff assisted in the recruitment 

and with aspects of data collection. In addition, data entry and cleaning was performed by 

data analysts and statisticians assisted with complex data analysis. I certify that I was 

involved in all aspects of my PhD, including the recruitment of women and data collection at 

all time points from August 2011-December 2013. I developed an extensive data analysis plan 

and made decisions regarding the statistical analysis as well as performing all descriptive 

analysis. I provided intellectual input throughout the study and interpreted all of the results. In 

addition, I performed an iodine food frequency questionnaire validation study in which I was 

involved in all aspects including the conception and design, data collection, data entry and the 

analysis and interpretation of the results. 

 

I give consent to this copy of my thesis when deposited in the University Library, being made 

available for loan and photocopying, subject to the provisions of the Copyright Act 1968. 

 



xiii 

 

The author acknowledges that copyright of published works contained within this thesis 

resides with the copyright holder(s) of those works. 

 

I also give permission for the digital version of my thesis to be made available on the web, via 

the University’s digital research repository, the Library catalogue and also through web 

search engines, unless permission has been granted by the University to restrict access for a 

period of time. 

 

Signed:  

 

Date:  

 



xiv 

 

Acknowledgements 

 

I would like to take this opportunity to thank many people that supported me and assisted with 

the completion of my PhD. Firstly I would like to thank the women who agreed to participate 

in the study and involve their babies in research. Your time and dedication to research is 

extremely appreciated and without you this work would not have been possible.  

 

My special thanks goes to my supervisor, Dr. Jo Zhou who has supported and encouraged me 

throughout this whole process. Thank you for your guidance and patience, for reading through 

my drafts many times, answering my simple questions and for seeing me through my many 

break downs. Your knowledge and work ethic is incredible and I am extremely fortunate to 

have had you by my side.  

 

To Professor Maria Makrides, it has been honour working with you. You are truly one of the 

most inspirational women I have met. Your commitment to maternal and child nutrition is 

remarkable and I feel extremely lucky to have completed my PhD and gained such invaluable 

research experience under your guidance. 

 

A many thanks goes to the staff at the Child and Nutrition Research Centre at both the 

Women’s and Children’s Hospital and Flinders Medical Centre. Your assistance with 

recruitment and data collection to fulfil the requirements of my PhD is truly appreciated. I feel 

so blessed to have worked with such a supportive, fun and motivating team and the 

friendships I have made are ones that I will always cherish. A special thanks goes to Ms Anna 

Seamark, for your inspiring, wise words and encouragement. You have allowed me to think in 

a different way, given me confidence in my ability and have provided me with the opportunity 



xv 

 

to explore my areas of strength. I truly believe that my successes in the future will be driven 

by your influence during this time,. 

 

To Mrs. Mandy Anderson, thank you for your support. I see you as my third supervisor as 

your work on the PINK Cohort study and the time you spent reading through my drafts is 

extremely appreciated. Your availability, advice and encouragement throughout my PhD has 

been phenomenal. 

 

I would like to acknowledge the work of the statisticians, Dr. Stuart Howell, Dr. Nancy 

Briggs, Ms Kara Cashman, Ms. Juanita Ottaway and Dr. Primali de Silva from Data 

Management and Analytical Services, University of Adelaide, who assisted with data 

cleaning, data entry and performed parts of the statistical analysis. A special thanks goes to 

Dr. Dao Huynh at the Waite Analytical Services who performed the urine and breast milk 

analysis and who shared this PhD experience with me, this project would not have been 

possible without you. To the laboratory staff at SA Pathology, thank you for the analysis of 

thyroid function for all of our mothers and babies.  

 

I would like to take this opportunity to thank the most important people in my life- my 

husband and my family. To my husband Gerard, there are no words to explain how much I 

appreciate your unconditional love, support, encouragement and patience in this crazy 

journey. You have stood by my side the whole way and have been my strength in some of my 

weakest times. I can imagine that it is just as difficult being married to someone completing a 

PhD as it is actually doing it and you have done an amazing job. To my Mum and Dad- thank 

you for everything. From your reassuring and heartening words to knowing when I need help 

with daily tasks like cooking- I could not have completed this PhD without you. You have 

both taught me the skill of perseverance and have instilled a work ethic in me that saw me to 

the end of this adventure.  



xvi 

 

List of Abbreviations 

 

AI Adequate Intake 

ATA         American Thyroid Association 

b Coefficient 

BMI Body Mass Index 

BMIC Breast Milk Iodine Concentration 

CDC Centres for Disease Control and Prevention 

CH Congenital Hypothyroidism 

CI Confidence Interval 

CRF Clinical Report Form 

DASS         Depression and Anxiety Stress Scale 

DMAC Data Management and Analysis Centre 

EAR Estimated Average Intake 

EPDS Edinburgh Postnatal Depression Scale; 

EQUIP  Ensuring the Quality of Iodine Procedures 

FFQ             Food Frequency Questionnaire   

FMC Flinders Medical Centre 

FSANZ        Food Standards Australia and New Zealand 

fT3              Free Triiodothyronine  

fT4              Free Thyroxine 

fTI Free Thyroid Index 

hCG              Human Chorionic Gonodotrophin 

I
-
 Iodide ion 

ICCIDD       International Committee for the Control of Iodine Deficiency Disorders 



xvii 

 

IDD Iodine Deficiency Disorder 

I-FFQ          Iodine Food Frequency Questionnaire 

KI Potassium Iodide  

LT4 Levothyroxine 

MIS Management Information System 

NATA National Association of Testing Authorities 

NHMRC      National Health and Medical Research Council 

NINS           National Iodine Nutrition Survey 

NIS              Sodium (Na) /iodine (I) symporter  

NR Not Reported 

NS Not Significant 

OR Odds Ratio 

PINK Pregnancy Iodine and Neurodevelopment in Kids 

PPT Postpartum Thyroiditis  

RCT Randomised Controlled Trial 

RCTs Randomised Controlled Trials 

RDI Recommended Dietary Intake 

RR Relative Risk 

rT3 Reverse Triiodothyronine 

SAS Statistical Analysis System 

SAC Southern Adelaide Clinical  

SD Standard Deviation 

SDS Self-Rating depression scale 

SE Standard Error 

SEM Standard Error of the Mean 

SES Socio-Economic Status 



xviii 

 

SF-36         Short-Form 36 

SGA           Small for Gestational Age 

SPSS Statistical Package for the Social Sciences 

T3 Triiodothyronine  

T4 Thyroxine 

TBA         Thyroxine Binding Albumin 

TBG          Thyroxine Binding Globulin 

TBPA        Thyroxine Binding Prealbumin 

Tg           Thyroglobulin 

TMAH Tetramethvl Ammonium Hydroxide  

TPO          Thyroid Peroxidase 

TRH Thyroid Releasing Hormone 

TSH  Thyroid Stimulating Hormone 

TT4 Total Thyroxine 

UIC        Urine Iodine Concentration 

UIE          Urine Iodine Excretion 

WAS Waite Analytical Services 

WCH Women's and Children's Hospital 

WCHN  Women’s and Children’s Health Network 

Weeks’ Weeks of 

WHO        World Health Organisation  

 

 

 

 

 



1 

 

Chapter 1 : Introduction 

 

Iodine is an essential micronutrient for the production of thyroid hormones
1
. Thyroid 

hormones, secreted from the thyroid gland, are necessary for the regulation of metabolic 

processes, normal growth and optimal brain development
2
. A lack of iodine in the diet can 

affect thyroid hormone production, resulting in an inadequate secretion of thyroid hormone 

which can lead to hypothyroidism and a spectrum of disorders known as Iodine Deficiency 

Disorders (IDD)
2
. In the developing fetus or during infancy the effects of IDD can be serious, 

leading to impaired growth and development in children
3
. In severe cases, iodine deficiency 

in pregnancy can result in cretinism, increased perinatal death, and infant mortality
3
. Thus, 

adequate iodine intake is particularly important in pregnancy to ensure optimal growth and 

cognitive development of the offspring, 

 

According to the most recent Worth Health Organisation (WHO) report, it is estimated that 

nearly 2 billion individuals have an insufficient iodine intake worldwide and that 47 countries 

are classified as iodine deficient
4
 (Figure 1.1). It has been shown that the lowest prevalence 

of iodine deficiency is seen in the Americans, while the highest prevalence of iodine 

deficiency is seen in Europe
5
. The situation in Europe may be reflective of salt iodisation 

programs or IDD control programs, which are non-existent in many countries
5
. 
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Figure 1.1 Iodine status worldwide based on median urinary iodine  

 (adapted from de Bonoist B, 2008)
4
 

 

 

As shown in Figure 1.1 according to the global iodine deficiency status map, Australia has 

been classified as an iodine replete country based on median urine iodine concentration 
6
 

levels
4
. This was supported by sporadic surveys in the early 1990s that reported UIC levels in 

excess of 200µg/L
7
, indicating iodine sufficiency according to the WHO criteria

8
. Based on 

these findings, iodine deficiency in Australia was not considered a major concern and 

therefore there has been a lack of surveillance around the iodine status of the Australian 

population. Recent studies however have found that iodine deficiency has re-emerged in 

Australia with UIC levels below 100µg/L being observed across a range of population groups 

including school children, healthy adults and pregnant women
9
. In 2004 the National Iodine 

Nutrition Survey (NINS) assessed UIC in Australian children across five states with results 

showing a median UIC of 101µg/L in South Australia, indicating an overall borderline 
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optimal iodine status in this state
10

. These findings also showed an overall weighted median 

UIC of 98µg/L across all states, indicating borderline deficiency in Australia
10

. Considering 

the importance of iodine, in particular for fetal development, this finding is concerning. 

  

The Food Standards Australia New Zealand (FSANZ) developed the mandatory iodine 

fortification Standard in response to the re-emergence of iodine deficiency in Australia and 

New Zealand which was effective from October 2009
11

. The Standard relates to the 

fortification of bread (except organic) by using iodised salt instead of non-iodised salt. It was 

estimated that fortified bread would contain approximately 28µg of iodine per serve (2 slices) 

compared to 2µg in unfortified bread and this fortification would increase intakes by an 

average of 30-70µg per day, providing sufficient amounts of iodine for the general 

population
11

. However, FSANZ admits that this Standard would be inadequate to cover the 

needs of pregnant and breastfeeding women
11

. Based on this, in 2010 the National Health and 

Medical Research Council (NHMRC) recommended that all pregnant women take an iodine 

supplement of 150µg per day in order to prevent iodine deficiency
12

, despite the lack of 

evidence from randomised controlled trials (RCTs) on the effect of iodine supplementation in 

mildly iodine deficient or sufficient populations and limited data being available on the 

impact of mandatory iodine fortification in Australia.  

 

Importantly, there is recent evidence to suggest that excess iodine can also increase the risk of 

thyroid dysfunction
13-15

 raising concerns that there may be an adverse effect of iodine 

supplementation in an iodine sufficient population
16

. There is currently no literature that has 

assessed the relationship between maternal dietary iodine intake from food and supplements 

in pregnancy on markers of maternal and infant iodine status, thyroid function or pregnancy 

and other clinical outcomes within a mildly deficient or sufficient population such as 

Australia. This is concerning based on the suggested possible risk of iodine excess 

contributing to thyroid dysfunction in pregnancy.  
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Thus, the primary aims of this thesis are to assess maternal iodine intake, iodine status and 

thyroid function in pregnant women living in South Australia and to investigate the 

relationship between: 

1. Maternal iodine intake in pregnancy and markers of maternal and infant iodine 

status/thyroid function.  

2. Maternal UIC in pregnancy and markers of maternal and infant iodine status/thyroid 

function. 

3. Maternal breast milk iodine concentration (BMIC) at birth and markers of maternal 

and infant iodine status/thyroid function. 

4. Maternal thyroid function in pregnancy and markers of infant iodine status/thyroid 

function.  

 

The secondary aims of this thesis are to investigate the relationship between:  

1. Maternal iodine intake in pregnancy and pregnancy/birth outcomes, infant growth and 

the general health and wellbeing of pregnant and postnatal women. 

2. Maternal thyroid function in pregnancy and pregnancy/birth outcomes, infant growth 

and the general health and wellbeing of pregnant and postnatal women. 

3. Maternal thyroid function in the postpartum period and infant thyroid function.  

 

Furthermore, this thesis will also assess the influence of iodine supplement use in pregnancy 

on the above associations  

 

The hypotheses for this thesis include that: maternal iodine intake in pregnancy is positively 

associated with maternal UIC/BMIC and is not associated with infant UIC or maternal/infant 

thyroid function in an iodine sufficient population.  
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Chapter 2 : Literature Review 

 

2.1 Overview of literature review 

 

This review firstly gives a summary of iodine and thyroid hormone including iodine sources, 

iodine and thyroid metabolism, the normal changes in pregnancy, transfer to the fetus, thyroid 

function in the postpartum period and thyroid dysfunction in pregnancy and in the postpartum 

period. The assessment of iodine status is explained, followed by an overview of iodine 

requirements in pregnancy and lactation and the current iodine status in Australian pregnant 

women and infants. Following this is a review of the literature that has assessed the 

relationships of maternal iodine intake/iodine status/thyroid function and markers of maternal 

and infant iodine status/thyroid function. The relationship between maternal iodine 

intake/thyroid function in pregnancy and pregnancy/birth outcomes, infant growth and the 

general health and wellbeing of pregnant and postnatal women is then evaluated. Lastly, 

iodine supplementation RCTs are reviewed.  

 

2.2 Iodine and thyroid hormone  

 

2.2.1 Sources of iodine  

The natural sources of iodine are found in the sea as well as soil and minerals, with the main 

dietary sources being seafood and marine products
17

. Other rich sources include milk and 

dairy products
17

, however the amount of iodine found in these products can vary and is often 

dependent on the sanitising and industrial agents that are used in the production processes
18

. 

In addition, the iodine content of animal produce such as meat, chicken and eggs may also 

depend on the animal feed, while the levels in seeds and grains may depend on the soil in 

which they are grown. Additional sources of iodine may come from the use of iodised salt in 
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cooking and at the table, drinking water, and fortified products or from the use of dietary 

supplements. The lack of iodine in many common foods, as well as the inconsistent iodine 

content in food sources may pose challenges to meeting adequate dietary iodine intake.  

 

2.2.2 Iodine and thyroid hormone metabolism  

Figure 2.1 illustrates the process of iodine and thyroid hormone metabolism. Once consumed, 

dietary iodine is converted into the iodide ion (I
-
) and predominantly absorbed in the upper 

gastrointestinal tract where it enters the plasma and extracellular pool of iodine
19

. The 

absorption of I
- 
and size of the pool will depend on the need for iodine, the rate of uptake and 

the rate of excretion
20

. The majority of the absorbed I
- 
 is usually excreted in the urine with 

most of the remaining I
- 
 being taken up by the thyroid gland, particularly in iodine sufficient 

individuals, which is situated at the front of the throat, below the larynx, via the sodium (Na) 

/iodine (I) symporter (NIS)
21

. A small amount of I
- 
can also be concentrated in other tissues, 

such as the salivary tissue and mammary glands, which have their own NIS
21

.  

 

Thyroglobulin (Tg), a large glycoprotein, is produced in the thyroid follicles
19

. Iodine is 

transported to the centre of the follicular cells where it is oxidised by the enzyme thyroid 

peroxidase (TPO) and binds to the tyrosine residues of Tg, forming a mix of 

monoiodotyrosine and diiodotyrosine
22

. The merging of two diiodotyrosine particles produce 

the thyroid hormone, thyroxine (T4) while the merging of one diiodotyrosine and one 

monoiodotyrosine produce the thyroid hormone, triiodothyronine (T3)
22

.  Proteolysis by 

various proteases releases T4 and T3 molecules from Tg, which enter the blood
23

. Most of the 

T4 and T3 is  bound to thyroid hormone binding proteins including thyroxine binding 

globulin (TBG), thyroxine binding prealbumin (TBPA) and thyroxine binding albumin 

(TBA)
19

, while a small amount of free triiodothyronine (fT3) and free thyroxine (fT4) 

circulate in the blood stream and are available for uptake by cells
19

. These free thyroid 

http://en.wikipedia.org/wiki/Proteolysis
http://en.wikipedia.org/wiki/protease
http://en.wikipedia.org/wiki/thyroxine
http://en.wikipedia.org/wiki/thyroxine
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hormones are biologically active and considered to be the physiologically important 

hormones
19, 22

.  

 

The above process is controlled by thyroid stimulating hormone (TSH) that is produced in the 

pituitary gland. TSH regulates the NIS activity, Tg synthesis and metabolism and release of 

T3 and T4
24

. Thyroid releasing hormone (TRH) is responsible for TSH activity, which is 

controlled by a feedback loop, referred to as the hypothalamic-pituitary-thyroid axis
25

. If there 

are low levels of fT3 and fT4 the production of TSH is increased through the interaction of 

thyroid hormone with the TSH β-gene in the pituitary and in turn increases fT3 and fT4, while 

if there are high levels of fT3 and fT4 the production of TSH is inhibited, in turn decreasing 

fT3 and fT4 
25

 (Figure 2.1).  

 

In order to achieve iodine balance, the intake of iodine must be sufficient to maintain 

euthyroidism
24

. In this situation, the thyroid NIS takes up an adequate amount of iodine to 

produce T3 and T4 in the required amounts with the remainder being secreted by the 

kidneys
21

. It is likely that short-term iodine deficits will not result in changes to thyroid 

function as the intrathyroidal stores of iodine as well as the increased uptake of circulating 

iodine can be sufficient to maintain normal thyroid function
2
. Prolonged iodine deficiency 

will lead to a depletion of the iodine reserves, resulting in a decline in fT3 and fT4 levels and 

increase in TSH as well as an increase in the thyroid NIS activity and the renal retention of 

iodine
22

. In an attempt to make more thyroid hormone, an increase in Tg is produced resulting 

in an enlargement of the thyroid gland that can lead to the formation of goitre
2, 22

. Iodine 

deficiency can be classified as two stages, firstly as an inadequate iodine intake with normal 

thyroid function, followed by thyroid dysfunction typically resulting in an increase in TSH 

with lowered thyroid hormones levels
2
. Conversely, at more excessive iodine intakes it is 

thought that NIS activity may be down regulated, reducing the uptake of iodine to reduce the 

production of thyroid hormone
21

, however this process is not well understood.   
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Figure 2.1: Iodine and thyroid hormone metabolism 

(Adapted from  Stanbury JB, 1960)
26

 

 

Apart from the availability of dietary iodine, there are medical conditions that can result in 

alterations in thyroid metabolism. These include autoimmune diseases such as Graves’ 

disease which leads hyperthyroidism
27

 and Hashimoto’s disease, where white blood cells and 

antibodies attack the thyroid gland
2, 27

. Furthermore, thyroid metabolism alters during normal 

pregnancy. The following section summarises these changes in pregnancy.  

 

2.2.3 Normal changes in thyroid function in pregnancy 

The changes that occur to thyroid metabolism in pregnancy are complex and not entirely well 

understood
28

, with some only seen transiently while others persist for the duration of 

pregnancy
19

.  
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The feedback mechanisms of the hypothalamic-pituitary-thyroid axis function normally in 

pregnancy, adjusting thyroid hormone production in response to the changes that take place to 

maintain homeostasis
28

. During the first trimester thyroid hormone concentrations increase
19

. 

This is likely due to the influence of human chorionic gonodotrophin (hCG), which is an 

analogue of TSH, leading to the stimulation of thyroid hormone levels via the feedback of the 

pituitary-thyroid axis as well as the increase in TBG concentrations (due to the increase in 

oestrogen levels), transplacental transfer of thyroid hormones and increased renal clearance
19, 

23, 29
.  As hCG levels peak near the end of the first trimester, a lowering of fT3 and fT4 and an 

increase in TSH is often seen as pregnancy progresses
28, 30

. However, the changes in thyroid 

metabolism that occur in pregnancy may be complex and dependent on a number of factors 

including the wide variation in thyroid function between women prior to pregnancy, the 

prevalence of thyroid abnormalities and the variations in the iodine intake and status between 

populations
19

.  

 

Tg levels have been shown to increase in pregnancy, with some studies showing an increase 

over the whole pregnancy
24, 31

 while others only showing a rise in the third trimester
32

. It has 

been proposed that changes in Tg may act as a marker to monitor the goitrogenic stimulus that 

is occurring in pregnancy as the changes in Tg have been associated with thyroid volume and 

have been unrelated to TSH
19

.  

 

The changes that occur in the earlier stages of pregnancy lead to a new equilibrium which 

accounts for the increased hormonal demands throughout pregnancy, likely due to the higher 

T4 turnover and possible increase in renal excretion, and are sustained until birth
28

. In areas of 

iodine sufficiency, the maternal thyroid should be able to adapt to these changes, however this 

may not be the case in areas of iodine deficiency
28

. 
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2.2.4 Transplacental transfer of thyroid hormone 

During the first trimester, the fetus is dependent on the maternal supply of thyroid hormone, 

as the fetal thyroid does not develop until 10-12 weeks’ gestation and is completed at birth
24, 

33
. This dependency decreases during the second half of gestation when the maturation of the 

fetal hypothalamus-pituitary-thyroid axis results in an increased fetal T4 production
33

. 

Maternal T4 is thought to be the primary thyroid hormone that is transported across the 

placenta
33, 34

. In the first trimester, the concentrations of fT4 in the coelomic and amniotic 

fluids are less than maternal fT4 concentrations. As pregnancy progresses, cord serum 

concentration of thyroid hormones increase and by early in the third trimester the levels of 

TSH and fT4 in cord serum reach a peak that is higher than maternal levels at the same time, 

however cord serum levels of fT3 are thought to remain lower
22, 33, 34

.  

 

Ensuring an adequate level of thyroid hormone in early pregnancy is essential to ensure ample 

supply of thyroid hormone to the fetus at this crucial time. As suggested by Chan et al
34

, due 

to the complex mechanisms and influences involved in the transplacental transfer of thyroid 

hormone, a deeper understanding of these processes is required to assist with ensuring normal 

fetal development in pathological situations.  

 

2.2.5 Thyroid function in the postpartum period 

Within the first few months after birth, maternal thyroid stimulation is thought to increase, 

which is indicated by a rise in TSH and Tg and low levels of thyroid hormones
22

. In lactating 

women, this is likely to be caused by the increased demand for iodine due to the transfer of 

iodine in the breast milk
22

. Thus, the extent of the changes seen in thyroid metabolism in the 

postpartum period may be dependent on the feeding mode of the mothers, iodine reserves and 

iodine intake. The time required for thyroid metabolism to return back to pre-pregnancy state 

is not well documented, however it has been shown that at three months after birth thyroid 
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function differed from women who were not pregnant, while at nine months after birth these 

differences in thyroid function were no longer existent
22

. 

 

Thyroid hormones play a key role during lactation as they are involved in the regulation of 

prolactin and oxytocin which modulate the NIS in the mammary gland and therefore 

influence the concentration of iodine in breast milk
35, 36

. Additionally, during lactation thyroid 

hormones are transferred through breast milk to the infant
35

, however a deeper understanding 

of the extent of this transfer and the effects on maternal thyroid hormone metabolism is 

needed.  

 

2.2.6 Thyroid dysfunction in pregnancy and in the postpartum period 

Hyperthyroidism  

Hyperthyroidism, characterised by an overactive thyroid is not overly common in pregnancy, 

occurring in 0.002% of pregnancies worldwide, with most of these cases due to Graves’ 

disease
37

. The early detection of hyperthyroidism in pregnancy is crucial as it can result in 

significant maternal complications including miscarriage, placental abruption and preterm 

delivery
23, 38

. Additionally, maternal hyperthyroidism can alter infant thyroid function, 

possibly leading to transient hypothyroidism as a result of the placental transfer of T4 seen in 

poorly controlled Graves’ disease
23

.  

 

Hypothyroidism 

Hypothyroidism is more common in pregnancy. Subclinical hypothyroidism (higher TSH 

with normal thyroid hormones) is found to occur in at least 2.5% worldwide of pregnancies 

with many women being asymptomatic
23

. The most common cause of hypothyroidism in 

pregnant women worldwide is severe iodine deficiency, while autoimmune disease, such as 

Hashimoto’s disease, is the most common cause of hypothyroidism in iodine sufficient parts 

of the world
39

. Similar to hyperthyroidism, the early detection is essential as hypothyroidism 
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in pregnancy can result in an increased risk of pregnancy complications including 

miscarriage, premature birth, ante or postpartum haemmorage and low birth weight
40

.  

 

Furthermore, hypothyroidism in pregnancy that leads to lowered levels of circulating 

thyroxine, either due to iodine deficiency or autoimmune disease, has been shown to be 

associated with adverse infant neurodevelopment
28, 41

. These potential intellectual deficits 

may not be limited to areas of severe iodine deficiency
28

. Therefore, screening for 

hypothyroidism prior to and in pregnancy is crucial for infant development.   

 

Postpartum thyroiditis (PPT) 

A common cause of postpartum thyroid dysfunction is postpartum thyroiditis (PPT). The 

reported prevalence of PPT varies with some reporting a prevalence of 2-20%
22

 and others 

reporting a prevalence of 5-9% worldwide
19

. The cause of PPT is unknown, however women 

at higher risk include those that are thyroid-antibody positive, with a previous diagnosis of 

Graves’ disease or type 1 diabetes and those with spontaneous miscarriage
19

. PPT is 

characterised by two phases, with the first being a brief hyperthyroid phase between 1-3 

months postpartum, followed by a longer hypothyroid phase between 3-8 months 

postpartum
22

. The diagnosis of PPT can be determined based on TSH and fT4 levels
22

. For 

most women with PPT, by the end of the first year after birth thyroid function has returned 

back to normal
22

 and the symptoms during both of these phases are often quite minor.  

 

2.3 Assessment of iodine intake and status  

 

2.3.1 Dietary assessment 

Iodine intake can be assessed using a number of accepted dietary assessment methods 

including diet records, 24 hour recalls and food frequency questionnaires (FFQs).  Diet 
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records are often considered the ‘gold standard’ as they do not rely on memory and therefore 

are less subject to bias
42

. However, FFQs may be more appropriate to assess iodine intake as 

they are able to estimate usual iodine intake over a longer period of time
43

, which is beneficial 

as for nutrients such as iodine that are not overly common in the food supply.  

 

The assessment of dietary iodine intake is not common in the literature which is likely to 

reflect the difficulty in estimating iodine intake due to a number of factors. Until recently the 

iodine content of many foods was not available in food composition databases, making it 

difficult to convert food intake data to nutrient intake. As Skeaff et al
44

 explained, a major 

source of iodine in the diet is from iodised salt. It is very difficult to quantify the intake of salt 

as a salt shaker or grinder is often used, it is added to recipes at different stages of the cooking 

process and may also be in the ingredients used
44

. As a result iodised salt is often excluded 

from dietary assessment methods, which may therefore not be a true reflection of total iodine 

intake.  

 

Thus, dietary assessment of iodine is challenging and may explain the limited data on dietary 

iodine intake in pregnant women. However, dietary assessment methods can be useful to 

examine habitual iodine intake, to identify main food sources of iodine, to monitor the 

effectiveness of fortification programs and to flag those that may be a risk of inadequate 

iodine intake, which is important in pregnancy and lactation. Measuring UIC is the commonly 

used approach to assess the risk of iodine deficiency and is discussed below. 

 

2.3.2 Urinary iodine concentration 

UIC is used worldwide as an indicator of population iodine status. It is known that UIC varies 

according to recent intake, as in healthy adults approximately 90% of iodine is excreted in the 

urine
8
.  
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UIC can be expressed in different ways, including as a 24 hr urine excretion (UIE, µg/day), as 

a urine iodine concentration (UIC, µg/L) and in relation to creatinine excretion (µg iodine/g 

creatinine)
45

. Twenty four hour urine samples, rather than spot samples, are often preferred as 

influences of UIC including the daily diet fluctuations are reduced, thus resulting in less 

variation
46

. However, the collection of these samples can be impractical and time consuming, 

especially in large research studies and therefore spot urine samples are often used.  To better 

reflect iodine status, the WHO/International Committee for the Control of Iodine Deficiency 

Disorders (ICCIDD) 
8
 has recommended that spot urine samples are repeated at least three 

times while a more recent study has shown that at least ten 24 hour or spot urine samples are 

required to accurately measure iodine status
47

, demonstrating the wide variation in UIC. 

Expressing UIC from spot samples in relation to creatinine has been suggested to reduce 

variation
46, 48

, although creatinine concentration can vary with age, sex, body size and with 

diet, specifically a low protein intake
45

. Based on the literature it has been concluded that 

correcting UIC for creatinine provides no benefit compared to UIC alone
45

. The timing of 

collection of urine samples may also influence UIC, with findings reporting that fasting 

samples are lower than random samples
49

, making it difficult to compare data that have 

collected samples at different times of day. Due to these variations, UIC is not used for 

individual diagnosis of iodine deficiency
45

.  

 

The WHO criteria for assessing the severity of iodine deficiency based on median UIC in a 

population are presented in Table 2.1
8
. According to the WHO, an adult population with no 

iodine deficiency would have a  UIC ≥100µg/L, which is increased in pregnancy to 

≥150µg/L
8
, corresponding with the increased requirement for iodine intake during this time.  

However, there is limited evidence to support these recommendations as they are not based on 

functional clinical outcomes
45

. Additionally, Zimmerman and Anderson
20

  have recently 

questioned the relevance of these criteria in the adult population as they are based on data 

from school aged children and assume a 24 hour urine excretion of 1L. In adults and 
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particularly pregnant women where urine excretion is expected to be greater than 1L per day, 

these criteria may potentially overestimate the prevalence of iodine deficiency
20

. Thus the use 

of other functional markers of iodine nutritional status such as thyroid function would provide 

a better indication of individual iodine status.  

 

2.3.3 Blood biomarkers  

In situations of  iodine deficiency or iodine excess severe enough that thyroid function may be 

affected, blood biomarkers including TSH, thyroid hormone or Tg may give an indication of 

individual iodine status
45

. Generally, with iodine deficiency the concentrations of TSH 

increases while the effect on T3 and T4 may remain unchanged or decrease
1
. However, 

depending on the degree of deficiency, the changes in the levels of these biomarkers can often 

remain within the normal range and may overlap with the normal population
8
.  

 

Unlike TSH and thyroid hormones, Tg has been shown to be a more sensitive indicator of 

iodine status in mildly iodine deficient populations, as it increases with iodine depletion
44, 50

. 

Zimmerman et al
51

 has reported that in children, median Tg levels ≤13µg/L and populations 

where ≥3% Tg levels are ≤40µg/L, indicates iodine sufficiency. Ma and Skeaff
52

 have found 

that this criteria is likely to not be applicable in adults, including pregnant women, as the few 

studies that have reported median Tg levels in these populations are not within these criteria, 

despite no other  indication of inadequate iodine
52

. Thus, a criterion used to assess iodine 

status based on Tg in pregnancy requires further review.  
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Table 2.1 Criteria from the WHO for the assessment of iodine nutrition in a population based 

on median UIC
8
  

 

Median UIC (µg/L) 

 

Category of Iodine 

Intake 

 

 

Category of Iodine Nutrition 

General population 

(adults and school 

children) 

  

   

<20 Insufficient 
Severe Iodine Deficiency 

 

20-49 Insufficient 
Moderate Iodine Deficiency 

 

50-99 Insufficient 
Mild Iodine Deficiency 

 

100-199 Adequate 
Iodine sufficient 

 

200-299 More than Adequate 

May pose a slight risk of more 

than adequate intake in the 

overall population 

 

≥300 Excessive* 

Risk of adverse health 

consequences (iodine-induced 

hyperthyroidism, autoimmune 

thyroid diseases) 

Pregnant women 

   

<150 Insufficient  

150-249 Adequate  

250-499 More than Adequate  

≥500 Excessive   

Lactating women 

and children <2yrs
†
 

   

<100 Insufficient  

≥100 
Adequate 

 

 

*Excessive indicates more than required to prevent iodine deficiency and may increase risk of adverse health 

consequences. 
† 
No further criteria have been specified. Although a higher intake is recommended for lactating women 

compared to pregnant women, the UIC is lower due to the iodine excreted in breast milk. 
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As a result of the normal changes to thyroid function that take place in pregnancy, trimester 

specific reference ranges are required. Many studies have attempted to develop these 

reference ranges
53-57

 however this has proven difficult due to the influence of other factors on 

thyroid metabolism including age and ethnicity
58, 59

. Nonetheless, the American Thyroid 

Association (ATA)
60

 has suggested reference ranges for TSH within the different trimesters 

based on findings from collective studies, including 0.1-2.5mIU/L in the 1
st
 trimester, 0.2-

0.3mIU/L in the 2
nd

 trimester and 0.3-3.0mIU/L in the 3
rd

 trimester. In comparison to general 

reference ranges (0.5-4mIU/L), these pregnancy specific reference ranges account for the 

normal changes that occur in pregnancy
60

. Based on the inconsistency in the thyroid hormone 

references ranges reported in studies, the ATA has not developed universal reference ranges 

for thyroid hormone in pregnancy, suggesting that each assay must be interpreted in terms of 

its own reference range and results from different laboratories and populations may not be 

directly comparable
60

.  

 

TSH is used in newborn infants as a marker of congenital hypothyroidism
45

. Additionally, 

newborn TSH has been thought to be a sensitive indictor of iodine nutrition
8
. Compared to the 

adult, the newborn thyroid has less iodine with a higher iodine turnover, resulting in a greater 

demand for iodine
45

. Therefore in iodine deficiency the stimulation of TSH is increased, 

resulting in an elevated newborn TSH which remains after the normal surge that is seen 

directly after birth
45

. The WHO has suggested that TSH concentrations above 5mIU/L in 

newborns are considered moderately elevated and >3% frequency of infants with TSH levels 

>5mIU/L indicates iodine deficiency in a population
8
. However, there are a number of factors 

that can affect the concentration of TSH which should be considered, including the timing of 

collection, as due to the surge in newborn TSH directly after birth, samples collected within 

48 hours of birth may lead to a false positive result, as well as the exposure to iodine 

containing antiseptics during birth and the type of sample collected
61

. Furthermore, the 
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immunoassay used can also influence the results. Thus further research is needed to assess the 

reliability of newborn TSH as a maker of iodine status.  

 

2.4 Iodine requirements in pregnancy and lactation 

 

Iodine requirements are increased in pregnancy due to the increased maternal thyroid 

hormone production, transfer of iodine from the mother to the fetus and greater renal 

clearance of iodine
62, 63

. Due to these factors the recommended dietary intake (RDI) for iodine 

in Australia is increased to 220µg/day in pregnancy from 150µg/day for non-pregnant 

women
64

. After birth, the increased thyroid hormone requirements that exist in pregnancy are 

no longer needed. However, an increase in iodine is required in lactating women to provide 

adequate iodine in the breast milk to ensure normal thyroid function for the infant while still 

maintaining maternal thyroid function
64, 65

. According to the NHMRC, the adequate intake 

(AI) of iodine for infants iodine is 90µg/day
64

, thus to meet these requirements the RDI for 

iodine during lactation is increased to 270µg/day
64

. In order to meet the increased RDI for 

iodine in pregnancy and lactation, countries including Australia have recommended that 

pregnant women take an iodine supplement of 150µg/day
12

.  

 

Other industrialised countries, including the US
66

 and New Zealand
64

 have the same increased 

recommendations (220µg/day) for iodine intake in pregnancy as Australia
64

. Conversely, in 

the UK
67

 the dietary reference values for iodine requirements in pregnancy and lactation is the 

same as non-pregnancy. The decision for this was cited as the lack of evidence to increase 

iodine intake during this time. Thus, the need for increased iodine intake in pregnancy and 

lactation may require further review.  
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2.5. Iodine intake and status of Australian pregnant women and infants 

 

2.5.1 Iodine intake of Australian pregnant women 

Only one study has assessed the dietary iodine intake in Australian pregnant women since 

mandatory iodine fortification. Charlton et al
68

 estimated dietary iodine in 50 pregnant women 

using an iodine specific FFQ (I-FFQ) that was developed and validated for use in the 

elderly
69

. This study reported a mean intake of 211 ± 98μg/day in 2011 and 193 ± 86μg/day in 

2012. Although this indicates inadequate iodine intake, the iodine intake from 

supplementation was not included in this estimation. As Charlton et al
68

 reported that over 

60% of the population was using iodine supplementation in 2011 and 2012
68

 it can be 

expected that the mean iodine intake may be adequate. However, the I-FFQ used to estimate 

iodine intake was not validated for use in pregnant women, possibly limiting the accuracy of 

the findings. 

 

2.5.2 Iodine status of Australian pregnant women 

Prior to mandatory iodine fortification in 2009, previous studies have reported that Australian 

pregnant women were iodine deficient with UIC levels below 150µg/L
9, 70-76

. Since 

mandatory fortification in 2009 only two studies have measured UIC in Australian pregnant 

women, with contradictory findings. Charlton et al
68

 reported an improvement in iodine status 

as prior to mandatory fortification pregnant women showed a median UIC of 87.5µg/L, which 

was increased in 2011 to 145µg/L and further increased in 2012 to 166µg/L, indicating iodine 

adequacy. A higher percentage of women with UIC >250µg/L post fortification was also 

reported (19-22% vs 3.6%, P<0.05).  

 

Conversely, Clifton et al
77

 conducted a small study in South Australia, measuring UIC levels 

across pregnancy. These authors reported that women were mildly iodine deficient with a 
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median UIC of 82µg/L. UIC in women not using iodine supplements prior to and post 

mandatory iodine fortification was also compared, with findings showing a significant 

increase [68µg/L (n=84) vs. 84µg/L (n=94), respectively, p=0.01], however still 

demonstrating iodine deficiency
77

.  

 

Furthermore, although not in Australia, Brough et al
78

 recently conducted a pilot study in New 

Zealand, assessing maternal UIC and breast milk iodine concentration before (n=25) and after 

(n=34) mandatory iodine fortification of bread in 2009
78

. As both Australia and New Zealand 

have been classified as mildly iodine deficiency, these findings may be relevant to the 

Australian population. Similar to Clifton’s findings
77

. Brough et al
78

 reported a higher median 

UIC, collected from 24 hour urine samples in 2011, compared to 2009 (85 µg/L vs. 47µg/L, 

p<0.001), however still indicating iodine deficiency.  

 

The differences between the findings from Charlton et al
68

 compared to Clifton’s
77

 and 

Brough’s
78

 studies may be influenced by the small number of women that were sampled, 

ranging from 25-196, as well as the characteristics of the  populations sampled, as Clifton et 

al
77

 included women from a lower socio-economic area of South Australia and the women 

were self-selected in Brough’s
78

 study which may not be a true reflection of the general 

population. Additionally, a higher percentage of women were using iodine supplements in 

Charlton’s
68

 study (66% in 2012) compared to Clifton’s
77

 (47%) and Brough’s
78

 studies 

(56%), which may have also influenced the results. Furthermore, the levels of iodine in the 

Australian food supply may also differ compared to New Zealand, possibly explaining the 

lower median UIC reported
78

. However, as Brough et al
78

 also reported a low knowledge 

amongst pregnant women around mandatory iodine fortification and recommendations for 

iodine supplement use in pregnancy
78

, these findings in Australian and New Zealand pregnant 

women are concerning and warrant the need for further assessment of the current iodine status 

of Australian pregnant women.  
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2.5.3 Thyroid function of Australian pregnant women 

Few studies have measured thyroid function in Australian pregnant women, with only one 

since mandatory iodine fortification
53

. The findings from these studies have been reviewed in 

Table 2.2. These studies have also reported pregnancy specific reference ranges specific to 

the population, with findings being inconsistent. Furthermore, when non-pregnancy reference 

ranges were applied, Ekinci et al
53

 found that between 2006-2011 21% of women fell below 

the TSH lower limit in the first trimester while 36% and 41% of women fell below the lower 

limit for fT4 in the second and third trimesters, respectively. Similar to these findings, Gilbert 

et al
56

 found that when non-pregnancy reference ranges were applied, 16% of women were 

misclassified as having low TSH levels while 4.5% of women with high TSH would not have 

been identified 

 

These findings clearly show large variations in thyroid function in pregnancy in Australian 

women, in particular fT4, which may partly be due to the assay methodology used, 

demonstrating the difficulty in developing pregnancy specific reference ranges for thyroid 

hormone. However, the TSH reported in pregnancy in these Australian studies is within TSH 

reference ranges developed by the ATA
60

, possibly demonstrating iodine adequacy.
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Table 2.2 Thyroid function of Australian pregnant women  

First author 
Study design and 

population 
First trimester Second trimester Third trimester 

 

Ekinci 2013
53

 

 

Longitudinal  

 

Melbourne, Australia 

 

n=140 

 

Collected between 

2006-2011 

 

 

TSH 

Median: 0.77mIU/L 

Reference range: 0.03-3.05mIU/L 

fT4 

Mean: 10.7pmol/L 

Reference range: 5.9-15.6pmol/L 

fT3 

Mean: 4.8pmol/L 

Reference range: 3.9-5.7pmol/L 

 

TSH 

Median: 1.17mIU/L 

Reference range: 0.42-3.36mIU/L 

fT4 

Mean: 8.1pmol/L 

Reference range: 4.9-11.3pmol/L 

fT3 

Mean: 4.4pmol/L 

Reference range: 3.7-5.2pmol/L 

 

TSH 

Median: 1.35mIU/L 

Reference range: 0.42-2.83mIU/L 

fT4 

Mean: 7.8pmol/L 

Reference range: 4.4-11.2pmol/L 

fT3 

Mean: 43pmol/L 

Reference range: 3.5-5.0pmol/L  

Gilbert 2008
56

 

Cross sectional 

 

Western Australia 

 

n= 2159 

 

Collected between: 

October-November 

2006 

 

TSH 

Median: 0.78mIU/L 

Reference range: 0.02-2.15mIU/L 

fT4 

Mean: 13.5pmol/L 

Reference range: 10.4-

17.8pmol/L 

fT3 

Mean: 4.3pmol/L 

Reference range: 3.9-5.7pmol/L 

 

NR NR 
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First author 
Study design and 

population 
First trimester Second trimester Third trimester 

 

 

 

Blumenthal 

2012
79

 

 

Cross sectional Study 

 

North Western Sydney, 

Australia 

 

n=367  

 

Collected between 

2007-2009 

 

 

TSH 

Median: 0.98mIU/L 

Reference range: 10-20.5mIU/L 

T4 

Mean: 15pmol/L 

Reference range: 10-25.5pmol/L 

  

NR NR 

N, number; NR, Not reported; TSH, thyroid stimulating hormone; fT3, free triiodothyronine; fT4, free thyroxine; T4, thyroxine;

Table 2.2 cont. 
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2.5.4 Newborn TSH 

There is currently no published Australian data of newborn TSH levels since mandatory 

iodine fortification. A large retrospective study (n=362, 552) in Victoria
74

 analysed newborn 

TSH levels that were collected between 2001-2006, 2-4 days after birth. The findings showed 

a high percentage of newborns with TSH>5mIU/L between 2001-2006 (ranging from 4.06% 

in 2001 to 9.65% in 2006), indicating iodine deficiency. Two other studies in Sydney found 

similar results, reporting that 6-10.6% of newborns had TSH > 5mIU/L
73, 80

, while another 

study in Sydney reported that only 2.2% had levels >5mIU/L
76

. Thus, these findings suggest 

possible iodine deficiency in Australian newborns prior to mandatory iodine fortification. 

However, as discussed previously, there are many factors that can influence newborn TSH, 

including the timing of collection, the type of TSH immunoassay used and the higher 

sensitivity of TSH immunoassays over time
61

. Furthermore, since mandatory fortification in 

Australia these findings may likely differ, requiring further assessment. 

 

2.5.5 Summary of the findings 

Based on these findings it is evident that there is uncertainty around the current iodine intake 

and status of Australian pregnant women and infants. One study suggests an improvement in 

maternal UIC and dietary iodine intake since mandatory iodine fortification, indicating iodine 

sufficiency, while another reported UIC that indicates iodine deficiency which is also 

consistent with a recent study in New Zealand pregnant women. However, these studies were 

small and included convenient samples and thus may not be a true reflection of the current 

iodine status of Australian pregnant women. In addition, there is limited data on the thyroid 

function of Australian pregnant women in relation to iodine status. Thus, it is evident that 

further assessment is needed on the current iodine intake and status of Australian pregnant 

women and infants using a range of techniques including dietary assessment, UIC and thyroid 

function. 
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2.6 Review of the literature 

 

The following sections 2.7-2.9 provide a review of the current literature that has assessed the 

relationships between maternal iodine intake/iodine status/thyroid function and markers of 

maternal and infant iodine status/thyroid function, pregnancy/birth outcomes, infant growth 

and the general health and well-being of pregnant or postnatal women. Thus, these following 

sections include observational studies with diverse methodology and research designs, such as 

prospective cohort and cross sectional studies.  

 

Being observational, the limitations of these studies need to be considered. Unlike well-

constructed RCTs, which are the most rigorous method for determining the effectiveness of 

interventions or treatments, observational studies lack the ability to conclusively demonstrate 

a cause and effect relationship and are restricted by a greater risk of confounders and bias
81

. In 

addition, observational studies require an adequate sample size, which is often larger than 

RCTs, to reduce chance findings
81

. Within observational studies, some designs are considered 

to be of a higher standard than others. Generally, prospective cohort studies are of a higher 

quality as they follow a group of people over a period of time, measuring a variety of 

variables at numerous time points that may be relevant to the primary outcome
82

. On the other 

hand, cross sectional studies are often considered to be of a lower quality as they involve the 

analysis of data collected from a population at one specific time point
82

. Thus, these studies 

cannot provide information regarding the association between an exposure over time, such as 

iodine intake over pregnancy and the measured outcomes. Furthermore, compared to 

prospective cohort studies, cross sectional studies may be more susceptible to bias due to low 

response or misclassification as data is only collected once
82

.   

 

Saying that, the findings from well-designed observational studies which are conducted with 

rigor can provide important highly regarded insights in evidence based medicine
83

. 
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Furthermore, prospective cohort or cross sectional designs may be better suited to meet the 

objectives of certain studies. Throughout this review, the limitations of observational studies 

and differences between study designs are taken into account when interpreting the results. 

 

Although RCTs are considered the gold standard in clinical research, it is not always feasible 

or ethical to conduct them
83

. Due to routine iodine supplementation in many countries, there 

are a limited number of RCTs that have assessed the effects of iodine supplementation in 

pregnancy and there will now be few opportunities to do so. Furthermore, the iodine 

supplement RCTs that do exist do not consider total dietary iodine intake and thus do not 

meet the primary aims of my thesis. However, considering the importance of RCTs, I have 

reviewed these studies separately in section 2.10 of this review as these are landmark studies 

that provide insight into the potential effects of iodine intake in pregnancy. 

 

2.7 The relationship between maternal iodine intake/maternal UIC and 

markers of maternal iodine status/thyroid function 

 

The aims of the following section are to evaluate the relationship between: 

- Maternal iodine intake and markers of maternal iodine status (UIC and BMIC)/thyroid 

function in pregnancy and in the postpartum period.  

- Maternal UIC, as a marker of iodine intake, and markers of maternal iodine status 

(BMIC)/marker of maternal thyroid function in pregnancy an in the postpartum 

period.  

 

The studies included in this section are human studies published in English in the last 20 

years. I searched publications using electronic databases: MEDLINE, EMBASE, Cochrane 

Library and Google Scholar. The date of the last updated search was the 10
th

 of January 2015. 
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The key words used in the general search were: iodine or food or diet or intake or iodised salt 

or dairy or milk or iodine supplement or micronutrient or trace element combined with iodine 

status or urine or UIC or urine iodine concentration or blood or thyroid metabolism or thyroid 

function or thyroid stimulating hormone or thyroid hormone or iodine deficiency and 

pregnancy or postpartum or lactation. Only studies that reported the correlation/association 

between maternal iodine intake and maternal iodine status/thyroid function were reviewed.  

 

2.7.1 The relationship between maternal iodine intake and markers of maternal 

iodine status/thyroid function  

My search identified four studies that assessed the relationship between dietary iodine intake 

and UIC in pregnancy
84-87

.  These studies were conducted in populations of mild/moderate 

iodine deficiency. One of these studies also assessed the relationship between dietary iodine 

intake and thyroid function in pregnancy
87

. No studies were identified that assessed the 

relationship of dietary iodine intake in pregnancy with BMIC, however three studies in 

populations of varied iodine status were identified that examined the relationship between 

dietary iodine intake in the postpartum period and BMIC in the postpartum period
15, 88, 89

. 

These studies are reviewed below and summarised in Table 2.3. 

 

2.7.1.1 Studies in pregnancy  

One prospective cohort
85

 and three cross sectional studies
84, 86, 87

 were identified that assessed 

the association between maternal dietary iodine intake in pregnancy and maternal UIC in 

regions of mild/moderate iodine deficiency in Thailand
85

, Spain
86, 87

 and Norway
84

, with no 

studies conducted in iodine sufficient areas. Sample sizes ranged between 119-1844 pregnant 

women. All four studies used a FFQ to assess iodine intake, however none of these were 

iodine specific and only one was validated for use in pregnancy
84

. In addition to the FFQ, one 

study also used a 24 hour food recall
85

 and another used a four day weighed food record
84

 to 

assess iodine intake.  
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The relationship between maternal iodine intake and maternal UIC 

Urinary iodine was measured in all of the studies, with Murcia
86

 and Rebagliato’s
87

 studies in 

Spain measuring UIC from a spot urine sample between 8-23 weeks’ gestation, 

Jaruratanasirikul’s
85

 study in Thailand measuring UIC from spot urine samples repeated at 

three times over pregnancy (12–16 weeks’, 24–30 weeks’ and 32–36 weeks’ of gestation) and 

Brantsaeter’s
84

 study in Norway measuring urinary iodine excretion (UIE) from a 24 hour 

urine sample at 17-18 weeks’ gestation.  

 

The two larger studies by Murcia et al
86

 and Rebagliato et al
87

 quantified the use of iodised 

salt and categorised pregnant women into groups according to their dietary iodine intake from 

food and iodised salt. Although information on iodine supplement use was captured in both 

studies, neither of them included iodine intake from supplements in the estimated total iodine 

intake. Murcia et al
86

 reported a positive association between UIC and categories of dietary 

iodine intake (Table 2.3), however the continuous relationship was not assessed. Rebagliato 

et al
87

 stated that a strong correlation was found between iodine intake and UIC, however the 

data was not shown. Thus, although the findings suggest a positive association between 

dietary iodine intake and UIC, both studies did not provide adequate data to assess this 

association.   

 

Of the two studies that reported a linear relationship between maternal iodine intake and 

maternal UIC, Jaruratanasirikul et al
85

 found a weak correlation between the average iodine 

intake over pregnancy calculated from the FFQ and the 24 hour dietary recall with median 

UIC measured over pregnancy from morning urine samples (r=0.15, p=0.023), while 

Brantsaeter et al
84

 reported moderate correlations between iodine intake from the FFQ and 

four day weighed food diary with UIE from a single 24 hour urine sample (r=0.42, p<0.01 

and r=0.52, p<0.01; respectively). The weaker association in Jaruratanasirikul’s
85

 compared to 

Brantsaeter’s
84

 study may be a reflection of the different iodine status of the populations as 
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well as the type of urine sample collected. However, UIC from both 24 hour and spot urine 

samples repeated less than 10 times is subject to intra-individual variation
47

, possibly 

influencing the difference in the strength of association found in the studies. Additionally, the 

FFQs used in both studies were not validated to specifically estimate iodine intake in 

pregnancy and Jaruratanasirikul’s
85

 study did not capture the use of iodine supplements. 

Depending on the number of women that were using iodine supplements in their study, this 

may explain the weaker association that was found. Nonetheless, the study design must be 

considered when interpreting results. As discussed in section 2.6, being a prospective cohort 

design, Jaruratanasirikul’s
85

 study may be of a higher quality and included a larger sample 

size than Brantsaeter’s
84

 study, increasing the reliability of the findings.  

 

The relationship between maternal iodine intake and maternal thyroid function 

Rebagliato et al
87

 was the only study to also measure markers of thyroid function including 

TSH and fT4, finding no difference in thyroid function or risk of thyroid disease between 

women with iodine intake <160µg/day and ≥160µg/day. However, as discussed, supplement 

use was not included in this analysis and therefore this may not be a true representation of the 

relationship between iodine intake and thyroid function. Additionally, only one blood sample 

was collected from women between 8-23 weeks’ gestation. As it is known that thyroid 

function can vary over normal pregnancy, the variation in the gestational age of blood 

collection may have influenced the results. Thus, keeping the gestational age of blood 

collection constant between women and repeating these measures over pregnancy may 

provide more insight on whether the level measured was permanent or transient. However, in 

mildly iodine deficient populations such as that found in Rebagliato’s
87

 study, thyroid 

function can be a relatively insensitive indicator of iodine nutrition status
24

, therefore the lack 

of an association may not be surprising. 
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Due to the limited number of studies that have assessed the relationship between maternal 

dietary iodine intake and iodine status in pregnancy, I have also reviewed pregnancy studies 

that evaluated the relationship between maternal intake of good food sources of iodine and 

UIC
79, 84, 90-93

.  

 

The relationship between maternal intake of good food sources of iodine and maternal UIC 

One study was of a prospective cohort design
93

 while the remaining five were cross-

sectional
79, 84, 90-92

, assessing the intake of different sources of iodine using a FFQ and 

collecting a single spot urine sample in pregnancy. All of the cross-sectional studies reported 

a positive correlation between the dietary intake of milk and UIC
79, 84, 90-92

. However, it was 

unclear in all studies whether the FFQs were validated for use in pregnancy. Conversely, van 

Mil et al
93

 who conducted a large prospective cohort study in 1156 pregnant women in the 

Netherlands found no association between the intake of milk or dairy products with UIC from 

a spot urine sample, despite milk showing to be a significant food group in the traditional 

Dutch diet. As the authors explained this lack of association may be due to limited iodine in 

milk products as a result of Dutch legislation around the type of disinfectants and equipment 

used
93

. Thus the use of iodine containing sanitising agents may explain the stronger 

associations seen in other studies. Nonetheless, the large sample size and higher quality 

design of van Mil’s
93

 study must be considered as findings from smaller cross-sectional 

studies may not be so reliable. 

 

The majority of studies that assessed milk intake also assessed the intake of other good 

sources of iodine, with many reporting no association between foods such as yoghurt, cheese, 

meat, eggs, fish and soy beans with UIC
79, 90-92

.  Unlike milk intake, van Mil’s
93

 study found a 

positive association between the intake of cereals including breads (β=0.61, p<0.001) as well 

as  eggs (β=1.87, p=0.04) with UIC. If the cereal products such as bread were fortified with 

iodine this may explain the association seen, however this was not specified.  
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2.7.1.2 Studies in the postpartum period  

Three studies (Table 2.3) examined the relationship between maternal iodine intake in the 

postpartum period and BMIC
15, 88, 89

, with no studies assessing the relationship between 

maternal iodine intake in pregnancy and iodine status or thyroid function in the postpartum 

period.  

 

The relationship between maternal iodine intake and maternal BMIC 

The three studies identified were all cross sectional and conducted in an iodine sufficient 

population in Algeria
15

, a population of iodine excess in Korea
88

 and a moderately iodine 

deficient population in Texas
89

. All three studies measured dietary iodine intake from an 

interview administered 24 hour dietary recall and collected a breast milk sample for the 

assessment of BMIC at the same time point. The Algerian study by Aakre et al
15

 also 

measured UIC and thyroid function, however the association with iodine intake was not 

assessed. The study in Texas conducted by Hannan et al
89

 captured information regarding the 

use of iodine supplementation and included this in the total iodine intake while the remaining 

two studies
15, 88

 did not state whether the use of iodine supplementation was captured and 

quantified.   

 

The findings from these studies differed, with Aakre et al
15

 and the Korean study by Moon & 

Kim
88

 showing a positive association between maternal iodine intake and BMIC. In contrary, 

Hannan et al
89

 reported no correlation between maternal iodine intake and BMIC. This may 

be partly explained by the difference in iodine status of the populations. Nonetheless, all three 

studies included small sample sizes, between 31-111 women, and were all of a cross sectional 

design, limiting the strength of the associations reported. Additionally, the method of dietary 

assessment may have influenced the findings as a 24 hour dietary recall reflects recent dietary 

intake rather than habitual dietary intake. This is important for nutrients such as iodine that 

may not be as common in the diet.  
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2.7.1.3 Summary 

These findings suggest a positive association between maternal iodine intake in pregnancy or 

in the postpartum period with maternal UIC and BMIC. However, only one of these studies 

was of a prospective cohort design and sample sizes were not justified in most of the studies. 

Additionally, the iodine status of the populations varied between moderate iodine deficiency 

to iodine excess, with all studies in pregnancy being conducted in mild/moderately iodine 

deficient populations. The iodine intake from supplementation was only quantified in one of 

the studies in pregnancy, which is likely to influence the association between maternal iodine 

intake and maternal UIC. My search also identified the limited data on the association 

between maternal iodine intake with thyroid function. Furthermore, based on these findings 

the association between good food sources of iodine and maternal UIC is unclear and may 

depend on other industrial factors as well as the dietary practices of pregnant women which 

themselves may vary in response to dietary recommendations or sickness.  

 

There are large gaps in the literature assessing the relationships of total iodine intake from 

food and supplements and maternal UIC, BMIC and thyroid function. Considering the 

importance of iodine in pregnancy, there is a need for large prospective cohort studies within 

mildly iodine deficient or sufficient populations, such as Australia, to assess these 

associations. 
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Table 2.3: Studies assessing the relationship between maternal iodine intake and markers of maternal iodine status/thyroid function 

First author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

Mild/Moderate iodine deficient populations 

 

Jaruratanasir-

ikul 2009
85

 

 

 

Prospective 

cohort  

 

Thailand: three 

districts of 

Songkhla. 

Recruited from the 

antenatal clinics.  

 

n=236 

 

Eligibility: healthy 

pregnant women 

between 12-16 

weeks’ gestation. 

  

Exclusion: NR 

 

 

Iodine intake: 

24 hour dietary recall and 

validated food frequency 

checklist at three times: 

12-16 weeks’ gestation, 

24-30 weeks’ gestation, 

32-36 weeks’ gestation.  

 

Iodine Status:  
Morning urine samples 

collected at the same time 

as dietary intake.   

UIC analysed.  

 

 

Correlation between average 

dietary iodine intake & UIC: 

r=0.15, P=0.023 

 

 

 

Sample size calculation not 

provided. Unclear if 

sample size is adequate.  

 

Did not capture 

information on iodine 

supplement use. 

 

Food frequency check list 

not specific for iodine and 

not validated for specific 

use in pregnancy.  

 

Potential confounders were 

not adjusted for in 

regression analysis. 

 

 

Brantsaeter  

2009
84

 

 

 

 

Cross 

sectional  

 

Norway: women 

from the 

Norwegian Mother 

and Child Cohort 

Study. Recruited 

 

Iodine intake: 

1. Validated semi-

quantitative FFQ 

administered at 17-18 

weeks’ gestation. 

 

Correlation between iodine intake 

from the FFQ & UIE: 

Total Iodine intake: r=0.42 (95%CI: 

0.26, 0.56, p<0.01) 

Dairy products: r=0.34 (95%CI: 

 

Sample size calculation not 

provided. Unclear if 

sample size is adequate.  

 

Iodine status of the total 
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First author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

from pre-natal 

clinic at time of 

routine ultrasound. 

  

n =119 

 

Eligibility: healthy 

pregnant women 

between 17-18 

weeks’ gestation.  

 

Exclusion: 

hyperemesis and 

anorexia. 

 

 

Questionnaire focused 

on the intake of milk 

and dairy products.  

 

2. 4 day weighed food 

diary. 

 

Captured information on 

the use of iodine 

containing supplements in 

the FFQ and food diary. 

 

Iodine Status:  
24 hour urine sample 

collected at the end of the 

food diary.  

UIE analysed.  

 

0.14, 0.52) (p<0.01) 

Milk: r=0.32 (95%CI: 0.11, 0.50) 

(p<0.01) 

 

Correlation between iodine intake 

from the food diary & UIE:  

Total Iodine intake: r=0.52 (95%CI: 

0.37, 0.64) (p<0.01) 

Dairy products:  r=0.48 (95%CI: 

0.30, 0.63) (p<0.01) 

Milk: r=0.41 (95%CI: 0.21, 0.57) 

(p<0.01) 

 

population not provided. 

Iodine supplement users 

were iodine sufficient 

while non-iodine 

supplement users were 

mildly iodine deficient. 

 

FFQ was not specific for 

iodine intake. 

 

Potential confounders were 

not adjusted for in 

regression analysis. 

 

 

 

Murcia 

2010
86

 

 

 

Cross 

sectional  

 

Spain: three 

districts (Valencia, 

Gipuzkoa, and 

Sabadell). 

Recruited from first 

antenatal visit. 

 

n=1522 

 

 

Iodine intake: 

100 item semi-quantitative 

FFQ administered at 

enrolment (8-22 weeks’ 

gestation). Adapted 

version of Willett 

questionnaire.  

 

Captured information on 

 

Association between iodine intake 

& UIC: 

Iodine intake from food (quartiles): 

1 (33.5-114.9µg/day): Reference 

% change (95%CI) compared to 

reference 

2 (115.6-145.4µg/day): 18.8 (7.8 to 

30.9) 

3 (145.6-182.9µg/day): 19.9 (8.7 to 

 

Large sample size. 

 

FFQ validated in general 

population and not specific 

to pregnancy.  

 

Did not assess correlation 

between total dietary 

intake and UIC. 

Table 2.3 cont. 
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First author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

Eligibility: 

complete 

information 

collected at 8-22 

weeks’ gestation.   

 

Exclusion:  

previously 

diagnosed thyroid 

pathology.  

 

the use of iodine 

containing supplements 

separately.  

 

Iodine Status: 

Fasted (Valencia) and non-

fasted (Gipuzkoa, 

Sabadell) spot urine 

samples at the same time 

as dietary assessment.  

UIC analysed. 

 

32.4) 

4 (183.1-377.2µg/day): 22.0 (10.3 

to 34.9) 

p=NR 

 

 

 

 

Quantified intake of 

iodised salt (“pinch of salt” 

= 24µg of iodine). 

 

Morning urine samples 

collected. Fasted samples 

were collected in Valencia 

only. 

 

Model was adjusted for 

other markers of iodine 

intake including salt use, 

supplement dose, total 

water intake and country 

of origin.  

 

 

Rebagliato 

2010
87

 

 

 

 

Cross 

sectional  

 

Spain: three 

districts (Valencia, 

Gipuzkoa, 

Sabadell)  

Recruited from first 

antenatal visit. 

 

n=1844 

 

Eligibility: ≥16 

 

Iodine intake: 

100 item semi-quantitative 

FFQ administered at 

enrolment (8-22 weeks’ 

gestation). Adapted 

version of Willett 

questionnaire.  

 

Captured information on 

the use of iodine 

 

Correlation between iodine intake 

& UIC: 

Positive correlation reported 

between FFQ and UIC reported 

(data not shown) 

 

Association between iodine intake 

variables & TSH: 

 

Iodised salt consumption: 

 

Large sample size. 

 

FFQ Validated in general 

population and not specific 

to pregnancy.  

 

Iodine intake from 

supplements was assessed 

and calculated separately 

from the FFQ.  

Table 2.3 cont. 
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First author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

years old, singleton 

pregnancy, not 

followed a program 

of assisted 

reproduction, 8-22 

weeks’ gestation.  

 

Exclusion: reported 

diagnosis of thyroid 

disease. 

 

containing supplements 

separately from the FFQ.  

 

Iodine Status: 

One spot urine sample 

collected at the same time 

as dietary assessment.  

UIC analysed. 

 

Thyroid function: 

One serum sample 

collected at the same time 

as dietary assessment.  

TSH and fT4 analysed.  

No= Reference 

Yes: β (95%CI): -0.014 (0.059-

0.030) 

TSH>3µU/mL Adjusted OR 

(95%CI): 0.85 (0.56-1.29) 

 

Iodine intake from diet:  

<160µg/day= Reference 

≥ 160µg/day: β (95%CI):0.013 (-

0.029-0.055) 

TSH>3µU/mL Adjusted OR 

(95%CI):1.04 (0.40-1.55) 

 

Iodine intake from supplements: 

0-99µg/day= reference 

100-199 µg/day: β (95%CI):0.042 

(-0.024-0.109) 

TSH>3µU/mL Adjusted OR 

(95%CI):1.47 (0.78-2.79) 

≥200 µg/day: β (95%CI):0.09 

(0.003-0.177) 

TSH>3µU/mL Adjusted OR 

(95%CI): 2.51 (1.16-5.43) 

 

 

Did not assess correlation 

between dietary intake and 

UIC/thyroid hormone. 

 

Regression analysis was 

adjusted for area, country 

of origin, educational 

level, parity, gestational 

age at serum sampling, 

iodine intake variables 

Quantified intake of 

iodised salt (“pinch of salt” 

= 24µg of iodine). 

 

 

Hannan 

2009
89

 

 

Cross 

sectional 

 

Texas, US: 

recruited from a 

supplemental 

 

Iodine intake: 

24 hour dietary recall at a 

personal interview at 30-

 

Correlation between iodine intake 

& BMIC: 

30-45 days postpartum: r=0.29 

 

Small sample size. Likely 

to be inadequate. 

 

Table 2.3 cont. 
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First author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

nutrition program 

for women, infants 

and children for 

low income 

families.  

 

n=31  

 

Eligibility: healthy 

Mexican American 

women. Recently 

given birth and 

were lactating. 

 

Exclusion: NR 

45 days postpartum (n=31) 

and 75-90 days postpartum 

(n=17). 

 

Iodine Status:  
Breast milk sample 

collected at the same time 

as dietary assessment by 

manual expression.  

BMIC analysed.  

 

(p=0.18) 

75-90 days postpartum: r=0.09 

(p=0.73) 

 

  

Small number of women 

returned to provide a 

second sample at 75-90 

days postpartum (n=17). 

 

Potential confounders were 

not adjusted for in 

regression analysis. 

 

Breast milk sample was 

collected in a pre-washed 

trace-mineral free breast 

pump. 

 

Information regarding 

iodine supplement use was 

captured and included in 

the total iodine intake.  

Iodine Sufficient populations 

 

Aakre 2014
15

 

 

Cross 

sectional 

 

Algeria: recruited 

from Saharawi 

refugee camps 

across 4 districts. 

Selection criteria 

by convenience 

sampling.  

 

Iodine intake: 

24 hour dietary recall of 

iodine rich foods and 

drinks by an interview at 

0-7 months postpartum.  

 

Iodine Status:  

 

Correlation between iodine intake 

& BMIC: 

Unadjusted: b (95%CI): 0.79 (0.47-

1.12) p<0.001 

Adjusted: b(95%CI): 0.51 (0.19-

0.83) p=0.002 

 

 

Sample size based on 

calculations to meet the 

main objective of 

estimating thyroid 

dysfunction in the 

population (n=100). 

However this number still 

Table 2.3 cont. 
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First author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

 

n=111 

 

Eligibility: 

lactating women 

and their children 

from 0-7 months of 

age. 

 

Exclusion: NR 

Breast milk sample 

collected at the same time 

as dietary assessment.  

BMIC analysed.  

 

One spot urine sample 

collected at the same time 

as dietary assessment. 

UIC analysed. 

 

Thyroid function: 

One serum sample 

collected at the same time 

as dietary assessment. 

TSH, fT3, fT4 and Tg 

analysed. 

 

seems small.  

 

Correlation between 

dietary iodine intake with 

UIC or thyroid function 

was not assessed. 

 

Information regarding 

iodine supplement use was 

not provided.  

 

Women categorised into 

two groups according to 

the iodine exposure of the 

area of residence: very 

high iodine and high area.  

 

Regression analysis 

adjusted for this area of 

residence.  

 

 

Moon & Kim 

1999
88

 

 

 

 

Cross 

sectional  

 

Korea 

 

n=50 

 

Eligibility: healthy 

lactating mothers, 

 

Iodine intake: 

24 hour dietary recall at a 

personal interview at 2 to 

5 days and 4 weeks 

postpartum. 

 

 

Correlation between total iodine 

intake & BMIC: 

2-5 days postpartum: r=0.81 

(p<0.0001) 

4 weeks postpartum: r=0.82 

(p<0.001) 

 

Sample size calculation not 

provided. Unclear if 

sample size is adequate.  

 

Major source of iodine was 

seaweed (87%) which may 

Table 2.3 cont. 
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First author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

delivered 

spontaneously with 

no pregnancy 

complications, non-

smokers, normal 

pre-pregnancy 

weight and weight 

gain in pregnancy. 

 

Exclusion: NR 

Iodine Status:  
Breast milk sample 

collected at the same time 

as dietary assessment by 

manual expression.  

BMIC analysed.  

 

 

 

explain the excessive 

iodine intake in this 

population.  

 

Information regarding 

iodine supplement use was 

not provided.  

 

Significant relationship 

found with dietary intake, 

breast milk concentration 

and intake of seaweed 

soup. 

 

Did not measure UIC or 

thyroid function.  

 

Potential confounders were 

not adjusted for in 

regression analysis. 

 
N, number; NR, Not reported; OR, odds ratio; CI, confidence interval; UIC, urine iodine concentration; BMIC, breast milk iodine concentration, TSH, thyroid stimulating 

hormone; fT3, free triiodothyronine; fT4, free thyroxine; Tg, thyroglobulin

Table 2.3 cont. 
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2.7.2 The relationship between maternal UIC and markers of maternal thyroid 

function 

Due to the limited number of studies that have assessed the relationship between maternal 

iodine intake in pregnancy and maternal iodine status/thyroid function, I have reviewed and 

summarised the literature on the relationship between maternal UIC in pregnancy and 

maternal thyroid function in pregnancy, as these findings will still provide some indication on 

the possible association between maternal iodine intake and iodine status or thyroid function. 

No studies were identified that assessed the association between maternal UIC in pregnancy 

or in the postpartum period and maternal thyroid function in the postpartum period.  

 

2.7.2.1 Studies in pregnancy 

Of the studies reviewed here, six are prospective cohort 
94-99

and seven 
79, 87, 100-104

 are cross 

sectional
79, 87, 100-104

 within populations of varying iodine status. These studies are discussed 

below and summarised in (Table 2.4). 

 

Populations of moderate/mild iodine deficiency 

As previously discussed in section 2.7.1, Rebagliato et al
87

 conducted a large cross sectional 

study with 1844 pregnant women in Spain. Their study found no association between 

categories of UIC and TSH or the risk of elevated TSH levels >3µU/mL in pregnant women 

between 8-23 weeks’ gestation, while the association between UIC and fT4 was not 

measured. Similarly four smaller studies, including one prospective cohort study in France
98

, 

and three cross sectional studies in Australia
79

, France
100

 and Thailand
101

 also found no 

association between UIC and markers of maternal thyroid function including TSH, fT3, fT4 

and/or Tg in pregnancy. Unlike these findings, two smaller cross sectional studies in Hong 

Kong
102

 and Spain
104

 found significant associations between maternal UIC and markers of 

maternal thyroid function in pregnancy. The Hong Kong study by Kung et al
102

 found an 
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inverse association between maternal UIC and TSH, while the Spanish study by Velasco et 

al
104

 reported a weak positive correlation between maternal UIC and fT3 (Table 2.4). 

 

With the exception of Rebagliato’s
87

 study that was adequately sized, none of the smaller 

studies provided sample size calculations and only included between 110-367 women, 

limiting the strength of the findings. Furthermore potential confounders including education 

level, parity, gestational age and maternal iodine intake were only controlled for in 

Rebagliato’s
87

 study. The type of urine sample collected and the expression of UIC varied 

between studies, with the French prospective cohort study by Luton et al
98

 collecting 24 hour 

or morning spot urine samples, while the five cross sectional studies collected spot urine 

samples
79, 100-102, 104

. With the exception of Kung et al
102

 where spot urine samples were 

collected in the morning, the timing of urine collection in the remaining cross sectional 

studies was not kept constant
79, 100, 101, 104

 potentially influencing the level of UIC. Moreover, 

the study conducted in Thailand by Charatcharoenwitthaya et al
101

 also measured creatinine 

and assessed UIC in µg/g of creatinine while the remaining studies assessed UIC as µg/L. 

 

The gestational age of urine and blood sample collection also varied between the studies. The 

four cross sectional studies that found no association between UIC and thyroid function 

collected samples in early pregnancy, with three studies collecting samples before 14 weeks’ 

gestation
79, 100, 101

 and one between 8-23 weeks’ gestation
87

. Although Luton et al
98

 collected 

samples at 12 and 32 weeks’ gestation, the relationship between UIC and thyroid function 

was only assessed with UIC measured at 12 weeks’ gestation. Kung et al
102

 and Velasco et 

al
104

, who reported an association between UIC and thyroid function, collected samples in 

later pregnancy, between 32-36 weeks’ gestation
102

 and at the time of delivery
104

, 

respectively.  
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Although there are limitations in the designs of these studies, the findings from the 

prospective cohort and the cross sectional studies are consistent, implying that within mildly 

iodine deficient populations there is a limited association between maternal UIC and thyroid 

function in early pregnancy. However, the findings suggest a possible association in later 

pregnancy or at the time of delivery. This may potentially be due to the normal changes in 

thyroid function that are seen in early pregnancy, such as the increased hCG which can 

influence the level of TSH and thyroid hormone
26

. Additionally, other factors may influence 

thyroid function during delivery, hence possibly influencing the association found in 

Velasco’s study
104

. However, as these studies were small and with most only collecting single 

spot urine samples at varied times, the quality and reliability of the findings must be 

considered. 

 

Populations of iodine sufficiency and excess  

Four prospective cohort
94-97

 and one cross sectional study
103

 assessed the association between 

maternal UIC and thyroid function in iodine sufficient populations, while one prospective 

cohort study assessed maternal thyroid function in a population of iodine excess
99

. Two larger 

studies in Japan
96

  and the Netherlands
97

 and one smaller study in Slovenia
95

 showed no 

association between maternal UIC and maternal thyroid function at any time point. Contrary 

to these findings, two smaller studies in Tehran
94

 and Brazil
103

 found inverse associations 

between maternal UIC and TSH in late pregnancy, and the study in Tehran
94

 also found an 

inverse association between maternal UIC and T3 in late pregnancy (Table 2.4). Furthermore, 

a larger prospective cohort study in a population of iodine excess in Japan found positive 

associations between maternal UIC (expressed as µg/g of creatinine) and TSH as well as 

inverse associations between maternal fT3 and fT4
99

 (Table 2.4). 
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The reason for the differences seen between the studies is unclear, however the smaller 

sample sizes, between 147-203 pregnant women, must be considered as a limitation of the 

two studies in Tehran
94

 and Brazil
103

.  Additionally, being cross sectional in design, the 

Brazilian
103

 study may be of a lower quality compared to the other prospective cohort studies. 

Furthermore, only two studies considered potential confounders in the analysis
87, 97

 and only 

one specified that morning UIC was collected
97

, with the others not keeping the timing of 

urine collection consistent. As previously discussed, this may potentially influence the level 

of UIC. Additionally, Medici et al
97

 who conducted the Netherlands study did not assess the 

continuous relationship between maternal UIC and thyroid function, but rather the risk of 

thyroid dysfunction across categories of UIC was reported, which may potentially limit the 

comparison to other studies. However despite this, the findings from Medici’s study
97

 were 

still consistent with the other large prospective cohort studies.  

 

The associations found in the larger study in Japan conducted by Orito et al
99

, compared to 

the other larger prospective cohort studies, may be influenced by the iodine status of the 

population. As highlighted, Orito’s
99

 study was conducted in an area of iodine excess, with 

findings reporting a median UIC of 328µg/L, which is higher than that reported in the others, 

including Fuse’s
96

 study that was conducted in a similar Japanese population
96

. Although the 

findings of Orito’s
99

 study may suggest that an excess of iodine can increase the risk of 

thyroid dysfunction, the study did not control for potential confounders, did not keep the 

timing of urine sample collection consistent and only collected samples in early pregnancy, 

potentially influencing the levels of maternal UIC and/or thyroid function observed.    

 

Saying that, despite no correlation between UIC and thyroid function, Fuse et al
96

 found that 

women with a UIC  ≥1000µg/L had higher TSH compared to those with a UIC  <150µg/L or 

between 150-249µg/L. Additionally, these authors
96

 reported that women with TSH 

≥2.5mIU/L had higher UIC compared to those with a lower TSH (<2.5mU/L) in  the first  and  
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second trimesters. These findings support those by Orito et al
99

, possibly indicating a risk of 

thyroid dysfunction with excessive iodine intakes which may be more common in Japan, due 

to the cuisine. However, although Fuse’s study
96

  included a large sample size, urine and 

blood samples were not collected by all of the women in each trimester as only 141 women 

provided all three urine samples and 70 women provided all three blood samples. Thus the 

number of samples collected may not be adequate, potentially limiting the reliability of the 

findings.  

 

2.7.2.2 Summary 

These findings suggest that in populations of moderate/mild iodine deficiency there is 

minimal association between maternal UIC and thyroid function. It is known that UIC is not 

useful to assess individual iodine intake or status due to the high variability
44, 47

 and that 

thyroid function is tightly regulated and adaptive mechanisms are in place to ensure that 

functional needs are met, even in times of iodine deficiency
24

, which may explain the lack of 

an association. It may be that changes in blood biomarkers as a result of iodine intake only 

occur in more extreme situations, which were not apparent in these studies. However, most of 

the studies in these moderate/mild iodine deficient populations are of a cross sectional design, 

potentially limiting the quality of the evidence.  

 

Findings from prospective cohort studies in iodine sufficient populations were varied. The 

studies that were adequately sampled showed no association between maternal UIC and 

thyroid function while two smaller studies showed inverse associations between maternal UIC 

and TSH in late pregnancy, with one also finding an inverse association between maternal 

UIC and T3. Compared to the larger studies, these findings must be interpreted with caution. 

As UIC is used as a marker of iodine intake, the findings may also suggest that excessive 

iodine intakes can have adverse effects on thyroid function. However, as discussed in section 

2.7.1, due to the limited data, the relationship between maternal dietary iodine intake and 
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thyroid function is unclear. Nonetheless, the studies reviewed here have limitations including 

the varied timing of urine collection and the lack of adjustment for potential confounders. 

Furthermore, not all studies measured the same markers of thyroid function. Thus, further 

assessment is needed in larger prospective cohort studies to assess the association between 

maternal UIC and markers of thyroid function including TSH, thyroid hormone and Tg, in 

pregnant women from mildly iodine deficient and sufficient populations.  

 

2.7.3 The relationship between maternal UIC and maternal BMIC  

Due to the limited studies that have assessed the association between maternal iodine intake in 

pregnancy or in the postpartum period and BMIC, I have reviewed and summarised the 

literature on the relationship between maternal UIC, as a marker of iodine intake, and BMIC 

As breast milk is the only source of iodine for breastfed infants, an understanding of this 

association is important to assist with optimising the nutritional intake of infants.  

 

In my search, no studies were identified that assessed the association between maternal UIC 

in pregnancy and maternal BMIC. However, three studies were found that assessed the 

association between maternal UIC in the postpartum period and BMIC in populations of 

varying iodine status
80, 105, 106

.   

 

2.7.3.1 Studies in the postpartum period 

One study was prospective cohort
106

 and two were cross sectional
80, 105

 in design. These 

studies are discussed below and summarised in (Table 2.4). 

 

Populations of moderate/mild iodine deficiency 

Only one cross sectional study (in Sydney, Australia) was identified that assessed the 

association between maternal UIC and BMIC
80

 in populations of mild/moderate iodine 

deficiency. This study found a positive correlation between maternal UIC expressed as µg/g 



46 

 

of creatinine and BMIC (r=0.52, p=0.001), collected at the same time between 3-9 days after 

birth, however no correlation was found between maternal UIC expressed as µg/L and BMIC 

(r=0.12, p=0.2)
80

 (Table 2.4). These differences may be explained by the higher median UIC 

reported when expressed as µg/g of creatinine compared to the median UIC when expressed 

as µg/L (81.4µg/g of creatinine vs. 46µg/L), resulting in a stronger correlation with the 

reported BMIC (84µg/L). However, this study was small, including only 50 postnatal women, 

limiting the strength of the findings.  

 

Populations of iodine sufficiency 

One prospective cohort study in China
106

 and one cross sectional study in Iran
105

 assessed the 

association between maternal UIC from spot urine samples and BMIC in postnatal women 

with findings being inconsistent (Table 2.4). The study by Wang et al
106

 in China found no 

association, while the study by Ordookhani et al
105

  in Iran reported a positive correlation 

between maternal UIC and BMIC (r=0.434, p=0.004). In Wang’s
106

 study  the urine and 

breast milk samples were collected at the same time, between 0-12 months postpartum, while 

in Ordookhani’s
105

 study the samples were collected between 7-30 days postpartum. The 

collection over a 12 month period may have impacted on the lack of association seen in 

Wang’s
106

 study as findings also showed a lower median BMIC in those women breastfeeding 

for more than six months, compared to those breastfeeding for less than six months (122µg/L 

vs. 240µg/L)
106

. Additionally, the sample sizes were small, ranging between 48-100 women, 

again impacting on the reliability of the findings from both of the studies.   

 

2.7.3.2 Summary 

It is evident that there is not a clear consensus around the relationship between maternal UIC 

in the postpartum period and BMIC. However, the limitations need to be considered including 

the inadequate sample sizes and study designs with only single samples collected and at 

different time points between studies. Additionally, the expression of UIC, as either µg/L or 
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µg/g of creatinine may also influence the association. Furthermore, no studies were identified 

that assessed the association between maternal UIC in pregnancy and BMIC in the 

postpartum period. Thus, it is evident that further review using large prospective cohort 

studies is needed to assess these relationships.  



48 

 

Table 2.4 Studies assessing the relationship between maternal UIC and markers of maternal thyroid function /BMIC 

First 

author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

Mild/Moderate iodine deficient populations 

 

Luton 

2011
98

 

 

Prospective 

cohort  

 

France: recruited 

from a teaching 

hospital in Paris. 

 

n=110 

 

Eligibility: normal 

pregnancy, 

being covered by 

the French public 

healthcare insurance. 

 

Exclusion: chronic 

disease, iodine 

supplementation, 

thyroid disease, fetal 

abnormalities, 

thyroid hormone 

dysfunction at 

baseline. 

 

 

Maternal UIC: 

Spot urine sample or 24 hour 

urine collection at 12 and 32 

weeks’ gestation.  

UIC analysed for spot samples 

and UIE analysed for 24 hour 

collection 

 

Maternal thyroid function: 

Serum sample collected at 12 

and 32 weeks’ gestation and at 

birth. 

TSH, fT3 and fT4 analysed. 

 

Correlation between maternal 

UIE (12 weeks’ gestation) & 

maternal thyroid function(12 

weeks’ gestation): 

UIE & fT3: r=0.19, p<0.10 

UIE & fT4: r=0.09, p>0.10 

UIE & TSH: r=-0.02, p>0.10 

 

Correlation between maternal 

UIE (12 weeks’ gestation) & 

maternal thyroid function(32 

weeks’ gestation): 

UIE & fT3: r=0.0.03, p>0.10 

UIE & fT4: r=0.08, p>0.10 

UIE & TSH: r=-0.0281, p>0.10 

 

 

 

Spot urine samples 

collected from 2/3 of 

women and 24 hour 

samples collected from 

1/3 of women.  

Spot urine samples 

collected in the morning. 

 

Sample size calculation 

not provided. Unclear if 

sample size is adequate.  

 

Correlation between UIE 

at 32 weeks’ gestation 

with thyroid function at 

32 weeks’ gestation or at 

birth was not assessed. 

 

Potential confounders 

were not adjusted for in 

regression analysis. 
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First 

author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

 

Blumenthal 

2012
79

 

 

Cross 

sectional 

 

Australia, Sydney:  

recruited from 

antenatal visit 

between November 

2007 and February 

2009 in a private 

setting in North 

Western Sydney.  

 

n=367 

 

Eligibility: pregnant 

women between 7-11 

weeks’ gestation. 

 

Exclusion: known 

thyroid disease.  

 

 

Maternal UIC: 

One spot urine sample collected 

at enrolment (7-11 weeks’ 

gestation).   

UIC analysed. 

 

Maternal thyroid function: 

One serum sample collected at 

enrolment (7-11 weeks’ 

gestation).   

TSH, fT3 and fT4 analysed. 

 

Correlation between maternal 

UIC & maternal thyroid 

function: 

UIC & TSH: r=0.049, p=0.352 

UIC & fT4: r=0.039, p=0.586 

 

 

Sample size calculation 

not provided. Unclear if 

sample size is adequate.  

 

Correlation between UIC 

and fT3 not reported. 

 

Potential confounders 

were not adjusted for in 

regression analysis. 

 

Time of day urine 

collected not specified. 

 

 

 

 

Brucker-

Davis 

2012
100

 

 

Cross 

sectional 

 

France, Nice: 

Recruited from the 

obstetric clinic.  

 

n=110 

 

Eligibility: >18 

 

Maternal UIC: 

One spot urine sample collected 

at enrolment (<12 weeks’ 

amenorrhea).  

UIC analysed. 

 

 

 

Correlation between maternal 

UIC & maternal thyroid 

function: 

No correlation between UIC and 

any marker of thyroid function 

(data not shown). 

 

Sample size calculation 

not provided. Unclear if 

sample size is adequate.  

 

Potential confounders 

were not adjusted for in 

regression analysis. 

Table 2.4 cont. 
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First 

author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

years, free from 

thyroid disease, < 12 

weeks’ of 

amenorrhea, 

singleton pregnancy, 

not using iodine 

supplements, normal 

thyroid tests at 

enrolment, TPO-

negative. 

 

Exclusion: NR 

Maternal thyroid function: 

One serum sample collected at 

enrolment (<12 weeks’ 

amenorrhea).   

TSH, fT4, TT4, fT3, rT3 and Tg 

analysed. 

 

Time of day urine 

collected not specified. 

 

Maternal smoking was 

positively associated 

with Tg (p=0.0005) and 

maternal weight was 

negatively correlated 

with fT4 (p=0.05).  

 

Charatchar-

oenwitthaya 

2014
101

 

 

Cross 

sectional 

 

Thailand: recruited 

at the first antenatal 

visit.  

 

n=200 

 

Eligibility: healthy 

women aged 18-40 

years old, <14 

weeks’ gestation. 

 

Exclusion: known 

thyroid disease. 

 

Maternal UIC: 

One spot urine sample collected 

at enrolment (<14 weeks’ 

gestation).   

UIC and creatinine analysed. 

 

Maternal thyroid function: 

One serum sample collected at 

enrolment (<14 weeks’ 

gestation).    

TSH, fT4 and fT3 analysed. 

 

Correlation between maternal 

UIC (µg/100mg cr) & maternal 

thyroid function: 

UIC (µg/100mg Cr) & TSH: 

r=0.10, p=0.16 

UIC (µg/100mg Cr) & fT4:  

r=-0.07, p=0.33 

UIC (µg/100mg Cr) & fT4:  

r=-0.10, p=0.14 

 

 

Sample size calculation 

not provided. Unclear if 

sample size is adequate.  

 

Potential confounders 

were not adjusted for in 

regression analysis. 

 

Time of day urine 

collected not specified. 

 

Most of the women were 

seen in the first trimester. 

 

Table 2.4 cont. 
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First 

author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

 

Rebagliato 

2010
87

 

 

Cross 

sectional  

 

Spain: three districts 

(Valencia, Gipuzkoa, 

and Sabadell).  

Recruited from first 

antenatal visit. 

 

n=1844 

 

Eligibility: ≥16 years 

old, singleton 

pregnancy, 8-23 

weeks’ gestation.  

 

Exclusion: reported 

diagnosis of thyroid 

disease. 

 

 

Maternal UIC: 

One spot urine sample collected 

at enrolment (8-22 weeks’ 

gestation).   

UIC analysed. 

 

Maternal thyroid function: 

One serum sample collected at 

enrolment (8-22 weeks’ 

gestation).   

TSH and fT4 analysed.  

 

Association between maternal 

UIC & maternal TSH: 

<50µg/L = Reference 

50-99µg/L: β (95%CI): 0.021 

(0.068-0.110) 

100-149µg/L: β (95%CI): 0.053 

(-0.144–0.037) 

150-249µg/L: β (95%CI): -0.019 

(-0.108–0.070) 

≥250µg/L: β (95%CI): -0.056 

(0.148–0.036) 

 

Association between maternal 

UIC & maternal TSH >3µU/mL  

<50µg/L = Reference 

50-99µg/L:OR (95%CI): 1.39 

(0.55–3.53) 

100-149µg/L OR (95%CI): 1.20 

(0.46–3.11) 

150-249µg/L: OR (95%CI):1.55 

(0.62–3.89) 

≥250µg/L: OR (95%CI): 0.69 

(0.25–1.91) 

 

 

 

Large sample size. 

 

Women were categorised 

into two five groups 

according to the median 

UIC (<50, 50-99, 100-

149, 150-249 and 

≥250µg/L). 

 

Regression analysis was 

adjusted for area, country 

of origin, educational 

level, parity, gestational 

age at serum sampling, 

iodine intake variables. 

 

Association between UIC 

and fT4 not reported. 

 

Table 2.4 cont. 
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First 

author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

 

Velasco 

2013
104

 

 

Cross 

sectional  

 

Spain 

 

n= 233  

 

Eligibility: 24 hours 

before delivery.  

 

Exclusion: fetal 

and/or maternal 

disorders, elective C-

section, thyroid 

dysfunction or 

taking thyroid 

hormone or anti-

thyroid drugs, use of 

iodised antiseptics.  

 

 

Maternal UIC: 

One spot urine sample collected 

during the active stage of 

delivery.  

UIC analysed.  

 

Maternal thyroid function: 

Serum sample collected during 

the active stage of delivery. 

TSH, fT4, fT3 analysed. 

 

 

 

Correlation between maternal 

UIC & maternal thyroid 

function: 

UIC & TSH: r=0.13, p=0.063 

UIC & fT4: r=0.05, p=0.410 

UIC & fT3: r=0.17, p=0.018 

 

 

 

Sample size calculation 

not provided. Unclear if 

sample size is adequate.  

 

Potential confounders 

were not adjusted for in 

regression analysis. 

 

Specified that iodine 

containing antiseptics 

were not used in 

delivery.  

 

Time of day urine 

collected varied between 

mothers. 

 

 

 

Kung 

1997
102

 

 

Cross 

sectional 

 

Hong Kong: 

recruited from the 

antenatal clinic at the 

University of Hong 

Kong.  

 

n=253 

 

Maternal UIC: 

One early morning spot urine 

sample collected between 32-36 

weeks’ gestation.  

UIC analysed. 

 

 

 

Correlation between maternal 

UIC & maternal thyroid 

function: 

UIC & TSH: r= -0.159, p<0.05 

UIC & fT4: not reported  

UIC & Tg: not reported  

 

 

Sample size calculation 

not provided. Unclear if 

sample size is adequate  

 

Urine samples collected 

in the morning.  

 

Table 2.4 cont. 
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First 

author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

 

Eligibility: healthy 

pregnant women 

between 32-36 

weeks’ gestation. 

 

Exclusion: 

significant medical 

conditions and 

obstetric 

complications.  

  

Maternal thyroid function: 

Serum sample collected at 

delivery. 

TSH, fT4 and Tg analysed. 

 

 

 

 

Potential confounders 

were not adjusted for in 

regression analysis. 

 

Correlation between UIC 

with fT4 and Tg not 

reported.  

 

 

 

Chan 

2003
80

 

 

Cross 

sectional   

 

 

Australia: Sydney. 

recruited from 

postnatal ward 

during routine visits.  

 

n=50  

 

Eligibility: healthy 

lactating women. 

 

Exclusion: using 

iodine supplement. 

 

 

 

Maternal UIC: 

One spot urine sample collected 

between 3-9 days postpartum. 

UIC and creatinine analysed.  

 

Maternal BMIC: 

One breast milk sample 

collected between 3-9 days 

postpartum. 

BMIC analysed.  

 

 

 

Correlation between maternal 

UIC & maternal BMIC 

UIC (µg/L): r=-0.12, p=0.2 

UIC µg/g of cr: r=0.52, p=0.001  

 

 

 

 

 

Small sample size. 

Unlikely to be adequate. 

 

25% of women had 

caesarean sections. 

 

Breast milk collected by 

manual expression or a 

breast pump. 

 

Time of day urine 

collected not specified. 

 

Potential confounders 

Table 2.4 cont. 
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First 

author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

were not adjusted for in 

regression analysis. 

Iodine sufficient populations 

 

Fuse 2011
96

 

 

 

 

Prospective 

cohort  

 

Japan: Average 

gestational age at 

enrolment of 21.2 

weeks’. 

 

n=934  

 

Eligibility: healthy 

pregnant women.  

 

Exclusion: previous 

history of thyroid 

disease. 

 

Maternal UIC: 

One spot urine sample collected 

at each trimester and 34 days 

after birth. 

UIC and creatinine analysed.  

 

Maternal thyroid function: 

Serum sample collected at each 

trimester and 34 days after birth. 

TSH and fT4 analysed. 

 

Correlation between maternal 

UIC & maternal thyroid 

function: 

Non-significant correlation 

between UIC from any time 

point over pregnancy and 

maternal TSH or fT4 in any 

trimester (data not shown). 

 

 

 

   

 

Although the sample size 

was larger, samples were 

not collected by all 

women in each trimester. 

246 women provided 1 

urine sample, 151 

provided 2 urine 

samples, 141 provided 3 

urine samples, 128 

provided 4 urine sample 

and 35 provided more 

than 5 urine samples.  

 

Serum TSH and free T4 

(FT4) were measured in 

456 women in each 

trimester (253 women 

provided 1 sample, 133 

women provided 2 

samples, and 70 women 

provided 3samples). 

 

Table 2.4 cont. 
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First 

author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

Time of day urine 

collected not specified. 

 

Potential confounders 

were not adjusted for in 

regression analysis. 

 

 

Fister 

2011
95

 

 

Prospective 

cohort  

 

Slovenia: recruited 

from the outpatient 

clinic at the 

University Medical 

Centre.  

 

n=116 

 

Eligibility: <15 

weeks’ gestation, no 

history of thyroid 

disease. 

 

Exclusion: tested 

positive for 

thyroglobulin or 

TPO-antibodies. 

 

 

 

Maternal UIC: 

One spot urine sample collected 

at third trimester and 4 months 

after delivery. 

UIC analysed.  

 

Maternal thyroid function: 

Serum sample collected at the 

third trimester and 4 months 

after delivery. 

TSH, fT4 and fT3 analysed. 

 

Correlation between maternal 

UIC & maternal thyroid 

function: 

No correlation found between 

UIC and TSH, fT3 or fT4 in the 

third trimester or 4 months after 

delivery.  

 

Sample size calculation 

not provided. Unclear if 

sample size is adequate.  

 

Potential confounders 

were not adjusted for in 

regression analysis. 

 

Time of day urine 

collected not specified. 

 

Table 2.4 cont. 
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First 

author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

 

Medici 

2014
97

 

 

Prospective 

cohort  

 

The Netherlands: 

women were 

recruited from the 

Generation R study.  

 

n=1098 

 

Eligibility: NR 

 

Exclusion: thyroid 

disease, thyroid 

medication or 

thyroid interfering 

medication, twin 

pregnancy.  

 

 

Maternal UIC: 

One spot urine sample collected 

in early pregnancy (mean 

gestational age of 13.3 weeks). 

UIC analysed.  

 

Maternal thyroid function: 

Serum sample collected at the 

third trimester and 4 months 

after delivery. 

TSH and fT4 analysed. 

 

Association between UIC & 

thyroid function  

Risk of increased maternal TSH 

level: 

UIC <150µg/L (n=338) vs. UIC 

≥150µg/L (n=759): 

OR (95%CI): 0.53 (0.17-1.63) 

p=0.27 

 

Risk of decreased maternal TSH 

level: 

UIC <500µg/L (n=971) vs. UIC 

≥500µg/L (n=126): 

OR (95%CI): 2.43 (0.91-6.51) 

p=0.08 

 

Risk of maternal 

hypothyroxinaemia:  

UIC <150µg/L (n=338) vs. UIC 

≥150µg/L (n=759): 

OR (95%CI): 0.78 (0.27-2.63) 

p=0.65 

 

Risk of maternal 

hyperthyroidism:  

UIC <500µg/L (n=971) vs. UIC 

 

Women categorised 

according to the WHO 

criteria for iodine status 

according to median UIC 

(<150µg/L, ≥150µg/L 

and ≥500µg/L).  

 

Large sample size. 

 

Confounding factors 

adjusted for including 

maternal age, gestational 

age at urine/plasma 

sampling, SES, ethnicity, 

BMI and vomiting.  

 

Correlation between UIC 

and thyroid function not 

assessed.  

 

Table 2.4 cont. 
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First 

author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

≥500µg/L (n=126): 

OR (95%CI): 0.98 (0.21-8.31) 

p=0.99 

 

 

Amouzegar 

2014
94

 

 

Prospective 

cohort  

 

Tehran: recruited 

from the mother and 

child health-care 

clinics of two 

general hospitals in 

the first trimester.  

 

n=203 

 

Eligibility: women 

not using any iodine 

supplementation. 

 

Exclusion: women 

with known thyroid 

disease.  

 

 

Maternal UIC: 

Three spot morning urine 

samples collected in the first 

trimester. One spot urine sample 

collected in the second and third 

trimester.  

UIC analysed.  

 

Maternal thyroid function: 

Serum sample collected in the 

first, second and third trimesters.   

TSH, T4, T3 and fT4 index 

analysed. 

 

Correlation between maternal 

UIC & maternal thyroid 

function: 

 

First trimester:  

No correlation between maternal 

UIC and thyroid function (data 

not shown). 

 

Second trimester:  

No correlation between maternal 

UIC and thyroid function (data 

not shown). 

 

Third trimester:  

UIC & TSH: r= -0.2, p=0.01 

UIC & T3: r=-0.2, p=0.006 

UIC & T4: no correlation (data 

not shown) 

UIC & fT4 index: no correlation 

(data not shown) 

 

 

Urine samples collected 

in the morning. 

 

Women were categorised 

into two groups 

(<150µg/L and 

≥150µg/L) according to 

the median UIC across 

all three trimesters. 

 

Sample size calculation 

not provided. Unclear if 

sample size is adequate.  

 

Potential confounders 

were not adjusted for in 

regression analysis. 
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First 

author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

 

Soares 

2008
103

 

 

Cross 

sectional 

 

Brazil: recruited 

from the antenatal 

clinic at a 

government health 

care clinic. 

 

n=147 

 

Eligibility: pregnant 

women. 

 

Exclusion: chronic 

disease, multiple 

gestation, thyroid 

disease, use of 

iodine in the last 7 

days, use of thyroid 

hormones, or anti-

thyroid drugs in the 

last 6 weeks.  

 

 

Maternal UIC: 

One spot urine sample collected 

at enrolment.  

UIC analysed.  

 

Maternal thyroid function: 

Serum sample collected at 

enrolment. 

TSH, fT4 and Tg analysed.  

 

 

 

Correlation between maternal 

UIC and maternal thyroid 

function: 

UIC &TSH:  r= -0.200, p=0.02 

UIC & fT4: r= 0.116, p=0.188 

UIC & Tg: r= -0.069, p=0.608 

 

 

 

 

Sample size calculation 

not provided. Unclear if 

sample size is adequate.  

 

Convenient sample. 

 

Median gestational age 

of 32 (27-36) weeks’ 

gestation. 

 

Multiple linear 

regressions used to 

identify potential 

confounders including 

age, height, weight, 

gestational age, parity, 

use of oral contraceptive, 

smoking status.  

 

Time of day urine 

collected not specified. 
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First 

author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

 

Wang 

2009
106

 

 

Cross 

sectional  

 

 

China: Yongjin city. 

 

n=100  

 

Eligibility: residing 

in Yongjin city for 

more than five years, 

healthy women and 

infants, lactating 

women.  

 

Exclusion: previous 

history of thyroid 

disease or 

medications that 

affect thyroid status. 

 

Maternal UIC:  

One spot urine sample collected 

between 0-1 years postpartum. 

UIC analysed.  

 

Maternal breast milk iodine: 

One breast milk sample 

collected between 0-1 years 

postpartum. 

BMIC analysed.  

 

 

Correlation between maternal 

UIC & maternal BMIC:   

No correlation between UIC and 

BMIC between 0-1 years 

postpartum (data not shown) 

 

 

Sample size calculation 

not provided. Unclear if 

sample size is adequate.  

 

Details of recruitment not 

provided. 

 

Time of day urine 

collected not specified. 

 

Samples collected over a 

long time frame (0-1yr).  

 

BMIC was less in 

women breast feeding >6 

months while there was 

no difference in UIC.  

 

Potential confounders 

were not adjusted for in 

regression analysis. 

 

Method of breast milk 

collection not specified.  
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First 

author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

 

Ordookhani 

2007
105

 

 

Cross 

sectional  

 

Tehran: recruited 

from neonatal TSH 

screening program.  

 

n=48 

 

Eligibility: healthy 

term infants (37-42 

weeks’gestation) 

with normal cord 

serum values. 

 

Exclusion: 

complicated 

pregnancy, systemic 

disorders, palable 

goitre, use of thyroid 

medication, 

exposure to iodine 

antiseptics, smoker.   

  

 

Maternal UIC: 

One spot urine sample collected 

after birth (average of 12.9 ± 3.9 

days after birth). 

UIC analysed. 

 

Maternal breast milk iodine: 

One breast milk sample 

collected after birth (average of 

12.9 ± 3.9 days after birth). 

BMIC analysed.  

 

 

 

 

 

 

 

Correlation between maternal 

UIC & maternal BMIC 

r=0.434,  p=0.004 

 

 

 

 

   

 

 

 

Small sample size. 

Likely to be inadequate 

 

Time of day urine 

collected not specified. 

 

Potential confounders 

were not adjusted for in 

regression analysis. 

 

Method of breast milk 

collection not specified.  

 

 

Iodine excessive populations 

 

Orito 

2009
99

 

 

Prospective 

cohort  

 

Japan: recruited 

from Palmore 

 

Maternal UIC: 

One spot urine sample collected 

 

Correlation between maternal 

UIC/Cr & maternal thyroid 

 

Large sample size. 
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First 

author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

hospital during first 

antenatal 

appointment.  

 

n= 622  

 

Eligibility: women 

7-15 weeks’ 

gestation.  

 

Exclusion: not 

Japanese, pregnancy 

complications, 

thyroid disease. 

 

at the initial visit between 7-15 

weeks’ gestation.    

UIC and creatinine analysed.  

 

Maternal thyroid function: 

Serum sample collected at the 

initial visit between 7-15 weeks’ 

gestation.    

TSH, fT3 and fT4 analysed. 

function: 

UIC(µg/g Cr) & TSH: r=0.133, 

p<0.005 

UIC(µg/g Cr) & fT3: r= -0.170, 

p<0.0005 

UIC(µg/g Cr) & fT4: r= -0.180, 

p<0.0001 

 

 

  

Potential confounders 

were not adjusted for in 

regression analysis. 

 

Time of day urine 

collected not specified. 

 

 

 

N, number; NR, not reported; OR, odds ratio; CI, confidence interval; UIC, urine iodine concentration; UIE, urine iodine excretion; BMIC, breast milk iodine concentration; TSH, thyroid stimulating 

hormone; fT3, free triiodothyronine; fT4, free thyroxine; Tg, thyroglobulin, rT3: reverse triiodothyronine, TT4: total thyroxine; Cr, creatinine 

 

Table 2.4 cont. 
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2.7.4 Overall Summary 

The limited studies assessing the association between total iodine intake with iodine status or 

thyroid function in pregnancy and in the postpartum period demonstrates the gap in 

knowledge in this area. The majority of these studies are of a cross-sectional design and have 

inadequate sample sizes, impacting on the strength of the findings. Nonetheless, the results 

from these studies indicate that iodine intake is positively correlated with UIC in pregnancy, 

while the association with thyroid function is less clear. Additionally, a number of studies 

have found positive associations between milk consumption and UIC in pregnancy, which 

was not seen with other food groups. A larger number of studies have used maternal UIC as a 

marker of iodine intake and assessed the relationship with thyroid function in pregnancy, with 

findings from these studies being inconsistent which is not unexpected given the large day to 

day and within day variation in UIC.  

 

Further research is necessary to determine the relationship between total dietary iodine intake 

from food and supplements and iodine status/thyroid function in pregnant and postnatal 

women from mildly iodine deficient or sufficient populations. These studies should be well 

designed, adequately sampled, consider potential confounders and assess a range of iodine 

status/thyroid function markers.  

 

2.8 The relationship between markers of maternal iodine intake/ iodine 

status thyroid function and markers of infant iodine status/thyroid function 
 

The aims of the following section are to evaluate the relationship between: 

- Maternal iodine intake in pregnancy and markers of infant iodine status/thyroid 

function. 
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- Maternal iodine status (UIC and BMIC) in pregnancy and markers of infant iodine 

status/thyroid function. 

- Maternal thyroid function in pregnancy or in the postpartum period and markers of 

infant iodine thyroid function.  

 

The studies included in this section are human studies published in English in the last 20 

years. I searched publications using electronic databases: MEDLINE, EMBASE, Cochrane 

Library and Google Scholar. The date of the last updated search was the 10
th

 of January 2015. 

The key words used in the general search were: maternal or pregnancy or lactation and iodine 

or food or diet or intake or iodised salt or dairy or milk or iodine supplement or micronutrient 

or trace element or iodine status or urine or UIC or urine iodine concentration or blood or 

thyroid metabolism or thyroid function or thyroid stimulating hormone or thyroid hormone or 

iodine deficiency or breast milk iodine combined with infant or newborn and iodine status or 

urine or blood or thyroid metabolism or thyroid stimulating hormone or thyroid hormone or 

iodine deficiency. Only studies that reported the correlation/association between maternal 

iodine intake/iodine status/thyroid function and infant iodine status/thyroid function are 

reviewed. Studies specifically addressing the needs of preterm infants are not included as 

these findings are not generalisable to the healthy population. 

 

2.8.1 The relationship between maternal iodine intake and markers of infant 

UIC/thyroid function 

My search did not find any studies that assessed the relationship between maternal iodine 

intake in pregnancy or in the postpartum period and newborn or infant iodine status and 

thyroid function.  
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2.8.2 The relationship between maternal UIC and infant UIC  

As no studies have assessed the relationship between maternal iodine intake and infant UIC, I 

have reviewed and summarised the literature on the relationship between maternal UIC in 

pregnancy or in the postpartum period and infant UIC. These studies are reviewed below and 

summarised in Table 2.5.  

 

2.8.2.1 Studies in pregnancy  

The findings from my search found that no studies reported the relationship between maternal 

UIC in pregnancy and newborn or infant UIC.  

 

2.8.2.2 Studies in the postpartum period  

Two prospective cohort
107, 108

 and six cross-sectional studies
105, 106, 109-112

 have assessed the 

relationship between maternal UIC in the postpartum period and infant UIC (Table 2.5). The 

iodine status of the populations varied, with four being conducted in moderate/mildly iodine 

deficient populations
107-110

 and four in iodine sufficient populations
105, 106, 111, 112

.  

 

Populations of moderate/mild iodine deficiency  

Two prospective cohort studies conducted by Costeira et al
107

 in Portugal and Menon et al
108

 

in India assessed maternal and infant UIC from morning samples in the postpartum period. 

Costeira et al
107

 included 140 women and their 142 infants at 3 days and 3 months after birth, 

with findings showing no correlation between maternal and infant UIC at 3 days after birth, 

but a positive correlation at 3 months after birth (r=0.42, p<0.05). Meanwhile, Menon et al
108

 

measured the association between maternal and infant UIC at 2-4 weeks postpartum in 220 

women and 180 of their infants, reporting a significant association between maternal UIC and 

infant UIC from a morning spot sample, however the direction of the association was unclear 

as the effect of maternal UIC on infant UIC was small [ratio of the means (95%CI): 1.00 

(1.00-1.01)].  
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The difference found in the association between samples at 3 days and 3 months postpartum 

in Costeira’s study
107

 may possibly reflect a change in UIC at a time closer to birth, which 

may be in response to dietary changes or changes to iodine metabolism. Furthermore, this 

may also be due to changes in maternal blood volume which may affect renal clearance of 

iodine shortly after birth
113

, which may also explain the small effect size seen in Menon’s
108

 

study as the collection of samples was also closer to birth (2-4 weeks’ postpartum). However, 

although Menon et al
108

 reported an adequate sample size, both of the studies were small, 

questioning the reliability of the findings. Additionally, the women in Costeira’s
107

 study were 

of a high risk population with previous history of psychological/psychiatric disorders, 

gestational diabetes or gestational hypertension and unlike Menon’s
108

 study, potential 

confounders were not controlled for in the analysis. Thus, these factors may have influenced 

the iodine status and/or thyroid function reported by Costeira et al
107

.  

 

In contrast to the lack of findings at 3 days after birth reported by Costeira et al
107

, Kurtoglu et 

al
109

 conducted a small cross-sectional study in 70 women and their infants in Turkey 

reporting a positive correlation between maternal and infant UIC at 5 days postpartum 

(r=0.24, p<0.05). Similar to this finding, a cross sectional study in 258 mothers and their 

infants in Slovakia
110

 assessed the association between maternal spot UIC and infant spot UIC 

at the 4
th

 – 7
th

 day after birth, finding a positive association (r=0.372, p<0.01). However, only 

75 mothers provided samples in the Slovakian study
110

. The difference in findings compared 

to the prospective cohort studies may be due to the smaller sample sizes as well as the 

different study designs.  Nonetheless, these findings suggest a potential association between 

maternal and infant UIC within the first few days to 3 months after birth in a mildly iodine 

deficient population, requiring further review in larger, well designed studies.  

 

 

 



66 

 

Populations of iodine sufficiency  

Four cross sectional studies were identified that assessed the association between maternal 

UIC and infant UIC in an iodine sufficient population
105, 106, 111, 112

. One of these studies in 

146 pregnant women and their infants in Isfahan reported a positive association between 

maternal spot UIC and infant spot  UIC at 5 days after birth (r=0.37, p<0.01)
111

. Similarly, a 

smaller study in Tehran in 48 women and their infants found a positive association between 

maternal spot UIC and infant spot UIC at an average of 12.9 days after birth (r=0.326, 

p=0.04)
105

. Neither of these studies provided a justification for the small number of women 

recruited nor did they discuss the effect of potential confounding factors on the associations. 

 

In contrary to these findings, one cross-sectional study in Iran measured UIC from spot 

samples between 14-28 days postpartum in: 68 breastfed infants that were diagnosed with 

congenital hypothyroidism (CH), mothers of the 68 CH infants and179 healthy mother-infant 

pairs
112

. This study found no difference in UIC between the infants with CH and healthy 

controls and thus the association between maternal and infant UIC from the total cohort was 

evaluated, with results finding no association. Similarly, Wang et al
106

 measured UIC from a 

spot urine sample in 100 lactating women and infants in China between 0-1 year after birth, 

also reporting no association. However, similar to the studies discussed above
105, 111

, the 

sample sizes included in these studies were inadequate. Additionally, in Wang’s
106

 study the 

samples were collected over a long period of time and therefore may not be comparable to the 

studies that collected samples within the first few days after birth.  

 

2.8.2.3 Summary 

Overall these findings suggest a potential positive association between maternal and infant 

UIC which was seen in populations of moderate/ mild iodine deficiency as well as in iodine 

sufficiency. However, as discussed these studies had a number of limitations including the 

study design as majority of these studies were cross sectional, small sample sizes and 
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potential effect of confounding variables that was not adjusted for. In addition, the urine and 

blood samples were collected at different times after birth and at different parts of the day, 

making it difficult to compare the results. As discussed throughout this review, using UIC as 

an indication of iodine intake or status has limitations as it is subject to high variability. As 

most studies only collected one spot urine sample, this is likely to explain the inconsistent 

results. Thus, exploring other possible functional markers of iodine status such as thyroid 

function may provide a better indication of the relationship between maternal iodine 

intake/status and infant iodine status.  

 

2.8.3 The relationship between maternal UIC and markers of infant thyroid 

function  

As discussed, no studies have assessed the relationship between maternal iodine intake and 

infant thyroid function. However a number of studies have assessed the relationship between 

maternal UIC in pregnancy or in the postpartum period and infant thyroid function. These 

studies are reviewed below and summarised in Table 2.5. 

 

2.8.3.1 Studies in pregnancy  

Five prospective cohort
85, 96, 97, 114

 and five cross-sectional studies
73, 76, 80, 104, 115

  were 

identified that measured maternal UIC in pregnancy and assessed the relationship with infant 

thyroid function. Of these studies, seven were conducted in moderate/mildly iodine deficient 

populations
73, 76, 80, 85, 104, 107, 115

 and three in an iodine sufficient population
96, 97, 114

.  

 

Populations of moderate/mild iodine deficiency 

As discussed previously, Jaruratanasirikul et al
85

 and Costeira et al
107

 conducted prospective 

cohort studies in 236 pregnant women and their infants in Thailand and 140 pregnant women 

and their infants in Portugal, respectively. Both of these studies collected maternal spot UIC 

in pregnancy. Costeira et al
107

 also collected spot urine samples during labour, and  both 
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studies examined the association with newborn TSH that was collected as part of the routine 

screening at birth. The timing of collection of newborn TSH between the  studies varied 

between 60-72 hours
85

 and 3-6 days after birth
107

. Furthermore iodine containing antiseptics 

was not used in Jaruratanasirikul’s
85

 study, but this was not specified in Costeira’s study
107

. 

Despite these differences, no association was found between maternal UIC in pregnancy and 

newborn TSH.   

 

Four cross-sectional studies in these iodine deficient populations assessed the association 

between maternal UIC and infant thyroid function
73, 76, 104, 115

. Travers et al
76

 assessed the 

association between maternal spot UIC at ≥28 weeks’ gestation in 815 Australian pregnant 

women and newborn TSH from routine screening, while McElduff et al
73

 conducted a smaller 

study in 84 Australian pregnant women, at an average of 10 weeks prior to birth, assessing the 

association between maternal spot UIC and newborn TSH. Similar to the prospective cohort 

studies, in both studies no association was found between maternal UIC, when expressed as 

µg/L, and newborn TSH. Interestingly, McElduff et al
73

 found a positive association between 

maternal UIC when expressed as µg/g of creatinine and newborn TSH (r=0.26, p=0.02). This 

finding is surprising as a negative relationship would normally be expected if an inadequate 

iodine intake in pregnancy influenced newborn TSH. However, the small sample size and 

lack of adjustment for potential confounders may reduce the reliability of the reported 

association. 

 

Although no linear association was found between maternal UIC and newborn TSH in 

Traver’s study
76

, mothers with UIC<50µg/L were found to be 2.6 times more likely to have 

newborn TSH>5mUI/L [RR (95%CI): 2.65 (1.49, 4.73) p=0.01], possibly indicating that the 

extent of iodine deficiency may influence newborn TSH
76

. However, only 16.6% (n=132) of 

women had a UIC <50µg/L. In addition, similar to McElduff’s
73

 study, potential confounders 

including the use of iodine containing antiseptics during birth was not adjusted for in this 
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study. In addition the cross sectional study designs and time span that urine samples were 

collected over (28 weeks’ gestation to birth), are also potential limiting factors which may 

have influenced the results. 

 

Two other cross sectional studies in 203 pregnant women and their infants in Thailand
115

 and 

233 pregnant women and their infants in Spain
104

 showed that measuring newborn TSH from 

cord serum instead of infant whole blood may affect the association with maternal UIC. These 

studies assessed the relation between maternal UIC during the active stage of delivery
104

 and 

at birth
115

 with newborn TSH from routine screening as well as cord serum TSH. The findings 

showed no association between maternal UIC and screening newborn TSH, but significant 

associations were found between maternal UIC and cord serum TSH, with one study reporting 

a positive association (r=0.24, p=0.001)
104

 and the other not reporting the direction of the 

association
115

. This may suggest that the concentration of whole blood TSH collected from 

routine screening may not be sensitive enough to use as a tool to assess iodine nutrition status 

in newborns. Furthermore, Velasco et al
104

 also measured other markers of infant thyroid 

function including thyroid hormones, reporting positive associations between maternal UIC 

collected during delivery and cord serum fT3 (r=0.24, p=0.003) and fT4 (r=0.16, p=0.032).  

 

Populations of iodine sufficiency 

Three prospective cohort studies
96, 97, 114

 have assessed the association between maternal UIC 

and infant thyroid function in iodine sufficient populations. As discussed previously, Fuse’s 

study
96

 was conducted in Japan in 934 pregnant women and 722 of their infants, with  

findings showing no association between maternal spot UIC, expressed as µg/g creatinine, 

measured in each trimester pregnancy and newborn TSH from routine screening measured at 

72-120 hours after birth. Similarly, Azizi et al
114

 conducted a study in Tehran in 138 pregnant 

women, collecting three spot urine in the first trimester and one spot urine sample in the 

second and third trimesters and cord serum at delivery. Despite the different type of samples 
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collected between these studies, Azizi et al
114

 also found no association between maternal 

UIC and cord serum TSH. Other markers of thyroid function were also assessed in Azizi’s 

study
114

 including cord serum Tg, fT4, T4 and T3, with findings showing no association 

between maternal spot UIC in pregnancy and cord serum Tg, while the association with cord 

serum thyroid hormone was not reported. The pregnant women in Azizi’s
114

 study were also 

categorised into two groups based on the median UIC across the three trimesters in pregnancy 

(<150µg/L and  ≥150µg/L), with no differences being found in cord serum T4, fT4, T3, or Tg 

between the groups
114

. 

 

Medici et al
97

 collected spot urine samples from 1098 women in early pregnancy that were 

recruited from the  large Generation R Study and categorised women into two groups based 

on the median UIC, including <150µg/L and  ≥150µg/L and <500µg/L and  ≥500µg/L, 

assessing the association with cord serum TSH and fT4 between these groups.  Similar to 

Azizi’s
114

 study, no association was found between women with UIC <150µg/L and  

≥150µg/L and cord serum thyroid function levels, however women with UIC ≥500µg/L had a 

2.6 times greater risk of having a newborn with decreased cord TSH and a 4.9 greater risk of 

having a newborn with hyperthyroidism
97

. This finding remained after adjustment for 

potential confounders including socio-economic status (SES), ethnicity, BMI, vomiting and 

serum TSH and fT4 levels. The mechanism to explain these findings is not clear, however it 

may indicate that the fetal thyroid is not able to adapt to excessive iodine intakes
97

.  

 

The prospective design of these three studies
96, 97, 114

 is of a higher quality, however only 

Medici et al
97

 included a large sample size. As discussed earlier, although Fuse’s
96

 study 

included a larger number of women, not all of the women provided a urine sample with only 

15% of women (n=141) providing three samples. Furthermore, only Medici et al
97

 adjusted 

for potential confounding factors in the analysis, strengthening the reliability of their findings. 

The potential impact of confounding factors such as the use of iodine containing antiseptics at 
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birth, was not discussed in the other studies
96, 114

 which may  impact on infant thyroid 

function, especially in Fuse’s study
96

 where screening newborn TSH was measured. The 

different type of samples measured (newborn whole blood vs. cord serum), may limit the 

comparison of findings between studies. Nonetheless, these findings suggest that in iodine 

sufficient populations there is limited association between maternal UIC in pregnancy and 

newborn thyroid function, however iodine excess, as indicated by UIC ≥500µg/L may 

increase the risk of infant thyroid dysfunction.  

 

2.8.3.2 Studies in the postpartum period  

One cross sectional study was identified that assessed the association between maternal UIC 

in the postpartum period with infant thyroid function
80

. As previously discussed in section 

2.6.3.1, Chan et al
80

 collected a spot urine sample between 3-9 days after birth in 50 

Australian women in a moderately iodine deficient population and assessed the correlation 

with newborn TSH levels from routine screening collected at least 48 hours after birth. 

Interestingly, this study found no association between maternal UIC when expressed as µg/L 

with newborn TSH, however reported a weak positive association between maternal UIC 

when expressed as µg/g of creatinine and newborn TSH.  This finding is similar to McElduff 

et al
73

 discussed above, when UIC was measured as µg/g of creatinine
73

, with the direction of 

the association being unexpected, possibly indicating that the expression of UIC as µg/g of 

creatinine may influence the association with newborn TSH. However, considering the cross 

sectional study design and the small, convenient sample that was included in Chan’s study
80

, 

these findings may not be representative of the general population.  

 

2.8.3.3 Summary 

These findings suggest that maternal UIC in pregnancy and at the time of delivery is not 

associated with newborn TSH measured from routine screening programs in populations of 

moderate/mild iodine deficiency as well as iodine sufficiency. Studies in mildly iodine 
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deficient populations have indicated a potential association between maternal UIC collected at 

birth with cord serum TSH. As cord serum is a mixture of maternal and infant blood this may 

explain the stronger associations with maternal UIC and therefore may limit the comparison 

to studies that assessed newborn TSH from whole blood. However, with the exception of 

Medici et al
97

, these studies were cross sectional and it was unknown whether the sample size 

was adequate, which would also limit the strength of the associations reported.   

 

As discussed earlier, no studies have assessed maternal iodine intake from food and 

supplements and the association with infant thyroid function, with many using UIC as a 

marker of iodine intake, which is not an ideal marker of individual iodine intake for reasons 

previously discussed. Furthermore, there is limited data on the association between maternal 

UIC and markers of infant thyroid function besides TSH and no studies have assessed infant 

thyroid function after birth, in the first few month of life. Thus, given the importance of 

iodine in pregnancy for infant development, it is evident that further assessment of the 

association between maternal iodine intake in pregnancy and markers of infant thyroid 

function in the early stage of life is required.  

 

2.8.4 The relationship between markers of maternal thyroid function and 

markers of infant thyroid function 
 

A number of studies have assessed the relationship between markers of maternal thyroid 

function in pregnancy or at delivery and markers of infant thyroid function. These studies are 

reviewed below and summarised in Table 2.5. No studies were identified that examined the 

association between maternal thyroid function in the postpartum period and infant thyroid 

function. 
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2.8.4.1 Studies in pregnancy  

My search identified six prospective cohort studies
98, 116-120

  and four cross sectional studies 

102, 104, 109, 121
 that have assessed the association between markers of maternal thyroid function 

in pregnancy and markers of infant thyroid function in healthy populations (Table 2.5). Of 

these, five were conducted in moderate/mildly iodine deficient populations
98, 102, 104, 109, 121

 and 

one was conducted in an iodine sufficient population
120

, while four of the prospective cohort 

studies
116-119

 did not specify the iodine status of the population.  

 

Populations of moderate/mild iodine deficiency   

As discussed in section 2.7.2, Luton et al
98

 conducted a prospective cohort study in 110 

pregnant women and their infants in France, assessing the correlation between maternal 

thyroid function measured at 32 weeks’ gestation and cord serum thyroid function collected at 

delivery. Findings from this study showed a negative correlation between maternal fT4 with 

cord serum TSH (r= -0.26, p<0.05), while no other correlations were reported.  

 

Four cross sectional studies also assessed the association between maternal thyroid function in 

the third trimester
102

 or at delivery
104, 109, 121

 and infant thyroid function measured in cord 

serum
102, 104, 109, 121

 as well as newborn TSH from a routine screening
104

, with the findings 

being inconsistent. Eltom et al
121

 included 76 pregnant women and their infants is Sudan, 

finding no association between maternal TSH, Tg, T3 and fT4 at delivery and cord serum 

TSH, Tg, T3 and fT4. Contrary to these findings, Kung et al
102

 reported an inverse association 

between maternal thyroid function (fT4 and TSH) measured in 215 pregnant women in Hong 

Kong at 32-36 weeks’ gestation and cord serum fT4 (r= -0.165, p<0.05 and r= -0.204, 

p<0.005, respectively), while no association was found between maternal Tg and cord serum 

TSH, fT4 or Tg levels. Velasco et al
104

 also reported an association between maternal fT4 at 

delivery and cord serum fT4 in 233 women and infants in Spain, however unlike findings 
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from Kung’s study
102

, this association was positive (r =0.27, p=0.002). Additionally, Velasco 

et al
104

 found a positive association between maternal TSH and cord serum TSH (r=0.22, 

p=0.014), with no association found between maternal TSH and newborn TSH from a heel-

prick sample. Furthermore, Kurtoglu et al
109

 found a positive association between maternal 

fT3 collected at delivery and cord fT3 (r=0.32, p<0.05) in 70 women and their infants.  

 

The reason for the varied associations found in these studies is unclear. However, most 

studies collected cord serum which, as previously discussed, may not be a true indication of 

infant thyroid function. The timing of maternal blood sample collection between  studies also 

varied, with two measuring maternal thyroid function in the third trimester
98, 102

, one prior to 

labour
109, 121

 and one during the active phase of labour
104

. During the active phase of labour it 

may be possible that maternal TSH levels are influenced by normal physiological changes 

that occur immediately before delivery, resulting in an increase in maternal and infant TSH to 

ensure adequate thyroid hormone concentrations
19

 and thus possibly explaining the positive 

association between maternal TSH and cord serum TSH found by Velasco et al
104

. 

Furthermore, although the sample sizes were not justified in any of these studies, Eltom et 

al
121

 and Kurtoglu et al
109

 included smaller samples (n=70-77) while Luton et al
98

 reported 

that only 72 out of 110 cord serum samples was collected, which may limit the reliability of 

the findings.  

 

Studies in populations of iodine sufficiency 

Medici et al
120

 reported findings from 5393 pregnant women and their infants in the 

Netherlands that were recruited from a large prospective cohort study, The Generation R 

Study, between 9-18 weeks’ gestation. Findings from this study showed a positive association 

between maternal TSH collected in early pregnancy with cord serum TSH [β=0.47 (0.15) 

p<0.001] and between maternal fT4 collected in early pregnancy with cord serum fT4 [β=0.11 

(0.02) p<0.001]. Although only 56% of cord serum samples were collected, this study 
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included a large sample size, adjusted for potential confounding factors including gestational 

age, maternal age, smoking status, SES and ethnicity and was of a higher quality study 

design, thus strengthening the reliability of the findings. However, as this was the only study 

identified in an iodine sufficient population, further studies are needed to support these 

results.   

 

Populations of unknown iodine status 

As mentioned earlier, four prospective cohort studies
116-119

 did not state the iodine status of 

the population included in the study. Williams et al
118

 assessed maternal TSH in 97 pregnant 

women at 10 and 34 weeks’ gestation and at delivery and measured the association with cord 

serum TSH and T4, finding no associations. Conversely, Shields et al
117

 measured maternal 

TSH, fT3 and fT4 in 616 pregnant women at 28 weeks’ gestation and assessed the correlation 

with cord serum TSH, fT3 and fT4, showing an inverse association between maternal TSH 

with cord serum fT4 (r= -0.08, p=0.039) and cord serum fT3 (r= -0.10, p=0.014), an inverse 

association between maternal fT4 and cord serum fT3 (r= -0.02, p=0.014) and a positive 

association between maternal fT4 and cord serum fT4 (r=0.14, p=0.004). However, no 

correlation was found between maternal TSH and cord serum TSH. These findings supports 

those by Medici et al
120

 and as the authors explained, this association may be due to the 

maternal transfer of T4 in late pregnancy.  

 

Two of these studies
116, 119

 assessed the association between maternal thyroid function with 

newborn TSH and T4 from routine screening. Oken et al
116

 measured maternal TSH and T4 

<22 weeks’ gestation in 500 pregnant women in Massachusetts and compared with T4 in their 

newborns taken from a routine screening program 2 days after birth, reporting no association. 

This study adjusted for potential confounding factors including gestational age and child sex 

and was likely to be of an adequate sample size. Meanwhile, Yuan et al
119

 measured TSH and 

fT4 in different groups of pregnant women in China across three trimesters (1
st
 trimester:  



76 

 

n=458, 2
nd

 trimester: n=449, 3
rd

 Trimester: n=837) and assessed the association with newborn 

TSH from routine screening after 72 hours of age.  Findings showed weak positive 

associations between maternal TSH at every trimester and newborn TSH (1
st
 trimester: 

r=0.162, p<0.001); 2
nd

 trimester: r=0.145, p=0.003; 3
rd

 Trimester: r=0.171, p<0.001) and no 

association between maternal fT4 and newborn TSH
119

.  However, potential confounding 

factors such as the use of iodine containing antiseptics at birth was not adjusted for, which 

may have influenced newborn TSH levels. 

 

With the exception of Williams et al
118

, these studies were of larger sample sizes. However, 

the inconsistent findings from these prospective cohort studies may be due to a number of 

factors. Firstly, the type of infant blood sample collected varied between cord serum and 

infant whole blood from routine screening programs. As discussed, cord serum is a mixture 

between maternal and infant blood which is likely to have influenced the result, limiting the 

comparison of studies. Secondly, the iodine status of the populations was not reported, which 

may have influenced the association between maternal and infant thyroid function. Williams 

et al
118

 and Oken et al
116

 reported a higher percentage of mild hypothyroidism (14% and 

15.8%, respectively) and TgAb or TPO-Ab positive women (12% and 18.4%, respectively) 

compared to Yuan et al (3.84% and 8.66%, respectively)
119

, while Shields et al
117

 did not 

report the percent of women with thyroid dysfunction. These findings may reflect a difference 

in the population’s iodine status, potentially influencing the results. 

 

2.8.4.2 Summary 

The findings indicate a potential association between maternal thyroid function in pregnancy 

or at delivery and newborn thyroid function. There is no consistent pattern within populations 

of different iodine status, however only cross sectional studies were conducted in 

moderate/mildly iodine deficient populations and four higher quality studies were conducted 

in areas of unknown iodine status. Furthermore, no studies assessed the association between 
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maternal thyroid function in pregnancy or in the postpartum period and infant thyroid 

function after birth. Based on these findings, it is evident that further research is needed to 

examine the association between maternal and infant thyroid function in areas of mild iodine 

deficiency or sufficiency, such as Australia.  

2.8.5 The relationship between maternal BMIC and infant UIC/markers of 

thyroid function 

In addition to UIC and thyroid function, a number of prospective cohort
107

 and cross 

sectional
80, 105, 106, 109, 112, 122

 studies have measured BMIC as an indication of maternal iodine 

status and assessed the correlation with infant UIC or markers of infant thyroid function, with 

many of these studies being described previously. Of these studies, four were conducted in 

moderate/mildly iodine deficient populations
80, 107, 109, 122

 and three were conducted in iodine 

sufficient populations
105, 106, 112

. These studies are summarised in Table2.5.  

 

Studies in populations of moderate/mild iodine deficiency 

With the exception of one cross sectional study in Turkey
109

, one prospective cohort study in 

Portugal
107

 and two cross sectional studies in Australia
80

 and Denmark
122

 reported positive 

correlations between  maternal BMIC and infant UIC. The sample sizes in these studies 

varied between 50-152 women and samples of breast milk and infant UIC were collected at 

the same time in all studies, ranging from 3 days to 3 months after birth. The positive 

association between BMIC and UIC is expected as UIC is dependent on recent iodine intake 

and breast milk is the main source of dietary iodine in breast fed infants. However, the study 

in Denmark by Nohr et al
122

 only measured this association in women who were not using 

iodine supplements (n=95). As iodine supplement use is likely to affect BMIC, the findings 

from this study may not give a true representation on the association between BMIC and 

infant UIC. Furthermore, the Australian study by Chan et al
80

 reported that the BMIC was 
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higher in women who had a caesarean section (n=25%) which is likely due to the type of 

antiseptics used and thus may have influenced the positive associations found
80

. 

 

The cross sectional study design of most of these studies together with the small sample sizes 

were limiting factors. In addition, spot urine samples were collected from infants with the 

time of day not specified, which may have influence the findings. Overall, these findings 

suggest a positive association between maternal BMIC and infant UIC in moderately iodine 

deficient populations, however considering the quality of the evidence presented, this 

association requires further review and validation by larger well designed studies, where 

factors such as exposure to iodine antiseptics at birth are taken into consideration.  

 

Studies in populations of iodine sufficiency  

Four cross sectional studies in China
106

, Spain
123

, Tehran
105

 and Isfahan
112

 measured BMIC 

and infant UIC between 0-12 months after birth in 33-260 women. As expected, positive 

associations were reported in all studies, indicating that maternal BMIC may predict infant 

iodine UIC in iodine sufficient populations and that the time of breast milk collection after 

birth, between 0-12 months, may not impact on this association. However, as three of these 

studies included <100 women
105, 106, 123

, were of a poorer quality design and with one showing 

weak associations (r=0.015) 
112

 , larger prospective cohort studies are also needed in these 

populations to further review this association and strengthen the findings.  

 

2.8.5.1 Summary 

Findings from iodine deficient and sufficient populations imply a positive association 

between maternal BMIC and infant UIC after birth. However, high quality data in mildly 

iodine deficiency or sufficient populations such as Australia is lacking. Furthermore, there is a 

large gap in the literature that assesses the association between BMIC and infant thyroid 

function after birth, when the infant has had exposure to breast milk. This is surprising given 
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the importance of iodine intake for adequate thyroid function, demonstrating the need for 

further research in this area
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Table 2.5: Studies assessing the relationship between markers of maternal iodine status/thyroid function and infant UIC/markers of thyroid function 

First author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

Mild/Moderate iodine deficient populations 

 

Costeira 2009
107

 

 

Prospective 

cohort 

 

Portugal: recruited 

from a high risk 

obstetrical clinic.  

 

n=140 pregnant 

women and their 

infants. 

 

Eligibility: NR 

 

Exclusion: use of 

drugs or of iodinated 

antiseptics, previous 

diabetes, assisted 

medical reproduction, 

malformations of the 

fetus, thyroidal and 

other endocrine 

dysfunctions and 

heavy smoking 

(>10/day).  

 

 

Maternal UIC: 

One spot urine sample 

collected in each trimester, 

during labour and at 3 

days, 3 months and 1 year 

after birth. 

UIC analysed.  

 

Maternal BMIC: 

One breast milk sample 

collected at 3 days and 3 

months after birth. 

BMIC analysed.  

 

Infant UIC: 

One spot urine sample 

collected at 3 days, 3 

months and 1 year after 

birth.  

UIC analysed.  

 

Infant thyroid function: 

Newborn TSH from 

 

Correlation between maternal 

UIC & infant UIC: 

Third trimester: NS (data not 

reported) 

3 days after delivery: NS (data 

not reported) 

3 months after delivery:  

r=0.42, p<0.05 

1 year after delivery: NR 

 

Correlation between maternal 

UIC & newborn TSH:  

NS (data not reported)  

 

Correlation between maternal 

BMIC & infant UIC:  

3 days after delivery:  r=0.51, 

p<0.05 

3 months after delivery:  

r=0.44, p<0.05 

 

 

 

 

Gestational age at 

enrolment unknown. 

 

Sample size calculation 

not provided. Unclear if 

sample size is adequate.  

 

Urine sample collected in 

the morning and where 

possible in a fasted state.  

 

Potential confounders 

were not adjusted for in 

regression analysis. 

 

High risk population 

including women with  

previous pathologies,  

psychological/psychiatric 

disorders. 23 had 

gestational 

diabetes and 16 had 

gestational hypertension. 
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First author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

routine screening 3-6 days 

after birth.   

 

This may not be 

representative of a 

normal population.  

 

 

Menon 2011
108

 

 

Prospective 

cohort 

 

India: recruited from 

three tribal primary 

health centres.  

 

n=220 pregnant 

women  

and their infants. 

 

Eligibility: healthy 

pregnant women aged 

between 18-30 years.  

 

Exclusion: self-

reported HIV/AIDS, 

tuberculosis, fever 

lasting longer than 2 

weeks, diagnosis of 

thyroid disease.  

 

 

Maternal UIC: 

One morning spot urine 

sample collected at 

enrolment (13-22 weeks’ 

gestation), 33-37 weeks’ 

gestation and 2-4 weeks 

after birth.  

UIC analysed. 

 

Infant UIC: 

One morning spot urine 

sample collected at 2-4 

weeks after birth.  

UIC analysed. 

 

 

Association between maternal 

UIC &infant UIC: 

2-4 weeks after birth: 

Ratio of the means (95%CI): 

1.00 (1.00, 1.01), p<0.001 

 

 

 

Sample size calculations 

included, indicating 

sufficient sample 

(n=170) to estimate the 

prevalence of iodine 

deficiency.  

 

Correlation between 

maternal UIC and infant 

UIC not provided. 

 

Maternal thyroid 

function was analysed in 

pregnancy. Correlation 

with infant UIC was not 

reported.  

 

Potential confounders 

were adjusted for 

including age, parity, salt 

iodine concentration, 

duration of gestation, 

breast feeding, and use of 

Table 2.5 cont. 
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First author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

iodine containing 

antiseptics.  

 

 

Luton 2011
98

 

 

 

Prospective 

cohort   

 

France: recruited from 

teaching hospital in 

Paris. 

 

n=110 pregnant 

women and their 

infants. 

 

Eligibility: normal 

pregnancy, 

being covered by 

the French public 

healthcare insurance. 

 

Exclusion: chronic 

disease, iodine 

supplementation, 

current or past thyroid 

disease, fetal 

abnormalities, 

multiple pregnancy, 

pregnancy induced 

using assisted 

reproductive 

 

Maternal thyroid 

function: 

Serum sample collected at 

12 and 32 weeks’ gestation 

and at birth.  

TSH, fT3 and fT4 

analysed. 

 

Infant thyroid function: 

Cord serum sample 

collected at delivery. 

TSH, FT3, FT4 analysed.  

 

 

Correlation between maternal 

thyroid function & infant 

thyroid function 

12 weeks’ gestation: NR 

 

32 weeks’ gestation: 

Maternal fT4 and cord TSH: 

 r= -0.26, P<0.05 

Correlation between maternal 

TSH or fT3 and infant thyroid 

function not reported 

 

Birth: NR 

 

 

 

 

Spot urine samples 

collected from 2/3 of 

women and 24 hour 

samples collected from 

1/3 of women.  

Spot urine samples 

collected in the morning. 

 

Sample size calculations 

not reported. Unclear if 

sample size is adequate. 

 

Only 72 cord serum 

measured. 

 

Correlation between 

maternal thyroid function 

at 12 weeks’ gestation/at 

birth with cord serum 

thyroid function not 

reported. 

 

Potential confounders 

were not adjusted for in 

Table 2.5 cont. 



83 

 

First author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

technology, abnormal 

thyroid hormone 

concentrations at 

baseline. 

 

regression analysis. 

  

 

Jaruratanasirikul 

2009
85

 

 

 

Prospective 

cohort   

 

Thailand: three 

districts of Songkhla. 

Recruited from the 

antenatal clinics at the 

three district hospitals.  

 

n=236 pregnant 

women and their 

infants.  

 

Eligibility: healthy 

pregnant women 

between 12-16 weeks’ 

gestation.  

 

Exclusion: NR 

 

 

Maternal UIC: 

Morning urine samples 

collected at three times: 

12-16 weeks’gestation, 24-

30 weeks’ gestation, 32-36 

weeks’ gestation.  

UIC analysed.  

 

Infant thyroid function: 

Newborn TSH from 

routine screening 

measured 60-72 hours 

after birth.   

 

 

Correlation between maternal 

UIC & newborn TSH: 

r=-0.10, P=0.068 

 

 

 

Sample size calculation 

not provided. Unclear if 

sample size is adequate.  

 

Specified that non-iodine 

containing antiseptic was 

used during labour. 

 

Potential confounders 

were not adjusted for in 

regression analysis. 

 

Time of day urine 

collected not specified 

 

 

Travers 2006
76

 

 

Cross 

sectional  

 

Australia, New South 

Wales: women 

recruited from 

antenatal clinics at 

 

Maternal UIC: 

One spot urine sample 

collected at enrolment 

(>28 weeks’ gestation) 

 

Correlation between maternal 

UIC & newborn TSH:  

r=-0.03, P<0.4 

 

 

Large sample size.  

 

Time of day urine 

collected not specified. 

Table 2.5 cont. 
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First author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

public and private 

hospitals.  

 

n=815 pregnant 

women and their 

infants. 

 

Eligibility: healthy 

pregnant women 28 

weeks’ gestation and 

over.  

 

Exclusion: newborns 

with congenital 

hypothyroidism and 

pregnant women 

taking thyroxine. 

  

UIC analysed.  

 

Infant thyroid function: 

Newborn TSH from 

routine screening 

measured 48-72 hours 

after birth.   

 

Mothers with UIC <50 µg/L 

were 2.6 times more likely to 

have an infant with 

TSH>5mIU/L [RR (95%CI): 

2.65 (1.49. 4.73), p=0.01] 

 

 

 

 

 

Gestational age of urine 

collection not specified. 

 

Potential confounders 

were not adjusted for in 

regression analysis. 

 

 

 

 

 

Chan 2003
80

 

 

Cross 

sectional   

 

 

Australia, Sydney: 

recruited from 

postnatal ward during 

routine visits.  

 

n= 50 women and 

their infants.  

 

Eligibility: healthy 

 

Maternal UIC: 

One spot urine sample 

collected between 3-9 days 

postpartum. 

UIC and creatinine 

analysed.  

 

Maternal BMIC: 

One breast milk sample 

 

Correlation between maternal 

UIC & newborn TSH:  

UIC (µg/L): r=-0.08, p=0.6 

UIC µg/g of cr: r=0.31, p=0.03  

 

Correlation between maternal 

BMIC & newborn TSH” 

r=0.42, p=0.003 

 

 

Small sample size, likely 

to be inadequate. 

 

25% of women had 

caesarean sections. 

 

Urine and breast milk 

samples collected at a 

similar time. 

Table 2.5 cont. 
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First author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

lactating women.  

 

Exclusion: using 

iodine supplement. 

 

collected between 3-9 days 

postpartum. 

BMIC analysed.  

 

Infant thyroid function: 

Newborn TSH from 

routine screening 

measured >48 hours after 

birth.   

 

 

 

 

 

Breast milk collected by 

manual expression or a 

breast pump. 

 

Time of day urine 

collected not specified. 

 

Potential confounders 

were not adjusted for in 

regression analysis. 

 

 

McElduff 

2002
73

 

 

Cross 

sectional  

 

 

Australia, Sydney: 

recruited from the 

antenatal clinic.  

 

n=84 women and their 

infants.  

 

Eligibility: NR 

 

Exclusion: elevated 

TSH levels. Using 

iodine supplement 

 

Maternal UIC: 

One spot urine sample 

collected in pregnancy 

(average of 10 weeks’ 

prior to delivery). 

UIC and creatinine 

analysed.  

 

Infant thyroid function: 

Newborn TSH from 

routine screening at an 

average of 3.2 days after 

birth. 

 

 

 

Correlation between maternal 

UIC & newborn TSH:  

UIC µg/g of cr: r=0.26, p=0.02 

UIC µg/L: r=-0.21, p=0.05 

 

 

 

Sample size calculation 

not provided. Unclear if 

sample size is adequate.  

  

Time of day urine 

collected not specified. 

 

Potential confounders 

were not adjusted for in 

regression analysis. 
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First author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

 

Rajatanavin 

2007
115

 

 

Cross 

sectional   

 

Thailand: data 

provided by current 

programs of neonatal 

screening in Bangkok.  

 

n=203 women and 

their infants 

(providing cord serum 

TSH)  

N=1182 women and 

their infants 

(providing whole 

blood TSH)  

 

Eligibility/exclusion: 

NR 

 

Maternal UIC: 

Urine sample collected at 

birth. 

UIC analysed. 

 

Infant thyroid function: 

Cord serum sample 

collected at birth. 

TSH analysed. 

 

Newborn TSH from 

routine screening. 

 

 

 

Correlation between maternal 

UIC & newborn TSH:  

Significant correlation reported 

between maternal UIC and 

cord serum TSH (data not 

shown)   

 

NS correlation reported 

between maternal UIC and  

whole blood TSH (data not 

shown)   

 

 

 

 

Sample size calculation 

not provided. Unclear if 

sample size is adequate 

when assessing serum 

neonatal TSH. (n=203). 

 

No information on 

characteristics of the 

sample including 

inclusion/exclusion. 

 

Timing of urine 

collection after birth not 

specified.  

 

Potential confounders 

were not adjusted for in 

regression analysis. 

 

 

Velasco 2013
104

 

 

Cross 

sectional  

 

Spain 

 

n=233 women and 

their infants.  

 

Eligibility: 24 hours 

before delivery.  

 

Maternal UIC: 

One spot urine sample 

collected during the active 

stage of delivery.  

UIC analysed. 

 

 

 

Correlation between maternal 

UIC & newborn whole blood 

TSH:  

NS correlation reported (data 

not shown)   

 

Correlation between maternal 

 

Sample size calculation 

not provided. Unclear if 

sample size is adequate.  

 

Timing of collection at 

delivery may have 

affected the levels of 
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First author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

 

Exclusion: presence of 

fetal and/or maternal 

disorders that may 

result in risk, and 

elective C-section, 

known history of 

thyroid dysfunction or 

taking thyroid 

hormone or 

antithyroid drugs, use 

of iodised antiseptics.  

Maternal thyroid 

function: 

Serum sample collected 

during the active stage of 

delivery.  

TSH, fT4, fT3 analysed.  

 

Infant thyroid function: 

Newborn TSH from 

routine screening 

at 3 days of age.   

 

Cord serum sample 

collected at birth (n=161).  

TSH, fT4 and fT3 

analysed. 

 

UIC & infant thyroid function:  

Maternal UIC and: 

Cord serum TSH: r=0.24, 

p=0.001 

Cord serum fT3: r=0.24, 

p=0.003 

Cord serum fT4: r=0.16, 

p=0.032 

 

Correlation between maternal 

thyroid function & infant 

thyroid function:  

Maternal TSH and: 

Cord serum TSH: r=0.22, 

p=0.014 

Newborn whole blood TSH: 

r=0.13, p=0.050 

Maternal fT4 and cord serum 

fT4: r=0.27, p=0.002 

Maternal fT3 and cord serum 

fT3: r=0.04, p=0.650 

 

UIC and thyroid 

function. 

 

Potential confounders 

were not adjusted for in 

regression analysis. 

 

 

 

 

 

Eltom 2001
121

 

 

Cross 

sectional 

 

Sudan: pregnant 

women recruited from 

those that were 

attending the 

Omdurman Maternity 

 

Maternal thyroid 

function: 

Serum sample collected in 

the third trimester (32-39 

weeks’ gestation) and just 

 

Correlation between maternal 

thyroid function & infant 

thyroid function 

Maternal TSH and cord serum 

TSH: r=0.05, p=0.07 

 

Small sample size, likely 

to be inadequate. 

 

Potential confounders 

were not adjusted for in 
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First author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

Hospital. Recruited in 

the last trimester of 

pregnancy.  

 

n=76 women and their 

infants. 

 

Eligibility: healthy 

women, no history of 

thyroid disease, not 

taking thyroid 

modifying medication.  

 

Exclusion: NR 

 

before delivery. 

TSH, Tg, T3 and fT4 

analysed  

 

Infant thyroid function: 

Cord serum sample 

collected at birth. 

TSH, Tg, T3 and fT4 

analysed. 

Maternal Tg and cord serum 

Tg: r=0.2, p=0.06 

Maternal T3 and cord serum 

T3: r=0.2, p=0.2 

Maternal fT4 and cord serum  

fT4: r=0.01, p=0.9 

 

 

regression analysis. 

 

No information on 

statistical analysis used 

for correlation. 

 

 

 

Kung 2007
124

  

 

Cross 

sectional 

 

Hong Kong: recruited 

from the antenatal 

clinic at the University 

of Hong Kong.  

 

n= 215 women and 

their infants. 

 

Eligibility: healthy 

pregnant women 

between 32-36 weeks’ 

 

Maternal UIC: 

One early morning spot 

urine sample collected 

between 32-36 weeks’ 

gestation.  

UIC analysed.  

 

Maternal thyroid 

function: 

Serum sample collected at 

delivery. 

TSH, fT4 and Tg analysed. 

 

Correlation between maternal 

thyroid function & infant 

thyroid function: 

Maternal fT4 and  cord serum 

fT4: r= -0.165, p<0.05 

Material TSH and  cord serum  

fT4: r= -0.204, p<0.005 

 

No other associations between 

maternal and infant thyroid 

function reported 

 

 

Sample size calculation 

not provided. Unclear if 

sample size is adequate.  

 

Urine samples collected 

in the morning.  

 

Potential confounders 

were not adjusted for in 

regression analysis. 

 

Unknown if iodine 
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First author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

gestation. 

 

Exclusion: women 

with significant 

medical conditions 

and obstetric 

complications.   

 

Infant thyroid function: 

Cord serum sample 

collected at delivery. 

TSH, fT4 and Tg analysed.  

 

Correlation between maternal 

UIC & infant thyroid function 

was NR. 

containing antiseptics 

were used during 

delivery. 

 

 

 

Kurtoglu 

2004
109

 

 

Cross 

sectional 

 

Turkey: recruited 

from the Erciyes 

University 

maternity unit when 

admitted for labour. 

 

n=70 women and their 

infants 

 

Eligibility: healthy 

pregnant women, no 
history of thyroid 

disease, recent exposure 

to iodine, intake of 

goitrogenic 

drugs and thyroid 

hormones 

 

Exclusion: women 

with significant 

 

Maternal UIC: 

One spot urine sample 

collected on day 5 after 

birth.  

UIC analysed.  

 

Maternal BMIC: 

One breast milk sample 

collected on day 5 after 

birth.  

BMIC analysed.  

 

Maternal thyroid 

function: 

Blood sample collected 

just before delivery. 

TSH, fT3, fT4 and Tg 

analysed. 

 

 

 

Correlation between maternal 

UIC & infant UIC: 

r=0.24, p<0.05 

 

Correlation between maternal 

BMIC & infant UIC: 

NS (data not shown) 

 

Correlation between maternal 

thyroid function & infant 

thyroid function: 

Maternal fT3 and infant fT3: 

r=0.32, p<0.05 

 

No other associations between 

maternal and infant thyroid 

function reported 

 

Small sample size, likely 

to be inadequate. 

 

Potential confounders 

were not adjusted for in 

regression analysis. 

 

Although markers of 

maternal and infant 

thyroid function were 

measured, the association 

was not reported.  

 

Time of day urine 

collected not specified. 
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First author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

medical conditions 

and obstetric 

complications.   

Infant UIC: 

One spot urine sample 

collected on day 5 after 

birth 

UIC analysed.  

 

Infant thyroid function: 

Cord serum sample 

collected at delivery. 

TSH, fT3, fT4 and Tg 

analysed. 

 

 

Nohr 1994
122

 

 

Cross 

sectional 

 

Denmark: 5 regions 

including Arhus, 

Randers, Copenhagen 

and Ringkobing. 

 

n=152 women and 

their infants 

 

Eligibility: normal 

healthy newborns, 

uncomplicated 

pregnancy. 

 

Exclusion: history of 

thyroid disease. 

 

Maternal BMIC: 

One breast milk sample 

collected on day 5 after 

delivery. 

BMIC analysed.  

 

Infant UIC:   
One spot urine sample 

collected on day 5 after 

delivery. 

UIC analysed.  

 

 

 

Correlation between maternal 

BMIC & infant UIC: 

Analysis in non-iodine 

supplement users only (n=95): 

r=0.46, p<0.001 

 

 

 

Sample size calculation 

not provided. Unlikely to 

be adequate as only 95 

women were included.  

 

No information on the 

correlation between 

breast milk iodine and 

infant UIC in supplement 

users or total cohort.  

 

Potential confounders 

were not adjusted for in 

regression analysis. 
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First author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

 Time of day urine 

collected not specified. 

 

Iodine sufficient populations  

 

Medici 2014
97

 

 

 

 

Prospective 

cohort 

 

The Netherlands: 

women were recruited 

from the Generation R 

study.  

 

n=1098 women and 

their infants  

 

Eligibility: NR 

 

Exclusion: women 

with known thyroid 

disease, thyroid 

medication or thyroid 

interfering 

medication, twin 

pregnancy, 

pregnancies after 

fertility treatment.  

 

 

Maternal UIC: 

One spot urine sample 

collected in early 

pregnancy between weeks’ 

9-18 gestation (mean 

gestational age of 13.3 

weeks). 

UIC analysed.  

 

Infant thyroid function: 

Cord serum sample 

collected at birth.  

TSH and fT4 analysed. 

 

Association between maternal 

UIC & infant thyroid function  

 

Risk of increased newborn 

TSH level: 

UIC <150µg/L (n=336) vs. 

UIC ≥150 µg/L (n=741): 

Model 1: OR (95% CI): 1.68 

(0.74-3.79) p=0.21 

Model 2: OR (95% CI): 1.69 

(0.75-3.84) p=0.21 

 

Risk of decreased maternal 

TSH level: 

UIC <500µg/L (n=971) vs. 

UIC ≥500 µg/L (n=126): 

Model 1: OR (95%CI): 2.71 

(1.07-6.87) p=0.04 

Model 2: OR (95%CI): 2.66 

(1.04-6.78) p=0.04 

 

Risk of newborn 

 

Women categorised 

according to the WHO 

criteria for UIC 

(<150µg/L, ≥150µg/L 

and ≥500µg/L).  

 

Large sample size. 

 

Model 1: TPOAb 

positives excluded in 

analysis. Confounding 

factors adjusted for 

including maternal age, 

gestational age at 

urine/plasma sampling, 

SES, ethnicity, BMI and 

vomiting.  

 

Model 2: also adjusted 

for maternal TSH and 

fT4.  
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First author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

hypothyroxinaemia:  

UIC <150 µg/L (n=336) vs. 

UIC ≥150 µg/L (n=741) 

Model 1: OR (95%CI): 1.71 

(0.73-4.03) p=0.22 

Model 2: OR (95%CI): 1.79 

(0.76-4.25) p=0.19 

 

Risk of maternal 

hyperthyroidism:  

UIC <500 µg/L (n=971) vs. 

UIC ≥500 µg/L (n=126): 

Model 1: OR (95%CI): 6.76 

(1.58-28.9) p=0.01 

Model 2: OR (95%CI): 9.24 

(1.76-48.44) p=0.01 

 

 

 

Medici 2012
120

 

 

Prospective 

cohort study 

 

The Netherlands: 

women were recruited 

from the Generation R 

study.  

 

n=5393 women and 

their infants 

 

Eligibility: NR 

 

 

Maternal thyroid 

function: 

Serum sample collected in 

early pregnancy between 

weeks 9-18 gestation 

(mean gestational age of 

13.3 weeks’). 

TSH, fT4 and T4 analysed.  

 

Infant thyroid function: 

 

Correlation between maternal 

thyroid function & infant 

thyroid function: 

Maternal TSH and cord serum 

TSH: 

 r=0.08, p<0.001; β (SE)=0.47 

(0.15)  p<0.001 

Material fT4 and cord serum  

fT4:  

r= 0.09, p<0.001; β(SE)=0.11 

 

Large sample size. 

 

Cord serum collected 

from 3036 newborns. 

 

Potential confounders 

including gestational age 

at birth, gestational age at 

maternal venous 

puncture, maternal age, 
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First author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

Exclusion: women 

with known thyroid 

disease, thyroid 

medication or thyroid 

interfering 

medication, twin 

pregnancy, 

pregnancies after 

fertility treatment.  

 

Cord serum sample 

collected at birth.  

TSH and fT4 analysed. 

(0.02)  p<0.001 

 

prenatal smoking, SES 

and ethnicity were 

adjusted for.  

 

Fuse 2011
96

 

 

 

 

Prospective 

cohort  

 

Japan: recruited from 

a routine antenatal 

clinic at Yamaguchi 

Hospital, Japan.  

Average gestational 

age at enrolment of 

21.2 weeks. 

 

n=934 women and 

722 of their infants 

 

Eligibility: healthy 

pregnant women.  

 

Exclusion: previous 

history of thyroid 

disease. 

 

Maternal UIC: 

One spot urine sample 

collected at each trimester 

and 34 days after birth. 

UIC and creatinine 

analysed.  

 

Infant thyroid function: 

Newborn TSH from 

routine screening 

measured 72-120 hours 

after birth.   

 

 

Correlation between maternal 

UIC & newborn TSH: 

NS at any time point (data not 

shown) 

 

 

  

 

Although the sample size 

was large, not all women 

provided samples at 

different trimesters (246 

women provided 1 

sample, 151 provided 2, 

141 provided 3, 128 

provided 4 and 35 

provided more then 5). 

 

Time of day urine 

collected not specified. 

 

Potential confounders 

were not adjusted for in 

regression analysis. 
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First author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

 

Azizi 2011
114

 

 

Prospective 

cohort 

 

Tehran: recruited from 

2 mother-child health 

care centres. 

 

n=138 women and 

their infants 

 

Eligibility: healthy 

pregnant women <1
st
 

trimester. 

 

Exclusion: NR 

 

Maternal UIC: 

Three spot urine samples 

collected in the 1
st
 

trimester and one spot 

urine sample collected in 

the 2
nd

 and 3
rd

 trimesters. 

UIC analysed.  

 

Infant thyroid function: 

Cord serum sample 

collected at delivery. 

TSH, T3, T4, fT4 and Tg 

analysed.  

 

 

 Correlation between maternal 

UIC & infant thyroid function 

Maternal UIC and cord serum 

TSH: NS (data not reported) 

 

Maternal UIC and cord serum 

Tg: NS (data not reported)  

 

 

 

Sample size calculation 

not provided. Unclear if 

sample size is adequate.  

 

Time of day urine 

collected not specified. 

 

No information on the 

correlation between 

maternal UIC and serum 

T3, T4, fT4. 

 

 

Hashemipour 

2002
111

 

 

 

Cross 

sectional 

 

Isfahan: recruited 

from the Shahid 

Sadoughi Hospital by 

convenient sampling.  

 

n=146 women and 

their infants 

 

Eligibility/Exclusion: 

NR 

 

 

Maternal UIC:  

One spot urine sample 

collected on day 5 after 

birth.  

UIC analysed.  

 

Infant UIC:   
One spot urine sample 

collected on day 5 after 

birth.  

UIC analysed.  

 

 

Correlation between maternal 

& infant UIC:  

r=0.37, P<0.01 

 

 

 

 

Sample size calculation 

not provided. Unclear if 

sample size is adequate.  

 

Time of day urine 

collected not specified. 

 

Potential confounders 

were not adjusted for in 

regression analysis. 

 

Details about recruitment 
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First author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

and eligibility not 

specified. Convenient 

sample which may not be 

generalisable to the 

whole population.   

 

 

Hashemipour 

2010
112

 

 

 

Cross 

sectional  

 

Isfahan: recruited 

during a CH screening 

program.  

 

Cases (n=68): infants 

with  CH 

(TSH>10mUI/L; T4 

<6µg/dL) 

 

Control group 

(n=179): infants free 

of CH 

 

Eligibility: neonates 

exclusively breastfed  

 

Exclusion: mothers 

with a history of pre 

or postnatal exposure 

to excessive iodine, 

known systemic 

 

Maternal UIC:  

One spot urine sample 

collected 14-28 days after 

birth.  

UIC analysed.  

 

Maternal BMIC: 

One breast milk sample 

collected 14-28 days after 

birth.  

BMIC analysed.  

 

Infant UIC:   
One spot urine sample 

collected 14-28 days after 

birth.  

UIC analysed.  

 

  

 

Correlation between maternal 

UIC & infant UIC:  

NS (data not reported) 

 

Correlation between maternal 

BMIC & infant UIC:  

r=0.015, p<0.05 

 

 

 

 

Sample size calculation 

not provided. Unclear if 

sample size is adequate. 

 

Groups matched for age 

and SES.  

 

Correlation included both 

cases and controls 

 

Time of day urine 

collected not specified 

 

Unclear of the timing of 

infant serum sample and 

whether this is was 

collected at birth or 14-

18 days after birth.  

 

Potential confounders 

were not adjusted for in 
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First author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

disorders, palpable 

goitre or thyroid 

disorder and preterm 

infants, neonates with 

history of 

hospitalisation. 

  

regression analysis. 

 

 

Ordookhani 

2007
105

 

 

Cross 

sectional  

 

Tehran: recruited from 

neonatal TSH 

screening program.  

 

n=48 women and their 

infants 

 

Eligibility: healthy 

term infants (37-42 

weeks) with normal 

cord serum values. 

 

Exclusion: 

complicated 

pregnancy, exposure 

to iodinated contrast 

in pregnancy, known 

systemic disorders, 

palable goitre, use of 

thyroid medication, 

 

Maternal UIC: 

One spot urine sample 

collected after birth 

(average of 12.9 ± 3.9 days 

after birth). 

UIC analysed.  

 

Maternal BMIC: 

One breast milk sample 

collected after birth 

(average of 12.9 ± 3.9 days 

after birth). 

Breast milk iodine 

analysed. 

 

Maternal thyroid 

function: 

Serum sample collected 

after birth (average of 12.9 

± 3.9 days after birth). 

 

Correlation between maternal 

& infant UIC: 

r=0.326,  p=0.040 

 

Correlation between maternal 

breast milk iodine & infant 

UIC: 

 r=0.485, p=0.002 

 

Correlation between maternal 

UIC &infant thyroid function  

NS (data not shown) 

 

Correlation between maternal 

breast milk iodine &infant 

thyroid function 

NS (data not shown) 

 

 

Small sample size, likely 

to be inadequate. 

 

Time of day urine 

collected not specified. 

 

Potential confounders 

were not adjusted for in 

regression analysis. 
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First author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

exposure to iodinated 

antiseptics, current or 

former smoker.    

TSH, T3, fT3, T4, fT4 

analysed. 

 

Infant UIC:   
One spot urine sample 

collected after birth 

(average of 12.9 ± 3.9 days 

after birth). 

UIC analysed.  

 

Infant thyroid function: 

Cord serum sample 

collected at delivery. 

TSH analysed. 

 

Serum sample collected 

after birth (average of 12.9 

± 3.9 days after birth). 

TSH, T3, fT3, T4, fT4 

analysed. 

 

 

Wang 2009
106

 

 

Cross 

sectional  

 

 

China: Yongjin city 

 

n=125 pregnant 

women (first, second 

and third trimester), 

100 lactating women 

 

Maternal UIC: 

One spot urine sample 

collected within 0-1 year 

postpartum. 

UIC analysed.  

 

 

Correlation between maternal 

BMIC & infant UIC: 

r = 0.526, p < 0.01 

 

Correlation between maternal 

UIC & infant UIC: 

 

Sample size calculation 

not provided. Unclear if 

sample size is adequate.  

 

Thyroid function in 

pregnancy and infant 
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First author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

and their 61 infants 

(0-1 yr.) 

 

Eligibility:  residing in 

Yongjin city for more 

than five years, 

healthy women and 

infants. 

 

Exclusion: previous 

history of thyroid 

disease or medications 

that affect thyroid 

status. 

Maternal BMIC: 

One breast milk sample 

collected between 0-1 

years postpartum. 

BMIC analysed.  

 

Infant UIC:  
One spot urine sample 

collected between 0-1 

years. 

UIC analysed.  

 

NS (data not reported) 

 

 

thyroid function also 

measured, but the 

correlation between 

maternal and infant 

thyroid function was not 

assessed. 

 

Time of day urine 

collected not specified. 

 

Samples collected over a 

long time frame (0-1yr).  

 

BMIC was less in 

women breast feeding >6 

months.  

 

 

De Lima 

2013
123

 

 

Cross 

sectional  

 

Spain  

 

n=33 women and their 

infants (between 0-6 

months of age). 

 

Eligibility: Exclusive 

or partially breastfed 

infant. 

 

 

Maternal breast milk 

iodine: 

One breast milk sample 

collected between 0-6 

months postpartum.  

BMIC.  

 

Infant UIC:   
One spot urine sample 

collected between 0-6 

 

Correlation between maternal 

BMIC & infant UIC: 

r=0.56 (0.27-0.76) p<0.01   

 

Correlation between maternal 

UIC & infant UIC: 

NS (data not recorded) 

 

 

 

Small sample size, likely 

to be inadequate. 

 

No information about 

recruitment.  

 

Potential confounders 

were not adjusted for in 

regression analysis. 
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First author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

Exclusion: NR months after birth. 

UIC analysed.  

 

Timing of sample 

collection not provided.  

Iodine status of populations not specified  

 

Williams 

2013
118

 

 

Prospective 

cohort 

 

Scotland: recruited 

from a cohort 

belonging to the 

millennium study 

which recruited 

premature infants 

(n=666) from 

intensive care units 

and term babies 

(n=135) from one 

hospital.  

 

n=97 women and their 

infants 

 

Eligibility: term 

infants (≥37 weeks’ 

gestation) from the 

millennium study.  

 

Exclusion: NR  

 

Maternal thyroid 

function: 

Serum sample collected at 

10 and 34 weeks’ gestation 

and at delivery.  

TSH analysed.  

 

Infant thyroid function: 

Cord serum sample 

collected at birth. 

TSH and T4 analysed.  

 

 

Correlation between maternal 

TSH & infant thyroid function 

10 weeks’ gestation:  

Maternal TSH and cord serum 

TSH: r=0.73, p>0.05 

Maternal TSH and cord serum 

T4: r=0.14, p>0.05 

 

34 weeks’ gestation:  

Maternal TSH and cord serum 

TSH: r=0.08, p>0.05 

Maternal TSH and cord serum 

T4: r= -0.01, p>0.05 

 

Delivery:  

Maternal TSH and cord serum 

TSH: r= -0.09, p>0.05 

Maternal TSH and cord serum 

T4: r= 0.17, p>0.05 

 

 

 

 

Sample size calculation 

not provided. Unclear if 

sample size is adequate.  

 

Iodine status of the 

population not specified 

and UIC not collected. 

 

Infant TSH and thyroid 

hormone levels not 

provided. 

 

Potential confounders 

were not adjusted for in 

regression analysis. 
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First author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

 

Yuan 2013
119

 

 

Prospective 

cohort 

 

China: recruited from 

the Women’s and 

Children’s hospital 

from women who 

checked into the 

hospital regularly for 

prenatal care. 

 

n=1744 women and 

their infants 

(1
st
 trimester: N=458, 

2
nd

 trimester: N=449, 

3
rd

 Trimester: N=837)  

 

Eligibility/exclusion: 

NR 

 

Maternal thyroid 

function: 

Serum sample collected at 

each trimester over 

pregnancy.  

TSH and fT4 analysed.  

 

Infant thyroid function: 

Newborn TSH from 

routine screening after 72 

hours of age.   

 

 

Correlation between maternal 

thyroid function & infant 

thyroid function 

1
st
 trimester: 

Maternal TSH &. newborn 

TSH: r=0.162, p<0.001 

Maternal fT4 &. newborn 

TSH:  

r=0.094, p=0.055 

 

2
nd

 trimester: 

Maternal TSH & newborn 

TSH: r=0.145, p=0.003 

Maternal fT4  & newborn 

TSH:  

r=0.041 p=0.396 

 

3
rd

  trimester: 

Maternal TSH &. newborn 

TSH: r=0.171, p<0.001 

Maternal fT4  & newborn 

TSH:  

r=0.038 p=0.292 

 

 

 

Large sample size overall 

and at each trimester. 

 

Iodine status of the 

population not specified 

and UIC not collected. 

 

No information on 

characteristics of the 

sample including 

eligibility/exclusion 

criteria. 

 

Potential confounders 

were not adjusted for in 

regression analysis. 

 

Maternal TSH and fT4 

levels NR 

 

 

 

Oken 2009
116

 

 

Prospective 

 

Massachusetts: 
 

Maternal thyroid 

 

Association between maternal 

 

Sample size calculation 
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First author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

cohort  recruited from first 

prenatal visits at 

obstetric offices in a 

multi-specialty group 

practice. 

 

n=500 women and 

their infants.  

 

Eligibility: fluency in 

English, gestational 

age <22 weeks’ 

gestation, singleton 

pregnancy, plans to 

remain in the study 

area.  

 

Exclusion: women 

with known thyroid 

disease, thyroid 

medication or thyroid 

interfering 

medication, twin 

pregnancy, 

pregnancies after 

fertility treatment.  

 

 

function: 

Serum sample collected at 

enrolment (<22 weeks’ 

gestation). 

TSH and T4 analysed.  

 

 

Infant thyroid function: 
Newborn T4 from routine 

screening at 2 days after 

birth  

 

thyroid function & infant 

thyroid function: 

Maternal TSH and newborn 

T4: 

Maternal TSH <2.5: Reference 

Maternal TSH ≥2.5: β(95%CI): 

0.34 (-0.63, 1.31) 

 

Maternal T4 & newborn T4:  

β(95%CI): 0.03 (-0.15, 0.21) 

 

not provided. Unclear if 

sample size is adequate. 

 

Potential confounders 

including gestational age 

at delivery, gestational 

age at heel-prick and 

child sex were adjusted 

for. 

 

Limited information on 

the collection of maternal 

thyroid function 

including the gestational 

age.  

Table 2.5 cont. 
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First author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

 

Shields 2011
117

 

 

Prospective 

cohort  

 

UK: women were 

recruited from those in 

the Exeter Family 

Study of Childhood 

Health at 28 weeks’ 

gestation. 

 

n= 616 women and 

their infants  

 

Eligibility: no known 

thyroid disease. 

 

Exclusion: NR  

 

 

Maternal thyroid 

function:  

Serum sample collected at 

28 weeks’ gestation. 

TSH, fT3 and fT4 was 

analysed.  

 

Infant thyroid function: 

Cord serum sample 

collected at birth. 

TSH, fT3 and fT4 

analysed. 

 

Correlation between maternal 

thyroid function & infant 

thyroid function: 

Maternal TSH and cord serum 

TSH: r=0.004, p=0.92 

Maternal TSH and cord serum 

fT4: r= -0.08, p=0.039 

Maternal TSH and cord serum 

fT3: r= -0.10, p=0.014 

 

Maternal fT4 and cord serum 

TSH: r= -0.78, p=0.81 

Maternal fT4 and cord serum 

fT4: r=0.14, p=0.004 

Maternal fT4 and cord serum 

fT3: r= -0.02, p=0.014 

 

Maternal fT3 and cord serum 

TSH: r= -0.02, p=0.64 

Maternal fT4 and cord serum 

fT4: r=0.04, p=0.31 

Maternal fT4 and cord serum 

fT3: r= 0.04, p=0.36 

 

 

Sample size calculation 

not provided, likely to be 

adequate.  

 

Potential confounders 

were not adjusted for in 

regression analysis. 

  

N, number; NR, not reported; NS, not significant; OR, odds ratio; CI, confidence interval; UIC, urine iodine concentration; BMIC, breast milk iodine concentration; TSH, thyroid 

stimulating hormone; fT3, free triiodothyronine; fT4, free thyroxine Tg, thyroglobulin; T4, thyroxine; Cr, creatinine; SES, socio economic status; CH, congenital hypothyroidism;  

SE, standard error  

Table 2.5 cont. 
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2.8.6 Overall Summary 

In summary, the findings highlight the inconsistencies in the relationships reported between 

markers of maternal iodine status/thyroid function and infant UIC/markers of infant thyroid 

function. Most of the evidence supports a positive association between maternal UIC/BMIC 

and infant UIC; however the associations with infant thyroid function are less consistent.  

 

Based on the findings it appears that many factors may influence the results seen. One of 

these possibly being the iodine status of the population, however, a lack of consistency was 

still evident within iodine deficient and sufficient populations. Furthermore, the large range of 

sample sizes between studies is likely to have impacted on the findings, with many of these 

studies including <100 women, thus questioning whether they were adequately powered to 

detect the outcomes. The type of sample collected to assess infant thyroid function may also 

impact on the results as some studies have shown a correlation between material iodine status 

and cord serum TSH in contrast to newborn whole blood measured from routine screening 

programs. As cord serum is a mix between maternal and infant serum, the stronger 

associations may demonstrate the relationship between measures of maternal iodine status 

rather than maternal and infant iodine status. Additionally, the expression of UIC may also 

influence the findings, as the evidence reviewed has suggested that measuring creatinine and 

expressing maternal UIC as µg/g of creatinine is better correlated with infant thyroid function. 

It is notable that the majority of studies have collected samples at delivery or in the days 

following, with few studies assessing other markers of infant thyroid function besides 

newborn TSH. 

 

Furthermore, the association between maternal total iodine intake from food and supplements 

in pregnancy and infant iodine status/thyroid function has not been reported in any studies to 

date. Thus, it is clear from this review that there are gaps in the literature which can be filled 

by the conduct of large, well designed studies that aim to assess the association between 
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maternal iodine intake/iodine status/thyroid function in pregnancy and infant iodine 

status/thyroid function. 

 

2.9. The relationship between maternal iodine intake/markers of thyroid 

function and clinical outcomes (pregnancy/birth outcomes, infant growth 

and the health/wellbeing in pregnant or postnatal women)   

 

The aims of the following section are to provide a brief overview of the relationship between: 

- Maternal iodine intake in pregnancy and pregnancy/birth outcomes, infant growth and 

the health and wellbeing of pregnant and postnatal women.   

- Maternal thyroid function in pregnancy and pregnancy outcomes, infant growth and 

the health and wellbeing of pregnant and postnatal women.   

 

The studies included in this section are human studies published in English in the last 20 

years. I searched publications using electronic databases: MEDLINE, EMBASE, Cochrane 

Library and Google Scholar. The date of the last updated search was the 10
th

 of January 2015. 

The key words used in the general search were: maternal or pregnancy and iodine or food or 

diet or intake or iodised salt or dairy or milk or iodine supplement or micronutrient or trace 

element or iodine status or urine or UIC or urine iodine concentration or blood or thyroid 

metabolism or thyroid function or thyroid stimulating hormone or thyroid hormone or iodine 

deficiency combined with pregnancy outcomes or adverse outcomes or miscarriage or 

stillbirth or premature or infant anthropometrics or infant growth or birth weight or depression 

or stress or anxiety or health or wellbeing. Only studies that reported the 

correlation/association between maternal iodine intake/thyroid function and pregnancy 

outcomes, infant growth and the markers of the health and wellbeing of women are reviewed. 
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2.9.1 The relationship between maternal iodine intake in pregnancy and 

pregnancy/birth outcomes 

My search did not find any studies that assessed the relationship between maternal iodine 

intake from food and supplements in pregnancy and pregnancy/birth outcomes. Few 

contemporary studies have assessed the relationship between maternal UIC and thyroid 

function with pregnancy outcomes including miscarriage, still birth, prematurity and birth 

complications in euthyroid populations, and findings of the studies are inconsistent. These 

studies are reviewed below and summarised in Table 2.6.  

 

2.9.2 The relationship between markers of maternal thyroid function in 

pregnancy and pregnancy/birth outcomes 

Four prospective cohort studies
125-128

 and one retrospective case-control study
126

 have 

assessed the relationship between markers of maternal thyroid function in pregnancy and 

adverse pregnancy outcomes, with one of the prospective cohort studies also assessing the 

relationship between maternal UIC in pregnancy and pregnancy/birth outcomes
126

. Three 

studies
126-128

 were conducted in an iodine sufficient area, however in one of these the 

population sampled was shown to be mildly iodine deficient based on median UIC
126

. The 

remaining two studies
125, 129

 did not state the iodine status of the area or population. Two of 

the prospective cohort studies were larger (sample sizes ranging from 1170-2552) and in 

iodine sufficient populations of Western Australia
128

 and Greece
127

, reported inconsistent 

findings. Ong et al
128

 found no difference in the risk of adverse pregnancy outcomes 

(premature labour, stillbirth, small for gestational age (SGA), obstetric complications and 

fetal abnormalities) in women living in Western Australia with TSH levels at 9-13 weeks’ 

gestation above first trimester specific TSH reference ranges (0.02-2.15mIU/L)
56

. Meanwhile, 

Karakosta et al
127

 reported an increased risk of SGA infants (n=56, 5.1%), low birth weight 

(n=60, 5.4%) and premature birth (n=133, 11.6%), with high TSH levels (defined as above 

population trimester specific reference intervals) in early pregnancy, while no association was 
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found between maternal fT3 or fT4 on these outcomes
127

 (Table 2.6). Another large 

prospective cohort study (n=2497) conducted in The Netherlands by Benhadi et al
125

, where 

the iodine status of the population or area was not reported, found an increased incidence of 

infant loss (n=27, 1%) for every doubling in TSH value (adjusted OR=1.80, 95% CI: 1.07-

3.03) while there was no association between fT4 and infant loss
125

.   

 

Furthermore, a retrospective case-control study by Ashoor et al
129

 in the UK included 202 

pregnant women that experienced fetal loss and 3592 controls, finding a significant 

association between fT4 and fetal loss [OR (95%CI): 0.011 (0.001-0.104) p>0.001], but not 

TSH
129

. Another smaller study (n=157) conducted in the Czech Republic by Jiskra et al
126

 

included 157 women that had experienced spontaneous abortion and healthy controls. Despite 

being in an iodine sufficient area, the pregnant women included in the study were mildly 

iodine deficient based on median UIC (92µg/L). The women were followed up 12-47 months 

after spontaneous abortion, with findings showing no association between UIC, TSH and fT4 

collected at the time of the spontaneous abortion and pregnancy outcomes in 130 of the 

women that successfully achieved next pregnancy, including repeated spontaneous abortion 

or preterm delivery
126

.  

 

The findings from Karakosta et al
127

 and Benhadi et al
125

, two of the larger prospective cohort 

studies, may suggest a potential association between increased TSH and adverse pregnancy 

outcomes. However, this was not supported by the findings reported in Ong’s
128

, Ashoor’s
129

 

or Jiskra’s
126

 studies. The reason for the inconsistencies may be due to a number of factors. 

Firstly, unlike the other studies, Karakosta et al
127

 and Benhadi et al
125

 adjusted for a range of 

potential confounding factors (listed in Table 2.6). As many factors may be associated with 

pregnancy outcomes, the adjustment of these may have strengthened the findings. Although 

Ashoor et al
129

 included race, use of ovulation drugs and BMI in the multiple regression 

analysis, there are many other factors that were not adjusted for, such as smoking, age, parity, 
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previous pregnancy outcomes or prevalence of other diseases. The differences in findings 

between the prospective cohort studies may also be due to the sample sizes included as 

although the samples were larger, the prevalence of adverse pregnancy outcomes, in particular 

fetal death in Benhadi’s
125

 study,  may have been under powered. Furthermore, two of the 

studies
125, 129

 did not specify the iodine status of the population, which may have also 

influenced the findings.  

  

The study designs of Ashoor’s
129

 and Jiskra’s
126

 studies also need to be considered when 

interpreting results. Being a retrospective study, findings from Ashoor et al
129

 may be more 

prone to bias and confounding, possibly influencing the association seen with fT4 and fetal 

loss that was not seen in the prospective cohort studies. Furthermore, the lack of significant 

findings reported by Jiskra et al
126

 may have been due to an inadequate sample size as well as 

the study design as the urine and blood samples were only collected once, many months 

before the pregnancy outcome was assessed and the follow up time varied between the 

women (12-47 months), which may also have influenced the findings. Thus, the design of 

Jiskra’s
126

 study makes the findings difficult to compare to other studies. Nonetheless, based 

on these inconsistencies, it is evident that further research is needed to assess the association 

between maternal thyroid function in pregnancy and pregnancy/birth outcomes.  

 

2.9.3 The relationship between maternal iodine intake and infant growth 

outcomes 

Similar to pregnancy outcomes, no studies were identified that assessed the association 

between dietary iodine intake from food and supplements in pregnancy or in the postpartum 

period and infant growth outcomes including weight, length and head circumferences at birth 

or during infancy.  
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2.9.4 The relationship between markers of maternal thyroid function and infant 

growth outcomes 

Few observational studies have examined the association between maternal UIC or thyroid 

function with infant growth measurements
99, 108, 117, 130

 . All of these studies reviewed are of a 

prospective cohort design and conducted in populations of varied iodine status including 

mildly iodine deficient
108, 130

 and iodine excess
99

, with one study not reporting the iodine 

status of the population
117

. These studies are reviewed below and summarised in Table 2.6. 

 

Alvarez-Pedrerol et al
130

 conducted a study in a mildly iodine deficient area of Spain in 657 

healthy pregnant women,  measuring maternal UIC in the first and third trimester and 

maternal thyroid function in the first trimester, and examined the association with infant birth 

weight. Findings showed that pregnant women with UIC between 50-99µg/L and 100-

149µg/L in the third trimester had infants with a higher birth weight compared to pregnant 

women with UIC <50µg/L, while pregnant women with UIC between 100-149µg/L in the 

third trimester had a lower risk of having an infant SGA compared to pregnant women with 

UIC <50µg/L
130

. No association was found between TSH and fT4  measured in the first 

trimester and infant birth weight or risk having an infant SGA or with low birth weight, 

however women who had data available at all time points were analysed separately 

(n=239/657), with findings showing that high TSH levels (>90
th

 percentile) was associated 

with a higher risk of having an infant SGA infant and with low lower birth weight
130

. 

 

As discussed in section 2.7.2, Orito et al
99

 conducted a prospective cohort study in 622 

pregnant women within a population of iodine excess and assessed the association between 

maternal UIC and TSH collected in the first trimester with birth weight, birth length, and birth 

head circumference, with the findings showing no significant association. Meanwhile, Menon 

et al
131

, as discussed in section 2.8.2.1, conducted a study in 220 pregnant women in India, a 

population of mild iodine deficiency, and assessed the relationship between maternal fT4 in 
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pregnancy and infant growth outcomes including weight-for-age Z-scores and length-for-age 

Z-scores. Findings from this study showed a positive association between fT4 collected 

between 13-22 weeks’ gestation with weight Z-scores and length Z-scores at 2-4 weeks of 

age, however no association was reported between maternal TSH or UIC and infant growth 

measurements. In contrast to this finding, Shields et al
117

 conducted a study in 616 women 

and their infants in a population of unknown iodine intake and found a weak negative 

association between maternal fT4 at 28 weeks’ gestation and birth weight, length and head 

circumference, while the association with other markers of thyroid function was not assessed.   

  

The inconsistent findings between the studies may be reflective of a number of factors. 

Firstly, none of the studies provided a justification of the sample size. Although three of these 

studies included >600 women
99, 117, 130

, it is unclear whether this is sufficient to assess the 

association between iodine status/thyroid function and clinical outcomes such as infant 

growth. Furthermore, the iodine status of the populations varied between studies which may 

have influenced the findings. The differences seen in the association between fT4 and markers 

of infant growth between Menon’s
131

 and Shields’
117

 studies may have also been influenced 

by the timing and expression of the infant anthropometric measures, as Menon et al
131

 

measured weight and length at 2-4 weeks of age, expressed as weight-for-age and length-for-

age Z-scores, while Shields et al
117

 measured birth anthropometrics, expressed in grams or 

cm. As the expression of Z-scores in Menon’s
131

 study controls for the age at assessment to 

some degree, this may be a more accurate measurement of infant growth. Additionally, 

despite the studies assessing maternal thyroid function at multiple time points, the association 

with infant anthropometrics mostly used thyroid function measured at one time point only, in 

early pregnancy and no studies assessed the association with numerous markers of thyroid 

function including TSH, thyroid hormones and Tg. Nonetheless, the findings suggest a 

potential association with markers of maternal thyroid function in early pregnancy and infant 

growth that require further review.   
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2.9.5 The relationship between maternal iodine intake and the health/wellbeing of 

pregnant and postnatal women 

Thyroid hormones are known to affect serotonin levels as they act as neurotransmitters which 

regulate serotonin production
132

. These changes in serotonin neurotransmission can impact on 

mood disorders
132

.  Additionally, hypothyroidism and subclinical hypothyroidism have been 

related to clinical depression in adults
133

. Based on this, iodine intake may also be associated 

with mood disorders including depression. My search identified no studies that have assessed 

the relationship between maternal iodine intake or maternal UIC and the health/wellbeing of 

pregnant/postnatal women.   

 

2.9.6 The relationship between markers of maternal thyroid function and the 

health/wellbeing of pregnant and postnatal women 

No studies were identified that assessed the association between maternal thyroid function in 

pregnancy and the health/wellbeing of pregnant or postnatal women. Few studies were 

identified that assessed the association between maternal thyroid function and markers of the 

general health and wellbeing of postnatal women, including depression. Two of these were 

prospective cohort studies
134, 135

, one was a cross sectional study
136

 and one was a case-control 

study
137

 and none specified the iodine status of the population. These studies are reviewed 

below and summarised in Table 2.6. 

 

Albacar et al
134

 conducted a prospective cohort study in 1053 women in Spain and assessed 

the association between maternal TSH and fT4 collected within 48 hours after delivery and 

the diagnosis of postnatal depression until 32 weeks postpartum. A self-administered 

validated Spanish version of the Edinburgh Postnatal Depression Scale (EPDS) was used for 

the diagnosis of depression, which was confirmed by a psychiatrist. Findings from this study 

showed no association between maternal TSH or fT4 and the diagnosis of the postnatal 
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depression. Another prospective cohort study in Sweden
135

 in 345 pregnant women assessed 

the association between maternal TSH and fT4 at delivery and depressive symptoms at 5 

days, 6 weeks and 6 months after delivery. Similarly, a validated Swedish version of the 

EPDS was used to assess depressive symptoms. This study found that fT4 levels were 

negatively associated with self-reported depressive symptoms at five days and six weeks 

postpartum while no relationship was shown between TSH and depressive symptoms at these 

time points, however a positive association was found between high TSH (>4mIU/L) at 

delivery and self-reported depressive symptoms six month postpartum
135

.  Unlike Albacar’s
134

 

study, Sylvén’s
135

 study included a small sample size (n= 365) which may be under powered 

to assess clinical outcomes, thus possibly explaining the inconsistent findings. However, 

although larger, it is also unclear whether the sample size included in Albacar’s
143

 study is 

sufficient to detect these clinical outcomes.  

  

Furthermore, a small cross sectional study in 57 postnatal women in Greece measured mood 

swings using a validated maternity blues questionnaire at 1-4 days postpartum and measured 

depression using a Greek version of the EPDS in the fourth and the sixth week postpartum
136

. 

Maternal thyroid function including fT4, fT3, TSH and Tg was measured daily from delivery 

to four days postpartum. Findings showed that maternal fT3 at delivery and at 4 days 

postpartum correlated negatively with blues scores in the first week after birth, while there 

was no association between maternal fT3 with depression in the fourth or sixth week 

postpartum
136

. Additionally, maternal fT4 and TSH was not associated with blues scores or 

depression
136

. This was further supported by Ijuin et al
137

 who conducted a small case-control 

study in Japan. The authors compared thyroid function in 20 women at 5 days postpartum 

who were defined as experiencing maternity blues, as measured by the Okano’s self-rating 

scale, with 20 heathy controls and reported an association between low fT3 with the presence 

of maternity blues, while no association was found with  fT4
137

. Although TSH was measured 

in this study, the association with maternity blues was not reported.  
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Based on these findings, the relationship between maternal thyroid function in the postpartum 

period with the general health and wellbeing of postnatal women is unclear. Findings from 

smaller studies suggest a potential association between high TSH or low fT3 and maternity 

blues or depressive symptoms. However, these findings need to be interpreted with caution 

due to the small sample sizes. Additionally, only Sylvén et al
135

 adjusted for few potential 

confounding factors. As discussed earlier, many factors may influence clinical outcomes such 

as general health or depression and thus should be adjusted for in the analysis. The iodine 

status of the populations reviewed in these studies is also unknown, which may have also 

influenced the findings.  
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Table 2.6: Studies assessing the relationship between maternal iodine status/markers of thyroid function and pregnancy/birth outcomes, infant growth and/or 

the general health/wellbeing of pregnant/postnatal women 

 

First author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

 

Ong 2014
128

 

 

Prospective 

cohort  

 

Western Australia: 

recruited from 

Western 

Diagnostic 

Pathology at first 

trimester 

screening.   

 

n=2552 pregnant 

women. 

 

Iodine sufficient 

region.  

 

Eligibility: 

pregnant women 9-

13 weeks’ gestation 

and 6 days from 

ultrasound crown-

rump length 

measurement.  

 

Exclusion: NR  

 

Maternal thyroid 

function: 

Serum sample collected 

between 9-13 weeks’ 

gestation. 

TSH, fT3 and fT4 

analysed.  

 

Pregnancy/birth 

outcomes: 

Pregnancy outcome data 

obtained from the Western 

Australian Midwives’ 

Notification System 

database.  

 

Pregnancy outcomes 

consisted of obstetric 

(placenta Previa, 

preeclampsia, 

placental abruption, 

threatened preterm labor, 

pregnancy 

 

Association between maternal TSH & 

adverse pregnancy outcomes: 

OR (95%CI) of  TSH >2.15mIU/L 

and: 

Premature delivery <37 weeks’: 1.2 

(0.55,2.6) 

Premature delivery <32-27 weeks’: 

1.3 (0.55,2.9) 

Premature delivery <32 weeks’: 0.84 

(0.11, 0.66) 

SGA: 0.67 (0.23, 1.9) 

Obstetric complications: 0.88 (0.37, 

2.1) 

Any foetal abnormalities: 12 (0.49, 

3.0) 

All adverse outcomes: 0.93 (0.53, 

1.6) 

 

 

 

Sample size calculation not 

provided. Although a large 

sample was recruited, 

unclear if the prevalence of 

adverse pregnancy 

outcomes (n=327) is 

adequate.  

 

Although fT3 and fT4 were 

measured the association 

with adverse pregnancy 

outcomes was not reported. 

 

The differences in maternal 

thyroid function between 

women with any adverse 

pregnancy outcome and 

women with no adverse 

pregnancy outcome were 

reported. Findings showed a 

small increase in fT3 in 

women with adverse 

pregnancy outcomes 
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First author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

loss after 20 weeks’ 

gestation) and fetal 

outcomes (birth 

defects, neonatal death, 

small size for gestational 

age, and preterm birth). 

 

compared to those with no 

adverse pregnancy 

outcomes (4.4pmol/L vs. 

4.3pmol/L, p=0.034) with 

no difference in fT4 or TSH.   

 

Potential confounders were 

not adjusted for in the 

multiple regression analysis. 

 

Blood samples only 

collected once in pregnancy. 

 

 

Benhadi 

2009
125

 

 

Nested 

prospective 

cohort  

 

The Netherlands: 

data used from 

pregnant women 

who participated in 

the Amsterdam 

Born Children and 

their Development 

(ABCD) study.    

 

n=2497 pregnant 

women. 

 

Iodine status of the 

region or 

 

Maternal thyroid 

function: 

Serum sample collected at 

the first antenatal 

appointment (average age 

of 13 weeks’ gestation).  

TSH and fT4 analysed.  

 

Pregnancy/birth 

outcomes: 

The occurrence of 

miscarriage (death of fetus 

<22 weeks’ gestation), 

fetal death (including 

 

Association between maternal thyroid 

function & adverse pregnancy 

outcomes: 

TSH (mIU/L) and child loss 

(miscarriage/fetal death/neonatal 

death):  

Unadjusted analysis: 

OR (95%CI):1.6 (1.01-2.47) p=0.033 

Adjusted analysis: 

OR(95%CI): 1.80 (1.07-3.03) 

p=0.027-  

 

fT4(pmol/L) and child loss 

(miscarriage/fetal death/neonatal 

 

Sample size calculation not 

provided. Although a large 

sample was recruited, 

unclear if the prevalence of 

adverse pregnancy 

outcomes (n=27) is 

adequate.  

  

Potential confounders 

adjusted for in multivariate 

analysis including current 

smoker (yes/no), mother’s 

age, parity (categorical: 

0, 1, 2C), hypertension (no, 

Table 2.6 cont. 
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First author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

population 

unknown. 

 

Eligibility: free of 

known or clinical 

thyroid disease, 

living in 

Amsterdam. 

 

Exclusion: other 

ethnic groups that 

were a part of the 

ABCD study.   

 

stillbirth and intra-uterine 

death) or neonatal death 

was determined from three 

sources; i) the National 

Midwife Registry, ii) the 

National Obstetricians 

Registry and iii) the 

National 

Neonatal Registry. 
 

 

death):  

Unadjusted analysis: 

OR (95%CI): 2.31 (0.37-14.44) 

p=0.372 

Adjusted analysis: 

OR (95%CI): 1.41 (0.21-9.40) 

p=0.724 

 

pre-existent and gestational 

hypertension), diabetes 

mellitus (no, pre-existent 

,gestational diabetes), 

previous preterm deliveries 

(yes/no), previous 

stillbirth/miscarriages 

(yes/no) and TPO-Ab 

presence (yes/no) with 

TPO-Ab concentration 

below 80kU/l or more as 

positive. 

 

Blood samples only 

collected once in pregnancy.  

 

Potential confounders were 

not adjusted for in the 

multiple regression analysis. 

 

 

Karakosta 

2012
127

 

 

 

 

Prospective 

cohort 

 

Crete, Greece: data 

used from the large 

mother-child 

prospective cohort 

“Rhea” study.  

 

n=1170 

 

Maternal thyroid 

function: 

Serum sample collected at 

the first visit (<15 weeks’ 

gestation). 

TSH, fT3 and fT4 

analysed.  

 

Association between maternal thyroid 

function & adverse pregnancy 

outcomes 

RR (95%CI): 

TSH and medically indicated preterm 

birth: 1.2 (1.1-1.3)p<0.05 

TSH and low birth weight: 1.2:(1.2-

 

Sample size calculation not 

provided. Although a large 

sample was recruited, 

unclear if the number of 

adverse pregnancy 

outcomes is adequate to 

detect an association. 

Table 2.6 cont. 
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First author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

 

Unknown iodine 

status of the 

population. 

 

Eligibility: 

pregnant women 

who became 

pregnant within a 

12 month period 

from February 

2007, singleton 

pregnancy, <15 

weeks’ gestation, 

residents in study 

area, >16 years of 

age, no 

communication 

limitations. 

 

Exclusion: twins.  

 

 

High TSH defined as 

above population  

trimester specific reference 

intervals (1
st
 trimester 

>2.53IU/ml, 2
nd

 

trimester>2.73IU/L) 

 

Pregnancy/birth 

outcomes: 

Preterm birth (<37 weeks’ 

gestation), low birth 

weight (<2500g) and SGA 

(<10
th

 percentile of birth 

weight for gestational age) 

were assessed.  

1.3) p<0.05 

TSH and SGA 1.1 (1.0-1.3)  p<0.05 

fT3 or fT4 with pregnancy outcomes: 

NS 

 

High TSH /normal Thyroid Abs 

(n=47) 

RR (95%CI): 

Risk of low birth weight (n=4): 

2.6 (1.0, 5.9) p<0.05 

Risk of low birth weight excluding 

preterm (n=3): 2.7 (1.0, 7.3) p<0.05 

Risk of SGA (n=3): 1.5 (0.5, 4.4) 

p=NS 

Risk of SGA excluding preterm 

(n=3): 

1.1 (0.3, 4.1) p=NS 

Risk of preterm birth (n=3):0.7 (0.2, 

2.1) p=NS 

 

High TSH- define/positive Thyroid 

Abs (n=32): 

Risk of low birth weight (n=5):3.1 

(1.2, 8.0) p<0.05 

Risk of low birth weight excluding 

preterm (n=4): 3.7 (1.4, 9.7) p<0.05 

Risk of SGA (n=2):0.7 (0.1, 4.9) 

p=NS 

 

Potential confounders 

including maternal age, 

maternal origin 

(Greek/other), marital 

status, parity, maternal 

education, pre-pregnancy 

BMI,  weight in pregnancy, 

physical activity level, 

alcohol use, smoking status, 

hours at work in pregnancy, 

hours of sleep in pregnancy, 

family history of thyroid 

disease and infant gender 

were adjusted for in the 

analysis.  

 

Prevalence of preterm birth 

was 11.6% (n=133), low 

birth weight was 5.4% 

(n=60) and SGA was 5.1% 

(n=56). 

 

Use of iodine 

supplementation not was not 

assessed.  

 

Based on previous findings 
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First author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

Risk of SGA excluding preterm 

(n=1):1.1 (0.9, 5.5) p=NS 

Risk of preterm birth (n=1):0.3 (0.1, 

2.4) p=NS 

 

Greece likely to be iodine 

sufficient country. 

 

‘High TSH’ based on 

population trimester specific 

reference intervals which 

may not generalisable to 

other populations.  

 

Jiskra 2014
126

 

 

Prospective 

cohort  

 

Prague, The Czech 

Republic. Pregnant 

women were from 

a previous cross 

sectional study 

assessing UIC and 

thyroid function in 

women who 

experienced a 

spontaneous 

abortion.  

 

n=154  

 

Iodine sufficient 

area. Iodine 

deficient 

population based 

on median UIC.  

 

Maternal UIC: 

Fasting urine sample 

collected after spontaneous 

abortion.  

UIC analysed.  

 

Maternal thyroid 

function: 

Fasting serum sample 

collected after spontaneous 

abortion.  

TSH and fT4 analysed.  

 

Pregnancy/birth 

outcomes: 

The outcome of the next 

pregnancy 12-47 months 

after the women had 

experienced a spontaneous 

 

Association between maternal 

UIC/thyroid function & adverse 

pregnancy outcomes: 

No association between UIC and 

outcome of next pregnancy after 

spontaneous abortion (data not 

shown).  

 

 

 

 

Sample size calculation not 

provided, likely to be 

inadequate.  

 

The differences in maternal 

UIC between women that 

experienced spontaneous 

abortion and controls were 

reported. Findings showed a 

lower median UIC in 

women that experience 

spontaneous abortion [92 

(35-113)µg/L] compared to 

controls [117.8 (92.6-

195)µg/L], p<0.001. There 

were no differences in 

maternal fT4 and TSH 

between women with a 

spontaneous abortion and 
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First author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

 

Eligibility: 

Experienced early 

spontaneous 

abortion before 12 

weeks’ gestation 

 

Exclusion: NR 

 

abortion determined from 

phone interview.  

The questions included the 

time to conceive, natural 

Vs. medically assisted 

conception, physiological 

delivery in 

term, premature delivery, 

Caesarean section, 

recurrent spontaneous 

abortion and infertility. 

 

controls. 

 

Findings showed a small 

increase in fT3 in women 

with adverse pregnancy 

outcomes compared to those 

with no adverse pregnancy 

outcomes (4.4pmol/L vs. 

4.3pmol/L, p=0.034) with 

no difference in fT4 or TSH. 

 

Blood and urine samples 

collected over a long period 

of time prior (12 - 47 

months) to assessment of 

pregnancy outcomes in the 

next pregnancy.  

 

Ashoor 

2010
129

 

 

 

 

Retrospective 

case-control  

 

UK: Recruited 

from first antenatal 

visit. 

 

N=202 cases 

(miscarriage or 

fetal death) 

N=3592controls 

that ended in live 

birth 

 

Maternal thyroid 

function: 

Serum sample collected at 

11-13 weeks’ gestation 

TSH, fT3 and fT4 

analysed.  

 

Pregnancy/birth 

outcomes: 

Fetal loss (miscarriage and 

 

Association between maternal thyroid 

function & fetal loss: 

Significant contributions in the 

prediction of fetal loss: 

OR (95%CI) 

fT4: 0.011(0.001–0.104) p<0.001 

TSH: (p=0.208) (data not shown) 

 

 

Sample size calculation not 

provided. Although a large 

sample was recruited, 

unclear if the number of 

cases (n=202) is adequate.  

 

Unclear how the incidence 

of miscarriage or fetal loss 

was captured.  
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First author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

 

Iodine status of the 

region or 

population 

unknown. 

 

Eligibility: 11-13
+6

 

week’s gestation, 

no history of 

thyroid disease, no 

pre-eclampsia. 

 

Exclusion: NR 

fetal death) measured.  fT3 was collected but the 

association with fetal loss 

was not measured.  

 

Multiple regression analysis 

also included race (black 

ethnic), use of ovulation 

drugs and BMI. 

 

 

Alvarez-

Pedrerol 

2009
130

 

 

Prospective 

cohort  

 

Sabadell, Spain: 

recruited from the 

public health centre 

at ultra sound visits 

in the first 

trimester.  

 

n=657 

 

Mildly iodine 

deficient 

population. 

 

Eligibility: 

 

Maternal iodine status: 

Spot urine samples 

collected during the first 

and third trimester. 

UIC analysed.  

 

Maternal thyroid 

function: 

Serum sample collected 

during the first trimester. 

TSH and fT4 analysed.  

 

Infant growth outcomes: 

Birth weight measured. 

 

Association between maternal 

UIC/thyroid function & birth weight  

 

β (SEM) 

First trimester: 

fT4 (<10
th

  percentile): 67 (54) p=NS 

TSH (>90
th

  percentile): -19 (52) 

p=NS 

UIC <50µg/L (reference) 

UIC 50-99µg/L: 123 (69) p=NS 

UIC 100-149µg/L:133 (76) p=NS 

UIC 150-249µg/L:78 (76) p=NS 

UIC >200 µg/L:142 (102) p=NS 

 

 

Sample size calculation not 

provided. Although a large 

sample was recruited, 

unclear if the number is 

adequate to detect the 

clinical outcomes. 

 

Some women had missing 

data and were not included 

in all analysis. 563 mother-

infant pairs were included in 

first analysis, 257 mother-

infant pairs were included in 

second analysis and 534 
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First author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

pregnant women in 

the first trimester. 

 

Exclusion: thyroid 

disease, child born 

with malformations 

and born <34 

weeks’ gestation.  

 

Infants that were SGA 

were classified based on 

birth weight.   

Third trimester: 

UIC <50µg/L (reference) 

UIC 50-99µg/L: 117 (51) p<0.05 

UIC 100-149µg/L:189 (54) p<0.001 

UIC 150-249µg/L:106(57) p=NS 

UIC >200 µg/L:99 (67) p=NS 

 

Association between Maternal 

UIC/thyroid function & SGA 

OR (95%CI) 

First trimester: 

fT4 (<PC10): 0.58 (0.13-2.67) p=NS 

TSH (>PC90): 1.13 (0.41-4.17) p=NS 

UIC <50µg/L (reference) 

UIC 50-99µg/L: 1.73 (0.24-12.56) 

p=NS 

UIC 100-149µg/L: 0.37 (0.03-5.36) 

p=NS 

UIC 150-249µg/L: 1.34 (0.16-12.06) 

p=NS 

UIC >200 µg/: not measurable 

 

Third trimester: 

OR (95%CI) 

UIC <50µg/L (reference) 

UIC 50-99µg/L: 0.59 (0.21-1.69) 

p=NS 

UIC 100-149µg/L: 0.15 (0.03-0.76) 

mother-infant pairs were 

included in third analysis.  

 

Potential confounding 

factors were adjusted for 

including time of day, 

gestational age, and season 

at sampling, mother’s 

smoking habits, mother’s 

age, weight and height, 

infant’s sex, and null parity 

Models using birth weight 

as a continuous outcome 

were also adjusted for 

gestational age at delivery.  

 

Although the iodine status 

of the area was unknown, 

UIC indicates that the 

population was mildly 

iodine deficient.  

 

Results were repeated in 

women that had all 

measurements available 

(n=239). A higher TSH in 

the first trimester increased 

the risk of having a small 
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First author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

p<0.05 

UIC 150-249µg/L: 0.37 (0.10-1.40) 

p=NS 

UIC >200 µg/: 0.71 (0.19-2.75) p=NS 

 

baby [OR (95%CI): 8.29 

(1.59-43.2) p<0.05] and a 

baby with a lower birth 

weight [β (SEM)-182 (81) 

p<0.05]. No association was 

found with fT4. 

 

Orito 2009
99

 

 

Prospective 

cohort  

 

Japan: recruited 

from Palmore 

hospital during first 

antenatal 

appointment.  

 

n= 622 women and 

their infants 

 

Iodine excessive 

population.  

 

Eligibility: women 

7-15 weeks’ 

gestation.  

 

Exclusion: not 

Japanese, 

pregnancy 

complications, 

 

Maternal UIC: 

One spot urine sample 

collected at the initial visit 

between 7-15 weeks’ 

gestation.  

UIC and creatinine 

analysed.  

 

Maternal thyroid 

function: 

Serum sample collected at 

the initial visit between 7-

15 weeks’ gestation.    

TSH, fT3 and fT4 

analysed. 

 

Infant growth outcomes: 

Weight, height and head 

circumference measured at 

birth.  

 

Correlation between maternal UIC/ 

thyroid function & infant growth 

No association between maternal UIC 

(µg/g Cr) and TSH with birth weight, 

height and head circumference.  

 

 

 

  

 

Birth weight, height and 

head circumference only 

measured in 371 infants. 

  

Sample size calculations not 

provided. Unsure if 

adequate to measure the 

association with infant 

growth at birth.  

 

Potential confounders were 

not adjusted for in analysis. 

 

Time of day urine collected 

not specified. 

 

Correlation between fT3 

and fT4 with birth weight, 

height and head 

circumference was not 
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First author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

thyroid disease. 

 

 assessed.  

 

 

Menon 

2011
108

 

 

Prospective 

cohort 

 

India: recruited 

from three tribal 

primary health 

centres.  

 

N=220 pregnant 

women and their 

infants  

 

Mildly iodine 

deficient 

population. 

 

Eligibility: healthy 

pregnant women 

aged between 18-

30 years.  

 

Exclusion: self-

reported 

 

Maternal UIC: 

One morning spot urine 

sample collected at 

enrolment (13-22 weeks’ 

gestation), 33-37 weeks’ 

gestation and 2-4 weeks 

after birth.  

UIC analysed. 

 

Maternal thyroid 

function: 

One serum sample 

collected at enrolment (13-

22 weeks’ gestation), 33-

37 weeks’ gestation and 2-

4 weeks after birth.  

TSH and fT4 analysed.  

 

Infant growth:  

Nude infant weight and 

 

Association between maternal thyroid 

function &infant growth: 

Maternal fT4(pmol/L) at first visit 

with weight-for-age Z-scores:  

β (95%CI): 0.05 (0.02, 0.08) p=0.002 

Maternal fT4(pmol/L) at first visit 

with length-for-age Z-scores:  

β 95%CI): 0.05 (0.01, 0.09) p=0.008 

 

 

 

Although sample size 

calculations included, 

indicating sufficient sample 

(n=170) to estimate the 

prevalence of iodine 

deficiency, unclear if this is 

sufficient to assess infant 

growth outcomes.  

 

Data only obtained from 

180 infants at 2-4 weeks of 

age due to loss to follow up 

or fetal loss in pregnancy. 

 

Association between 

maternal TSH or UIC and 

infant growth measures not 

provided. 

 

Potential confounders 
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First author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

HIV/AIDS, 

tuberculosis, fever 

lasting longer than 

2 weeks’, diagnosis 

of thyroid disease.  

 

 

recumbent length 

measured at 2-4 weeks of 

age. 

Weight-for-age, length-

for-age and weight-for-

height Z-scores were 

determined using CDC 

growth charts.  

 

adjusted for included 

maternal UIC, weight gain 

and prematurity.  

 

 

 

 

Shields 

2011
117

 

 

Prospective 

cohort 

 

Exeter, UK: 

women were 

recruited from the 

Exeter Family 

Study of Childhood 

Health at 28 

weeks’ gestation.   

 

N=616 women and 

their infants 

 

Unknown iodine 

status of the 

population. 

 

Eligibility: healthy 

women without 

known thyroid 

 

Maternal thyroid 

function: 

One serum sample 

collected at 28 weeks’ 

gestation.  

TSH, fT3 and fT4 

analysed.  

 

Infant growth:  

Birth weight, length, head 

circumference and sum of 

skinfolds assessed.  

 

Association between maternal thyroid 

function & infant growth: 

Maternal fT4 and: 

birth weight: r= -0.18, p<0.001 

birth length: r= -0.11, p<0.05 

birth head circumference: r=-0.14, 

p<0.01 

birth sum of skinfolds: r=-0.18, 

p<0.01 

 

 

Sample size calculations 

were not provided. Unclear 

if this is sufficient to assess 

infant growth outcomes. 

 

Potential confounders 

including maternal smoking 

status, BMI, parity, SES, 

TPO positive and glucose 

levels were adjusted for in 

the analysis.  

 

Association between 

maternal TSH or fT3 and 

infant weight, length, head 

circumference or sum of 

skinfolds assessed was not 
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First author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

disease.  

 

Exclusion: 

premature infants, 

missing data, 

congenital 

abnormalities, 

twins, women with 

overt 

hypothyroidism 

and 

hyperthyroidism 

based on blood 

results at 28 weeks’ 

gestation.  

 

provided. 

 

 

Sylvén 

2012
135

 

 

Prospective 

cohort 

 

Uppsala, Sweden: 

recruited after birth 

from postnatal 

ward.  

 

N=365 

 

Unknown iodine 

status of the 

population. 

 

 

Maternal thyroid 

function: 

One serum sample 

collected during delivery.    

TSH and fT4 analysed.  

 

Maternal well-being 

Self-administered 

questionnaire including the 

Edinburgh Postnatal 

Depression Scale (EPDS) 

 

Association between maternal thyroid 

function &self-reported depression 

 

TSH at delivery with self-reported 

depression at 6 months postpartum 

(adjusted analysis) 

TSH<4mIU/L (reference) 

TSH≥4mIU/L  

Model 1 (excluding women taking 

thyroxin supplements): OR (95%CI): 

3.50 (0.88-13.89) 

 

Sample size calculations 

were not provided. Unclear 

if this is sufficient to assess 

clinical outcomes.  

 

The EPDS has been 

validated in Sweden.  

 

Potential confounders 

including previous 

psychiatric contact, smoking 
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First author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

Eligibility: NR 

 

Exclusion: Not able 

to communicate in 

Swedish, women 

whose personal 

data was kept 

confidential, 

women with 

intrauterine demise 

or infants admitted 

to neonatal 

intensive care unit, 

alcohol use in 

pregnancy. 

for the assessment of 

postnatal depression at 5 

days, 6 weeks and 6 

months after delivery.  

Model 2 (excluding women taking 

thyroxine supplements and women 

with abnormal thyroxine levels): 

OR(95%CI): 4.22 (1.06-16.83) 

Model 3 (excluding women taking 

thyroxin supplements and women 

with abnormal thyroxin levels and 

positive TPO antibodies): OR 

(95%CI):11.30 (1.93-66.11) 

 

TSH at delivery with self-reported 

depression at 5 days and 6 weeks 

postpartum: NS (data not shown)  

 

fT4 at delivery with self-reported 

depression at 5 days postpartum: 

(adjusted analysis) 

OR: 0.70 (CI: 0.54-0.91) 

 

in pregnancy, pre-pregnancy 

BMI and sleep were 

adjusted for in the analysis. 

 

Association between fT4 at 

delivery and self-reported 

depression at 6 weeks and 6 

months postpartum was not 

reported.  

 

Albacar 

2009
134

 

 

 

 

Prospective 

cohort 

 

Spain: women 

recruited from a 

larger multicentre 

study of 

postpartum 

depression.  

 

N=1053 

 

Maternal thyroid 

function: 

Fasting blood sample 

collected in the 48 hours 

after delivery.   

TSH and fT4 analysed.  

 

Maternal well-being 

 

Association between maternal thyroid 

function & postpartum depression 

Binary logistic regression: 

fT4: OR (95%CI): 0.908 (0.803-

1.073) p=0.312 

TSH: OR (95%CI):1.011 (0.854-

1.197) p=0.899 

 

 

Although larger sample size 

the prevalence of 

postpartum depression was 

small (n=87, 5.3%). Unclear 

if this is sufficient to assess 

clinical outcomes.  

 

The baseline characteristics 
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First author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

 

Unknown iodine 

status of the 

population. 

 

Eligibility: Spanish 

family origin. 

 

Exclusion: Under 

psychiatric care.  

Self-administered 

questionnaire including a 

Spanish version of the 

EPDS for the diagnosis of 

depression at 24-48 hours, 

8 weeks and 32 weeks 

postpartum. 

All probable cases of 

major depression were 

evaluated using the 

Spanish version of 

Diagnostic interview for 

Genetics Studies.  

 

Multivariate logistic regression: 

fT4: OR (95%CI): 0.898 (0.773-

1.043) p=0.157 

TSH: OR (95%CI):1.022 (0.858-

1.218) p=0.807 

between women that were 

depressed and not depressed 

were similar.  

 

Trained clinical 

psychologists conducted all 

of the interviews. 

 

EPDS validated for use in 

the Spanish population.  

 

Lambrinouda

ki 2010
136

 

 

Cross 

sectional 

 

Greece: recruited 

from the Aretaieion 

University 

Hospital. 

 

N=57 

 

Unknown iodine 

status of the 

population. 

 

Eligibility: Adult, 

native Greek, 

 

Maternal thyroid 

function: 

Serum samples taken on 

admission for delivery and 

daily until the fourth 

postpartum day. 

TSH, fT3 and fT4 

assessed. 

  

Maternal well-being 

Psychological status 

assessed using 

- Self-administered 

 

Correlation between maternal thyroid 

function & maternal wellbeing: 

fT3(pg/ml) and blues scores 

(baseline): 

Day 4 postpartum: r= -0.44, p ≤ 0.01 

Mean score: r= -0.29, p ≤ 0.05 

 

fT4 (ng/dl) and blues scores(day 4 

postpartum): 

day 4 postpartum: r= -0.36, p ≤ 0.01 

Mean score: r = -0.3, p ≤ 0.05 

 

Association between maternal thyroid 

 

Small sample size, likely to 

not be adequate.  

 

Validated tools for 

assessment of maternal 

wellbeing.  

 

Correlation between TSH 

with blues scores or EPDS 

scores not reported.  

Potential confounders not 

adjusted for in regression 

analysis.  
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First author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

married women, 

gestational age of 

35–38 weeks, free 

of obstetrical 

complications 

(preeclampsia, 

premature labour, 

instrumental 

delivery, excessive 

bleeding 

intrapartum), free 

of thyroid disease 

and eating 

disorders. 

 

Exclusion: acute or 

chronic psychiatric 

disorders. 

Postpartum Blues 

Questionnaire on 

admission and on 

days 1–4 

postpartum.  

- A Greek version of 

the EPDS via 

telephone for the 

diagnosis at weeks 

4 and 6 

postpartum. 

 

function & maternal wellbeing: 

Baseline measures 

β (95%CI): 

 

fT3(pg/ml) and blues scores: -2.829 

[−5.094, − 0.564] (p = 0.016) 

 

fT3(pg/ml) and mean blues scores 

(days 1-4) 2.859 [−5.752, 0.034] 

(p = 0.053) 

 

fT3(pg/ml) and EPDS (first week 

postpartum): −1.676 [− 5.727, 2.375] 

(p = 0.409) 

 

fT3(pg/ml) and EPDS (sixth week 

postpartum): − 2.508 [− 5.828, 0.812] 

(p = 0.135) 

 

fT4(pg/dl)/TSH(mIU/L) and blues 

scores/mean blues scores/EPDS (first 

and sixth week): NS (P>0.05)  

 

Final measures: 

fT3(pg/ml)/fT4(pg/dl)/TSH(mIU/L) 

and blues scores/mean blues 

scores/EPDS (first and sixth week): 

NS (p>0.05) 

Table 2.6 cont. 



128 

 

First author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

 

 

Ijuin 1998
137

 

 

Case-control  

 

Kagoshima, Japan: 

recruited from  

Kagoshima 

University 

Hospital. 

 

N=20 cases and 20 

matching controls 

 

Unknown iodine 

status of the 

population. 

 

Eligibility: women 

that experienced 

maternity blues.  

 

Exclusion: women 

with psychiatric 

disease, 

hyperthyroidism 

and/or 

hypothyroidism 

before pregnancy, 

 

Maternal thyroid 

function: 

One serum sample 

collected at 37 weeks’ 

gestation, 5 day and 1 

month postpartum.    

TSH, T3, T4, fT3 and fT4 

analysed.  

 

Maternal well-being 

Maternity blues assessed 

using Okano’s self-rating 

scale. 

 

Anxiety assessed using the 

Japanese version of the 

State-Trait Anxiety 

Inventory.  

 

Depression assessed using 

the Japanese version of 

Zung’s Self-Rating 

Depression Scale (SDS).  

 

 

Association between maternal thyroid 

function & maternity blues: 

Low fT3 and presence of maternity 

blues: R
2
=0.281, p<0.001 

Low fT4 and presence of maternity 

blues: NS (data not reported) 

 

 

Small sample size, likely to 

not be adequate.  

 

Unclear what time point was 

used for the regression 

analysis. 

 

Controls were similar to 

maternity blues patients in 

both racial characteristics 

and geographical 

distribution.  

 

Unclear if the assessment 

methods were validated.  

 

The association between 

TSH, T3 or T4 and 

maternity blues was not 

reported. 

 

The association between 

maternal thyroid function 

and anxiety or depression 
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First author,  

year of 

publication 

Design 

Setting and 

participants 

 
Assessment Key Findings Comments 

gestational 

diabetes, 

intrauterine growth 

retardation, 

premature delivery, 

preeclampsia 

and/or perinatal 

death.  

  

Maternity blues, anxiety 

and depression assessed 37 

weeks’ gestation, 5 day 

and 1 month postpartum.  

 

 

was not reported.  

 

Potential confounding 

factors were not adjusted for 

in the regression analysis.  

N, number; OR, odds ratio; RR, relative risk; CI, confidence interval; NS; not significant; NR, not reported; SGA, small for gestational age; UIC, urine iodine concentration; TSH, thyroid 

stimulating hormone; fT3, free triiodothyronine; fT4, free thyroxine T3, triiodothyronine; T4, thyroxine,  EPDS, Edinburgh Postnatal Depression Scale; SDS, Self-Rating Depression Scale; 

CDC; centres for disease control and prevention.
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2.9.7 Summary  

Overall, the association between maternal UIC/thyroid function and clinical outcomes 

including pregnancy/birth outcomes, infant growth and the general health and wellbeing of 

postnatal women is unclear. The inconsistent findings may be due to a number of possible 

reasons including whether the study is adequately sized, which is unknown as none of these 

studies provided sample size calculations. Furthermore, the iodine status of the populations 

(which was often not reported) may have influenced the findings, and many studies did not 

adjust for a wide range of potential confounding factors which may have an affect on the 

clinical outcomes measured.  

 

It is evident that there is a gap in the literature assessing the association between iodine intake 

in pregnancy and clinical outcomes. Furthermore, the studies identified only assessed the 

association between a few markers of thyroid function in pregnancy, mainly TSH and fT4, 

and clinical outcomes and no studies have assessed the general health and wellbeing of 

women in pregnancy, with most focussing on depression in the postpartum period. Thus, 

further research in this area is warranted 

 

2.10. The effect of iodine supplementation in pregnancy on maternal and 

infant iodine status/thyroid function and clinical outcomes.  

 

The aim of the following section is to review the effect of iodine supplementation in 

pregnancy on maternal and infant iodine status/thyroid function as well as clinical outcomes 

including adverse pregnancy outcomes and infant growth from RCTs. Although iodine 

supplement RCTs in pregnancy are no longer feasible in many countries, including Australia, 

due to the wide use of iodine supplementation and although these trials do not consider 

overall iodine intake from food and supplements, RCTs provide the highest quality of 

evidence, as discussed in section 2.6.  
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Two systematic reviews
142, 143 

have previously described the RCTs of iodine supplementation 

in pregnancy including their design, settings, assessments and key findings. The more recent 

review by Zhou et al
143

 searched relevant electronic databases including PubMed, MEDLINE, 

EMBASE,  CINAHL and PsycINFO to identify relevant RCTs from December 2012. Thus, I 

searched for relevant publications between December 2012-January 10
th

 2015 to assess any 

new evidence using electronic databases: MEDLINE, EMBASE, Cochrane Library and 

Google Scholar. The key words used in the general search were pregnancy and iodine status 

or urine or UIC or urine iodine concentration or blood or thyroid metabolism or thyroid 

function or thyroid stimulating hormone or thyroid hormone or iodine deficiency combined 

with iodine or iodide or iodate or iodised salt or iodised oil and supplement or treatment and 

randomised control trial or controlled clinical trial or placebo or randomised.   

 

My search found no new RCTs of iodine supplementation in pregnancy published between 

December 2012- January 10
th

 2015. As discussed in the two systematic reviews
142, 143 

, 8 trials 

have been identified and are summarised in Table 2.7. 

  

Two of these trials were quasi-RCTs conducted >40 years ago in severely iodine deficient 

populations of Peru
138

 and Papua New Guinea
139

.  In the Peru trial, 3183 men and women 

from three villages were included and via alternate allocation were injected with either iodised 

oil containing 960 mg of iodine or poppy seed oil. The trial in Papua New Guinea included 27 

villages and a total of 16, 500 participants, who were injected with iodised oil consisting of 

1600mg of iodine or a placebo. Women that gave birth after the intervention and their infants 

were assessed. The remaining 6 trials
140-145

 were conducted in Europe between the years of 

1991-2002, in small samples of women (35 to 250) and in mild to moderately iodine deficient 

populations (prior to intervention) with UIC levels ranging between 37-91µg/L. Women 

recruited were in early pregnancy and were randomly assigned to receive an iodine 
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supplement or placebo from study entry. Three trials ceased supplementation at delivery
140, 

144, 145
 while three continued in the postpartum period

141-143
. The iodine supplementation was 

in the form of iodised salt, potassium iodide (KI) drops or tablets and the dose ranged 

between 100-300µg/day
146, 147

. No RCTs from in iodine sufficient populations have been 

identified
142, 143

. 

 

As discussed by Zhou et al
143

, the quality of these trials has some limitations as none reported 

adequate random-sequence generation or adequate allocation concealment. Furthermore, only 

two trials
138, 140

 were considered as low risk of bias on the blinding of participants and 

personnel, while the other trials did not provide sufficient detail to assess this risk of bias. 

Additionally, only one trial reported low risk of bias from incomplete reporting of outcome 

data
144

. Due to the method of follow up that focussed on 5-16 of the original 27 villages that 

had the highest prevalence of cretinism, the Papua New Guinea
139

 trial was assessed as being 

high risk of other bias
143

.  

 

2.10.1 The effect of iodine supplementation in pregnancy on maternal iodine 

status and thyroid function  

 

With the exclusion of the Papua-New Guinea
139

 trial, All of these RCTs assessed maternal 

UIC from spot urine samples and reported a significant increase in the intervention groups, 

ranging between 43-170% between studies, however no clear dose relationship was shown 

(Table 2.7). Three of the trials assessed BMIC with one reporting a significantly higher 

concentration in the intervention group compared to the control groups
140

. The effects of 

iodine supplementation on other biomarkers including TSH, Tg and thyroid hormones were 

inconsistent, with 3 of 7 trials reporting  higher T4 levels
138, 139, 145

 , 1 in 6 
140

 trials reporting 

lower TSH and 2 in 4
140, 143

 trials reporting lower Tg in intervention groups compared to 

controls, with the remaining trials finding no difference between groups (Table 2.7). There 
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were no reports of changes in T3 or fT3 in any of the trials (Table 2.7). However Glinoer et 

al
140

 found that the main benefit on thyroid hormone status was when women were 

supplemented with both iodine (100µg/day) plus 100mg of L-T4 per day. These varied results 

may be due to the different populations between the studies as well as the different design and 

varied sample sizes, with some including less than 60 women
143, 144

.  

 

2.10.2 The effect of iodine supplementation in pregnancy on infant UIC and 

thyroid function 

 

Four of the six RCTs
140, 143, 145

 assessed the relationship between iodine supplementation and 

infant iodine status including UIC and thyroid function (Table 2.7). Intervention groups 

showed a higher UIC compared to controls in all of the trials, with no clear dose response 

relationship. Additionally, two trials that assessed Tg in infants
140, 143

 reported significantly 

lower levels in the intervention groups compared to controls, which may demonstrate Tg is a 

more sensitive marker of iodine intake, while no differences were found in infant TSH  

between the intervention and control groups
138, 140, 143, 145

.  

 

2.10.3 The effect of iodine supplementation in pregnancy on pregnancy outcomes  
 

The effect of iodine supplementation on adverse pregnancy outcomes in severely iodine 

deficient populations was reported in the Peru
138

 and Papua New Guinea
139

 trials. These trials 

did not assess the incidence of miscarriage or preterm birth, however child mortality was 

reported. In the Peru
138

 trial there was no difference between the groups in the incidence of 

child mortality ≤2 years of the intervention. However, in the Papua New Guinea trial, fifteen 

year follow up in a subgroup of children from 5 of the 27 villages showed higher survival 

rates from those in the iodine supplemented group compared to the placebo group (~85% 

compared to ~70%). Thus, these findings suggest a potential benefit of adequate iodine in 

severely iodine deficient populations. Although these are landmark trials and no other RCTs 
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have assessed the effect of iodine supplementation or intake on adverse outcomes, the 

findings are not relevant to industrialised countries that are not severely iodine deficient, such 

as Australia.  None of the 6 trials in regions of mild to moderate iodine deficiency reported 

adverse pregnancy outcomes.  

 

2.10.4 The effect of iodine supplementation in pregnancy on infant growth 

outcomes  
 

The quasi-RCT conducted in Peru
138

 was the only trial that assessed measures of infant 

growth,  with the findings showing no difference in the birth weight, length or head 

circumference and growth rate between the intervention and control group. Meanwhile, the 

trial in Papua New Guinea
139

 did not report on these clinical outcomes at birth, however they 

found no difference in the height between the intervention and control groups at the 15 year 

follow up.  
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Table 2.7: Effects of iodine supplementation in pregnancy on iodine status and thyroid function (adapted from Zhou et al 2014)
143 

 

First author, 

year of 

publication 

Settings and design Intervention Key Findings/Results 

Severely iodine deficient populations 

 

Kevany 1969
138

 

 

 

Quasi-RCT (alternate 

families) 

 

Peru: 3 central Sierra 

villages, 

 

N=3183 (747 women of 

childbearing age) 

 

 

Intervention (n=1992): 

Iodine A: 2mL iodised oil 

containing 960mg 

Iodine (if  nodular goiter not 

present) 

Iodine B: 0.2 mL iodised oil 

containing 96mg 

iodine (if  nodular goiter present) 

 

Control (n=1191):  

Poppy seed oil without iodine 

 

Duration: single injection in 1966, 

followed by a reinjection 3 years 

later when a new group of 

participants were injected for the 

first time 

 

 

UIC: medians: 

Maternal: Intervention: 543µg/24hr  (n=NR) vs. Control : 

25µg/24hr (n=NR), P=NR 

Infant: Intervention: 42 µg/24 hr (n=11) vs. Control : 

2µg/24hr (n=32), P=NR 

 

BMIC: means ± SD: 

Intervention: Iodine A: 9.7 + 1.2µg/100ml (n=9) vs. 

Iodine B: 1.9 + 0.7µg/100ml (n=NR) vs. Control : 0–

0.5µg/100ml (n=4) P=NR 

 

TSH:  

Maternal: Invention vs. Control: no difference in 

pregnancy, at delivery or >6 weeks postpartum 

(n=unclear) 

Infant: Invention vs. Control: no difference 

 

Tg: NR 

 

T3:  

Maternal: Invention vs. Control: no difference in 

pregnancy 

Infant: only 2 iodine and 3 control observations  reported  
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First author, 

year of 

publication 

Settings and design Intervention Key Findings/Results 

 

T4: means ± SD: 

Maternal: in the last 5 months of pregnancy: Invention: 

7.9 + 0.7µg/100ml vs. Control 5.2 + 0.4µg/100ml (P=NR, 

n=NR) 

 

fT4: means ± SD: 

Maternal: Invention: 1.93 + 0.56ng/100ml (n=15) vs. 

Control: 1.08 + 0.35ng/100ml, (n=18) (P=0.001) 

Infant: cord serum: Invention vs. Control: no difference 

 

 

Pharoah 1971
139

 

 

 

Quasi-RCT (alternate 

individuals) 

 

Papua New Guinea: 7 

villages in Jimi river 

Valley 

 

N=~16, 500 

 

Intervention: iodized oil (4 mL, if 

aged >12 y) containing ~1600mg 

iodine 

 

Control: saline solution 

 

Duration: single IM injection in 

1966 

 

UIC: Maternal: NR, Infant: NR 

 

BMIC: NR 

 

TSH: Maternal: NR, Infant: NR 

 

Tg: Maternal: NR, Infant: NR 

 

T3: Maternal: NR, Infant: NR 

 

T4: means + SEM:  

Maternal: 4–5 years after injection: Invention: 128.1 + 

5.1ng/ml (n=20) vs. control (59.8 + 6.3ng/ml) n=32, 

P=NR 

Table 2.7 cont. 
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First author, 

year of 

publication 

Settings and design Intervention Key Findings/Results 

Mild/moderately iodine deficient populations 

 

Pedersen 1993
143

 

 

 

 

Denmark: recruited from 

routine antenatal 

appointments in 

outpatients’ clinic.  

 

GA at trial entry: 17-18 

weeks’ gestation 

 

N= 74 (20 dropped out 

before first visit, 54 

included in analysis) 

 

Eligibility: no history of 

thyroid disease, not using 

iodine supplements or 

medication that affected 

thyroid function 

 

 

 

 

Intervention (n=28): 

10 drops KI solution/day (200µg 

iodine)  

 

Control (n=26): 

Details not provided  

 

Duration: trial entry to 12 months 

postpartum 

 

 

 

 

UIC: median [95% CI]: 

Maternal: Intervention: increased from 55µg/L to > 

100µg/L at end of pregnancy, p=NR. Control: NR 

Infant: Intervention: 64 [34–70]µg/L, (n=27) vs. control 

27 [21–56]µg/L,( n=25) (P=0.01) 

 

BMIC: median [95% CI]: 

Invention: 41 [31–74]µg/L vs. Control: 28 [19–46]µg/L 

(p=0.06)  

 

TSH: median [95% CI]: 

Maternal:  relative changes reported within groups. No 

comparison of changes or mean values between groups. 

Infant: Intervention: 6.8 [4.9–8.1]mU/L, (n=27) vs. 

Control 7.8 [4.8–11.9]mU/L (n=NR) (P=NS) 

 

Tg: median[95% CI]: 

Maternal: Invention vs. Control: reported that Tg values 

were significantly lower at all periods’ in the intervention 

group vs. control (P=NR) 

Infant: Invention: 38 [18–49]µg/L vs. Control: 67 [35-

85]µg/L, (n=NR, P=0.005) 

 

T3: medians [95% CI]: 

Maternal:  Invention (n=28) vs. Control (n=26): no 

Table 2.7 cont. 
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First author, 

year of 

publication 

Settings and design Intervention Key Findings/Results 

difference in pregnancy 

Infant: Invention: 0.70 [0.6–0.86]nmol/L vs. Control: 0.74 

[0.65–0.82]nmol/L (p=NS)  

 

T4 and fT4: medians [95% CI]: 

Maternal:  Invention (n=28) vs. Control (n=26): no 

difference in pregnancy 

Infant: Invention: 164 [140–187]nmol/L vs. Control: 165 

[143-176]nmol/L (p=NS, n=NR)  

 

 

Glinoer 1995
140

 

 

 

 

Belgium: recruited at the 

first antenatal visit, 

Saint-Pierre University 

Hospital, Brussels 

 

GA at trial entry: mean 

of 14.4 weeks 

 

n=180, divided into 3 

equal groups 

 

Eligibility: <16 weeks’ 

gestation, with excessive 

thyroid stimulation.  

 

Exclusion: NR  

 

 

Intervention  

Group B: 131µg KI/day (100µg 

iodine/day) 

 

Group C: 131 µg KI (100µg 

iodine/day) + 100µg L-T4/day. 

 

Control:  

Group A: placebo  

 

Duration: trial entry to delivery 

 

 

 

UIC: means + SEM 

Maternal: increased from 36µg/L at baseline to > 80µg/L 

in trimester 3 in Group B (n=NR, P<0.001) 

Infant: Group B: 77 + 8µg/L vs. Control 43 + 4µg/L 

(n=NR, P=0.0001) 

 

BMIC: means + SEM 

Invention: 61 + 10µg/L vs. Control: 29 + 2µg/L (p=0.001)  

 

TSH: means + SEM:  

Maternal: Group B < control in trimester 3 (P<0.01) and 

delivery (n=NR, P<0.001) 

Infant: Group B: 8 + 1mU/L vs. Control 7 + 1mU/L 

(p=NS) 

 

Tg means + SEM: 

Maternal: Group B < Control  in trimester 2, trimester 3 

Table 2.7 cont. 
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First author, 

year of 

publication 

Settings and design Intervention Key Findings/Results 

and delivery (n=NR, P<0.001) 

Infant: Group B: 65 + 6µg/L < Control: 113 + 9µg/L  

(n=NR, P=0.0001) 

 

T3: means + SEM:  

Maternal:  Group B vs. Control: no difference in 

pregnancy (n=NR) 

Infant: Group B: 0.95 + 0.04nmol/L vs. Control: 0.97 + 

0.03nmol/L (p=NS, n=NR)  

 

T4 and fT4: means + SEM: 

Maternal TT4: Group B vs. Control: no difference in TT4 

in trimesters 1 and 2 or at birth. In Trimester 3 iodine > 

control (n=NR) 

Infant: T4: Group B: 144 + 5nmol/L vs. Control: 141 + 

3nmol/L (p=NS, n=NR)  

Infant: fT4: Group B: 14.6 + 0.5nmol/L vs. Control: 14.0 

+ 0.5pmol/L (p=NS, n=NR)  

 

 

Romano 1991
144

 

 

Italy:  Obstetrics and 

Gynecology Department, 

University of L’Aquila, 

L’Aquila  

 

n=35  

 

GA at trial entry: 

 

Intervention: 

Iodine salt (120-180µg/day iodine) 

(n=17) 

 

Control:  

details NR (n=18) 

 

Duration: trial entry to delivery 

 

UIC: means + SEM: 

Maternal: Intervention: Increased from 37.0 + 36µg/24hr  

to 154 + 59µg/24hr (n=NR, P<0.0001) in trimester 2 and 

100 + 39µg/24hr in trimester 3 (n=NR, P<0.01) 

Infant: NR 

 

BMIC: NR 

 

Table 2.7 cont. 



140 

 

First author, 

year of 

publication 

Settings and design Intervention Key Findings/Results 

trimester 1 

 

Eligibility: not specified.  

 

Exclusion: history of 

thyroid disease 

 

 TSH:  

Maternal: reported no significant difference at any 

trimester, data not available.   

Infant: NR 

 

Tg: Maternal: NR, Infant: NR 

 

T3: Maternal: NR, Infant: NR 

 

T4 and fT4: Maternal: NR, Infant: NR 

 

 

Liesenkotter 

1996
141

. 

 

 

 

Germany: recruited from 

the Pregnancy Care Unit, 

Benjamin Franklin  

Hospital, Free 

University, Berlin 

 

n=108 

 

Eligibility/exclusion: NR 

 

 

 

Intervention:  

300µg of KI  (n=38) 

 

Control:  

details NR (n=70) 

 

Duration: trial entry to 2-21 days 

postpartum 

  

 

UIC: means + SEM: 

Maternal: increased  from 53.2µg/g cr (both groups, 

n=NR) to 104.5 µg/g cr (n=NR, P<0.001)  

Infant: Intervention: 8.3µg/dl  >Control: 6.5µg/dl (n=NR, 

P<0.05) 

  

BMIC: NR 

 

TSH means + SEM: 

Maternal: Intervention: 0.57 + 0.8mU/L vs. Control: 0.9 + 

1.2mU/L(n=70. p=NS) 

Infant: NR 

 

Tg (means + SEM): 

Maternal: Intervention: 8.3 + 10.9mU/L vs. Control: 13.5  

+ 19.3µg/L (n=70. p=NS) 

Table 2.7 cont. 
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First author, 

year of 

publication 

Settings and design Intervention Key Findings/Results 

Infant: NR 

 

T3 (means + SEM): 

Maternal: Intervention: 1.4 + 1.1nmol/L vs. Control: 13.5  

+ 19.3µg/L (n=70. p=NS) 

Infant: NR: 1.5 +1.4nmol/L 

 

T4 and fT4 (means + SEM): 

Maternal: Intervention: 88 + 60nmol/L vs. Control: 68 + 

61  (n=70. p=NS) 

Infant: NR 

 

 

Nohr 2000
142

. 

 

 

 

Denmark:  recruited from 

routine antenatal visit at 

Aalborg Hospital  

 

GA at baseline:11 weeks 

 

n=72  

 

Eligibility: TPO-Ab 

positive (>100U/mL) 

pregnant women 

 

Exclusion: history of 

thyroid disease or clinical 

symptoms of thyroid 

 

Intervention:  

 

Group A (n=22): vitamin and 

mineral tablet containing 150µg 

iodine 

 

Group B (n=24): vitamin and 

mineral tablet containing 50µg 

iodine. Time period:  

pregnancy only 

 

Control (n=26): placebo of  vitamin 

and mineral tablet with no iodine 

 

Duration: trial entry to delivery or 

 

UIC: medians 

Maternal: Intervention: increased  to 105µg/L (n=41) at 

35
 
weeks’ gestation vs. Control :53µg/L  (n=NR, P=NR) 

Infant: NR 

  

BMIC: NR 

 

TSH (35 weeks’ gestation): medians [25–75 percentile] 

Maternal: Intervention: 1.60 [1.09–2.07]mU/L (n=42) vs. 

Control: 1.56 [1.21–2.30]mU/L, (n=24. p=NS) 

Infant: NR 

 

Tg: (35 weeks’ gestation): medians [25–75 percentile] 

Maternal: Intervention: 14.1 [5.0–21.5]µg/L (n=42) vs. 

Control: 19.4 [8.2–33.5]µg/L,, (n=24. p=NS) 

Table 2.7 cont. 
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First author, 

year of 

publication 

Settings and design Intervention Key Findings/Results 

dysfunction. .  

 

at  9 months postpartum   

 

Infant: NR 

 

T3 (35 weeks’ gestation): medians [25–75 percentile] 

Maternal TT3: Intervention: .50  [2.27–2.93]nm/L vs. 

Control: 2.48 [2.29–2.74]nm/L (n=24. p=NS) 

Maternal fT3: Intervention: 4.90 [4.32–5.44]pm/L vs. 

Control: 5.30 [4.48–5.57]pm/L, (n=24. p=NS) 

Infant: NR 

 

T4(35 weeks’ gestation): medians [25–75 percentile] 

Maternal TT4: Intervention: .143 [126–159]nm/L vs. 

Control: 138 [128–149]nm/L,, (n=24. p=NS) 

Maternal: fT4: Intervention: 11.2  [9.4–12.4]pm/L vs. 

Control: 10.4 [9.3–12.8 pm/L,  (n=24. p=NS) 

Infant: NR 

 

 

Silva,1981
145

  

 

Chile: recruited from 

prenatal outpatient 

clinics, Eastern Greater 

Santiago  

 

n=250 

 

GA at trial entry: varied. 

minimum 9 weeks 

Duration: trial entry to 

delivery 

 

Intervention: (n = 160): KI solution 

(10 drops) daily 

containing iodine ~300mg/d 

 

Control (n = 90): no placebo 

 

Duration: trial entry to delivery 

 

UIC: means + SEM: 

Maternal:53 + 33µg/g cr iodine n=36, to 376 + 456µg/g cr 

n=36, in pregnancy ( P<0.001) 

Infant: NR 

  

BMIC: NR 

 

TSH: means + SEM 

Maternal: Intervention: 2.2+1.2µU/ml,(n=4) vs. Control: 

2.9 + 1.8 µU/ml (n=24. p=NS)  

Infant: Intervention: 5.7 + 3.4µU/ml vs. Control: 8.3 + 
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First author, 

year of 

publication 

Settings and design Intervention Key Findings/Results 

 

 

7.8µU/ml, L, (n=34). 

 

Tg: Maternal: NR, Infant: NR 

 

T3: means + SEM 

Maternal T3: Intervention: 157 + 34ng/dl (n=23) vs. 

control 172 +26 (n=33)   

Infant T3: Intervention: 58  + 8ng/dl, (n=23) vs. Control: 

50 + 23ng/dl (n=33)   

  

T4 means + SEM:  

Maternal T4: Intervention: 12.1 + 1.9µg/dl (n=24) vs. 

Control  8.8 + 1.7µg/dl nm/L, (n=32. p=NS)  

Infant: NR: Intervention: 11.3 + 1.5µg/dl, (n=24) Control: 

9.3 + 1.7µg/dl, (n=32)   

 
n, number; T3, triiodothyronine; T4, thyroxine; FT3, free triiodothyronine; FT4, free thyroxine; TT3, total triiodothyronine; TT4, total thyroxine; TSH, thyroid-stimulating hormone; UIC, urine iodine 

concentration; n, number; NR, not reported; NS, not significant; Tg, thyroglobulin; LT-4, levothyroxine, KI, potassium iodide; SEM, standard error of the means 

 

Table 2.7 cont. 
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2.10.5 Summary  

Based on the findings from these RCTs, Zimmerman and Delange
146

 concluded that 

iodine supplementation in pregnancy, at the doses tested, is safe and can improve the 

iodine status of pregnant women and infants in mild to severely iodine deficient 

populations. However, the limitations of these RCTs need to be considered, including 

factors influencing the quality of the trials as discussed above. Additionally, many were 

inadequately sized and none were conducted in areas of iodine sufficiency. As these 

RCTs do not take into account information on the effect of total iodine intake (from 

both food and supplements) there is a need to assess the safety and efficacy of iodine 

supplementation in iodine sufficient populations and to review possible effects of 

dietary iodine excess. Unfortunately due to the wide use of iodine supplementation in 

pregnancy in countries such as Australia, RCTs are no longer feasible, thus well 

designed observational studies are needed to assess the association between iodine 

supplementation and maternal and infant iodine status and/or thyroid function, as well 

as clinical outcomes. 

 

2.11. Rationale for this thesis 

 

Adequate iodine nutrition in pregnancy is important for normal growth and cognitive 

development of children. There has been limited Australian data that has assessed 

dietary iodine intake and status in pregnant and lactating women and infants since 

mandatory iodine fortification. Furthermore, no studies in Australia have assessed the 

association between maternal iodine intake and/or thyroid function with infant iodine 

status and thyroid function since mandatory fortification. In addition, quality data 

assessing this relationship in other regions of mild iodine deficiency or iodine 
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sufficiency worldwide is lacking. Data from RCTs on the effect and safety of iodine 

supplementation in pregnancy and whether this is needed in countries such as Australia 

that have fortification programs in place is also lacking. Since the NHRMC 

recommendations for routine supplementation in pregnancy, it is no longer feasible to 

conduct RCTs to address these issues. Although recent attention has been on 

inadequacy of iodine in pregnancy, the reverse situation in Australian women should 

not be overlooked; changes in the food supply, as well as recommended supplement use 

have likely increased iodine intake and some women may be exceeding safe iodine 

levels.  

 

The lack of literature assessing the relationship between maternal iodine intake in 

pregnancy and maternal or infant iodine status/thyroid function, the limited data on the 

current iodine status of Australian pregnant women, together with the absence of data 

on the effects of iodine supplementation in iodine sufficient populations, indicate a 

research gap and warrant the need for further research in these areas.  

 

Thus, the primary aims of my thesis are to examine the relationships between maternal 

total iodine intake/iodine status/thyroid function in pregnancy and markers of maternal 

and infant iodine status/thyroid function. The secondary aims are to examine the 

associations between maternal total iodine intake/thyroid function in pregnancy and 

pregnancy/birth outcomes, infant growth and the general health and wellbeing of 

pregnant and postnatal women. My thesis will also explore the influence of iodine 

supplementation on these associations. These findings will provide quality data that will 

address the gap and provide evidence to assist the formulation of public health policy to 

ensure optimal health of pregnant and postnatal women and their children. 
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Chapter 3 : General Methods  

 

3.1 Introduction 

 

This project is a component of a large prospective cohort study called The “Pregnancy 

Iodine and Neurodevelopment in Kids (PINK) Cohort study, funded by the NHMRC. 

The PINK Cohort study aims to investigate the relationship between iodine nutrition in 

pregnancy and the neurodevelopment of children at 18 months of age. 

 

This chapter describes the common elements of the study design, the study participants, 

the recruitment process and assessment methods that are relevant to all aspects of my 

project.  

 

3.2 Study design   

 

This is a prospective cohort study with ethics approval from the Women’s and 

Children’s Health Network (WCHN) Research Ethics Committee at the Women’s and 

Children’s Hospital (WCH) and the Southern Adelaide Clinical (SAC) Human Research 

Ethics Committee at Flinders Medical Centre (FMC) in South Australia.  

 

I was involved in all aspects of data collection including obtaining data by face to face 

interview at clinic appointments (baseline [<20 weeks’ gestation], 28 weeks’ gestation 

and 3 months postpartum), the collection of birth data from medical records, follow up 

phone calls, booking of appointments and data monitoring. As this project was a 
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component of The PINK Cohort Study and due to the large sample size (n=783) and 

timelines for the study, research staff involved in the project also supported some 

aspects of data collection.  

 

3.3 Study participants 

 

Eligible women were less than 20 weeks’ gestation and able to give informed consent. 

Singleton and twin pregnancies were eligible to participate. Exclusion criteria included 

a history of thyroid disease, known fetal abnormality, known history of drug or alcohol 

abuse (with the exception of tobacco), and women that planned to give birth at a 

different centre. Families in which English was not the primary language were also 

excluded as this was a requirement for the PINK cohort study where the child needed to 

understand and take instruction in English to participate in the neurodevelopmental 

assessment. 

 

3.4 Recruitment 

 

Women were recruited between August 2011 to December 2012 from the antenatal 

clinics at the WCH and FMC, with the support from research staff involved in the PINK 

Cohort study. The women were approached individually before or after their routine 

antenatal appointment and were screened for eligibility (Appendix 1). If eligible, 

women were provided with an information sheet (Appendix 2) and the study was 

explained and discussed in more detail so that all perspective participants were fully 

aware of the purpose of the study, participant requirements and the study protocol. 

Women were contacted within the following few days to determine their interest in 



148 

 

participating in the study. If women agreed to participate, a baseline appointment was 

booked prior to 20 weeks’ gestation. A confirmation letter was sent and a reminding 

phone call was made the day before the appointment.  

 

At the first clinic appointment, the women were given the opportunity to ask any 

questions about the study and then they were asked to read and sign a consent form 

(Appendix 3) to participate in the study. Parental characteristics and pregnancy related 

data were collected including race, education level, occupation, maternal smoking 

status, alcohol and drug use, previous medical history of depression and diabetes, 

previous pregnancies and anthropometric data. A paper clinical report form (CRF) was 

used as a tool to collect data from each participant throughout the study (Appendix 4).  

 

3.5 Data management  

 

The success of my study largely relied on retaining the women throughout their 

pregnancy and the follow up with their infants at 3 months postpartum. To assist with 

this, a purpose built, password protected, customised web based management 

information system (MIS) was developed for The PINK Cohort Study by The Data 

Management and Analysis Centre (DMAC) at The University of Adelaide and therefore 

this was also used in my study. Once a participant consented and details entered into the 

system, the MIS automatically calculated and flagged appointment times, which then 

required a staff member to document an appropriate action for it to be recorded as 

complete. This MIS allowed me to monitor day to day activities and collection of due 

samples and was essential for the successful follow-up of the women.  
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After each time point all entries on the CRF were checked and co-signed by a second 

person for completeness. All data on the CRF, completed questionnaires and laboratory 

test results were sent to DMAC for entry into a database by experienced data entry 

personnel. The data was maintained on a secure server and backed up regularly. Data 

cleaning was undertaken by a statistician at DMAC and via the MIS system, data 

queries were generated and resolved in a timely manner, contacting the women if 

needed.  

 

3.6 Assessments 

 

Assessments throughout the study occurred at baseline (<20 weeks’ gestation), 28 

weeks’ gestation, birth and 3 months postpartum. The assessment of maternal dietary 

iodine intake, maternal and infant iodine status and thyroid function as well as 

pregnancy and other clinical outcomes at these time points are detailed below and 

summarised in Appendix 5.  

 

3.6.1 Assessment of maternal dietary iodine intake  

There are a number of methods that can be used to estimate dietary intake of nutrients 

including diet records, 24 hour recalls and FFQs
42

. In theory, any one of these methods 

may be used to assess iodine intake. However, FFQs are less time consuming, have a 

lower burden on participants and lower cost compared with the more traditional dietary 

assessment method of weighed food records
42

. FFQs must be appropriate for the 

population in question, considering usual foods and food patterns. It is known that in 

pregnancy eating habits often change, which may be a reflection of dietary 
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recommendations, avoidance of foods as well as pregnancy related sickness
43

. Thus, the 

dietary assessment method must be tailored to suit this population.  

 

Previous studies have developed and validated general FFQs and these have been used 

to assess iodine intake in pregnancy
148, 149

. However, general FFQs, although less time 

consuming than other methods, are often long and much of the information captured 

may not be relevant when the focus is on iodine intake. There are only three published 

I-FFQs that have been developed and validated
69, 150, 151

, with none of these tailored for 

use in pregnancy, identifying the need for an I-FFQ for use in Australian pregnant 

women.  

 

As part of my project I developed and validated a short semi-quantitative I-FFQ
152

. The 

objective of the validation study was to  develop an I-FFQ for use in pregnancy and 

assess its reproducibility and validity against iodine intake from a weighed food record, 

urinary iodine from a 24 hour urine sample, urinary iodine from a spot urine sample and 

blood biomarkers of iodine status. The design and methodology of the validation study 

has been described in Appendix 6
152

. 

 

Briefly, the food items were selected from the most up to date Australian food 

composition database that is based on analytical data, NUTTAB 2010 
153

. For food 

items that were not listed in NUTTAB, the AUSNUT 2007 was used to supplement the 

list, which incorporates nutrient data from a range of sources including recipes, 

international food composition tables as well as calculated and imputed data 
154

. The 

foods were included in the I-FFQ if they had an iodine content of  ≥ 5% of the 

recommended dietary intake (RDI) for iodine (220µg.day) per serve for Australian 
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pregnant women (10µg/serve). Serving sizes were based on standard serves using the 

Australian Guide to Healthy Eating or food labels and were expressed as measurements 

(in grams) or convenient household units (cup/tsp /tbsp.). Some foods that fell just 

below the 5% RDI criteria per serve, however were still included in the I-FFQ as these 

foods were considered common in the Australian diet, consisting of: noodles and pasta, 

rice, cheese, ice cream, cooked broccoli, spinach and bok choy, chocolate, cashews, 

cheese flavoured snacks and pizza. For those food items with more than one variety, 

such as different types of fish and cheese, the average iodine content was used. The 

final questionnaire consisted of 44 food items that were classified into seven main food 

groups based on those listed in the NUTTAB database
153

 including seafood, cereal 

products, dairy, egg, vegetables, snacks and sweets and ready-made foods. The 

developed I-FFQ is shown in Appendix 7. For each food item, the frequency of intake 

was recorded as the number of serves per day, per week or per month. If the food was 

not consumed on a monthly basis the frequency of intake was marked as rarely/<1 per 

month.  An additional three questions were included which related to salt use, including 

whether salt was added in cooking or at the table, if the salt added was iodised salt and 

the individual daily portion used.   

 

This validated I-FFQ was used to estimate maternal iodine intake from food at baseline 

(<20 weeks’ gestation) and at 28 weeks’ gestation. As discussed in section 3.5, the 

completed I-FFQs were sent to DMAC for data entry, resulting in the automated 

calculation of the mean daily iodine intake from the I-FFQ as all frequencies of 

consumption (per week and per month) were converted to per day assuming that there 

were seven days in a week and 30 days in a month. The frequency of consumption per 

day was multiplied by the average iodine content of the specific food derived from the  
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NUTTAB 2010 or AUSNUT 2007 database. This was completed for each individual 

food item and was added together to give the mean daily iodine intake from food. Due 

to the difficulty in estimating iodine intake from salt, the daily portion of iodised salt 

recorded on the I-FFQ was not quantified. 

 

Information regarding supplement usage, including brand name, dose and frequency 

was gathered separately from women at baseline and 28 weeks’ gestation. Similar to the 

I-FFQ, this information was sent to DMAC for data entry and for automated calculation 

of the mean daily iodine intake from supplementation.  All frequencies of reported 

consumption were converted to per day and multiplied by the manufacturer’s 

information on the iodine content of the supplement. The total dietary iodine intake 

from food and supplements at baseline and 28 weeks’ gestation was estimated by 

summing up iodine intake from foods and iodine intake from supplements. For the 

remainder of this thesis, mean ‘total iodine intake’ in pregnancy (baseline and 28 

weeks’ gestation) is used to denote estimated average iodine intake from food plus 

supplements at these two time points.  

 

3.6.2 Assessment of maternal iodine status and thyroid function  

3.6.2.1 Urine iodine concentration 

Spot urine samples were collected from women at the baseline (<20 weeks’ gestation), 

28 weeks’ gestation and at 3 months postpartum which corresponded with dietary 

iodine intake assessment. The women were provided with a 70ml specimen container, 

which had been tested and cleared for iodine contamination, for the collection of the 

spot urine sample of at least 20mls. The samples were immediately stored at the WCH 

or FMC laboratory in a -20°C refrigerator and transported on ice to the Waite Analytical 
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Services (WAS), an accredited Centre for Disease Control and Prevention (CDC) 

Ensuring the Quality of Iodine Procedures (EQUIP) program laboratory in Adelaide, 

South Australia, for batched analysis of UIC. The method for analysis was modified 

from the WHO ‘Method A’ procedure
8, 155

, using ammonium persulfate digestion and 

microplate reading. The analytical value for the external iodine standard was 284.5 ± 

12.2µg/L compared with the certified value of 304 ± 44µg/L.  

 

3.6.2.2 Thyroid function 

A blood sample was taken at baseline (<20 weeks’ gestation), 28 weeks’ gestation and 3 

months postpartum by an experienced nurse for analysis of TSH, fT3, fT4 and Tg. The 

blood samples were sent to SA Pathology, a National Association of Testing Authorities 

(NATA) accredited diagnostic laboratory in Adelaide, for the analysis of thyroid 

function. TSH, fT3 and fT4 were determined using an ADVIA Centaur automatic 

chemiluminescence immunoassay (Siemens Healthcare Diagnostics, US). Tg and Tg 

antibodies were determined using the Immulite 2000 chemiluminescent immunometric 

assay (Siemens Healthcare Diagnostics, UK).The coefficients of variability across the 

controlled assay range were TSH <4% (controlled range 0.3-30.8mIU/L) , fT4 <6% 

(11.9-48.8pmol/L), fT3 <4% (4.3-11.3pmol/L) and Tg <7% (4.9-133.8 ng/mL), 

respectively. 

 

The diagnostics laboratories’ non-pregnancy reference ranges for TSH, fT3, fT4 and Tg 

were 0.5-4mIU/L, 3.1 to 5.4pmol/L, 10-25pmol/L and 0-59 ng/mL, respectively and 

were applied to 3 month postpartum data. There are no standard reference ranges for 

fT3, fT4 or Tg in pregnancy. As normal changes occur in thyroid function in pregnancy, 

using the diagnostics laboratories’ reference ranges may not be appropriate. The 
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American Thyroid association (ATA) has developed trimester specific reference ranges 

for TSH which were applied in my study [first trimester (0.1-2.5mIU/L), second 

trimester (0.2-3.0mIU/L) and third trimester (0.3-3.0mIU/L)]
60

.  

 

3.6.2.3 Breast milk iodine concentration 

If breastfeeding, a breast milk sample was collected from women after birth and at 3 

months postpartum. After birth the women were seen in the postnatal ward and were 

provided with a breast milk collection kit including a specimen container, which had 

been tested and cleared for iodine contamination, and instruction sheet. They were 

instructed to collect a 10-15ml breast milk sample within the first week after birth and 

were asked to collect the foremilk between the hours of 5am-9am. The women were 

asked to keep the samples in the freezer at home, after which they were collected  and 

transported on ice to the laboratory at WCH or FMC, where they were immediately 

stored in the -80°C freezer. The samples were subsequently transported on ice to WAS 

laboratory for batched analysis of BMIC. 

 

Prior to the 3 month postpartum appointment, the postnatal women were contacted and 

if breastfeeding a breast milk collection kit was sent, along with instructions for 

collection of the breast milk sample. The women were instructed to collect a 10-15ml 

breast milk sample on the day of the 3 month postpartum clinic appointment and were 

asked to collect the foremilk between the hours of 5am-9am. The samples were stored 

and transported as described above for the breast milk samples collected at birth 

. 

The analysis of BMIC at birth and 3 months postpartum was completed using The 

Tetramethvl Ammonium Hydroxide (TMAH) Extraction technique
156

 at WAS. The 
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analytical value for the external iodine standard was 3.37 ± 0.01mg/kg compared with 

the certified value 3.38 ± 0.02mg/kg.  

 

3.6.3 Assessment of infant iodine status and thyroid function  

3.6.3.1 Newborn TSH 

Newborn TSH levels and timing of sample collection were extracted from the routine 

neonatal screening database. Usually, a blood sample is taken by a midwife between 48 

and 72 hours after birth by pricking the newborn’s heel and placing a few drops of 

blood onto a screening card.  

 

3.6.3.2 Urine iodine concentration 

Prior to the 3 month postpartum clinic appointment, when the postnatal women were 

contacted, as described above, a paediatric urine collection bag and instructions for its 

use was sent. They were asked to place the urine collection bag on the infant prior to the 

appointment. During the appointment, once a urine sample had been collected from the 

infant the collection bag was removed and the sample was transferred to a specimen 

container, which had been tested and cleared for iodine contamination. If a urine sample 

could not be collected during the appointment the women were provided with additional 

urine collection bags and a specimen container and were asked to attempt the collection 

at home. If successful, they were asked to store the urine sample in the refrigerator after 

which it was collected from the mother’s home and transported on ice to the laboratory 

within 4 weeks of the 3 month appointment.  
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The samples were stored in the -20°C refrigerator at WCH or FMC and transferred on 

ice to WAS for batched analysis of UIC. The method of analysis of UIC was the same 

as maternal UIC, as previously described in section 3.6.2.1 

 

3.6.3.3 Thyroid function  

At 3 months of age, a small blood sample of 2.5mL was taken by an experienced nurse 

by venepuncture to assess TSH, fT3, fT4 and Tg. Due to the age of the infants; if blood 

collection was unsuccessful the collection was not attempted more than twice. The 

blood samples were sent to SA Pathology for analysis of thyroid function. The method 

of analysis was the same as maternal thyroid function, as previously described in 

section 3.6.2.2. 

 

3.6.4 Assessment of pregnancy and birth outcomes 

Information on pregnancy outcomes that could be related to iodine nutrition status, 

including preterm birth (<37 weeks’ gestation), miscarriage, stillbirth, low birth weight 

(<2500g), congenital abnormalities and transient hypothyroidism were collected from 

the women’s and infant’s medical records after birth.  

 

3.6.5 Assessment of infant anthropometrics 

Infants birth weight, birth length and birth head circumference was collected from 

medical records after birth. At 3 months of age, using standardised procedures, the 

infants bare weight, length and head circumference was measured
157

. Weight was 

measured to the nearest 5g on a calibrated electronic scale, length was measured to the 

nearest 0.5cm using a recumbent length board and head circumference was measured to 

the nearest 0.5cm, as the largest occipitofrontal circumference using a non-stretchable 
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tape measure. These measures were repeated twice and if inconsistent (weight >0.1cm 

apart, length and head circumference >0.5cm apart) they were measured a third time.  

 

3.6.6 Assessment of the general health and wellbeing of pregnant and 

postnatal women 

The general health and wellbeing of the women was assessed using the Short Form-36 

(SF-36)
158

 (Appendix 8) and the Depression Anxiety Stress Scales (DASS)
159

 

(Appendix 9) at baseline (<20 weeks’ gestation), 28 weeks’ gestation and 3 months 

postpartum. Prior to the 28 weeks’ gestation and 3 month postpartum appointments, the 

SF-36 and the DASS questionnaire was posted to the women to complete and return at 

the appointment. 

 

The SF-36 is a standardised tool that has been validated internationally, including 

Australia, for the assessment of quality of life. It has been used extensively in Australia 

for both population health and clinical research including pregnant women
158, 160

.   

 

The SF-36 questionnaire includes one multi-item scale measuring 8 concepts of health 

including physical functioning; role limitations because of physical health problems; 

role limitations because of emotional problems; bodily pain; social functioning; general 

mental health (psychological distress and psychological wellbeing); vitality 

(energy/fatigue); and general health perceptions. The SF-36 can also be divided into two 

summary measures including the Physical Component Summary (PCS) and the Mental 

Component Summary (MCS). The PCS includes the concepts of physical functioning; 

role limitations; bodily pain and social functioning while the MCS includes the concepts 

of general mental health; vitality and general health perceptions.  
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The DASS has demonstrated positive psychometric properties in a range of adult 

samples and has been shown to predict clinical depression
161

. The DASS is comprised 

of a set of three self-reported scales that measure the negative emotional symptoms of 

depression, anxiety and stress. It is made up of 42 items, with each scale containing 14 

items that are divided into subscales of similar content. The depression scale assesses 

dysphoria, hopelessness, devaluation of life, self-deprecation, lack of 

interest/involvement, anhedonia, and inertia. The anxiety scale assesses autonomic 

arousal, skeletal muscle effects, situational anxiety, and subjective experience of 

anxious affect. The stress scale assesses difficulty relaxing, nervous arousal, and being 

easily upset/agitated, irritable/over-reactive and impatient. A four point scale of 

frequency/severity is used to rate the experience of each state over the past week, from 

0, meaning that the item "did not apply to them at all", to 3 meaning that the item "apply 

to them very much, or most of the time". 

 

As discussed in section 3.5, the completed SF-36 and DASS questionnaires were sent to 

DMAC for scoring, entry into the database and data cleaning. Answers to each question 

on the SF-36 were scored according to the SF-36 instruction and then summed to 

produce raw scale scores for each health concept, expressed on a scale of 0–100, with a 

higher score indicating a better state of health and wellbeing. For this study, the scores 

for each health concept were divided into and presented as the PCS and MCS. 

Similarly, the results of the DASS were scored according to the DASS instruction, 

providing a severity rating of depression, anxiety and stress, ranging from ‘Normal’ to 

‘Extremely Severe’. Any of the women that scored within the moderate, severe and 

extremely severe percentile for the DASS scales were followed up with a phone call to 
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advise them that their questionnaire had scored at this level and were referred to GP for 

further assessment with permission. In this study, the severity rating of depression, 

anxiety and stress was combined into three categories: Normal, Mild/Moderate and 

Severe/Extremely Severe.  

 

Additionally, at 3 months postpartum women were asked whether there has been a new 

diagnosis of depression in the postpartum period. If so, information on who made the 

diagnosis and whether any treatments were prescribed was collected on the CRF 

(Appendix 4).  

 

3.7 Sample size estimation 

 

There is limited data on the correlation between maternal iodine intake with markers of 

iodine status including UIC, breast milk iodine concentration and thyroid function 

within a mildly iodine deficient or sufficient population. The few studies that have 

assessed the association between maternal total iodine intake with UIC in pregnant 

women reported correlations ranging from 0.15-0.42 
84, 87

 while those that have assessed 

the association between total iodine intake with breast milk iodine concentration 

reported correlations between 0.29-0.81
15, 88, 89

.  Based on these correlations, with the 

pre-determined sample size of 780-800 pregnant women in the PINK Cohort study for 

the assessment of child neurodevelopment at 18 months of age (including a 5-10% loss 

to follow up), a 90% power was estimated to detect minimal associations [r=0.12-0.13 

(p<0.05] between maternal total dietary iodine intake with markers of maternal and 

infant iodine status.  
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3.8 Statistical analysis 

 

Statistical analyses were performed using the Statistical Package for Social Sciences 

(SPSS) V21.0.0 (SPSS Inc. Chicago IL, USA) and SAS software V9.3 (SAS Institute 

Inc. Cary, NC, USA). A histogram was generated for continuous variables to assess 

normality. Results were reported as mean ± SD for normally distributed variables or 

median (interquartile range) for non-normally distributed variables. For categorical 

variables, results were reported as number and percentage. Independent t-tests were 

used to compare continuous baseline characteristics of the women and infants between 

completers and non-completers, while Chi square or fisher’s exact tests were used to 

compare categorical baseline characteristics of the women and infants between 

completers and non-completers.  

 

As discussed, total iodine intake in pregnancy was calculated as the average iodine 

intake from the I-FFQ and iodine supplements at baseline (<20 weeks’ gestation) and 28 

weeks’ gestation. The number of women not taking any supplements containing iodine 

using no supplements containing any iodine in pregnancy was small (19%), therefore 

women that were using iodine supplements <150µg/day or not taking any supplements 

containing iodine were grouped together. Women that were using iodine 

supplementation in pregnancy (at baseline and 28 weeks’ gestation) in mean doses 

≥150µg/day as per the NHMRC recommendations are classified as “women using 

iodine supplements ≥150µg/day”, while those using iodine supplements <150µg/day or 

not taking any supplements containing iodine are classified as “women using iodine 

supplements <150µg/day”. 
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To address the aims of my thesis, with the support of the statisticians at DMAC, the 

following statistical tests were performed: 

 

1. Linear regression analysis, presented as unstandardised coefficients (b), to assess the 

relationship between: 

a.  The average maternal total iodine intake in pregnancy and: 

- Maternal UIC, fT3, fT4, TSH and Tg at 28 weeks’ gestation and 3 months 

postpartum (Chapter 4) 

- BMIC at birth and 3 months postpartum (Chapter 4) 

- Newborn TSH at birth (Chapter 5) 

- Infant UIC, fT3, fT4, TSH and Tg at 3 months of age (Chapter 5) 

- Infant weight, length and head circumference at birth and 3 months of age 

(Chapter 6) 

- General health and wellbeing of pregnant and postnatal women from the SF-36 

scores (PCS and MCS) at 28 weeks’ gestation and 3 months postpartum 

(Chapter 6) 

b. Maternal UIC at 28 weeks’ gestation and:   

- Maternal fT3, fT4, TSH and Tg at 28 weeks’ gestation (Chapter 4) 

- BMIC at birth (Chapter 4) 

- Newborn TSH at birth (Chapter 5) 

- Infant UIC, fT3, fT4, TSH and Tg at 3 months of age (Chapter 5) 

c. Maternal thyroid function at 28 weeks’ gestation and:   

- Infant UIC, fT3, fT4, TSH and Tg at 3 months of age (Chapter 5) 

- Infant weight, length and head circumference at birth and 3 months of age 

(Chapter 6) 
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- General health and wellbeing of pregnant and postnatal women from the SF-36 

scores (PCS and MCS) at 28 weeks’ gestation and 3 months postpartum 

(Chapter 6) 

d. Maternal BMIC at birth and 3 months postpartum and:   

- Infant UIC, fT3, fT4, TSH and Tg at 3 months of age (Chapter 5) 

e. Maternal thyroid function at 3 months postpartum and: 

-  infant fT3, fT4, TSH and Tg at 3 months of age (Chapter 5) 

 

2. Logistic regression analysis, presented as an odds ratio (OR), to assess the 

relationship between: 

a. The average total iodine intake in pregnancy and binary outcomes including 

miscarriage, stillbirth, premature birth (<37 weeks’ gestation), low birth weight 

and neonatal complications (including hypoglycaemia, bone fracture, neonatal 

convulsion, brain injury. surgery, NEC, sepsis, transit hypothyroidism and 

neonatal death.) 

b. Maternal thyroid function at 28 weeks’ gestation and binary outcomes including 

miscarriage, stillbirth, premature birth (<37 weeks’ gestation), low birth weight 

and neonatal complications (as listed above). 

An odds ratio (OR) greater than 1 indicates higher odds of the pregnancy/birth 

outcome. 

 

3. Ordinal logistic regression analysis
162

, presented as an odds ratio (OR), to examine 

the relationship between  

a. The average maternal total iodine intake in pregnancy and with the severity 

category (normal, moderate and severe) of depression, anxiety and stress 
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assessed from the DASS questionnaire at 28 weeks’ gestation and 3 months 

postpartum. 

b. Maternal thyroid function at 28 weeks’ gestation and with the severity category 

(normal, moderate and severe) of depression, anxiety and stress assessed from 

the DASS questionnaire at 28 weeks’ gestation and 3 months postpartum. 

An odds ratio (OR) greater than 1 indicates higher odds of being in a less severe 

category of depression, anxiety and stress.  

 

Potential confounders that may affect iodine status and/or thyroid function in pregnancy 

were adjusted for in the regression analysis when assessing the associations between 

maternal and/or infant iodine status and thyroid function including: maternal age
100, 163

; 

gestational age at enrolment
19, 23, 163

; pre-pregnancy BMI
100, 164, 165

; parity (0 or ≥1) 
166

; 

maternal education (completed year 12: yes or no; degree or higher degree: yes or 

no)
163, 165

; maternal employment status (currently employed: yes or no)
165

; maternal 

smoking status (currently smoking: yes or no) 
100, 167

 ; the use of iodine containing 

antiseptics at birth (yes or no)
168-170

, feeding mode postpartum (exclusively 

breastfeeding, exclusively formula feeding, partially breastfeeding)
35, 65

 and the 

diagnosis of thyroid disease in pregnancy (yes or no). Information regarding these 

factors was captured on the CRF (Appendix 4). Additionally, maternal UIC and 

maternal thyroid function (UIC, fT3, fT4, TSH, and Tg) at baseline (<20 weeks’ 

gestation) were included in the adjusted analysis.  

 

Analysis assessing the relationship between maternal total iodine intake/iodine 

status/thyroid function in pregnancy with markers of maternal or infant iodine 

status/thyroid function at 3 months postpartum was further adjusted for maternal iodine 
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status (UIC, fT3, fT4, TSH, Tg, BMIC). In addition, at 3 months postpartum the women 

were asked to complete an I-FFQ and iodine intake from food only (as information 

regarding the use of iodine supplementation at 3 months postpartum was not collected 

in the pre-designed CRF which could not be modified) was calculated and adjusted for 

in the regression analysis.  

 

Analysis assessing the relationship between maternal UIC at 28 weeks’ gestation and 

maternal or infant iodine status/thyroid function was further adjusted for the average 

total iodine intake in pregnancy. Other potential confounders that were adjusted for and 

were specific to the outcomes measured are described in the relevant chapters.  

 

Participants with missing data were excluded from the analysis on a missing outcome 

basis. Statistical significance was set at P <0.05. 

 

3.8.1 Subgroup analysis 

To examine whether the associations between maternal iodine intake/iodine 

status/thyroid function and markers of maternal or infant iodine status/thyroid function 

and clinical outcomes differed between women using iodine supplements ≥150µg/day 

and women using iodine supplements <150µg/day, a sub-group analysis was performed. 

To do this, the use of iodine supplementation (or not) was included in the unadjusted 

and adjusted regression models to examine whether there was a significant interaction 

with the relationships listed in points 1-5 above. If there was a significant interaction, 

the difference in these relationships between omen using iodine supplements 

≥150µg/day and women using iodine supplements <150µg/day was further examined 

and reported separately. Although this analysis may provide some insight into the 
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potential influence of iodine supplementation in pregnancy on maternal and infant 

outcomes, the limitations of subgroup analysis need to be considered. The main 

limitation with this type of analysis is that the individual subgroups are usually small 

compared to the overall population, reducing the statistical power. Additionally, the 

chance of finding a false-positive result by random chance alone increases if the 

significance level is kept the same. These factors will be considered when interpreting 

the results.  
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Chapter 4 : The relationship between maternal total 

iodine intake in pregnancy and markers of maternal 

iodine status/thyroid function in pregnancy and in the 

postpartum period.  

 

4.1 Introduction 

 

Iodine deficiency can alter thyroid function, possibly resulting in hypothyroidism and 

can lead to a range of IDDs
2
. On the other hand, there is evidence to suggest that excess 

iodine can also increase the risk of thyroid dysfunction
13-15

. As identified in section 2.7 

of my literature review (Chapter 2), it is evident that there is a research gap around the 

relationship between maternal total iodine intake from food and supplements in 

pregnancy and maternal iodine status/thyroid function in pregnancy or in the postpartum 

period in iodine sufficient or mildly iodine deficient populations. Furthermore, there 

have been no large, well designed studies that have assessed the iodine intake, food 

sources of iodine or iodine status of Australian pregnant women since mandatory 

fortification and routine iodine supplementation were introduced in 2009 and 2010, 

respectively.   

 

To address the identified research gaps, the primary objectives of this chapter are to 

assess: 

1. The relationship between the average maternal total iodine intake in pregnancy 

[baseline (<20 weeks’ gestation) and 28 weeks’ gestation] and:  

- Maternal UIC at 28 weeks’ gestation and 3 months postpartum. 
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- Maternal thyroid function (TSH, fT3, fT4 and Tg) at 28 weeks’ gestation 

and 3 months postpartum.  

- Maternal BMIC at birth and 3 months postpartum. 

2. The relationship between maternal UIC at 28 weeks’ gestation and:   

- Maternal thyroid function (TSH, fT3, fT4 and Tg) at 28 weeks’ gestation. 

- Maternal BMIC at birth. 

The secondary objectives of this study are to assess: 

1.  The relationship between maternal intake of good food sources of iodine in 

pregnancy [baseline (<20 weeks’ gestation) and 28 weeks’ gestation] and 

maternal UIC in pregnancy [baseline (<20 weeks’ gestation) and 28 weeks’ 

gestation]. 

2. The influences of iodine supplement use in pregnancy on the above associations. 

 

Furthermore, meeting these objectives will provide insight into the current iodine intake 

and status of pregnant women in Australia since mandatory iodine fortification, and will 

give an indication of the normal changes in thyroid function that occur over pregnancy.  

 

4.2 Subjects and methods 

 

The recruitment of women and data collection including the assessment and analysis of 

maternal total iodine intake in pregnancy, maternal UIC, BMIC and maternal thyroid 

function is detailed in Chapter 3. Briefly, total iodine intake using the I-FFQ and 

capturing information on the use of iodine supplementation was collected in pregnancy 

(<20 weeks’ gestation and 28 weeks’ gestation). The main food sources of iodine in 

pregnancy were analysed from the I-FFQ.  
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Spot urine and serum samples were collected in pregnancy and at 3 months postpartum 

for the analysis of UIC and thyroid function (TSH, fT3, fT4 and Tg). At birth and 3 

months postpartum breast milk samples were collected and analysed for BMIC.   

 

4.3 Statistical analysis  

 

The general statistics relevant to this chapter have been described in detail in Chapter 

3. In this chapter, maternal UIC and BMIC were not normally distributed and therefore 

non-parametric tests were used, including the Wilcoxon test to compare UIC and BMIC 

between time points. The Mann-Whitney U test was used to compare UIC and BMIC 

between women using iodine supplements ≥150µg/day and women using iodine 

supplements <150µg/day in pregnancy and between categories of RDI intake for iodine 

in pregnancy (<220µg/day and ≥ 220µg/day). The Chi-square test was used to compare 

the proportion of women with UIC <50µg/L and <150µg/L between time points. 

Maternal thyroid function was normally distributed and therefore parametric tests were 

used, including Paired t-tests to compare thyroid function between time points and 

Independent t-tests to compare thyroid function between women using iodine 

supplements ≥150µg/day and women using iodine supplements <150µg/day in 

pregnancy and between categories of RDI for iodine in pregnancy (<220µg/day and ≥ 

220µg/day). Differences in thyroid function across categories of UIC (0-149µg/L, 150-

249µg/L, ≥250-499µg/L) in pregnancy (baseline and 28 week’ gestation) were assessed 

using the Kruskal Wallis test. Spearman’s correlation coefficient was used to assess the 

correlation between the iodine contribution from good food sources of iodine and UIC.   
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As described in Chapter 3, to address the primary objectives, linear regression analysis 

was used to assess the relationships between maternal total iodine intake in pregnancy 

with maternal UIC, thyroid function and BMIC. The coefficients (b) from the models 

were presented. UIC and BMIC was log transformed for the analysis as the 

distributional assumptions of a linear regression model were not met by the 

untransformed data. The coefficients (b) from these models (UIC and BMIC) were back 

transformed, represented as the ratio of two means. All of the results in this chapter 

were scaled 10-fold and presented as per every 10µg/day increase in maternal total 

iodine intake and as per every 10µg/L increase in maternal UIC.  

 

The influence of potential confounders including maternal age, gestational age, pre-

pregnancy BMI, parity, maternal education, maternal employment status, maternal 

smoking status, the use of iodine containing antiseptics at birth and feeding mode 

postpartum were assessed using multiple regression analysis. As discussed in Chapter 

3, these factors have been shown in the literature to possibly affect thyroid function they 

were adjusted for in the regression analysis. All other potential confounding factors 

adjusted for in this chapter have been described in Chapter 3.  

 

Recent literature has suggested that a higher body mass index (BMI) indicating 

overweight (BMI≥25 kg/m
2
) can influence thyroid function

171, 172
. To further explore 

this association women were categorised into two groups: BMI<25kg/m
2 

and 

BMI≥25kg/m
2 

 based on pre-pregnancy BMI and BMI at 3 months postpartum. 

Independent t-tests were used to compare TSH, fT3, fT4 and Tg collected at baseline 

(<20 weeks’ gestation), 28 weeks’ gestation and 3 months postpartum between these 

groups.  



170 

 

As discussed in Chapter 3 (section 3.8.1), subgroup analysis was performed to assess 

whether iodine supplement use in pregnancy influences the relationships between 

maternal iodine intake and markers of maternal iodine status/thyroid function. If so (as 

indicated by a significant interaction), the differences in these relationships between 

women using iodine supplements ≥150µg/day and women using iodine supplements 

<150µg/day in pregnancy was further analysed.  

 

4.4 Results 

 

Overall, 5796 women were screened with 3292 being eligible for the study. The reasons 

for ineligibility are shown in Figure 4.1. Of the women that were eligible, 783 

consented to participate in the study. The reasons for non-consent are shown in Figure 

4.1.  Of the 783 women who participated in the study, the number of women that 

completed each phase of this chapter from baseline to 3 months postpartum is shown in 

Figure 4.2. 

 

The baseline characteristics of the pregnant women are presented in Table 4.1. The 

mean age of the women in the study was 30.5 years and the mean gestational age at 

enrolment was 16.3 weeks. Baseline characteristics did not differ between women that 

completed the study and those that did not, including age (p=0.219), BMI (p=0.625), 

parity (p=0.603), education including completing secondary school (p=0.247) or further 

study (p=0.597) and smoking status (p=0.471). Baseline characteristics including parity, 

maternal education, maternal employment and smoking status differed between women 

using iodine supplements ≥150µg/day and women using iodine supplements 

<150µg/day in pregnancy (Table 4.1). 
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Figure 4.1: Total number of women screened and recruited  

*The main reason for unable to complete eligibility included the need for an 

interpreter or due to the women being missed at the antenatal clinic 
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Figure 4.2: Women that completed each stage of the study 

 
*Some of the women that were missed at 28 weeks’ gestation but not withdrawn from the 

study were captured at birth, explaining the higher number of women at birth compared to 

28 weeks’ gestation 
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Table 4.1: Baseline characteristics of pregnant women 

 All 

(n=783) 

Women using 

iodine 

supplements 

≥150µg/day 

(n=487) 

 

Women using 

iodine 

supplements 

<150µg/day 

 (n=296) 

 

 

Age (years)  

 

30.5 ± 5 

 

30.7 ± 4.9 

 

30 ± 5.2 

Gestational Age (weeks) 16.3 ± 2 16.4 ± 2 15 ± 2.3 

BMI (kg/m2)  24.6 ± 5.8 24.4 ± 5.3 25 ± 6.7 

Parity  

- 0  

- ≥1   

 

422 (53.9%) 

361 (46%) 

 

315 (59%) 

218 (41%) 

 

107 (43%)* 

143 (57%)* 

Mother’s Education 

- Completed Year 12  

- Further study  

- Degree or higher degree  

- Mothers Employment 

- -       Currently employed 

 

648 (82.7%) 

647 (86%) 

404 (51.5%) 

 

650 (83%) 

 

461 (86.4%) 

464 (87%) 

296 (56%) 

 

466 (87%) 

 

187 (74%)* 

210 (84%) 

108 (43%)* 

 

184 (73%)* 

Smoking  

- Yes  

Drinking alcohol (any) 

- Yes  

Using dietary supplements (any) 

- Yes  

 

44 (7%) 

 

39 (5%) 

 

698 (89%) 

 

16 (3%) 

 

28 (5%) 

 

533 (68%) 

 

28 (11%)* 

 

11 (4%) 

 

165 (21%) 

*p<0.001 between women using iodine supplements ≥150µg/day compared to women using iodine supplements 

<150µg/day. 

Data presented as mean ± SD presented for continuous variables, n (%) presented for categorical variables.  

women using iodine supplements ≥150µg/day and women using iodine supplements <150µg/day in pregnancy 

(baseline and 28 weeks’ gestation) 
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Smoking at baseline was associated with fT3 (β=0.187, p=0.005) and Tg (β=0.118, p=0.004) 

in pregnancy and parity was associated with Tg (β=0.150, p<0.001) in pregnancy. Education 

was associated with UIC (β=0.181, p=0.002) in pregnancy. Other potential confounders 

including pre-pregnancy BMI, age and employment status did not affect thyroid function or 

UIC in pregnancy. Additionally, use of iodine containing antiseptic and feeding mode at 3 

months postpartum did not affect thyroid function or UIC at 3 months postpartum.  

 

4.4.1 Maternal total iodine intake  

773 (98%) of women and 719 (92%) had I-FFQ and iodine supplementation data at baseline 

and 28 weeks’ gestation, respectively. Dietary iodine intake in pregnancy (<20 weeks’ 

gestation and 28 weeks’ gestation) is presented in Table 4.2. Total iodine intake did not vary 

over pregnancy (p=0.290). On average, 636 (81%) of women were using supplements 

containing any iodine over pregnancy with 487 (62%) meeting the NHMRC recommendation 

of  iodine supplement use ≥150µg/day
12

. The average dose of supplement use over pregnancy 

was  190 ± 4 µg/day.  In pregnancy 86% and 75% of women met the estimated average 

requirement (EAR) (≥160µg/day) and RDI (≥220µg/day), respectively, for iodine intake from 

food and supplements. When supplements were not included, 44% and 11% of women met 

the EAR and RDI for iodine over pregnancy, respectively.  
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Table 4.2: Dietary iodine intake of pregnant women 

n, number 

Iodine intake presented as Mean ± SD  

 

 

The major sources of dietary iodine in pregnancy are shown in Figure 4.3. Dairy was the 

major contributor to iodine intake in pregnancy, with 34% from milk alone. Iodine fortified 

bread contributed to 23% of iodine intake in pregnancy (Figure 4.3). 

 

 

 

 

 

 

n 
Iodine from  

Food 

(µg/day) 

Iodine from 

supplements 

(µg/day) 

Total iodine 

(food + supplements) 

(µg/day) 

Baseline (<20 weeks’ 

gestation)  
773 150 ± 60 156 ± 109 307 ± 128 

28 weeks’ gestation  719 157 ± 62 144 ± 108 300 ± 127 

     



176 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.3: Major food sources of iodine in pregnancy  
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4.4.2 Maternal urine iodine concentration 

The median UIC at baseline, 28 weeks’ gestation and 3 months postpartum and percent of 

women with UIC <150µg/L and <50µg/L  are shown in Table 4.3. Median UIC changed 

over time, with baseline measurements being  higher than at 28 week gestation (p=0.040) 

and at 3 months postpartum (p<0.001) (Table 4.3). Additionally, UIC at 28 week 

gestation was higher than at 3 months postpartum (p<0.001) (Table 4.3).   

  

The median UIC at baseline and 28 weeks’ gestation was higher in women using iodine 

supplements ≥150µg/day compared with women using iodine supplements <150µg/day 

in pregnancy (Table 4.4). At 3 months postpartum there was no difference in UIC 

between women that used iodine supplements in pregnancy compared with those who did 

not (Table 4.4). The average UIC in pregnancy (baseline and 28 weeks’ gestation) was 

≥150µg/L in both women using iodine supplements ≥150µg/day [n=487, 219 (143-

337)µg/L] and women using iodine supplements <150µg/day in pregnancy [n=296, 157 

(110-223)µg/L] users in pregnancy. In pregnancy (baseline and 28 weeks’ gestation) an 

average of 33% of women using iodine supplements ≥150µg/day and 45% of women 

using iodine supplements <150µg/day had median UIC <150µg/L while 1.5% of women 

using iodine supplements ≥150µg/day and 7.4% of women using iodine supplements 

<150µg/day had a median UIC <50µg/L.   

 

Women who had an average total iodine intake in pregnancy (baseline and 28 weeks’ 

gestation) above the RDI (≥220µg/day) showed a higher median UIC at baseline, 28 

weeks’ gestation and 3 months postpartum compared to those that were below the RDI 

for iodine (<220µg/day) (Table 4.5). The average UIC in pregnancy (baseline and 28 

weeks’ gestation) was ≥150µg/L in both women that met the RDI for iodine in pregnancy 

[n=580, 214 (135-328)µg/L] and those that did not meet the RDI for iodine in pregnancy 

[n=193, 193 (109-214)µg/L]. At baseline (p=0.558), 28 weeks’ (p=0.592) and 3 months 
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postpartum (p=0.251) there was no difference in UIC between iodised salt  and non-

iodised salt users. 

 

4.4.3 Maternal thyroid function 

The levels of TSH, fT4, fT3 and Tg at baseline, 28 weeks’ gestation and 3 months 

postpartum are shown in Table 4.3. Thyroid hormones (fT3 and fT4) declined between 

baseline and 28 weeks’ gestation and increased at 3 months postpartum to levels higher 

than baseline (Table 4.3). TSH was higher at baseline than at 28 weeks gestation while 

Tg was lower in pregnancy compared to 3 months postpartum (Table 4.3). 

 

At baseline and 28 weeks’ gestation, 16/768 (2%) and 16/723 (2%) of women were 

below and 36/768 (5%) and 31/723 (4%) were above ATA pregnancy specific TSH 

reference ranges
60

. Of these women, 56% that were below and 75% that were above the 

reference ranges were using iodine supplements ≥150µg/day in pregnancy. There are no 

pregnancy specific references ranges for fT3, fT4 or Tg and the diagnostic laboratory’s 

reference ranges would not be valid in pregnancy. At 3 months postpartum 77/649 (12%), 

1/649 (0.1%) and 7/649 (1%) women were below and 3/649 (0.4%), 61/649 (9%) and 

11/649 (2%) women were above the diagnostic laboratory’s reference ranges for TSH 

(0.5-4mIU/L), fT3 (3.1-5.4 pmol/L) and fT4 (10-25 pmol/L), respectively while 35/649 

(5%) were above Tg reference ranges (0-59 µg/L).   
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Table 4.3: Iodine status and thyroid function of pregnant and postnatal women 

 

 

Baseline 

 

28 weeks’ gestation 

 

3 months 

postpartum 

 

 n  n  n  

UIC (µg/L) 781 
189 

(112-308)* 
†
 

730 
172 

(103-281)* 
686 

125 

(76-200) 

UIC <50µg/L 
40 

(5.1%) 

42 

(5.7%) 

85 

(12.3%) 

 

UIC<150 µg/L 

 

278 

(35.6%) 

302 

(41.4%) 
NA 

fT3 (pmol/L) 768 

 

4.1 ± 0.4*^ 

 

723 

 

3.9 ± 0.4* 

 

649 

 

4.7 ± 1.0 

 

fT4 (pmol/L) 768 

 

13.3 ± 1.5*^ 

 

723 

 

12.2 ± 1.4* 

 

649 

 

13.7 ± 3.1 

 

TSH (mIU/L) 768 

 

1.4 ± 0.8** 

 

723 

 

1.3 ± 0.76 

 

649 

 

1.4 ±1.9 

 

Tg (µg/L) 768 

 

18.3 ± 15.3* 

 

723 

 

18.3 ± 15.7* 

 

649 

 

22 ± 21 

 
*p<0.001 baseline/28 weeks’ gestation vs. 3 months postpartum, 

†
p=0.040 baseline vs. 28 weeks’ gestation, 

^p<0.001 baseline vs. 28 weeks’ gestation, **p<0.01 baseline vs. 28 weeks’ gestation 

NA, not applicable in postpartum; UIC, urine iodine concentration; TSH, thyroid stimulating hormone; fT3, 

free triiodothyronine; fT4, free thyroxine; Tg, thyroglobulin 

UIC presented as median (IQR)  fT3, fT4, TSH and Tg presented as mean ± SD. Categorical variables 

presented as n (%) 

 

 

At baseline, TSH was higher while fT3 and Tg was lower in women using iodine 

supplements ≥150µg/day compared with women using iodine supplements <150µg/day 

in pregnancy (Table 4.4). At 28 weeks’ gestation, Tg was lower in women using iodine 

supplements ≥150µg/day compared with women using iodine supplements <150µg/day 

in pregnancy while there were no differences in TSH and fT3 (Table 4.4). At baseline 

and 28 weeks’ gestation there were no differences in fT4 between the groups, while at 3 

months postpartum fT4 was higher in women using iodine supplements ≥150µg/day 

(Table 4.4).  
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Women who had an average total iodine intake in pregnancy above the RDI 

(≥220µg/day) showed a lower fT3, lower Tg and higher TSH at baseline compared to 

those that had an average total iodine intake below the RDI (<220µg/day) (Table 4.5), 

with no differences in fT4. At 28 weeks’ gestation, women who had an average total 

iodine intake in pregnancy above the RDI showed a lower Tg compared to those that that 

had an average total iodine intake below the RDI, with no differences in any other marker 

of thyroid function. At 3 months postpartum there was no difference in thyroid function 

between the groups (Table 4.5). There was no difference in fT3, fT4, TSH, and Tg in 

pregnancy or 3 months postpartum between categories of UIC in pregnancy (p>0.05) 

(Table 4.6).  

 

Exploratory analysis showed that women of pre-pregnancy BMI ≥25 kg/m
2 

had higher 

fT3 levels at baseline and 28 weeks’ gestation compared to women of pre-pregnancy 

BMI <25 kg/m
2 

 (Table 4.7). There were no other differences in thyroid function in 

pregnancy or at 3 months postpartum between women of BMI ≥25 kg/m
2  

compared to 

those of BMI <25 kg/m
2 

 pre-pregnancy or at 3 months postpartum (Table 4.7). 

 

4.4.4 Breast milk iodine concentration 

The median (IQR) BMIC at birth was higher than at 3 months postpartum [187 (130-

276)µg/L vs. 126 (83-185)µg/L, respectively, p<0.001]. Women using iodine 

supplements ≥150µg/day in pregnancy had a higher median BMIC at birth and at 3 

months postpartum compared with women using iodine supplements <150µg/day in 

pregnancy (Table 4.4). Women who had an average total iodine intake in pregnancy 

above the RDI (≥220µg/day) showed a higher BMIC at birth and 3 months postpartum 

compared to those that had an average total iodine intake below the RDI (<220µg/day) 

(Table 4.5). 
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Women with average median UIC <149µg/L in pregnancy had lower BMIC at birth 

compared to the other two categories of UIC in pregnancy including 150-249µg/L and 

≥250 µg/L (p=0.032) (Table 4.6). There was no difference in BMIC at 3 months 

postpartum between categories of UIC in pregnancy (Table 4.6).   
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Table 4.4: Iodine status and thyroid function of pregnant and postnatal women: 

comparison of women using iodine supplements ≥150µg/day vs. women using iodine 

supplements <150µg/day in pregnancy 

*p≤0.001, **p<0.01, ^p=0.018, ***p<0.05 between women using iodine supplements ≥150µg/day and 

women using iodine supplements <150µg/day in pregnancy  

n, number; UIC, urine iodine concentration; TSH, thyroid stimulating hormone; fT3, free triiodothyronine; 

fT4,free thyroxine; Tg, thyroglobulin, BMIC, breast milk iodine concentration  

UIC and breast milk iodine presented as median (IQR). fT3, fT4, TSH and Tg presented as mean ± SD  

  

Women using iodine 

supplements  

≥150µg/day 

Women using iodine 

supplements  

<150µg/day  

  n  n  

Baseline  

UIC (µg/L) 487 221 (129-347) 294 159 (95-243)* 

fT3 (pmol/L) 480 4.1 ± 0.4  288 4.2 ± 0.4***  

fT4 (pmol/L) 480 13.2  ± 1.5  288 13.4  ± 1.6 

TSH (mIU/L) 480 1.5  ± 0.8  288 1.3  ± 0.7*  

Tg (µg/L) 

 

480 16.7  ± 13.6  

 

288 20.8  ± 17.2*  

 

28 weeks’ 

UIC (µg/L) 456 187 (114-325) 274 148 (89-235)* 

fT3 (pmol/L) 451 3.8 ± 0.37 272 3.9 ± 0.4 

fT4 (pmol/L) 451 12.2 ± 1.3 272 12.3 ±  1.4 

TSH (mIU/L) 451 1.4 ± 0.8 272 1.3 ± 0.7 

Tg (µg/L) 451 16.1 ± 13.4 272 22.0 ± 18.4* 

      

Birth BMIC (µg/L)  419 203 (133-298)  234 170 (125-231)*  

      

3 months 

postpartum 

UIC (µg/L) 455 129 (78-214) 231 120 (70-185) 

fT3 (pmol/L) 415 4.7 ± 1.1 234 4.7 ± 0.8 

fT4 (pmol/L) 415 13.9 ± 3.4 234 13.3 ± 2.4^ 

TSH (mIU/L) 415 1.5 ± 2.7 234 1.27 ± 0.7 

Tg (µg/L) 415 20.8 ± 19.6 234 23.9 ± 23.1 

BMIC (µg/L) 360 135 (90-201) 184 116 (75-156)** 
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Table 4.5: Iodine status and thyroid function of pregnant and postnatal women: 

comparison of women with iodine intake in pregnancy below the RDI (<220µg/day) vs. 

iodine intake in pregnancy above the RDI (≥220µg/day) 

 

 

  

Below RDI for iodine 

<220 µg/day 

 

  

Above RDI for iodine 

≥220µg/day 

 

       

Baseline 

 

UIC (µg/L) 

fT3 (pmol/L) 

fT4 (pmol/L) 

TSH (mIU/L) 

Tg (µg/L) 

 

n^ 

193 

187 

187 

187 

187 

 

 

159 (93-228) 

4.2 ± 0.4 

13.3 ± 1.6 

1.3 ± 0.7 

20.9 ± 16.8 

 n^ 

580 

566 

566 

566 

566 

 

 

209 (126-339)* 

4.1 ± 0.4** 

13.3 ± 1.5 

1.4 ± 0.8*** 

17.4 ± 14.7*** 

28 weeks’  

UIC (µg/L) 

fT3 (pmol/L) 

fT4 (pmol/L) 

TSH (mIU/L) 

Tg (µg/L) 

179 

177 

177 

177 

177 

144 (88-216)  

3.9 ± 0.4  

12.2 ± 1.4  

1.3 ± 0.8 

22.7 ± 19.2  

 545 

543 

543 

543 

543 

182 (108-308)*  

3.8 ± 0.4  

12.2 ± 1.3  

1.4 ± 0.8  

16.8 ± 13.8*  

       

Birth BMIC (µg/L) 144 159 (113-224)  503 198 (137-290)* 

       

3 months 

postpartum 

UIC (µg/L) 

fT3 (pmol/L) 

fT4 (pmol/L) 

TSH (mIU/L) 

Tg (µg/L) 

168 

151 

151 

151 

151 

117 (68-184) 

4.6 ± 0.6  

13.3 ± 2.1  

1.2 ± 0.7  

24.1 ± 23.4  

 512 

485 

485 

485 

485 

129 (78-206)***  

4.7 ± 1.1 

13.8 ± 3.4  

1.4 ± 2.2  

21.2 ± 20.2 

 BMIC (µg/L) 115 110 (67-154)  423 133 (91-196)* 

*p<0.001, **p<0.01, ***p<0.050 between categories of RDI in pregnancy 

n, number; UIC, urine iodine concentration; TSH, thyroid stimulating hormone; fT3, free triiodothyronine; 

fT4,free thyroxine; Tg, thyroglobulin, BMIC, breast milk iodine concentration  

UIC and breast milk iodine presented as median (IQR). fT3, fT4, TSH and Tg presented as mean ± SD 

^Numbers based on available data of both iodine intake in pregnancy (n=773) and UIC, thyroid function or 

BMIC at the different time points
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Table 4.6: Thyroid function and BMIC of women according to categories of median UIC in pregnancy 

 

 

Category of UIC in pregnancy (baseline and 28 weeks’ gestation) (µg/L) 

 

  

≤149 

(n=267) 

 

150-249 

(n=253) 

≥250 

(n=261 

 

 

Pregnancy  

(baseline and 28 

weeks’ gestation) 

 

fT3 (pmol/L) 

fT4 (pmol/L) 

TSH (mIU/L) 

Tg (µg/L) 

 

3.9 ± 0.3  

12.7 ± 1.2  

1.4 ± 0.7  

18.5 ± 13.8  

 

3.9 ± 0.4  

12.3 ± 1.3  

1.3 ± 0.73  

17.6 ± 13.4  

 

3.9 ± 0.3  

12.7 ± 1.1  

1.4 ± 0.8  

17.4 ± 14.1  

Birth BMIC (µg/L) 174 (120-257)  190 (134-257)*** 200 (136-291)***  

     

3 months Postpartum  

fT3 (pmol/L) 

fT4 (pmol/L) 

TSH (mIU/L) 

Tg (µg/L) 

BMIC (µg/L) 

4.8 ± 0.8 

12.5 ± 1.5  

1.2 ± 0.7  

28.1± 22.1  

114.5 (79-163)  

4.8 ± 1 

13.7 ± 3.4  

1.6 ± 3.5  

20.8 ± 16.9  

121 (82-182)  

4.8 ± 1.1  

13.8 ± 3.2  

1.5 ± 2.2   

22.4 ± 21.1   

137 (99-193)  

***p<0.05 compared to women with UIC <149µg/L.  

n, number; UIC, urine iodine concentration; TSH, thyroid stimulating hormone; fT3, free triiodothyronine; fT4,free thyroxine; Tg, thyroglobulin, BMIC, breast milk iodine 

concentration  
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Table 4.7: Thyroid function of pregnant and postnatal women according to categories of BMI (<25kg/m
2
 and ≥25kg/m

2
) at pre-pregnancy, baseline 

(<20 weeks' gestation) and 3 months postpartum: Exploratory analysis 
 

*p<0.001, **p=0.01  

n, number; NA, not applicable; UIC, urine iodine concentration; TSH, thyroid stimulating hormone; fT3, free triiodothyronine; fT4, free thyroxine; Tg, thyroglobulin  

TSH, fT3, fT4 and Tg presented as mean ± SD

 Baseline (<20 weeks' gestation) 28 weeks’ gestation 3 months postpartum 

  n TSH fT3 fT4 Tg n TSH fT3 fT4 Tg n TSH fT3 fT4 Tg 

 

Pre-pregnancy 

    

 

     

 

    

<25kg/m
2
 507 

1.4 ± 

0.8 

4.0 ± 

0.4 

13.3 ± 

1.5 

17.9 ± 

13.7 
485 

1.4 ± 

0.8 

3.8 ± 

0.4 

12.2 ± 

1.3 

18.5 ± 

15.0 
434 

1.3 ± 

2.0 

4.7 ± 

0.9 

13.7 ± 

3.0 

21.2 ± 

20 

>25kg/m
2
 261 

1.3 ± 

0.8 

4.2 ± 

0.4* 

13.3 ± 

1.6 

18.4 ± 

16.8 
238 

1.4 ± 

0.8 

3.9 ± 

0.4* 

12.3 ± 

1.4 

17.1 ± 

15.4 
215 

1.3 ± 

0.7 

4.7 ± 

1.1 

14.0 ± 

3.4 

23.3 ± 

22.4 

 

3 Months postpartum 

    

 

     

 
  

  

<25kg/m
2
 NA NA NA NA NA NA NA NA NA NA 305 

1.3 ± 

2.1 

4.7 ± 

0.9 

13.6 ± 

2.9 

21.3 ± 

19 

 

>25kg/m
2
 NA NA NA NA NA NA NA NA NA NA 344 

1.5 ± 

1.9 

4.8 ± 

1.1 

13.8 ± 

3.4 

22.5 ± 

22.2 
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4.4.5 The relationship between maternal total iodine intake in pregnancy and 

maternal UIC 

 

A positive association was shown between maternal total iodine intake in pregnancy and 

maternal UIC at 28 weeks’ gestation (Figure 4.4). Following adjustment for potential 

confounders, with every 10µg increase in maternal total iodine intake in pregnancy, maternal 

UIC at 28 weeks’ gestation increased by 1% [ratio of the means: 1.01 (95%CI: 1.01-1.02) 

(p<0.001], while at 3 months postpartum this significant association was no longer seen 

(p=0.226) (Table 4.8).  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.4: Correlation between total iodine intake in pregnancy 

(baseline and 28 weeks’ gestation) (µg/day) and maternal UIC at  

28 weeks’ gestation (µg/L)

r=0.16 (0.02) p<0.001 
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Table 4.8: The relationship between maternal total iodine intake in pregnancy and maternal 

UIC (log scale) at 28 weeks’ gestation and 3 months postpartum 

b, unstandardised coefficient; SE, standard error; CI, confidence  level; UIC, urine iodine concentration 

Adjusted for maternal age, pre-pregnancy BMI, gestational age at baseline, parity, education, employment status, 

smoking status, thyroid disease in pregnancy, iodine status (UIC, fT3, fT4, TSH, Tg) at baseline 

*further adjusted for gestational age at birth, use of iodine containing antiseptics at birth, maternal, iodine intake 

from food only at 3 months postpartum 
 
 

 

In pregnancy (baseline and 28 weeks’ gestation), maternal milk and total dairy intake 

(including milk, yoghurt, cheese, ice cream, evaporated milk and dairy desserts) was weakly 

correlated with maternal UIC (r=0.12, p<0.001 and r=0.11, p<0.001, respectively). No other 

food group was correlated with UIC in pregnancy. 

 

4.4.6 The relationship between maternal total iodine intake in pregnancy and 

markers of maternal thyroid function 

Unadjusted analysis showed a negative association between maternal total iodine intake in 

pregnancy and maternal fT3 (p=0.019) as well as maternal Tg (p<0.0.01) at 28 weeks’ 

gestation, which was no longer seen after the adjustment for potential confounders (Table 

4.9). Unadjusted analysis showed no association between maternal total iodine intake in 

pregnancy and maternal fT4 or TSH at 28 weeks’ gestation (Table 4.9).In the adjusted 

analysis however, an inverse association between maternal total iodine intake in pregnancy 

                       Unadjusted        Adjusted 

 

b (SE) 

Ratio of the 

means 

(95%CI) 

P 

 

b (SE) 

Ratio of the 

means 

(95%CI ) 

P 

 

28 weeks’ gestation 

 

           

Log UIC 

(µg/L) 
0.06 (0.02) 

1.02 

(1.01-1.02) 
<0.001  0.11 (0.03) 

1.01 (1.01-

1.02) 
<0.001 

 

3 months postpartum* 

 

           

Log UIC 

(µg/L) 0.08 (0.03) 
1.01 

(1.00-1.01) 
0.002  0.04 (0.03) 

1.00 

(1.00-1.01) 
0.226 
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and maternal TSH at 28 weeks’ gestation was seen, with every 10µg increase in maternal total 

iodine intake resulting in a 0.004mIU/L decrease in maternal TSH (p=0.014) (Table 4.9).    

 

No association was found between maternal total iodine intake in pregnancy and maternal 

fT3, Tg or TSH at 3 months postpartum in the unadjusted analysis (Table 4.9). Following 

adjustment for potential confounders a positive association was found between maternal total 

iodine intake in pregnancy and maternal fT4 at 3 months postpartum, with every 10µg 

increase in maternal total iodine intake resulting in a 0.028pmol/L increase in maternal fT4 

(p=0.037) (Table 4.9).   
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Table 4.9: The relationship between maternal total iodine intake in pregnancy and maternal 

thyroid function at 28 weeks’ gestation and 3 months postpartum 

b, unstandardised coefficients; SE, standard error; TSH, thyroid stimulating hormone; fT3, free triiodothyronine; 

fT4, free thyroxine; Tg, thyroglobulin 

Adjusted for maternal age, pre-pregnancy BMI, gestational age at baseline, parity, education, employment status, 

smoking status, thyroid disease in pregnancy, iodine status (UIC, fT3, fT4, TSH, Tg) at baseline 

*further adjusted for gestational age at birth, use of iodine containing antiseptics at birth, maternal iodine intake 

from food only at 3 months postpartum 
 

  

   Unadjusted 

 

Adjusted 

 

b (SE) P b (SE) P 

 

28 weeks’ gestation 

      

fT3 (pmol/L) -0.002 (0.001) 0.019 0.000 (0.001) 0.911 

fT4 (pmol/L) 0.001 (0.004) 0.756 0.002 (0.005) 0.677 

TSH (mIU/L) 0.000 (0.002) 0.947 -0.004 (0.002) 0.014 

Tg (µg/L) -0.186 (0.051) <0.001 -0.036 (0.023) 0.115 

3 months postpartum*       

fT3 (pmol/L) 0.005 (0.004) 0.193 0.007 (0.004) 0.122 

fT4 (pmol/L) 0.020 (0.011) 0.079 0.029 (0.014) 0.037 

TSH (mIU/L) 0.010 (0.007) 0.166 0.009 (0.008) 0.291 

Tg (µg/L) -0.057 (0.075) 0.449 0.084 (0.069) 0.225 
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4.4.7 The relationship between maternal total iodine intake in pregnancy and 

BMIC  

Maternal total iodine intake in pregnancy was positively associated with BMIC at birth and at 

3 months postpartum (Figure 4.5). Unadjusted and adjusted analysis showed a 1% increase in 

BMIC at birth and at 3 months with every 10µg increase in total iodine intake in pregnancy 

(Table 4.10). 

 

4.4.8 The relationship between maternal UIC at 28 weeks’ gestation and markers 

of maternal thyroid function at 28 weeks’ gestation 

Unadjusted analysis showed a negative association between maternal UIC and maternal fT3 at 

28 weeks’ gestation (p=0.021), which was not shown once adjusted for potential confounders 

(Table 4.11). Unadjusted or adjusted analysis showed no association between maternal UIC 

and maternal fT4, TSH or Tg at 28 weeks’ gestation (Table 4.11). 

  

4.4.9 The relationship between UIC at 28 weeks’ gestation and BMIC at birth  

Unadjusted and adjusted analysis showed a weak positive association between maternal UIC 

at 28 weeks’ gestation and BMIC at birth [unadjusted: b (SE): 0.001 (0.000). Ratio of means: 

1.00 (95%CI: 1.00, 1.00) p<0.001, adjusted: b (SE): 0.001 (0.000). Ratio of means: 1.00 

(95%CI: 1.00, 1.00), p<0.001].   
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a.  

 

 

 

 

 

 

 

 

 

 

b.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.5: Correlation between total iodine intake in pregnancy (baseline and 

28 weeks’ gestation) (µg/day) and BMIC (µg/L) at  

a.) birth and b.) 3 months postpartum 

r=0.13 (0.02) p<0.001 

 

r=0.10 (0.07) p<0.001 
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Table 4.10: The relationship between maternal total dietary iodine intake in pregnancy and 

BMIC (log scale) at birth and 3 months postpartum 

 

b, unstandardised coefficients; SE, standard error; BMIC, breast milk iodine concentration, CI, confidence level 

Adjusted for maternal age, pre-pregnancy BMI, gestational age at baseline, gestation at birth, parity, education, 

employment status, smoking status, thyroid disease in pregnancy, iodine status (UIC, fT3, fT4, TSH, Tg) at 

baseline, use of iodine containing antiseptics at birth 

*further adjusted for gestational age at birth, maternal iodine intake from food only at 3 months postpartum 
 

 

Table 4.11: The relationship between maternal UIC at 28 weeks’ gestation and maternal 

thyroid function at 28 weeks’ gestation 

 Unadjusted 

 

  Adjusted 

 

 
b (SE) 

 

P 

 

b (SE) 

 

P 

 

       

28 weeks’ gestation      

fT3 (pmol/L) -0.002 (0.001) 0.021 -0.001(0.001) 0.050 

fT4 (pmol/L) 0.000 (0.003) 0.956 -0.001 (0.003) 0.714 

TSH (mIU/L) 0.001 (0.002) 0.542 -0.001 (0.001) 0.539 

Tg (µg/L) -0.019 (0.034) 0.572 -0.007 (0.015) 0.609 

b, unstandardised coefficients; SE, standard error; TSH, thyroid stimulating hormone; fT3, free triiodothyronine; 

fT4, free thyroxine; Tg, thyroglobulin 

Adjusted for maternal age, pre-pregnancy BMI, gestational age at baseline, parity, education, employment status, 

smoking status, thyroid disease in pregnancy, iodine status (UIC, fT3, fT4, TSH, Tg) at baseline, total iodine 

intake in pregnancy (baseline and 28 weeks’ gestation) 

 

       Unadjusted  Adjusted 

 

b (SE) 

Ratio of the 

means 

(95%CI) 

P 

 

b (SE) 

Ratio of the 

means 

(95%CI ) 

P 

 

Birth 

 

             

Log BMIC 

(µg/L)  

0.13 

(0.02) 

1.01  

(1.01-1.02) 
<0.001  

0.11 

(0.02) 

1.01  

(1.01-1.02) 

<0.00

1 

 

3 months postpartum* 

 

    

   

   

Log BMIC 

(µg/L) 

 

0.10 

(0.02) 

1.01  

(1.00-1.01) 
0.002  

0.09 

(0.03) 

1.01 

 (1.00-1.01) 
0.004 
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4.4.10 Subgroup analysis 

The influence of iodine supplement use in pregnancy on the relationships between maternal 

total iodine intake in pregnancy and maternal iodine status/thyroid function  

A non-significant interaction was found between iodine supplement use in pregnancy and 

maternal total iodine intake in pregnancy in the unadjusted and adjusted regression model 

(p>0.05), indicating that the relationships between maternal total iodine intake in pregnancy 

and maternal UIC, BMIC or thyroid function measured any time point are not affected by the 

use of iodine supplementation in pregnancy. 

 

The influence of iodine supplement use in pregnancy on the relationships between maternal 

UIC at 28 weeks’ gestation and maternal BMIC/thyroid function  

A non-significant interaction was shown between iodine supplement use in pregnancy and 

maternal UIC at 28 weeks’ gestation in the unadjusted and adjusted regression model 

(p>0.05), indicating that the relationships between maternal UIC at 28 weeks’ gestation and 

maternal thyroid function at 28 weeks’ gestation or BMIC at birth are not affected by the use 

of iodine supplementation in pregnancy. 

 

4.5 Discussion  

 

To the best of my knowledge this is the first study to assess maternal total iodine intake and 

the relationship with maternal iodine status or thyroid function since mandatory iodine 

fortification in a large cohort of pregnant women in Australia. I found that maternal total 

iodine intake in pregnancy was significantly associated with maternal UIC and BMIC, but 

there was little association with maternal thyroid function. Furthermore, my results indicate 

that South Australian pregnant women are iodine sufficient according to the WHO criteria
8
 

with median UIC >150µg/L. Although women using iodine supplements ≥150µg/day in 
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pregnancy had higher median UIC than women using iodine supplements <150µg/day in 

pregnancy, both groups of women had UIC that indicated iodine sufficiency in pregnancy and 

there was minimal difference in thyroid function between these groups. Despite this, without 

the use of iodine supplementation in doses ≥150µg/day half of the women were unable to 

meet the EAR and the majority of women were unable to meet the RDI for iodine intake in 

pregnancy. This raises the question as to whether the current recommendations for iodine 

intake in pregnancy are set too high.  

 

Iodine intake and status in pregnant women 

There is limited literature on dietary iodine intake and iodine status in Australian pregnant 

women since mandatory iodine fortification. Unlike my study, there are no other large 

prospective cohort studies conducted in Australia that used a validated I-FFQ to estimate 

dietary iodine intake over pregnancy. In pregnancy, women in my study showed an adequate 

iodine intake, with a mean total iodine intake at baseline (<20 weeks’ gestation) of 307 ± 

128µg/day and at 28 weeks’ gestation of 300 ± 127µg/day. Furthermore, 86% of women met 

the EAR (160µg/day) and 75% met the RDI (220µg/day) for total iodine intake in pregnancy. 

One other study by Charlton et al
68 

 has estimated dietary iodine intake (from food only) in 

Australian pregnant women since mandatory fortification, reporting an iodine intake from 

food of 193µg/day, which is higher than that shown in my study (from food only). Unlike 

Charlton’s study
68

, I did not quantify iodine intake from iodised salt, which may have 

underestimated dietary iodine intake. However, there are limitations with the method used to 

quantify iodised salt in Charlton’s
68

 study as salt use of ≥1tsp per day was quantified as 1g, 

which may lead to an inaccurate estimation of dietary iodine intake. Furthermore, in 

comparison to my study the sample size was small (n=114), which may not be an accurate 

representation of iodine intake in Australian pregnant women.  
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To date, this is the largest prospective cohort study in Australia that has assessed UIC in 

pregnancy since mandatory iodine fortification. My study showed a median UIC in pregnancy 

of 179µg/L, indicating iodine sufficiency based on the WHO criteria (≥150µg/L)
8
. This is 

comparable to Charlton et al
68

 who reported a UIC of 166µg/L post-mandatory iodine 

fortification,. Alternatively, Clifton et al
77

 recently reported mild iodine deficiency in a small 

cohort of South Australian pregnant women with a median UIC of 84µg/L over pregnancy. 

Similar to this, Brough et al
78

 conducted a small pilot study in pregnant women in New 

Zealand post mandatory iodine fortification, reporting median UIC levels of 74µg/L. The 

differences in Clifton’s
77

 and Brough’s
78

 study compared to mine to my study may be due to 

the smaller sample sizes (n=34-196) and smaller proportion of women  using iodine 

supplements (47-56%). In addition, Clifton’s
77

 study  only included women from a lower 

socio-economic area of South Australia, which unlike my study may not be generalisable to 

the larger population.    

 

BMIC may also be used as a marker for iodine status
35, 65

. In countries that are iodine 

sufficient, most lactating women will have median BMIC greater than the concentration 

required to meet the infant's needs
35, 36, 65

. Findings from iodine balance studies have indicated 

that an intake of 15µg/L in full-term and of 30µg/L in preterm infants is required to maintain 

positive iodine balance
17

. To meet these needs, BMICs should be in the range of 100-

200µg/L
17, 36

. Based on this, the median BMIC at birth (187µg/L) and 3 months postpartum 

(126µg/L) found in my study indicated iodine sufficiency. There have been limited Australian 

studies that have measured BMIC, with one reporting median BMIC of 84µg/L
80

 prior to 

mandatory iodine fortification in Australia and another reporting a higher median BMIC of 

123µg/L post iodine fortification
173

. Other findings from iodine sufficient or mildly iodine 

deficient populations have reported similar BMICs to my study, with concentrations between 

100-200µg/L
105, 106

 , while those in moderately iodine deficient populations have reported 
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lower concentrations
107, 109, 110

, suggesting the importance of sufficient iodine intake to ensure 

adequate BMIC.  

 

Interestingly, Brough et al
78

 reported that median BMIC in a small sample of pregnant women 

in New Zealand was below the suggested adequate level prior to (55µg/L) and post (63µg/L) 

mandatory iodine fortification, suggesting iodine deficiency despite an estimated iodine 

intake of 217µg/day
78

. Due to the small sample size (n=32-36) this finding needs to be careful 

interpreted. Nonetheless, as there is a lack of data regarding the use of BMIC as an indicator 

of iodine status, this may suggest that further research is needed. 

 

Thyroid function of pregnant women 

There is a lack of data on the levels of TSH, fT3, fT4 and Tg in Australian pregnant women. 

It is known that thyroid function in pregnancy is influenced by normal changes that occur and 

are independent of iodine intake
19, 23, 24

,  however these mechanisms are not well understood. 

My findings showed higher maternal fT3 and fT4 levels at baseline (<20 weeks’ gestation) 

compared to 28 weeks’ gestation, which is consistent with the increase in free thyroid 

hormone that is often seen in early pregnancy
19

. This is supported in the literature with the 

recent Australian study by Ekinci et al
53

 reporting higher fT3 and fT4 in the first trimester 

(4.8pmol/L and 10.7pmol/L, respectively) compared to the second (4.4pmol/L and 8.1pmol/L, 

respectively) and third (4.3pmol/L and 7.8pmol/L, respectively) trimesters. Although, 

compared to my study, Ekinci’s et al
26

 reported lower fT4 levels. This may be influenced by 

the assay’s used or due to the gestational age of collection
60

. Other non-Australian studies 

have reported similar results, with free thyroid hormone levels decreasing over pregnancy
30, 54, 

174
. In my study, fT3 and fT4 levels were lower in pregnancy than at 3 months postpartum, 

which was also shown in Ekinci’s study
53

. It has been suggested that thyroid hormone 

stabilises at a lower levels over pregnancy and returns back to normal levels postpartum
23

, 

possibly explaining these results.   



197 

 

 

Interestingly, maternal TSH was higher at baseline (<20 weeks’ gestation) than at 28 weeks’ 

gestation. This is surprising as TSH is known to decrease in the first trimester under the 

influence of human chorionic gonadotropin (hCG)
23

. This finding does not support the 

literature with studies reporting a suppressed TSH in the first trimester compared to the 

second and third trimesters, with all measures within normal ranges
30, 53, 55, 174-176

. Although a 

higher TSH may be indicative of thyroid dysfunction, my results showed no difference in the 

percent of women at baseline and 28 weeks’ gestation above the ATA reference range for 

TSH in pregnancy, thus a higher prevalence of thyroid dysfunction in early pregnancy is not 

likely to explain these results. Additionally, I measured thyroid function of the women at <20 

weeks’ gestation, which included women in the first and second trimesters (average 

gestational age of 16 weeks) and at 28 weeks’ gestation which is early in the third trimester 

and at a peak time of haemodilation
177

, possibly resulting in lower levels of blood markers. 

Thus, this may limit the comparison to other studies that reported thyroid function within 

specific trimesters. 

 

Apart from TSH, pregnancy specific references for measures of thyroid function have not 

been developed. This is a result of the wide variation seen in levels of thyroid hormone that 

may depend on the ethnic background, methods of analysis and iodine status
58, 59

. The 

findings from my study show that applying the diagnostic laboratories’ TSH reference range 

(0.5-4mIU/L) to pregnant women resulted in a misclassification in 10% of women, as 

hyperthyroidism would have been misdiagnosed in 6% of women and 4% with elevated TSH 

levels would have been missed. Thus, these data support the conclusion by the ATA, 

suggesting the need for method and trimester specific reference ranges for TSH and thyroid 

hormones
60

. Due to the inconsistencies in the reported ranges of thyroid hormone between 

studies, the range from one particular study may not be transferable to other populations
60

. 
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Thus, my study will contribute to the literature which collectively may be used to assist in the 

development of pregnancy specific reference ranges.   

 

There are currently no criteria for Tg to assess iodine adequacy. Zimmermann et al
51

 recently 

conducted a large multicentre study in children and based on the findings suggested that 

median Tg <13µg/L and/or <3% of Tg values >40µg/L can be used as a biomarker for iodine 

sufficiency. Findings from my study showed maternal Tg levels above 13µg/L in pregnancy 

and postpartum with 6% greater than 40µg/L, therefore according to the criteria suggested by 

Zimmermann et al
51

 pregnant and postnatal women in my study would be classified iodine 

inadequate. This is unlikely based on the estimated iodine intake and UIC levels of the 

women. As suggested by Ma and Skeaff
52

, the criteria proposed by Zimmermann et al
51

 is 

likely to not be applicable in pregnancy.   

 

Furthermore, I found no change in maternal Tg levels over pregnancy with higher maternal 

Tg in the postpartum period, which has been reported elsewhere
178

. As Eltom et al
178

 

suggests, the raised Tg in the postpartum period may reflect further deterioration of maternal 

iodine status during lactation with an increased demand for iodine
178

. Another possible 

explanation for this may be a potential decrease in total iodine intake after pregnancy with a 

possible reduction in supplement use. However, this is unclear from my study as I did not 

collect information on the use of iodine supplementation in the postpartum period. 

Nonetheless, it is evident that further assessment is needed to determine the normal changes 

in maternal Tg over pregnancy and in the postpartum period and to develop possible criteria 

for Tg to indicate iodine inadequacy in pregnancy.  

 

The relationship between maternal total iodine intake and maternal UIC 

Consistent with other observational studies in pregnancy
84, 85, 87, 179

 as well as iodine 

intervention trials
147

, my study showed that maternal total iodine intake in pregnancy was 
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positively associated with maternal UIC at 28 weeks’ gestation. These findings are expected 

as it is well known that UIC is indicative of recent iodine intake
45

. However, the magnitude of 

the association between maternal total iodine intake in pregnancy on UIC was small, with 

linear regression analysis showing an unadjusted and adjusted coefficient of 0.16 and 0.11, 

respectively, with only a 1% increase in UIC with every 10µg increase in total iodine intake. 

Previous observational studies have also reported weak associations between total iodine 

intake estimated from FFQs and UIC from spot urine samples
85

 or UIE from 24 hour urine 

samples
84

 with correlation coefficients (r) ranging between 0.15-0.42
84, 87

. The weak 

associations found in my study between total iodine intake and UIC may have also been 

contributed by the lack of data on iodised salt intake as this may have contributed to overall 

iodine intake and thus UIC. However, median UIC did not differ between iodine salt users 

and non-iodine salt users. Furthermore, the findings from intervention trials showed no 

obvious dose response relation between iodine supplementation in pregnancy and the effect 

on maternal UIC, with the increases in UIC ranging between 47-170% in intervention groups 

compared to control groups
147

.  

 

It is known that UIC is widely variable within a single day and between days and can be 

influenced by the timing of collection
49

. Therefore the weak associations between iodine 

intake with single spot or 24 hour urine collections as well as the variation in UIC seen in 

iodine intervention trials is not unusual. In comparison to a FFQ,  Brantsaeter et al
84, 87

 found 

stronger correlations between iodine intake estimated from a weighed food diary and UIE 

from a 24 hour urine sample, collected at a similar time. This is not surprising as FFQs 

estimate longer term habitual intake while UIC is indicative of recent intake, similar to the 

weighed food diary. In my study maternal iodine intake was estimated using an I-FFQ that 

captured information on iodine intake over the past month, which may also explain the weak 

association found with UIC.  
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The relationship between maternal total iodine intake and maternal thyroid function 

The association between maternal total iodine intake in pregnancy from food and supplements 

with maternal thyroid function in an iodine sufficient population has not previously been 

studied. I found that maternal total iodine intake in pregnancy was negatively associated with 

TSH at 28 weeks’ gestation after adjustment for age, BMI, smoking status, parity, education, 

employment and thyroid function at baseline. However, there was no relationship between 

total iodine intake in pregnancy and fT3, fT4 or Tg at 28 weeks’ gestation after adjustment for 

these potential confounders. These findings are in the expected direction consistent with the 

feedback loop via the action of the hypothalamic-pituitary axis, resulting in a decrease in TSH 

with an increase in iodine intake
19

. However, the effect that was seen in my study was small, 

with a 0.004mIU/L decrease in TSH with every 10µg/L increase in dietary iodine intake, 

suggesting that maternal total iodine intake in pregnancy in an iodine sufficient population 

has minimal effect on maternal thyroid function. This is consistent with findings from iodine 

intervention trials in iodine deficient populations where the effect of iodine supplementation 

in pregnancy on maternal thyroid function was minor and inconsistent between studies, with 

only one trial finding higher T4 levels
145

 , one finding lower TSH
140

 and two
140, 143

 
119, 122

 

finding lower Tg in intervention groups compared to controls.  

 

There have been no previous studies assessing the relationship between maternal total iodine 

intake in pregnancy and maternal iodine status or thyroid function in the postpartum period. 

My study showed a positive association between total iodine intake in pregnancy and 

maternal fT4 at 3 months postpartum after adjustment for potential confounders, while no 

association was found between maternal total iodine intake and fT3, TSH or Tg. A possible 

explanation may be that in pregnancy there is an increased need for iodine to meet the higher 

demand of thyroxine for adequate supply to the fetus, which no longer exists postpartum
180

. 

Thus, in pregnancy the raised fT4 in response to higher iodine intake may not be seen. 

However, the reason for the positive association between maternal total iodine intake in 
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pregnancy with fT4 and not fT3 at 3 months postpartum is not well understood. In addition, 

the clinical significance of this finding is unknown as the effect of maternal total iodine intake 

in pregnancy on fT4 in the postpartum period found in my study was minor.  

 

Furthermore, I found no difference in the relationships between maternal total iodine intake in 

pregnancy and maternal thyroid function in pregnancy or in the postpartum period between 

women using iodine supplements ≥150µg/day and women using iodine supplements 

<150µg/day. Although no previous studies have assessed this effect, one study categorised 

women into groups according to iodine intake from supplements, finding a  positive 

association between iodine supplement use  ≥200µg/day in pregnancy and TSH, as well as a 

higher risk of hyperthyrotropinemia in this group compared to women using iodine 

supplements <200µg/day
87

. However, the study was conducted in an area of mild iodine 

deficiency and total iodine intake from food and supplements in pregnancy was not assessed, 

making it difficult to compare with my study.  

 

The relationship between maternal total iodine intake and BMIC 

It has been documented in the literature that BMIC reflects maternal iodine intake
35, 65, 181

. In 

support of this, I found positive associations between maternal total iodine intake in 

pregnancy with BMIC at birth and at 3 months postpartum in lactating women. As far as I am 

aware this is the first study to report the association between maternal total iodine intake in 

pregnancy and BMIC, with few studies reporting the relationship between iodine intake and 

BMIC in lactation. One of these studies was conducted in a population of iodine sufficiency
15

 

while another was conducted in a population of iodine excess
88

, with both reporting moderate-

strong positive associations between dietary iodine intake during lactation and BMIC (r=0.51-

0.82).  
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Unlike these findings, the positive associations found in my study were weak (b=0.09-0.11), 

with only a 1% increase in BMIC with every 10µg/day increase in iodine intake. This may be 

due to the type of breast milk collected as in my study the foremilk was collected, which is 

the first milk to be ejected and is of a lower caloric value and possibly lower nutritional value 

compared to the hindmilk
182

, while the type of breast milk collected in the other studies
15, 88

 

was not specified. Additionally, unlike my study the number of women included in the two 

studies cited was small (n=50-111), possibly impacting on the reliability of their findings.    

 

In contrary, Hannan et al
89

 found no association between maternal dietary iodine intake and 

BMIC at 30-45 days and 75-90 postpartum. However, unlike my study as well as others
15

 
88

 , 

women in Hannan’s study were shown to have an inadequate iodine intake and only 31 

women were included
89

, possibly influencing the lack of association found. 

 

The relationship between maternal UIC and maternal thyroid function 

UIC is often used as a marker of iodine intake. Unlike total iodine intake, I found no 

association between maternal UIC at 28 weeks’ gestation and thyroid function at 28 weeks’ 

gestation and no difference in thyroid function between categories of UIC. This is consistent 

with recent findings by Amouzegar et al
94

 who also reported no correlation between UIC and 

thyroid function in women over pregnancy from an iodine sufficient population. Similarly, 

Brucker-Davis et al
100

 and Blumenthal et al
79

 reported no association between UIC and 

thyroid function in pregnancy in a mildly iodine deficient population. Fuse et al
96

 also found 

no correlation between UIC with TSH or fT4 in Japanese pregnant women who were iodine 

sufficient, although women categorised as having an excessive iodine intake (UIC 

>1000µg/L) had a higher TSH with no difference in fT4.  

 

Conversely, Orito et al
99

 found a positive association between UIC and TSH and a negative 

correlation with fT3 and fT4 in early pregnancy in a population with excessive iodine intake. 
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It has been clear in the literature that populations of severe iodine deficiency can have an 

increased risk of thyroid dysfunction
3, 28

, thus these findings may suggest that the extremes of 

iodine status, such as more severe iodine deficiency or iodine excess  may influence the 

association between maternal UIC and thyroid function, which is not the case in Australia and 

thus not seen in my study. Findings from my study may also imply that using a FFQ is a 

better indication of iodine intake compared with UIC, which estimates recent intake only, 

possibly explaining the associations seen between maternal total iodine intake and thyroid 

function that were not seen with maternal UIC and thyroid function.   

 

The relationship between maternal UIC and BMIC 

Similar to total iodine intake, I found positive associations between UIC at 28 weeks’ with 

BMIC at birth in lactating women. However, the magnitude of association seen in my study 

was minimal as BMIC increased by <1% with every 10µg/L increase in BMIC. Limited 

studies have assessed the association between maternal UIC and BMIC, with one in an iodine 

sufficient population reporting moderate positive associations
105

, while another also in an 

iodine sufficient population reported no association
106

. The weaker association seen in my 

study and the inconsistency between other studies may reflect the variability in UIC. 

Furthermore, these two studies included inadequate sample sizes of <100 women with one 

assessing women at different stages between 0-1 year after birth
106

, likely impacting on the 

lack of association seen. Thus, the findings from my study are likely to be more reliable, 

suggesting weak associations between UIC and BMIC in iodine sufficient populations.   

 

Food sources of iodine in pregnancy and in the postpartum period 

I found the main sources of iodine in pregnancy to be total dairy (50%), with majority from 

milk (35%). This finding was similar to other studies with milk and dairy products being the 

major contributors to dietary iodine intake
68, 90, 150

. Additionally, my findings showed a 

positive correlation between the contribution of iodine from the intake of total dairy and milk 
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in pregnancy with maternal UIC in pregnancy, again supporting findings from previous 

studies
79, 84, 90-92

 . Thus, assessing the dietary intake of milk and dairy products in pregnant 

women and advising those women who may be not be meeting the dietary recommendations 

to increase their dairy intake may be a simple way to improve iodine intake.  

 

Iodised bread was another main source of iodine, contributing to 23% of total iodine intake. 

Interestingly, iodised bread was not correlated with UIC. this may be because it only 

contributed to 23% of iodine intake in pregnancy, suggesting that iodised bread on its own 

may not influence UIC. However, when included with other foods as part of the total diet, the 

use of iodised bread may be an important influence on the iodine status of Australian pregnant 

women. This may be demonstrated in my study as compared to studies prior to mandatory 

iodine fortification which showed mild iodine deficiency
183

, the women in my study were 

iodine sufficient based on UIC, both with and without the use of iodine supplements. 

 

Iodine supplement use in pregnancy 

The number of women using iodine supplements in my study was similar to that reported by 

Charlton et al
68

 post mandatory iodine fortification in Australia. These authors reported a 

significant increase in the percent of Australian women using iodine containing 

supplementation, from 20% in 2008 to 66% in 2012
68

. My study showed that without the use 

of iodine supplementation in pregnancy, 56% of women were not able to meet the EAR and 

89% were not able to meet the RDI for iodine. In addition, maternal UIC in pregnancy was 

lower in women using iodine supplements <150µg/day compared to women using iodine 

supplements ≥150µg/day, which is consistent with findings from previous RCTs
140-144, 184

. 

However, women using iodine supplements <150µg/day still showed an average UIC 

>150µg/L in pregnancy (<20 weeks’ gestation and 28 weeks’ gestation), indicating iodine 

sufficiency based on the WHO
8
 criteria. As expected, I found higher breast milk 

concentrations at birth and 3 months postpartum in women using iodine supplements 
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≥150µg/day compared to women using iodine supplements <150µg/day, supporting previous 

findings
68, 122, 185, 186

. Similar to UIC, although breast milk iodine at birth was significantly less 

in women using iodine supplements <150µg/day, it was still within the range of 100-200µg/L, 

despite dietary iodine intake below the recommendations. Thus, these findings may suggest 

that the RDI for iodine in pregnancy is above what is needed to maintain sufficient iodine 

status according to the WHO
8
.  

 

It has been suggested that the use of iodine containing supplements in pregnancy above 

certain levels may increase the risk of maternal thyroid dysfunction
87, 187

. Although my study 

showed a higher maternal TSH at baseline in women using iodine supplements ≥150µg/day 

compared to women using iodine supplements <150µg/day, the levels were within the ATA 

pregnancy specific reference ranges and there was no difference in maternal TSH levels at 28 

weeks’ gestation and 3 months postpartum between the groups. Furthermore, at baseline and 

28 weeks’ gestation a higher percentage of women with TSH above the ATA pregnancy 

specific reference ranges were women using iodine supplements ≥150µg/day in pregnancy 

(74% vs. 26%), however this finding needs to be interpreted with caution due to the small 

number of women with levels outside of the TSH pregnancy specific reference ranges. 

Additionally, although maternal fT3 at baseline was lower in women using iodine 

supplements ≥150µg/day compared to women using iodine supplements <150µg/day, the 

difference was small (4.1pmol/L vs 4.2pmol/L, respectively) and was not seen at 28 weeks’ 

gestation.  

 

In pregnancy, maternal Tg was found to be lower in women using iodine supplements 

≥150µg/day compared to women using iodine supplements <150µg/day. This finding is 

expected and may support the suggestion that Tg is a more sensitive marker of iodine intake. 

However, as no criteria for Tg exist as an assessment of iodine status, it is unclear whether the 
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raised levels in women using iodine supplements <150µg/day in pregnancy are still within the 

range of iodine sufficiency.   

 

Thus, my findings show that iodine supplementation in pregnancy at doses ≥150µg/day in 

iodine sufficient populations has minimal influence on thyroid function in pregnancy and in 

the postpartum period. As iodine status according to UIC and BMIC was shown to be 

sufficient even in women using iodine supplements <150µg/day, these findings may suggest 

that routine iodine supplementation may not be necessary in an iodine sufficient population.  

 

However, although the mean iodine intake found in my study indicates iodine sufficiency 

there are individuals that may be at risk of iodine deficiency and thus may benefit from iodine 

supplementation. It is evident that further research is needed in iodine sufficient populations 

to assess the benefits and risks for iodine supplementation during pregnancy.  

 

Strengths and limitations 

My study has a number of strengths including the adequate sample size and study design, as 

this is the largest prospective cohort study in Australia that has assessed maternal total iodine 

intake in pregnancy as well as iodine status and thyroid function in pregnancy and in the 

postpartum period. Furthermore, there was a >90% successful follow up rate at each time 

point, a validated I-FFQ was used to assess dietary iodine intake and a number of potential 

confounders that may have influenced results were adjusted for in the statistical analysis.   

 

The I-FFQ used in my study did not quantify salt use. As half of the women were using 

iodised salt it is likely that this may have contributed to total iodine intake. However, it was 

shown that UIC did not differ between iodised salt and non-salt users, possibly indicating a 

minimal effect of iodised salt use on iodine status. Further limitations of my study include the 

single spot urine samples that were collected, as only two samples were collected in 
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pregnancy and the timing of collection was not controlled. It has been suggested that 24 hour 

urine collections may be a better indication of iodine intake. However, single 24 hour 

collections are still subject to variability
47

 and are impractical in a large cohort such as this 

one. Ideally, spot samples would be repeated more frequently over pregnancy
47

. Blood 

samples were also not collected within each trimester, which would be useful in order to get 

better indication of the normal changes in thyroid function that take place over pregnancy.  

 

The women in my study were of a similar age and BMI to the average age and BMI reported 

in Australian pregnant women in 2011
188

 (30 years and 25.9kg/m
2
, respectively). However,  

In 2011, the percent of Australian women that were smokers during pregnancy was higher 

(13%)
188

 and the percent of Australian pregnant women currently employed was lower 

(68%)
189

 compared to women in my study (Table 4.1).  Although there is no education data in 

Australian pregnant women, in 2011 35% of Australians aged 24-35 held a Bachelor or above 

compared to 51.5% in my study
190

. This may suggest that the women in my study are of a 

higher SES compared to the general population of Australian pregnant women, which may 

introduce some biases as these women may be more health conscious which may influence 

dietary intake. 

 

Furthermore, as shown in Table 4.1, it appears that women using iodine supplements 

≥150µg/day in pregnancy were better educated, employed and may be of a higher SES 

compared to women using iodine supplements <150µg/day and therefore may not be 

representative of the wider population as these factors may also influence dietary intake.   
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4.6 Conclusion 

 

In an iodine sufficient population, maternal total iodine intake in pregnancy from food and 

supplements has minimal association with maternal thyroid function in pregnancy and in the 

postpartum period with the main association seen with maternal UIC and BMIC. The results 

from this study showed that pregnant women in South Australia are iodine sufficient based on 

the WHO criteria for UIC. From food alone, half of pregnant women are unable to meet the 

EAR and majority of women are unable to meet the RDI for iodine. Despite this, the influence 

of iodine supplementation on maternal thyroid function are minimal and although maternal 

UIC and BMIC are lower in women using iodine supplements <150µg/day they are still 

within a sufficient range. This may possibly suggest that the RDI for iodine in pregnancy is 

set too high and the increased intake from iodine supplementation within an iodine sufficient 

population may not be required. However, further assessment on the association between 

maternal total iodine intake and/or thyroid function in pregnancy with infant iodine status 

and/or thyroid function is warranted and is assessed in Chapter 5.   
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Chapter 5 : The relationship between maternal total iodine 

intake/iodine status/thyroid function in pregnancy and 

markers of infant iodine status/thyroid function.  

 

5.1 Introduction 

 

Iodine deficiency in pregnancy has been associated with a range of adverse fetal effects 

including impaired growth, decreased intelligence and congenital anomalies
2
. Although there 

are limited data on the effects of iodine excess in pregnancy, recent evidence has shown a 

possible increased risk of thyroid dysfunction in the newborn
13, 191

 and possible effect on 

infant neurodevelopment in early life
16

. Therefore, ensuring adequate iodine intake in 

pregnancy is essential optimise neurodevelopment of the infant.  

 

To date there is no data on the association between maternal total iodine intake in pregnancy 

and the iodine status or thyroid function of infants. Most studies have used maternal UIC
105-

112
 as a marker of iodine intake or assessed maternal thyroid function

104, 109, 118, 119, 121
 and have 

evaluated the relationship with infant UIC or thyroid function, with many being conducted in 

an iodine deficient population. As iodine intake is variable, populations of iodine sufficiency 

can include women with iodine deficiency as well as iodine excess, thus the limited data in 

these populations is surprising.  

 

Given this background the primary objectives of this chapter are to address the evident 

research gaps by assessing: 

1. The relationship between the average maternal total iodine intake in pregnancy 

(baseline [<20 weeks’ gestation] and 28 weeks’ gestation) and: 

- Newborn TSH from routine newborn screening 

- Infant UIC at 3 months of age 
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- Infant thyroid function (fT3, fT4, TSH and Tg) at 3 months of age 

2. The relationship between maternal UIC at 28 weeks’ gestation and: 

- Newborn TSH from routine newborn screening 

- Infant UIC at 3 months of age 

- Infant thyroid function (fT3, fT4, TSH and Tg) at 3 months of age 

3. The relationship between maternal thyroid function  (TSH, fT3, fT4 and Tg) at 28 

weeks’ gestation and: 

- Newborn TSH from routine newborn screening 

- Infant UIC at 3 months of age 

- Infant thyroid function (fT3, fT4, TSH and Tg) at 3 months of age 

4. The relationship between maternal BMIC at birth and: 

- Newborn TSH from routine newborn screening 

- Infant UIC at 3 months of age 

- Infant thyroid function (fT3, fT4, TSH and Tg) at 3 months of age 

 

The secondary aims of this chapter are to assess: 

1. The relationship between maternal thyroid function  (TSH, fT3, fT4 and Tg) at 3 

months postpartum and infant thyroid function (TSH, fT3, fT4 and Tg) at 3 months 

of age. 

2. The influences of iodine supplement use in pregnancy on the above associations. 

 

5.2 Subjects and methods 

 

The recruitment of women and sample data collection including the assessment and analysis 

of maternal total iodine intake in pregnancy, BMIC and maternal/infant UIC, and thyroid 

function is detailed in Chapter 3. Briefly, total iodine intake using the I-FFQ and capturing 
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information on the use of iodine supplementation was collected in pregnancy (<20 weeks’ 

gestation and 28 weeks’ gestation). Newborn TSH was collected from a routine heel-prick 

blood sample at least 48 hours after birth. Spot urine and blood samples were collected from 

women in pregnancy and at 3 months postpartum and from infants at 3 months of age for the 

analysis of UIC and thyroid function (TSH, fT3, fT4 and Tg). At birth and 3 months 

postpartum breast milk samples were collected and analysed for BMIC. 

 

5.3 Statistical analysis  

 

The general statistics relevant to this chapter have been described in detail in Chapter 3. In 

this chapter, differences in maternal baseline characteristics between those infants who had 

blood samples taken at 3 months compared to those that did not was assessed using 

Independent t-tests for continuous variables and Chi-square tests for categorical variables. 

 

Infant UIC was not normally distributed and therefore the non-parametric Mann-Whitney U 

test was used to compare infant UIC at 3 months of age between women using iodine 

supplements ≥150µg/day and women using iodine supplements <150µg/day in pregnancy and 

between women who were above or below the RDI for iodine in pregnancy (<220µg/day and 

≥220µg/day). Infant thyroid function was normally distributed and therefore the parametric 

Independent t-tests were used to compare infant thyroid function at 3 months of age between 

these groups. Kruskal-Wallis tests were used to compare infant UIC, TSH, fT3, fT4, and Tg at 

3 months between exclusively breastfed, partially breastfed and exclusively formula fed 

infants.  

 

As described in Chapter 3, to address the primary objectives, linear regression analysis was 

used to assess the relationships between markers of maternal total dietary iodine intake/iodine 

status/thyroid function in pregnancy and markers of infant iodine status/thyroid function at 
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birth and 3 months of age. Similarly, to address the secondary objectives, linear regression 

analysis was used to assess the relationship between markers of maternal thyroid function at 3 

months postpartum and markers of infant thyroid function at 3 months of age.  

 

A log transformation was applied to all analysis in this chapter prior to regression analysis as 

the distributional assumptions of a linear regression model were not met by the untransformed 

data. The unstandardised coefficients (b) from the model were back transformed,  represented 

as the ratio of two means. The associations involving maternal total iodine intake and 

maternal UIC were scaled 10-fold and presented as per every 10µg/day increase in maternal 

total iodine intake or as per every 10µg/L increase in maternal UIC.  

 

The influence of potential confounders including maternal age, gestational age, pre-pregnancy 

BMI, parity, maternal education, maternal employment status, maternal smoking status, the 

use of iodine containing antiseptics at birth and infant feeding mode at 3 months of age were 

assessed using multiple regression analysis. As discussed in Chapter 3, as these factors have 

been shown in the literature to possibly affect thyroid function they were adjusted for in the 

regression analysis. All other potential confounding factors adjusted for in this chapter have 

been described in Chapter 3. Additionally, in this chapter the analysis of infant iodine 

status/thyroid function at 3 months was further adjusted for newborn TSH.  
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5.4 Results 

 

As shown in Chapter 4 (Figure 4.2), birth data was available for 755 (96%) women with 766 

infants being included in this part of the study (11 set of twins). The number of infants that 

completed each phase of this study from birth to 3 months of age is shown in (Figure 5.1). 

The average age of infants at the 3 month appointment was 99 ± 15 days old (3.3 ± 0.8  

months of age). There were a large number of infants (62%) who did not have a blood sample 

collected at 3 months of age (Figure 5.1) due to parental refusal or unsuccessful attempts at 

blood collection, reflecting the difficulty with collecting blood at this young age. 
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Figure 5.1: Infants that completed each stage of the study- 
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The birth characteristics of infants are presented in Table 5.1. There were no differences in 

baseline characteristics between those infants that completed the study at 3 months (n=734) 

and those that did not (n=32), including gestational age at birth (p=0.125), prematurity 

(p=0.128), birth weight (p=0.153) and sex (p=0.163). Furthermore there were no differences 

between women using iodine supplements ≥150µg/day and women using iodine supplements 

<150µg/day in pregnancy in any baseline characterises of the infants (p>0.05) (Table 5.1).  

 

There were no differences in maternal baseline characteristics including parity (p=0.612), age 

(p=0.376), smoking status (p=0.272), education (p=0.192), employment status (p=0.332) and 

gestational age at birth (p=0.997) between those infants who had a successful blood sample 

collected at 3 months (n=292, 38%) and those that did not (n=442, 60%). 

 

Parity was associated with infant fT3 at 3 months (β= -0.130, p=0.045) and maternal 

education was associated with infant UIC levels at 3 months (β= 0.085, p=0.049). Other 

potential confounders including pre-pregnancy BMI, maternal age, maternal employment 

status, gestational age at birth, maternal smoking status and use of iodine containing 

antiseptics at birth did not influence infant thyroid function at birth or at  3 months of age.  
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Table 5.1: Baseline characteristics of infants at birth 

 

 

All 

(n=766) 

 

 

Women using iodine 

supplements 

≥150µg/day 

(n=468) 

 

 

Women using 

iodine 

supplements  

<150µg/day   

(n=298) 

 

 

Gestational Age- weeks 

 

 

39.2 ± 1.77 

 

 

39.4 ± 1.7 

 

39.2 ± 1.7 

Prematurity  

(<37 weeks) 

 

61 (8.0%) 

 

38 (5.0%) 23 (8.0%) 

Twins 22 (2.8%) 

 

16 (2.1%) 

 

 

6 (2.0%) 

 

Birth Weight:* 

 
   

- grams  3392 ± 541 3392 ± 515 3393 ± 582 

- Z-score 

 

0.06 ± 0.93 

 

 

0.04 ± 0.90 

 

 

0.12 ± 0.98 

 

Birth Length:* 

 
   

- cm 49.7 ± 2.6 49.8 ± 2.4 49.7 ± 2.8 

- Z-score -0.17 ± 1.02 -0.16 ± 0.96 

 

-0.15  ± 1.09 

 

Birth head circumference:* 

 
  

- cm 34.5 ± 1.6 34.5 ± 1.5 34.4 ± 1.7 

- Z-score 

 

0.01 ± 1.03 

 

 

0.03  ± 1.02 

 

 

-0.01  ±  1.04 

 

SGA 

 

48 (6%) 

 

26 (5%) 

 

18 (4%) 

 

Sex: 

- Male 

 

 

394 (52%) 

 

235 (53%) 154 (52%) 

SGA; small for gestational age 

*n=764/766 birth weight available, n=743birth length available, n=737 birth head circumference available 

Mean ± SD for continuous variables, n (%) presented for categorical variables.  

Z-score mean ± SD presented for birth weight, length and head circumference 
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5.4.1 Infant urine iodine concentration 

The median UIC of infants at 3 months of age is shown in (Table 5.2) Sixteen percent 

(99/619) of infants had  UIC <100µg/L and 3% of infants had UIC <50 µg/L. There was no 

difference in infant UIC between infants of women using iodine supplements ≥150µg/day 

compared to women usingiodine supplements  <150µg/day in pregnancy (Table 5.2) or 

between women who met the RDI for iodine (>220µg/L) in pregnancy compared to those that 

did not (Table 5.3). Similarly, there was no difference in infant UIC between breastfed, 

partially breastfed or formula fed infants (Table 5.4).  

 

5.4.2 Infant thyroid function  

Birth  

At birth, the mean newborn TSH from routine newborn screening was 2.58 ± 1.62. Nine 

percent (n=66/763) of infants had TSH ≥5mIU/L. 67 infants (9%) had blood samples 

collected <48 hours after birth. When these infants were excluded, the percent of infants with 

TSH ≥5mIU/L did not differ (n=56/696, 8%). There was no difference in newborn TSH 

between women using iodine supplements ≥150µg/day (2.66 ± 1.73, n=468) and women 

using iodine supplements <150µg/day in pregnancy (2.46 ± 1.72, n=298) (p=0.335) or in the 

number of infants with newborn TSH >5mIU/L between women using iodine supplements 

≥150µg/day (n=42/466, 9%) and women using iodine supplements <150µg/day in pregnancy 

(n=22/297, 7%) in pregnancy (p=0.397).  Similarly, there was no difference in newborn TSH 

between women who had an iodine intake above the RDI in pregnancy (≥220µg/day) (n=561) 

compared to those that had an iodine intake below the RDI in pregnancy (<220µg/day) 

(n=202) [2.4 ± 1.3 vs. 2.6 ± 1.7, respectively, p=0.21). 

 

3 months of age 
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The thyroid function of infants at 3 months of age is presented in Table 5.2. There was no 

difference in infant thyroid function at 3 months of age between infants of women using 

iodine supplements ≥150µg/day  and women using iodine supplements <150µg/day in 

pregnancy (Table 5.2) or between women who had an iodine intake above the RDI in 

pregnancy (≥220µg/day) compared to those that had an iodine intake below the RDI in 

pregnancy(<220µg/day) (Table 5.3). At 3 months of age 8% (n=23/292) of infants had TSH 

>5mIU/L, with no differences between women using iodine supplements ≥150µg/day  and 

women using iodine supplements <150µg/day in pregnancy (p=0.520). Additionally, there 

was no difference in infant thyroid function at 3 months of age between breastfed, partially 

breastfed or formula fed infants (Table 5.4).  

 

Table 5.2: Infant UIC and thyroid function at 3 months of age: comparison of women using 

iodine supplements ≥150µg/day vs. women using iodine supplements <150µg/day in 

pregnancy  

 

All 

 

 

Women using iodine 

supplements 

≥150µg/day 

 

 

Women using iodine 

supplements  

<150µg/day    

 

 n  n  n  

UIC (µg/L) 619 
197 

(121-296) 
395 

200 

(124-304) 
224 

190 

(110-279) 

fT3 (pmol/L) 292 6.5 ± 0.62 216 6.5 ± 0.6 76 6.5 ± 0.6 

fT4 (pmol/L) 292 15.4 ± 1.9 216 15.5 ± 1.9 76 15.3 ± 2.0 

TSH (mIU/L) 292 2.9 ± 1.4 216 2.9 ± 1.4 76 2.7 ± 1.3 

Tg (µg/L) 292 56.3 ± 24.6 216 56.6 ± 24.4 76 54.4 ± 24.7 

n, number; UIC, urine iodine concentration; TSH, thyroid stimulating hormone; fT3, free triiodothyronine; fT4, 

free thyroxine; Tg, thyroglobulin 

UIC presented as median (IQR). fT3, fT4, TSH and Tg presented as mean ± SD 
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Table 5.3:Infant UIC and thyroid function at 3 months of age: comparison of women with 

iodine intake in pregnancy below the RDI (<220µg/day) vs. women with iodine intake in 

pregnancy above the RDI (≥220µg/day)  
 

n, number; UIC, urine iodine concentration; TSH, thyroid stimulating hormone; fT3, free triiodothyronine; fT4, 

free thyroxine; Tg, thyroglobulin 

UIC presented as median (IQR). Newborn TSH, fT3, fT4, TSH and Tg presented as mean ± SD 

^Numbers based on available data of both iodine intake in pregnancy, infant  UIC and ,thyroid function  
 

 

Table 5.4: Infant UIC and thyroid function according to feeding mode at 3 months of age  

 

 

Exclusively breastfed 

(n=442) 

Partially breastfed  

(n=132) 

 

Exclusively Formula 

fed 

(n=158) 

 

 n  n  n  

UIC (µg/L) 377 198  

(109-284) 

106 198 

 (109-284) 

136 196 ( 

(122-279) 

 

fT3 (pmol/L) 175 6.5 ± 0.6 49 6.7 ± 0.7 68 6.5 ± 0.6 

fT4  (pmol/L) 175 15.5 ± 2.0 49 15.6 ± 1.5 68 15.0 ± 1.7 

TSH  (mIU/L) 175 2.8 ± 1.3 49 3.0 ± 1.9 68 2.9 ± 1.0 

Tg  (µg/L) 175 59 ± 26 49 55 ± 22 68 50 ± 20 

n, number; UIC, urine iodine concentration; TSH, thyroid stimulating hormone; fT3, free triiodothyronine; fT4, 

free thyroxine; Tg, thyroglobulin 

UIC presented as median (IQR). fT3, fT4, TSH and Tg presented as mean ± SD 

 

 

 

Below RDI for iodine 

<220µg/day 

 

Above RDI for iodine 

≥220µg/day 

 n^  n^  

UIC (µg/L) 

fT3 (pmol/L) 

fT4 (pmol/L) 

TSH (mIU/L) 

Tg (µg/L) 

140 

73 

73 

73 

73 

171 (110-272) 

6.5 ± 0.6  

15.3 ± 1.9 

2.9 ± 1.3 

54 ± 25 

473 

212 

212 

212 

212 

202 (123-301) 

6.5 ± 0.6  

15.5 ± 1.9  

2.9 ± 1.4  

57 ± 24  
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5.4.3 The relationship between maternal total iodine intake in pregnancy and 

infant UIC/markers of thyroid function 

No association was found between maternal total dietary iodine intake in pregnancy and 

neonatal TSH at birth or infant UIC, TSH, fT3, fT4 and Tg at 3 months of age (Table 5.5). 

 

5.4.4 The relationship between maternal UIC at 28 weeks’ gestation and infant 

UIC/markers of thyroid function 

No association was found between maternal UIC at 28 weeks’ gestation and newborn TSH or 

infant UIC, fT3, fT4 and Tg at 3 months of age in the unadjusted analysis (Table 5.6). 

Following adjustment for potential confounders, maternal UIC at 28 weeks’ gestation was 

associated with infant TSH at 3 months. The effect size was small with every 10µg/L increase 

in maternal UIC resulting in a <1% increase in TSH [ratio of the means: 1.00 (95%CI: 1.00 -

1.00) (p=0.013)] (Table 5.6). No further association was found between maternal UIC at 28 

weeks’ gestation and infant iodine status at 3 months of age (Table 5.6). 

 

5.4.5 The relationship between maternal thyroid function at 28 weeks’ gestation 

and markers of infant thyroid function  

Unadjusted and adjusted analysis showed a negative association between maternal fT3 at 28 

weeks’ gestation and infant TSH at 3 months of age (Table 5.6). Following adjustment for 

potential confounders, every 1pmol/L increase in maternal fT3 lead to a 28% decrease in 

infant TSH [ratio of the means: 0.72 (95%CI: 0.61-0.85) (p<0.001)] (Table 5.6). 

Additionally, adjusted analysis showed a positive association between maternal fT3 at 28 

weeks’ gestation and infant fT3 at 3 months, with a 5% increase in infant fT3 with every 

1pmol/L increase in maternal fT3 [ratio of the means: 1.05 (95%CI: 1.01-1.10) (p=0.02)] 

(Table 5.6).  
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Table 5.5: The relationship between maternal total iodine intake in pregnancy (baseline at 28 weeks’ gestation) and infant UIC/thyroid 

function (log scale) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

b, unstandardised coefficient; SE, standard error; CI, confidence interval; UIC, urine iodine concentration; TSH, thyroid stimulating hormone; fT3, free triiodothyronine; 

fT4, free thyroxine; Tg, thyroglobulin 

Adjusted for maternal age, pre-pregnancy BMI, gestational age at baseline, parity, education, employment status, smoking status, thyroid disease in pregnancy, iodine 

status (UIC, fT3, fT4, TSH, Tg) at baseline, BMIC at birth, use of iodine containing antiseptics at birth, gestational age at birth.  

* Further adjusted for newborn TSH, feeding mode at 3 months of age, maternal iodine status/thyroid function (UIC, fT3, fT4, TSH, Tg, BMIC) at 3 months postpartum 

and maternal iodine intake from food only at 3 months postpartum 

  Unadjusted     Adjusted   

 b (SE) 
Ratio of the means 

(95%CI) 
P b (SE) 

Ratio of the means 

(95%CI ) 
P 

           

Log Neonatal TSH 

at birth (mIU/L) 

0.03 (0.03) 1.00 (1.00-1.00) 0.325 0.01 (0.03) 1.00 (1.00-1.00) 0.685 

 

3 months of age* 

 

         

Log UIC (µg/L) 0.05 (0.03) 1.05 (1.00-1.11) 0.064 0.02 (0.03) 1.02 (0.96-1.08) 0.510 

 

Log fT3 (pmol/L) 0.00 (0.01) 1.00 (0.99-1.02) 0.431 0.00 (0.01) 1.00 (0.98-1.01) 0.621 

 

Log fT4 (pmol/L) 0.01 (0.01) 1.01 (0.99-1.02) 0.439 0.01 (0.01) 1.01 (0.99-1.02) 0.458 

 

Log TSH (mIU/L) 0.00 (0.03) 1.00 (0.95-1.05) 0.941 0.00 (0.03) 1.00 (0.94-1.05) 0.867 

 

Log Tg (µg/L) 0.02 (0.03) 1.02 (0.97-1.07) 0.455 0.03 (0.03) 1.03 (0.97-1.09) 0.290 
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Unadjusted analysis showed a positive association between maternal Tg at 28 weeks’ 

gestation and infant Tg at 3 months of age, which was no longer seen following adjustment 

for potential confounders (Table 5.6). Furthermore, adjusted analysis showed a negative 

association between maternal Tg at 28 weeks’ gestation and infant TSH at 3 months of age 

(Table 5.6), with every 1µg/L increase in material Tg at 28 weeks’ gestation resulting in a 2% 

decrease in infant TSH at 3 months of age (p=0.009). No further association was found 

between maternal thyroid function at 28 weeks’ gestation and newborn TSH, infant UIC or 

infant thyroid function at 3 months of age in unadjusted or adjusted analysis (Table 5.6). 
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Table 5.6: The relationship between maternal UIC/thyroid function at 28 weeks’ gestation and infant thyroid function (log scale) 

 
Maternal UIC and thyroid function at 28 weeks’ gestation 

 UIC TSH fT3 fT4 Tg 

 
b 

(SE) 

Ratio of 

the means 

(95%CI) 

P 
b 

(SE) 

Ratio of 

the means 

(95%CI) 

P 
b 

(SE) 

Ratio of 

the means 

(95%CI) 

P 
b 

(SE) 

Ratio of 

the means 

(95%CI) 

P 
b 

(SE) 

Ratio of the 

means 

(95%CI) 

P 

Unadjusted analysis 

Log 

Neonatal 

TSH 

(mIU/L) 

0.00 

(0.00) 

1.00(1.00-

1.00) 
0.642 

0.06 

(0.04) 

1.07(0.99-

1.16) 
0.095 

-0.01 

(0.08) 

0.99(0.84-

1.16) 
0.867 

-0.03 

(0.02) 

0.97(0.9- 

1.01) 
0.139 

0.00 

(0.00) 

1.00(1.00-

1.00) 
0.418 

3 months of age 

Log fT3 

(pmol/L) 

0.00 

(0.00) 

1.00(1.00-

1.00) 
0.406 

0.00 

(0.08) 

1.00(0.99-

1.02) 
0.699 

0.02 

(0.02) 

1.02(0.98-

1.06) 
0.959 

0.00 

(0.05) 

0.95 (0.99-

1.01) 
0.959 

0.00 

(0.00) 

0.95(1.00-

1.00) 
0.631 

Log fT4 

(pmol/L) 

0.00 

(0.00) 

1.00(1.00-

1.00) 
0.699 

-0.01 

(0.01) 

1.00(0.98-

1.01) 
0.629 

0.02 

(0.08) 

1.03(0.98-

1.07) 
0.262 

0.01 

(0.01) 

1.01 (0.99-

1.02) 
0.320 

0.00 

(0.00) 

1.00(1.00-

1.00) 
0.220 

Log TSH 

(mIU/L) 

0.00 

(0.00) 

1.00(1.00-

1.00) 
0.239 

0.06 

(0.04) 

1.06(0.99-

1.13) 
0.109 

-0.30 

(0.08) 

0.74(0.64-

0.87) 
<0.001 

0.03 

(0.02) 

0.97 (0.93-

1.02) 
0.234 

0.00 

(0.00) 

1.00(0.99-

1.00) 
0.376 

Log Tg 

(µg/L) 

 

0.00 

(0.00) 

1.00(1.00-

1.00) 
0.941 

-0.03 

(0.04) 

0.97(0.90-

1.04) 
0.392 

-0.01 

(0.09) 

0.99(0.84-

1.18) 
0.939 

0.12 

(0.02) 

1.01 (0.96-

1.07) 
0.610 

0.01(0.00

) 

1.01(1.00-

1.01) 
0.009 
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Maternal UIC and thyroid function at 28 weeks’ gestation 

 UIC TSH fT3 fT4 Tg 

 
b 

(SE) 

Ratio of 

the means 

(95%CI) 

P 
b 

(SE) 

Ratio of 

the means 

(95%CI) 

P 
b 

(SE) 

Ratio of 

the means 

(95%CI) 

P 
b 

(SE) 

Ratio of 

the means 

(95%CI) 

P 
b 

(SE) 

Ratio of the 

means 

(95%CI) 

P 

Adjusted analysis  

Log 

Neonatal 

TSH 

(mIU/L) 

0.00 

(0.00) 

1.00(1.00-

1.00) 
0.400 

0.00 

(0.00) 

0.95(0.84-

1.08) 
0.426 

0.72 

(0.97) 

1.07(0.89-

1.30) 
0.458 

-0.16 

(0.24) 

0.98 (0.94-

1.03) 
0.520 

0.02 

(0.05) 

1.00 (0.99-

1.01) 
0.639 

3 months of age* 

Log fT3 

(pmol/L) 

0.00 

(0.00) 

1.00(1.00-

1.00) 
0.460 

-0.01 

(0.02) 

0.99(0.96-

1.02) 

0.52

9 

0.05 

(0.23) 

1.05(1.01-

1.10) 
0.022 

0.01 

(0.01) 

1.01(1.00-

1.02) 
0.255 

0.00 

(0.00) 

1.00(1.00-

1.00) 
0.510 

Log fT4 

(pmol/L) 

0.00 

(0.00) 

1.00(1.00-

1.00) 

 

0.728 
-0.02 

(0.02) 

0.98(0.95-

1.02) 

0.34

3 

0.05 

(0.03) 

1.05(0.99-

1.10) 
0.081 

0.00 

(0.01) 

1.00(0.99-

1.02) 
0.745 

0.00 

(0.00) 

1.00(1.00-

1.00) 
0.908 

Log TSH 

(mIU/L) 

0.00 

(0.00) 

1.00(1.00-

1.00) 

 

0.013 
-0.09 

(0.06) 

0.91(0.81-

1.02) 

0.12

0 

-0.33 

(0.09) 

0.72(0.61-

0.85) 
<0.001 

-0.01 

(0.02) 

0.99(0.94-

1.03) 
0.564 

-0.02 

(0.01) 

0.90(0.97-

1.00) 
0.009 

Log Tg 

(µg/L) 

0.00 

(0.00) 

1.00(0.99-

1.00) 
0.272 

-0.04 

(0.07) 

0.96(0.84-

1.09) 

0.52

1 

0.00 

(0.10) 

1.00(0.81-

1.22) 
0.981 

0.01 

(0.03) 

1.01(0.96-

1.06) 
0.760 

0.00 

(0.00) 

1.00(0.98-

1.01) 
0.786 

b, unstandardised coefficient; SE, standard error; CI, confidence interval; UIC, urine iodine concentration; TSH, thyroid stimulating hormone; fT3, free triiodothyronine; fT4, free 

thyroxine; Tg, thyroglobulin  

Adjusted for maternal age, pre-pregnancy BMI, gestational age at baseline, parity, education, employment status, smoking status, thyroid disease in pregnancy, iodine status (UIC, fT3, fT4, 

TSH, Tg) at baseline, use of iodine containing antiseptics at birth, BMIC at birth, total iodine (food + supplements) intake in pregnancy (baseline and 28 weeks’ gestation), gestational age at 

birth. 
*Further adjusted for newborn TSH, feeding mode at 3 months, maternal iodine status/thyroid function (UIC, fT3, fT4, TSH, Tg,, BMIC) at 3 months postpartum and maternal iodine intake 

from food at 3 months postpartum.  

Table 5.6 continued 



225 

 

5.4.6 The relationship between maternal BMIC at birth and infant UIC/thyroid 

function  

Unadjusted analysis showed a positive association between BMIC at birth and infant UIC at 3 

months postpartum in breastfed infants (Table 5.7). Following adjustment this association 

remained, with a 1% increase in infant UIC at 3 months postpartum with every 10µg/L 

increase in BMIC at birth (p<0.001) (Table 5.7). Unadjusted analysis showed no other 

associations between BMIC at birth with infant thyroid function in breastfed infants while 

adjusted analysis showed a 1% decrease in infant TSH with every 10µg/L increase in BMIC 

at birth in breast fed infants (p=0.026) (Table 5.7).
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Table 5.7: The relationship between maternal BMIC at birth and infant UIC/thyroid function in breastfed infants (log scale) 

                        Unadjusted Analysis Adjusted Analysis 

 

 b (SE) Ratio of the means 

(95%CI) 

P b (SE) Ratio of the means 

(95%CI) 

P 

       

Log Newborn TSH (µg/L) 

 

0.00 (0.00) 1.00 (1.00-1.00) 0.735 0.00 (0.00) 1.00 (1.00-1.00) 0.659 

3 months of age* 

 

      

Log UIC (µg/L) 

 

0.01 (0.00) 1.01 (1.00-1.01) <0.001 0.01 (0.00) 1.01 (1.00-1.01) <0.001 

Log fT3 (pmol/L) 0.00 (0.00) 1.00  (1.00-1.00) 0.220 0.00 (0.00) 1.00 (1.00-1.00) 0.182 

 

Log fT4(pmol/L) 0.00 (0.00) 1.00 (1.00-1.00) 0.169 0.00 (0.00) 1.00 (1.00-1.00) 0.417 

 

Log TSH (mIU/L) 0.00 (0.00) 1.00 (0.99-1.00) 0.376 -0.01 (0.00) 0.99 (0.99-1.00) 0.026 

 

Log Tg (µg/L) 0.00 (0.00) 1.00 (0.99-1.00) 0.371 0.00 (0.00) 1.00 (0.99-1.00) 0.498 

 
b, unstandardised coefficient; SE, standard error; CI, confidence interval; UIC, urine iodine concentration; TSH, thyroid stimulating hormone; fT3, free triiodothyronine; fT4, free 

thyroxine; Tg, thyroglobulin 

Adjusted for maternal age, pre-pregnancy BMI, gestational age at baseline, parity, education, employment status, smoking status, thyroid disease in pregnancy, iodine status (UIC, fT3, fT4, 

TSH, Tg) at baseline, use of iodine containing antiseptics at birth, total iodine (food + supplements) intake in pregnancy (baseline and 28 weeks’ gestation), gestational age at birth. 

*Further adjusted for newborn TSH, feeding mode at 3 months, maternal iodine status/thyroid function (UIC, fT3, fT4, TSH, Tg, BMIC) at 3 months postpartum and maternal iodine intake 

from food only at 3 months postpartum.
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5.4.7 The relationship between maternal thyroid function at 3 months 

postpartum and infant thyroid function  

Maternal fT4 at 3 months postpartum was positively associated with infant fT4 and negatively 

associated with infant Tg at 3 months of age prior to adjustment for potential confounders 

(Table 5.8). Following adjustment, the positive association between maternal fT4 and infant 

fT4 remained, with every 1 pmol/L increase in maternal fT4 at 3 months postpartum 

increasing infant fT4 at 3 months of age by 1% (p=0.006), while the association between 

maternal fT4 and infant Tg was no longer seen (Table 5.8).  

Unadjusted analysis showed a positive association between maternal TSH at 3 months 

postpartum and infant fT3 at 3 months of age, which remained after adjustment for potential 

confounders (Table 5.8). However, the effect size was small with a <1% change in infant fT3 

with every 1mIU/L increase in maternal TSH (Table 5.8). Additionally, unadjusted analysis 

showed an association between maternal Tg at 3 months postpartum and infant Tg at 3 

months of age, with this effect also being small and once adjusted for potential confounders 

was no longer seen (Table 5.8). No other associations were found between maternal thyroid 

function at 3 months postpartum and infant thyroid function at 3 months of age (Table 5.8).  
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Table 5.8: The relationship between maternal thyroid function at 3 months postpartum and infant thyroid function at 3 months of age (log scale) 

 Maternal thyroid function at 3 months postpartum 

 TSH T3 fT4 Tg 

  

b (SE) 

Ratio of the 

means 

(95%CI) 

P  

b (SE) 

Ratio of the 

means 

(95%CI) 

P  

b (SE) 

Ratio of the 

means 

(95%CI) 

P  

b (SE) 

Ratio of the 

means 

(95%CI) 

P 

Unadjusted analysis 

Log fT3 

(pmol/L) 

0.01 

(0.00) 

1.00 (1.00-

1.01) 
0.010 

0.01 

(0.00) 

1.01 (1.00-

1.02) 
0.145 

0.00 

(0.00) 

1.00 (1.00-

1.01) 
0.217 

0.00 

(0.00) 

1.00 (1.00-

1.00) 
0.998 

Log fT4 

(pmol/L) 

0.00 

(0.00) 

1.00 (0.99-

1.00) 
0.862 

0.00 

(0.00) 

0.99 (0.98-

1.01) 
0.561 

0.01 

(0.00) 

1.01 (1.00-

1.01) 
0.009 

0.00 

(0.00) 

1.00 (1.00-

1.00) 
0.498 

Log TSH 

(mIU/L) 

0.01 

(0.01) 

0.99 (0.98-

1.01) 
0.505 

0.00 

(0.03) 

0.99 (0.93-

1.05) 
0.899 

0.00 

(0.00) 

1.01 (0.99-

1.03) 
0.699 

0.00 

(0.00) 

1.00 (1.00-

1.00) 
0.959 

Log Tg 

(µg/L) 

-0.01 

(0.01) 

0.99 (0.97-

1.01) 
0.244 

-0.03 

(0.03) 

0.98 (0.92-

1.03) 
0.395 

-0.02 

(0.01) 

0.98 (0.96-

1.00) 
0.038 

0.00 

(0.00) 

1.01 (1.00-

1.01) 
0.011 

Adjusted analysis* 

Log fT3 

(pmol/L) 

0.00 

(0.00) 

1.00 (1.00-

1.01) 
0.044 

0.00 

(0.00) 

1.01 (1.00-

1.02) 
0.163 

0.04 

(0.02) 

1.00 (1.00-

1.01) 
0.106 

0.00 

(0.00) 

1.00 (1.00-

1.00) 
0.752 

Log fT4 

(pmol/L) 

0.00 

(0.00) 

1.00 (0.99-

1.00) 
0.829 

0.00 

(0.00) 

0.99 (0.98-

1.01) 
0.498 

0.01 

(0.00) 

1.01 (1.00-

1.01) 
0.006 

0.00 

(0.00) 

1.00 (1.00-

1.00) 
0.505 
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 Maternal thyroid function at 3 months postpartum 

 TSH T3 fT4 Tg 

  

b (SE) 

Ratio of the 

means 

(95%CI) 

P  

b (SE) 

Ratio of the 

means 

(95%CI) 

P  

b (SE) 

Ratio of the 

means 

(95%CI) 

P  

b (SE) 

Ratio of the 

means 

(95%CI) 

P 

 

Adjusted analysis* 
           

Log TSH 

(mIU/L) 

0.00 

(0.00) 

0.99 (0.98-

1.02) 
0.920 

-0.01 

(030) 

0.99 (0.93-

1.05) 
0.663 

0.00 

(0.01) 

0.99 (0.97-

1.01) 
0.591 

0.00 

(0.00) 

1.00 (1.00-

1.00) 
0.678 

Log Tg 

(µg/L) 

-0.12 

(0.09) 

0.99 (0.97-

1.01) 
0.200 

-0.01 

(0.03) 

0.98 (0.94-

1.05) 
0.777 

-0.18 

(0.01) 

0.98 (0.96-

1.00) 
0.074 

0.00 

(0.00) 

1.00 (1.00-

1.00) 
0.376 

b, unstandardised coefficient; SE, standard error; CI, confidence interval; UIC, urine iodine concentration; TSH, thyroid stimulating hormone; fT3, free triiodothyronine; fT4, free 

thyroxine; Tg, thyroglobulin 

*Adjusted for maternal age, pre-pregnancy BMI, gestational age at baseline, parity, education, employment status, smoking status, thyroid disease in pregnancy, iodine status (UIC, 

fT3, fT4, TSH, Tg) in pregnancy (baseline and 28 weeks’ gestation), BMIC at birth, use of iodine containing antiseptics at birth, total iodine (food + supplements) intake in 

pregnancy (baseline and 28 weeks’ gestation), gestational age at birth, newborn TSH, feeding mode at 3 months of age

Table 5.8 continued 
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5.4.8 Subgroup analysis 

The influence of iodine supplementation in pregnancy on the relationships between maternal 

total iodine intake in pregnancy and infant iodine status/thyroid function  

A non-significant interaction was shown between iodine supplement use in pregnancy and 

total iodine intake in pregnancy in the unadjusted and adjusted regression model (p>0.05), 

indicating that the relationships between maternal total iodine intake in pregnancy and 

newborn TSH, infant UIC and infant thyroid function at 3 months of age are not affected by 

the use of iodine supplementation in pregnancy.  

 

The influence of iodine supplementation in pregnancy on the relationships between maternal 

UIC at 28 weeks’ gestation and infant iodine status/thyroid function  

A non-significant interaction was shown between iodine supplement use in pregnancy and 

maternal UIC at 28 weeks’ gestation in the unadjusted and adjusted regression model 

(p>0.05), indicating that the relationships between maternal UIC at 28 weeks’ gestation or 

BMIC at birth and newborn TSH, infant UIC or infant thyroid function at 3 months of age are 

not affected by the use of iodine supplementation in pregnancy. 

 

The influence of iodine supplementation in pregnancy on the relationships between maternal 

thyroid function at 28 weeks’ gestation and infant thyroid function  

A non-significant interaction was shown between iodine supplement use in pregnancy and 

maternal thyroid function at 28 weeks’ gestation in the unadjusted and adjusted regression 

model (p>0.05), indicating that the relationships between maternal thyroid function at 28 

weeks’ gestation and newborn TSH, infant UIC or infant thyroid function at 3 months of age 

was not affected by the use of iodine supplementation in pregnancy. 

 

Following adjustment for potential confounders, the use of iodine supplements in pregnancy 

(≥150µg/day) had a significant interaction with the relationships between maternal thyroid 
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hormones (fT3 and fT4) at 3 months postpartum and infant fT3 at 3 months of age. In women 

using iodine supplements <150µg/day in pregnancy (n=76/292) every 1pmol/L increase in 

maternal fT3 and fT4 at 3 months postpartum increased infant fT3 at 3 months of age by 4% 

and a 1%, respectively, while no change was seen in women using iodine supplements 

≥150µg/day in pregnancy (n=216/292). A non-significant interaction was shown between 

iodine supplement use in pregnancy and maternal TSH or Tg at 3 months postpartum in the 

unadjusted and adjusted regression models (p>0.05), indicating that the relationships between 

maternal TSH or Tg at 3 months postpartum and infant thyroid function at 3 months of age 

was not affected by the use of iodine supplementation in pregnancy. 

 

The influence of iodine supplementation in pregnancy on the relationships between maternal 

BMIC at birth and infant iodine status/thyroid function  

Following adjustment for potential confounders, the use of iodine supplements in pregnancy 

had a significant interaction with the relationships between maternal BMIC at birth and infant 

UIC at 3 months of age (p=0.006). In women using iodine supplements ≥150µg/day in 

pregnancy (n=395/619) every 10µg/L increase in BMIC at birth increased infant UIC at 3 

months of age by 1%, while no change was seen in women using iodine supplements 

<150µg/day (n=224/619). No other interaction was shown between iodine supplement use in 

pregnancy and maternal BMIC at birth in the unadjusted and adjusted regression models 

(p>0.05),  indicating that the relationships between maternal BMIC at birth and newborn TSH 

or infant thyroid function at 3 months of age are not affected by the use of iodine 

supplementation in pregnancy.  
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5.5 Discussion 

 

This is the first study to assess the relationship between maternal total iodine intake from food 

and supplements in pregnancy and infant iodine status or thyroid function, with findings 

showing no significant associations in newborns and infants aged 3 months. The findings 

from my study showed that in an iodine sufficient population although there are some 

associations between maternal thyroid function in pregnancy and infant thyroid function at 3 

months of age, the magnitude of the associations are small. Furthermore, maternal UIC in 

pregnancy and BMIC at birth showed minor associations with infant TSH at 3 months of age. 

Based on the WHO criteria for newborn TSH, infants in my study were classified as iodine 

deficient, despite maternal iodine intake and maternal UIC (Chapter 4), as well as infant UIC 

at 3 months of age indicating iodine sufficiency. Thus these findings raise the question around 

the usefulness of the WHO criteria (>3% of infants with TSH >5mIU/L)
8
 for newborn TSH as 

a marker of iodine deficiency. My findings also showed that the use of iodine 

supplementation in pregnancy had no influence on infant UIC or infant thyroid function. 

 

Iodine status of infants 

In my study 9% of infants had newborn TSH from routine newborn screening >5mIU/L, 

indicating iodine deficiency according to the WHO criteria
8
. There have been limited 

Australian studies that have reported newborn TSH at birth, with none conducted post 

mandatory iodine fortification. Of those that reported newborn TSH prior to mandatory 

fortification, three found similar results to my study
73, 74, 80

 with only one reporting <3% of 

infants with TSH levels >5mIU/L
76

. The most recent was a large retrospective study (n=362, 

552) in Victoria that reported an increase in the percent of screening newborn TSH >5mIU/L 

from 2001 (4.06%) to 2006 (9.65%)
74

. The other studies were conducted in Sydney, Australia 

with one measuring TSH levels in 2 sets of cohorts of 1457 and 84 newborns in 2002
73

, 

reporting that 8.1% and 10.6% of infants had TSH levels above 5mIU/L, respectively. Chan et 
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al
80

 measured newborn TSH in 2003 from 50 infants in Sydney and reported that 6% had 

levels >5mIU/L
80

. Conversely, another study conducted in 2006 with 815 mother/infant pairs 

from Sydney reported that 2.2% of infants had TSH levels >5mIU/L, indicating iodine 

sufficiency
76

 according to the WHO criteria
8
. Interestingly, the median UIC of the mothers in 

this study indicated iodine deficiency
76

, thus the reason for the lower newborn TSH is 

unknown. However, when interpreting newborn TSH levels several factors need to be 

considered that may influence the results. This includes the sensitivity of the assay used to 

measure the TSH levels, any indication of thyroid disease in pregnancy, the use of iodine 

containing antiseptics during labour and the timing of the sample
61

.   

 

Unlike the Australian studies mentioned above, that reported newborn TSH
73, 74, 76, 80

, the use 

of iodine containing antiseptics and diagnosis of thyroid disease was captured in my study. A 

similar percent of infants that had TSH levels above and below 5mIU/Lin my study were 

exposed to iodine containing antiseptics in labour (19.7% and 15.4% respectively), thus this is 

unlikely to explain the high percentage of infants with newborn TSH >5mIU/L. Additionally, 

no mothers were diagnosed with thyroid disease throughout my study. The timing of 

collection may affect newborn TSH as it is known that there is a surge in TSH within the first 

48 hours after birth
61

. Similar to other studies
73, 74, 76, 80

 , most of the samples were collected 

between 48-72 hours after birth as part of routine neonatal screening, with 9% of samples 

(67/763) being collected <48 hours after birth. Although my study showed a higher 

percentage of infants with TSH>5mIU/L when blood samples were collected <48 hours after 

birth (12/67, 18%) compared to those with blood samples collected between 48-72 hours after 

birth (55/593, 8%), the 8% of infants with TSH>5mIU/L was still above WHO criteria
8
. Thus, 

as proposed by other authors
61

, it is questionable whether the WHO criteria
8
 to define iodine 

deficiency in a population based on newborn TSH is a reliable.  
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According to the WHO, UIC levels ≥100µg/L in children under the age of 2 years indicates 

iodine sufficiency, with no further criteria being set for this age group
8
. Infants in my study 

showed a median UIC of 197µg/L. To date, there have been no Australian studies that have 

measured infant UIC. Other studies in iodine sufficient populations have reported higher 

infant UIC above 250µg/L
105, 106, 112, 123

, despite similar maternal UIC and BMICs to those 

found my study (reported in Chapter 4). This is likely to be a reflection of the high variability 

seen with UIC, especially as in my study as well as these others
104, 105, 111, 122

, only one spot 

urine sample was collected and at different ages.  

 

The relationship between maternal total iodine intake in pregnancy and infant UIC/thyroid 

function 

My findings showed no association between total iodine intake in pregnancy and newborn 

TSH or infant UIC /thyroid function at 3 months of age. These results may suggest that in an 

iodine sufficient population such as Australia, iodine intake in pregnancy does not influence 

infant thyroid function, which may be regulated by adaptive mechanisms that are in place to 

maintain normal maternal and fetal thyroid function in times when iodine intake is inadequate 

or in surplus
24

. Thus, it may be that changes in infant thyroid function in response to maternal 

dietary iodine intake, including iodine supplementation, may only be seen in severely iodine 

deficient or iodine excessive populations.  

 

The relationship between maternal UIC at 28 weeks’ gestation and infant thyroid function 

Similar to total iodine intake, maternal UIC at 28 weeks’ gestation had minimal association 

with infant thyroid function. My findings showed a significant association between UIC at 28 

weeks’ gestation and infant TSH at 3 months of age, however the magnitude of this 

association was insignificant as there was a <1% change in TSH with every 10µg/L increase 

in maternal UIC. Previous studies from both iodine sufficient
96, 112

 and deficient populations
85, 

107
  have found similar results, reporting no association between maternal UIC  and newborn 
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TSH. Other studies have reported significant positive associations between maternal UIC and 

cord serum TSH
104, 115

 or cord serum fT3 and fT4
104

 at birth. Unlike my study, these studies 

were conducted in iodine deficient populations and collected maternal urine samples at the 

time of birth. Additionally, I did not collect cord serum samples from infants. As cord serum 

is a mix between maternal and infant blood this may explain the associations found in other 

studies. Thus it may be that the timing of sample collection closer to birth, the collection of 

cord serum and the iodine status of the population can influence the association between 

maternal UIC and infant thyroid function. Although UIC has limitations  as an indicator of 

iodine intake, together with the lack of association found between maternal total iodine intake 

and infant thyroid function, these findings further support the suggestion that in an iodine 

sufficient population maternal total iodine intake in pregnancy has minimal influence on 

infant thyroid function.  

 

The relationship between maternal thyroid function in pregnancy and infant thyroid function 

My study showed a positive association between maternal fT3 at 28 weeks’ gestation and 

infant fT3 at 3 months of age, with negative association between maternal fT3/maternal Tg at 

28 weeks’ gestation and infant TSH at 3 months of age. These findings were independent of 

other factors that could influence maternal or infant thyroid function including maternal age, 

BMI, parity, education and employment, gestational age and the use of iodine containing 

antiseptics at birth, as the associations remained after including these confounders in the 

regression models. To the best of  my knowledge, this is the first large prospective cohort 

study to assess the association between maternal thyroid function in pregnancy and infant 

thyroid function after birth. The reasons for the associations seen between maternal fT3 in 

pregnancy, and not maternal fT4, with infant thyroid function at 3 months of age are not clear, 

particularly as thyroid hormone metabolism in pregnancy and in the infant are not well 

understood. The few studies that have assessed the association between maternal thyroid 

function and infant thyroid function at the time of birth have reported inconsistent results. 
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One study reported a positive association between maternal fT3 at delivery and cord serum 

fT3
109

, while another reported  positive associations between maternal fT4 at delivery and 

cord serum fT4 as well as maternal TSH at delivery and cord serum TSH
104

. Similar to my 

study, one reported no association between maternal TSH in pregnancy and infant TSH or fT4 

at birth
118

, while another reported positive associations between maternal TSH in pregnancy 

and infant TSH at birth
119

.  These findings demonstrate the uncertainty around the relationship 

between maternal and infant thyroid function. Furthermore, there are other factors that may 

have contributed to the associations seen in my study that were not controlled for, including 

infant thyroid function at 3 months of age as well as maternal and infant total iodine intake in 

the postpartum period. Nonetheless, the effect sizes found in my study were small and 

therefore the clinical significance of the associations between maternal fT3 at 28 weeks’ 

gestation and infant thyroid function at 3 months is not clear. 

 

The fact that an inverse association between maternal Tg  at 28 weeks’ gestation and infant 

TSH at 3 months of age was found in my study is unexpected. Limited studies have assessed 

the association between maternal Tg and infant thyroid function, with one reporting that 

women in the highest Tg tertile and lowest free thyroid index (fTI) tertile (calculated by the 

total T4 x T3 uptake) had neonates with higher TSH
192

, which may have been in response to 

the higher Tg or low fTI. The reason for the negative association found in my study is 

unknown. However, this finding needs to be interpreted with caution due to the small number 

of infant blood samples collected at 3 months of age. Furthermore, the magnitude of the 

association was small with only a 2% decrease in TSH with every 1µg/L increase in Tg. 

Nonetheless, the usefulness of using Tg as a marker of iodine status is still unclear
52

 and 

therefore these findings may imply that Tg is not a great marker of iodine status within an 

iodine sufficient population. Thus, further assessment on the association between maternal Tg 

and infant TSH in an iodine sufficient population is warranted.  
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A positive association between maternal fT4 at 3 months postpartum and infant fT4 at 3 

months of age was found, after adjustment for potential confounders including infant feeding 

mode, while no association was found between maternal and infant fT3 at this time. Although 

both T4 and T3 have been found in human milk
35

 it has been suggested that T4 is the primary 

thyroid hormone transferred through breast milk
36

 and higher fT4 levels have been found in 

breast fed  infants, however the process of thyroid metabolism and thyroid hormone transfer 

during lactation is not entirely well understood. Nonetheless, this may explain the positive 

association found in my study between maternal fT4 and infant fT4 in the postpartum period. 

To the best of my knowledge there are no previous studies that have assessed the association 

between maternal thyroid function in lactating women and infant thyroid function. 

Interestingly, one study found that infants who were  breastfed beyond one year of age had 

higher fT4 concentrations as adults than those who were bottle fed
193

,  possibly indicating an 

association between maternal and infant fT4 during lactation that may have a long term 

influence on fT4 levels. However, as discussed previously there are other factors that may 

influence maternal or infant thyroid function at 3 months that were not controlled for in my 

study and should be considered when interpreting results, including infant thyroid function 

and total maternal and infant iodine intake. Much focus has been placed on maternal iodine 

intake and thyroid function in pregnancy and the association with infant thyroid function at 

birth, however, it is evident that the association between maternal and infant thyroid function 

during lactation requires further review as the knowledge in this area is lacking.  

 

Furthermore, women using iodine supplements <150µg/day in pregnancy showed a positive 

association between maternal fT3 and fT4 at 3 months postpartum and infant fT3 at 3 months 

of age, while there was no association seen in women using iodine supplements ≥150µg/day. 

The clinical significance of these findings is uncertain as there are limitations in subgroup 

analysis (as discussed in Chapter 3) that must be considered. Due to the smaller number of 

infant blood collected at 3 months postpartum the number included in the subgroups may not 
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be sufficiently powered. Furthermore there is an increased risk of false-positive findings. As 

this is the first study to assess the influence of iodine supplement use in pregnancy on the 

relationships between maternal and infant thyroid function in the postpartum period, it is 

evident that further research is necessary.  

 

The relationship between maternal BMIC at birth and infant UIC /thyroid function 

Consistent with other findings
80, 105-107, 109, 112, 122, 123

, BMIC at birth was positively associated 

with infant UIC at 3 months of age. This is expected, as breast milk is the main source of 

iodine intake for breast fed infants and UIC is indicative of recent intake. I also found a 

negative association between breast milk iodine at birth and infant TSH at 3 months of age, 

suggesting that infant iodine intake in the first few months of life may affect thyroid function. 

There is limited literature on the association between BMIC and infant thyroid function. 

Unlike my study, Chan et al
80

  reported a positive association between BMIC and newborn 

TSH at birth, which is unexpected. At birth, infants have not been exposed to iodine from 

breast milk and therefore the lack of association between BMIC and newborn TSH seen in my 

study is not unusual. However, only 50 women were included in Chan’s
80

 study, increasing 

the possibility of chance findings and questioning the reliability of the results. Furthermore, in 

Chan’s
80

 study a high percent of caesarean sections (25%) were reported that used iodine 

antiseptics, which is likely to have influenced newborn TSH levels and may have explained 

the positive correlations seen. In my study, the use of iodine antiseptics during labour was 

allowed for as confounder and a large sample of newborn TSH was collected, strengthening 

the accuracy of results.  

  

My findings also showed a positive association between BMIC at birth and infant UIC at 3 

months of age postpartum in women using iodine supplements ≥150µg/day in pregnancy, 

while no association was found in women using iodine supplements <150µg/day in 

pregnancy. This is not surprising and likely indicates a higher iodine intake in breast fed 
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infants of women using iodine supplements ≥150µg/day in pregnancy, which is supported by 

findings in Chapter 4 that show a higher BMIC in this group.  

 

Iodine supplement use in pregnancy 

It has been suggested that iodine supplementation in pregnancy in an iodine sufficient 

population may increase the risk of infant thyroid dysfunction
13, 191

. Unlike my study, other 

Australian studies assessing infant TSH at birth did not report the use of iodine 

supplementation in pregnancy
73, 76, 80

, however these were all conducted prior to routine 

iodine supplementation at a time when the use of iodine supplements in pregnancy was low. 

Despite this, the thyroid function of infants were similar to my results, showing the 

percentage of newborns with TSH>5mIU/L above the WHO criteria8 for iodine deficiency. 

Furthermore, I showed no difference in the percent of newborns with TSH>5mIU/L and no 

difference in newborn TSH levels, between women using iodine supplements ≥150µg/day and 

women using iodine supplements <150µg/day in pregnancy.  

 

My findings are consistent with iodine intervention trials where no difference in newborn 

TSH between intervention and control groups was found
147

. Conversely, Velasco et al
194

 

reported that women who were given 300µg/day of iodine supplements in early pregnancy 

had infants with higher cord serum TSH compared to controls at birth (3.77 ± 2.81 Vs 7.93 ± 

5.06, p<0.001). However, the amount of iodine given in Velasco’s
194

 study via 

supplementation was high as the recommended intake is 150µg/day and the average dose of 

iodine from supplements used in my study was 190µg/day. Thus, it may be that the dose of 

iodine supplementation influences newborn TSH. In addition, Velasco’s
194

 study  included a 

small sample (n=133 in the intervention group and n=61 in the control group) and collected 

cord serum, which is different from infant blood that was collected in my study and therefore 

may have influenced the findings.  
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In addition, I also showed no difference in the mean TSH, fT3, fT4 and Tg of infants at 3 

months of age between women using iodine supplements ≥150µg/day and women using 

iodine supplements <150µg/day in pregnancy, implying that iodine supplementation in 

pregnancy may not affect infant thyroid function in early life. This is consistent with findings 

from RCTs
147

. However, as iodine supplement use after 28 weeks’ gestation and during 

lactation was not collected in my study, the influence of iodine supplement use throughout 

entire pregnancy and during lactation on infant thyroid function is not clear. Thus, although 

these findings suggest that iodine supplementation in pregnancy in an iodine sufficient 

population is safe, based on findings from previous studies
13, 191

 it is evident that more 

research is needed to assess the safety of iodine supplementation use in an iodine sufficient 

population.   

  

Strengths and limitations 

This study has many strengths as it is the first large prospective cohort study to examine the 

association between markers of maternal iodine intake/iodine status/thyroid function in 

pregnancy and markers of infant iodine status/infant thyroid function after birth in an iodine 

sufficient population. It is also the first study to report the iodine status of Australian infants 

since mandatory iodine fortification in 2009. Furthermore, the design of this study allowed for 

a number of potential confounders to be adjusted for in the analysis.  

 

A limitation is the low success rate of infant blood collection at 3 months of age, limiting the 

power of the study. The reasons for the low success rate include the high number of refusals 

and difficulty in collecting blood samples at this young age. However, there were no 

differences in maternal characteristics between those infants who had a blood sample 

collected and those that did not. Additionally, the number of blood samples collected at 3 

months of age (n=292) was still considerable, especially seeing the difficulty with collecting 

infant blood samples. Furthermore, urine samples were collected at different times of day 



241 

 

between the women in pregnancy and infants at 3 months of age, which may have influenced 

the UIC levels.  

 

5.6 Conclusion 

  

The findings from this study showed that maternal total iodine intake in pregnancy and 

maternal UIC at 28 weeks’ gestation is not associated with infant thyroid function in an iodine 

sufficient population. Maternal thyroid function in pregnancy and in the postpartum period 

was associated with infant thyroid function at 3 months postpartum, however the mechanisms 

underlying the associations are unclear. According to the WHO8, infants in this study were 

iodine deficient based on newborn TSH levels and were iodine sufficient based on UIC. Thus, 

it is evident that further research is needed to assess the clinical significance of these criteria, 

as my study showed no other indication of iodine deficiency. Iodine supplement use in 

pregnancy did not influence infant thyroid function at birth or at 3 months of age and had 

minimal influence on the associations between maternal and infant iodine status or infant 

thyroid function, suggesting that the use of iodine supplementation ≥150µg/day in pregnancy 

in an iodine sufficient population is safe, however questions the necessity of iodine 

supplement use in these populations. It is evident that further research is needed to gain a 

deeper understanding of the relationships between maternal thyroid function in pregnancy and 

lactation, with infant thyroid function as well as the influence of longer term iodine 

supplement use in pregnancy and lactation on infant thyroid function in an iodine sufficient 

population.  
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Chapter 6 : The relationship between maternal total iodine 

intake/thyroid function in pregnancy and pregnancy/birth 

outcomes, infant growth and the general health and 

wellbeing of pregnant and postnatal women.   

 

6.1: Introduction 

 

It has been reported that both overt and subclinical maternal hypothyroidism in pregnancy is 

associated with adverse pregnancy outcomes including low birth weight
195, 196

 and fetal 

loss
196-198

, as well as impaired physical and neurological development in infancy and 

childhood
118, 199, 200

. Furthermore, as thyroid hormones are known to effect serotonin levels, 

some literature suggests an association between thyroid dysfunction in pregnancy and 

symptoms of depression
135-137

. However, the association between maternal iodine intake or 

thyroid function in healthy women and pregnancy/birth outcomes, infant growth and general 

health and wellbeing is not well established.  

 

Thus, to address these research gaps, the primary objectives of this chapter are to assess: 

1. The relationship between the average maternal total iodine intake in pregnancy 

(baseline [<20 weeks’ gestation] and 28 weeks’ gestation) and: 

- Pregnancy/birth outcomes including miscarriage, stillbirth, prematurity, low birth 

weight and congenital abnormalities.  

- The growth of infants including weight, length and head circumference at birth 

and at 3 months of age.  

- The general health and wellbeing of women at 28 weeks’ gestation and 3 months 

postpartum.  
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2. The relationship between thyroid function at 28 weeks’ gestation and:  

- Pregnancy/birth outcomes including miscarriage, stillbirth, prematurity, low birth 

weight and congenital abnormalities.  

- The growth of infants including weight, length and head circumference at birth 

and at 3 months of age.  

- The general health and wellbeing of women at 28 weeks’ gestation and 3 months 

postpartum.  

 

6.2 Subjects and methods 

 

The recruitment of women and data collection including the assessment and analysis of total 

iodine intake in pregnancy, maternal thyroid function, pregnancy/birth outcomes, infant 

growth measurements and the assessment of the general health and wellbeing of pregnancy 

and postnatal women is detailed in Chapter 3. The women and infants who participated in 

this aspect of the study have been described previously in Chapters 4 and 5.  

 

Briefly, total iodine intake using the I-FFQ and capturing information on iodine supplement 

use as well as maternal TSH, fT3, fT4 and Tg from blood samples were collected in 

pregnancy (<20 weeks’ gestation and 28 weeks’ gestation) (Chapter 3). Information on 

pregnancy/birth outcomes including preterm birth (<37 weeks’ gestation), miscarriage, 

stillbirth, low birth weight (<2500g) and congenital abnormalities were collected from the 

women’s and infant’s medical records after birth. Birth weight, birth length and birth head 

circumference was collected from the infant’s medical records after birth. At 3 months of age, 

infant’s weight, length and head circumference was measured using standardised procedures 

(Chapter 3).  
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As discussed in Chapter 3, the general health and wellbeing of women was assessed using 

the SF-36
158

 and the DASS
159

 questionnaires at baseline (<20 weeks’ gestation), 28 weeks’ 

gestation and 3 months postpartum. The scoring of the SF-36 and DASS questionnaires are 

detailed in Chapter 3. The results from the SF-36 in this study are presented as the PCS and 

MCS and the severity rating of depression, anxiety and stress assessed by the DASS was 

combined into three categories: Normal, Mild/Moderate and Severe/Extremely Severe. 

(Chapter 3). 

 

6.3 Statistical analysis  

 

The general statistics relevant to this chapter have been described in detail in Chapter 3. In 

this study, Z-scores for infant anthropometric measurements at birth and 3 months were 

calculated using the WHO growth reference as the reference population
157

. 

 

A linear mixed model with repeated measures over time was used to examine change over 

time in PCS and MCS scores assessed from the SF-36 questionnaire. Generalised estimating 

equations with multinomial distribution and cumulative logit link were used to examine 

change over time in the category of depression, anxiety and stress (Normal, Mild/Moderate 

and Severe/Extremely Severe) assessed from the DASS questionnaire. 

 

Independent t-tests were used to compare infant growth measures at birth and 3 months of age 

and the PCS and MCS scores assessed from the SF-36 questionnaire in pregnancy and at 3 

months postpartum between women using iodine supplements ≥150µg/day and women using 

iodine supplements <150µg/day in pregnancy. Chi-square tests were used to compare the 

incidence of miscarriage, still birth, prematurity and congenital abnormalities and the severity 

categories of depression, stress and anxiety assessed from the DASS questionnaire between 
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women using iodine supplements ≥150µg/day in pregnancy and women using iodine 

supplements <150µg/day in pregnancy in pregnancy.  

 

As described in Chapter 3, linear regression analysis was used to assess the relationship 

between maternal total iodine intake in pregnancy/markers of maternal thyroid function at 28 

weeks’ gestation and continuous outcomes including infant weight, length and head 

circumference at birth and 3 months postpartum and the PCS and MCS scores from the SF-36 

scores at 28 weeks’ gestation and 3 months postpartum. The coefficients (b) from the models 

are presented.  

 

Logistic regression analysis was used to assess the relationship maternal total iodine intake in 

pregnancy/markers of maternal thyroid function at 28 weeks’ gestation and binary outcomes 

including miscarriage, stillbirth, prematurity (<37 weeks’ gestation), and neonatal 

complications. An odds ratio (OR) greater than 1 indicates higher odds of the pregnancy/birth 

outcome. 

 

Ordinal logistic regression
162

 was used to examine the relationship between maternal total 

iodine intake in pregnancy/markers of maternal thyroid function at 28 weeks’ gestation and 

the severity category (normal, moderate and severe) of depression, anxiety and stress assessed 

from the DASS questionnaire at 28 weeks’ gestation and 3 months postpartum. An odds ratio 

(OR) greater than 1 indicates higher odds of being in a less severe category of depression, 

anxiety and stress.  

 

In addition to the potential confounders that were described in Chapter 3, all analysis in this 

chapter was further adjusted for history of depression and history of diabetes. Furthermore, 

analysis assessing the SF-36 and DASS scores at 3 months postpartum was adjusted for the 
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diagnosis of postnatal depression as well as the corresponding SF-36 and/or DASS scores in 

pregnancy (baseline and 28 weeks’ gestation).   

 

6.4 Results 

 

The number of women and infants that completed each phase of the study is shown in Figure 

6.1.  

 

6.4.1 Pregnancy and birth outcomes 

The incidence of miscarriage [n=4/755 (0.5%)], still birth [n=3/755 (0.4%)] and congenital 

abnormalities [n=2/755 (0.3%)] was small. No infants experienced transit hypothyroidism. 

Preterm birth (<37 weeks’ gestation) occurred in 58 women  (8%) and 36 women (5%) had 

infants of low birth weight (<2500g). There were no differences in these outcomes between 

women using iodine supplements ≥150µg/day and women using iodine supplements 

<150µg/day in pregnancy (p>0.05).  

 

6.4.2 Infant growth measurements 

Infant growth measurements at birth and 3 months of age, including weight, length and head 

circumference are shown in Table 6.1. There were no differences in infant birth weight 

(p=0.269), birth length (p=0.655) or birth head circumference (p=0.941) between women 

using iodine supplements ≥150µg/day (weight: n=478/764 , length: n=461/743, head 

circumference: n=458/737) and women using iodine supplements <150µg/day (weight: 

n=286/764 , length: n=282/743, head circumference: n=279/737) in pregnancy. Similarly, 

there was no difference in infant weight (p=0.950), length (p=0.655) and head circumference 

(p=0.659). at 3 months of age between women using iodine supplements ≥150µg/day (weight: 

n=449/720 , length: n=440/710, head circumference: n=439/709) and women using iodine 
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supplements <150µg/day (weight: n=271/720 , length: n=270/710, head circumference: 

n=270/709) in pregnancy.  

 

 

Figure 6.1: Women and infants that completed each stage of the study 
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Table 6.1: Infant growth measurements at birth and 3 month of age 

 

 

 

 

Birth 

 

 

3 months of age 

 

 n  n  

Weight  

- kg 

- Z-score 

 

764 

 

3.39 ± 5.41 

0.06 ± 0.93 

 

720 

 

6.05 ± 0.59 

-0.17 ± -1.02 

Length  

- cm 

- Z-score 

 

743 

 

49.7 ± 2.6 

-0.17 ± 1.02 

 

710 

 

61.0 ±3.39 

0.16 ± -0.94 

Head circumference 

- cm 

- Z-score 

 

737 

 

34.5 ± 1.6 

0.01 ± 1.03 

 

709 

 

40.7 ± 1.72 

-0.22 ± -1.05 

n, number 

Data presented as Mean ± SD 

 

 

6.4.3 General health and wellbeing of women 

The mean raw scores of the PCS and MCS from the SF-36 completed at baseline (<20 weeks’ 

gestation), 28 weeks’ gestation and 3 months postpartum are presented in Table 6.2. These 

scores changed over time with the PCS scores at baseline and 3 months postpartum being 

higher than at 28 weeks’ gestation and the MCS scores at baseline and 3 month postpartum 

being lower than the scores at 28 weeks’ gestation (Table 6.2). The percent of pregnant and 

postnatal women across the severity categories (normal, mild/moderate or severe/extremely 

severe) for the depression, anxiety and stress scales measured from the DASS questionnaire is 

shown in Table 6.3.There were no differences over time in the proportion of women 

categorised into the different severity levels of depression and stress. The number of women 

experiencing more severe anxiety was less at 3 months postpartum compared to  baseline 

(p<0.001) and 28 weeks’ gestation (p=0.002) (Table 6.3).  
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There were no differences in the PCS and MCS scores measured from the SF-36 

questionnaire between women using iodine supplements ≥150µg/day in pregnancy (baseline: 

n=484/773, 28 weeks’ gestation: n=454/719, 3 months postpartum: n=433/687) and women 

using iodine supplements <150µg/day in pregnancy (baseline: n=289/773, 28 weeks’ 

gestation: n=265/419, 3 months postpartum: n=254/687) at any time point (p>0.05). At 

baseline, the percent of pregnant women in a more severe category of depression and anxiety 

was higher in women using iodine supplements <150µg/day in pregnancy (n=289,10% vs 

13%, respectively) compared to women using iodine supplements ≥150µg/day in pregnancy 

(n=484, 5% vs. 9%, respectively) (p=0.015). There were no differences in the stress scale at 

baseline or any of the three scales at 28 weeks’ gestation and 3 months postpartum between 

women using iodine supplements ≥150µg/day in pregnancy and women using iodine 

supplements <150µg/day in pregnancy (p>0.05) (the numbers in these groups are the same as 

those reported above).  

 

 

Table 6.2: Raw scores of PCS and MCS measured using the SF-36 questionnaire 

 

 

Baseline (<20 

weeks’ gestation) 

(n=773) 

 

28 weeks’ 

gestation 

(n=719) 

 

 

3 months 

postpartum 

(n=687) 

 

PCS 50.1 ± 6.74* 46.5 ± 7.5 53.5 ± 6.5* 

MCS 51.4  ± 7.8* 53.0 ± 8.2 50.1  ± 8.8* 

n, number; PCS, physical component summary; MCS, mental component summary 

Scores presented as Mean ± SD 

*P <0.001 for baseline/3 months postpartum vs. 28 weeks’ gestation 
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Table 6.3: Proportion of women categorised into the different levels of severity across the 

three scales measured from the DASS questionnaire 

n, numbers 

Variables presented as n (%) 

*P <0.001 for baseline vs. 3 months postpartum 

**P=0.002 for 28 weeks’ gestation vs. 3 months postpartum 

 

  

 

Baseline (<20 

week gestation) 

(n=773) 

 

 

28 weeks’ 

gestation 

(n=719) 

 

 

3 months 

postpartum 

(n=687) 

 

     

Depression 

Normal 722 (93) 659 (92) 637 (93) 

Mild/Moderate 44 (6) 46 (6) 36 (5) 

Severe/ Extremely 

Severe 
7 (0.9) 14 (2) 14 (2) 

     

Stress 

Normal 703 (91) 639 (89) 629 (92) 

Mild/Moderate 61 (8) 66 (9) 44 (6.4) 

Severe/ Extremely 

Severe 
9 (1) 14 (2) 14 (2) 

     

Anxiety 

Normal 689 (89) 637 (88) 641 (93) 

Mild/ Moderate 64 (8) 62 (8) 35 (5) 

Severe/ Extremely 

Severe 

 

20 (3)* 20 (3)** 11 (2) 
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6.4.4 The relationship between maternal total iodine intake/thyroid function in 

pregnancy and pregnancy/birth outcomes 

There were too few cases of miscarriage, still birth and congenital abnormalities to perform 

any regression analysis and too few cases of low birth weight to perform adjusted regression 

analysis. No association was found between maternal total iodine intake in pregnancy and the 

risk of pre-term birth [unadjusted: OR (95% CI): 1.00 (0.78-1.29) p=0.97 and adjusted: OR 

(95% CI): 1.1 (0.68-1.76) p=0.70], and low birth weight (<2500g) [unadjusted: OR: 0.99 

(0.99-1), p=0.196]. Similarly, no association was found between maternal thyroid function at 

28 weeks’ gestation and the risk of premature birth in the unadjusted and adjusted analysis or 

low birth weight in the unadjusted analysis (Table 6.4). 
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Table 6.4: The relationship between maternal thyroid function at 28 weeks’ gestation and pregnancy/birth outcomes 

OR; Odds Ratio CI; confidence interval TSH; thyroid stimulating hormone fT3; free triiodothyronine fT4 free thyroxine Tg thyroglobulin 

Adjusted for maternal age, pre-pregnancy BMI, gestational age at baseline, gestational age at birth, parity, education, employment status, smoking status, history of depression, 

history of diabetes, thyroid disease in pregnancy, use of iodine containing antiseptics at birth, iodine status (UIC, fT3, fT4, TSH, Tg) at baseline, total iodine (food + supplements) 

intake in pregnancy (baseline and 28 weeks’ gestation).  
*
Too few cases of low birth weight to perform regression analysis

  

 TSH fT3 fT4 Tg 

OR 95% CI P OR 95% CI P OR 95% CI P OR 95% CI P 

 

             

Unadjusted analysis           

             

Premature 

birth  

(<37 weeks) 

 

0.79 (0.53-1.19) 0.263 2.03 (0.94-4.38) 0.071 1.16 (0.95-1.42) 1.151 0.99 (0.90-1.01) 0.435 

Low birth 

weight 

(<2500g)
*
 

0.83 0.53-1.3 0.400 0.77 0.33-1.77 0.54 1.08 0.87-1.35 0.471 0.99 1.98-1.02 0.894 

             

Adjusted analysis            

             

Premature 

birth  

(<37 weeks) 

 

0.60 0.23-1.58 0.304 1.41 0.44-4.52 0.563 1.02 0.76-1.37 0.886 0.97 0.92-1.03 0.396 
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6.4.5 The relationship between maternal total iodine intake/thyroid function in 

pregnancy and infant growth  

No association was found between maternal total iodine intake in pregnancy and infant 

weight, length and head circumference measured at birth or at 3 months of age (Table 6.5).  

 

Maternal fT3 at 28 weeks’ gestation was positively associated with infant birth weight and 

birth head circumference, which was no longer significant after adjustment for potential 

confounders (Table 6.6). No other association was found between maternal thyroid function 

at 28 weeks’ gestation and weight, length or head circumference at birth or at 3 months of age 

(Table 6.6).   
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Table 6.5: The relationship between maternal total iodine intake in pregnancy and infant 

growth measurements (Z-scores)  

 

b, unstandardised coefficients; SE, standard error 

Adjusted for maternal age, pre-pregnancy BMI, gestational age at baseline, gestational age at birth, parity, 

education, employment status, smoking status, history of depression, history of diabetes, thyroid disease in 

pregnancy, iodine status (UIC, fT3, fT4, TSH, Tg) at baseline and 28 weeks’ gestation, use of iodine containing 

antiseptics at birth  

*further adjusted for feeding mode at 3 months of age, maternal iodine status at 3 months (UIC, fT3, fT4, TSH, 

Tg, BMIC), maternal iodine intake from food only at 3 months postpartum., diagnosis of postnatal depression.  

 

 

 

 

             

Unadjusted 

 

         

         Adjusted 

b (SE) P b (SE) P 

 

       

Birth       

 

Weight (Z-score) 

 

-0.01 (0.02) 0.516 0.01 (0.03) 0.572 

 

Length (Z-score) 

 

0.00 (0.03) 0.957 0.01 (0.03) 0.815 

 

Head Circumference 

(Z-score) 

 

 

0.01 (0.03) 0.764 0.05 (0.03) 0.078 

3 months of age*       

 

Weight (Z-score) 

 

0.01 (0.03) 0.786 0.03 (0.03) 0.326 

 

Length (Z-score) 

 

0.02 (0.03) 0.549 0.06 (0.05) 0.168 

 

Head Circumference 

(Z-score) 

 

-0.01 (0.03) 0.780 0.04 (0.05) 0.426 
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Table 6.6: The relationship between maternal thyroid function at 28 weeks’ gestation and infant growth measurements (Z-scores) 

 TSH FT3 FT4 Tg 

 b (SE) 

 

P 

 

b (SE) 

 

P 

 

b (SE) 

 

P 

 

b (SE) 

 

P 

 

Unadjusted analysis         

Birth           

 

Weight (Z-score) 

 

0.00 (0.04) 0.941 0.24 (0.09) 0.012 -0.01 (0.02) 0.620 0.00 (0.00) 0.488 

 

Length (Z-score) 

 

-0.01 (0.05) 0.856 0.02 (0.11) 0.878 -0.05 (0.03) 0.078 0.00 (0.00) 0.510 

Head Circumference  

(Z-score) 
0.02 (0.05) 0.721 0.27 (0.11) 0.010 -0.03 (0.03) 0.228 0.00 (0.00) 0.843 

3 months of age            

 

Weight (Z-score) 

 

0.04 (0.05) 0.429 0.20 (0.11) 0.060 0.02 (0.03) 0.390 0.00 (0.00) 0.580 

 

Length (Z-score) 

 

0.02 (0.05) 0.617 0.10 (0.10) 0.298 0.01 (0.03) 0.825 0.00 (0.00) 0.175 

Head Circumference 

(Z-score) 
-0.04 (0.05) 0.415 0.28 (0.11) 0.017 0.01 (0.03) 0.820 0.00 (0.00) 0.849 
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 TSH FT3 FT4 Tg 

 b (SE) 

 

P 

 

b (SE) 

 

P 

 

b (SE) 

 

P 

 

b (SE) 

 

P 

 

 

Adjusted analysis 

Birth           

Weight  (Z-score) 0.04 (0.07) 0.553 0.13 (0.11) 0.226 -0.02 (0.03) 0.414 0.00 (0.01) 

 

0.787 

 

Length (Z-score) -0.01 (0.08) 0.927 -0.01 (0.13) 0.908 -0.04 (0.03) 0.167 0.00 (0.01) 

 

0.833 

 

Head Circumference 

(Z-score) 
0.07 (0.08) 0.380 0.12 (0.13) 0.327 -0.05 (0.03) 0.136 0.00 (0.00) 0.877 

 

3 months of age* 
           

 

Weight  (Z-score) 

 

0.10 (0.09) 0.257 0.10 (0.13) 0.414 0.03 (0.03) 0.287 0.00 (0.01) 0.817 

 

Length (Z-score) 

 

0.08 (0.08) 0.342 0.05 (0.12) 0.665 0.03 (0.03) 0.356 0.00 (0.01) 0.980 

Head Circumference 

(Z-score) 
0.04 (0.09) 0.606 0.06 (0.13) 0.655 -0.01 (0.03) 0.795 0.00 (0.01) 0.970 

b, unstandardised coefficient; SE, standard error; PCS, physical component summary; MCS, mental component summary; TSH, thyroid stimulating hormone; fT3, free  triiodothyronine; fT4, free 

thyroxine; Tg, thyroglobulin 

Adjusted for maternal age, pre-pregnancy BMI, gestational age at baseline, gestational age at birth, parity, education, employment status, smoking status, history of depression, history of diabetes, 

thyroid disease in pregnancy, iodine status (UIC, fT3, fT4, TSH, Tg) at baseline, use of iodine containing antiseptics, total iodine intake in pregnancy (baseline and 28 weeks’ gestation), 

*further adjusted for feeding mode at 3 months, maternal iodine status at 3 months (UIC, fT3, fT4, TSH, Tg, BMIC), maternal iodine intake at 3 months (food only), diagnosis of postnatal depression

Table 6.6 cont. 
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6.4.6 The relationship between maternal total iodine intake/thyroid function in 

pregnancy and the general health and wellbeing of pregnant and postnatal 

women  

SF-36 

No association was found between maternal total iodine intake in pregnancy and the PCS or 

MCS scores from the SF-36 questionnaire at 28 weeks’ gestation (Table 6.7). Unadjusted 

analysis showed a positive association between maternal total iodine intake in pregnancy and 

the MCS scores from the SF-36 questionnaire at 3 months postpartum, which was no longer 

significant once adjusted for potential confounders (Table 6.7). 

 

DASS 

There was no association between maternal total iodine intake in pregnancy and the 

categorisation into the different levels of severity across the depression, anxiety and stress 

scales measured by the DASS at 28 weeks’ gestation and at 3 months postpartum (Table 6.8).  

 

Table 6.7: The relationship between maternal total iodine intake in pregnancy and the PCS 

and MCS measured from the SF-36 questionnaire 

 

 Unadjusted Adjusted 

 b (SE) P b (SE) p 

28 weeks’ gestation      

PCS 0.12 (0.17) 0.494 -0.25 (0.23) 0.261 

MCS 0.13 (0.18) 0.484 0.06 (0.18) 0.719 

3 months postpartum      

PCS -0.22 (0.21) 0.309 -0.15 (0.24) 0.526 

MCS 0.66 (0.29) 0.021 0.24 (0.25) 0.346 

b, unstandardised coefficient; SE, standard error; PCS, physical component summary; MCS, mental component summary;  

Adjusted for maternal age, pre-pregnancy BMI, gestational age at baseline, gestational age at birth, parity, education, 

employment status, smoking status, history of depression, thyroid disease in pregnancy, iodine status (UIC, fT3, fT4, TSH, 

Tg) at baseline, DASS score at baseline and 28 weeks’ gestation  

*further adjusted for PCS and MCS from SF-36 at baseline and 28 weeks’ gestation, DASS score at 3 months postpartum, 

diagnosis of postnatal depression, feeding mode at 3 months postpartum, maternal iodine status at 3 months (UIC, fT3, fT4, 

TSH, Tg, BMIC), maternal iodine intake from food only at 3 months postpartum., 
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Table 6.8: The relationship between maternal total iodine intake in pregnancy and severity of  

depression, stress and anxiety scales measured from the DASS questionnaire 

 

OR: odds ratio; CI confidence interval 

Adjusted for maternal age, pre-pregnancy BMI, gestational age at baseline, gestational age at birth, parity, 

education, employment status, smoking status, history of depression, thyroid disease in pregnancy, iodine status 

(UIC, fT3, fT4, TSH, Tg) at baseline, PCS and MCS from SF-36 at baseline and 28 weeks’ gestation 

*further adjusted for PCS and MCS from SF-36 at 3 months postpartum, DASS score at baseline and 28 weeks’ 

gestation, diagnosis of postnatal depression, feeding mode at 3 months postpartum, maternal iodine status at 3 

months (UIC, fT3, fT4, TSH, Tg, BMIC), maternal iodine intake from food only at 3 months postpartum., 

^An OR greater than 1 indicates higher odds of being in a normal category of depression, anxiety and stress 

 

6.4.7 The relationship between maternal thyroid function at 28 weeks’ 

gestation and the general health and wellbeing of pregnant and postnatal 

women  

SF-36 

Unadjusted analysis showed an inverse association between maternal fT3 at 28 weeks’ 

gestation and the MCS scores from the SF-36 questionnaire at 28 weeks’ gestation, which 

was no longer significant following adjustment for potential confounders (Table 6.9). No 

other association was found between maternal thyroid function and the PCS or MCS scores 

from the SF-36 questionnaire at 28 weeks’ gestation (Table 6.9). 

 

 
           Unadjusted     Adjusted 

 
OR^ 95% CI P OR^ 95% CI P 

28 weeks’ gestation      

Depression 0.76  0.56-1.03 0.077 0.40  0.02-8.81 0.562 

Stress 1.10  0.86-1.40 0.440 1.24  0.87-1.77 0.230 

Anxiety 0.85  0.67-1.08 0.190 0.89  0.64-1.23 0.473 

3 months postpartum*      

Depression 1.20  0.87-1.67 0.271 0.97  0.52-1.82 0.927 

Stress 1.28  0.96-1.70 0.097 1.51  0.93-2.45 0.095 

Anxiety 1.05  0.74-1.47 0.792 0.88  0.52-1.48 0.624 
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Maternal Tg at 28 weeks’ gestation was inversely associated with the MCS scores from the 

SF-36 questionnaire at 3 months postpartum in both the unadjusted and adjusted analysis 

(Table 6.9). Unadjusted analysis showed no other associations between maternal thyroid 

function at 28 weeks’ gestation and the PCS or MCS from the SF-36 questionnaire at 3 

months postpartum. Following adjustment for potential confounders, a positive association 

was found between maternal fT4 at 28 weeks’ gestation and the PCS scores from the SF-36 

questionnaire at 3 months postpartum (Table 6.9).  

 

DASS 

Maternal TSH and fT4 at 28 weeks’ gestation was associated with the severity of stress at 28 

weeks’ gestation in the unadjusted and adjusted analysis (Table 6.10). In both models, higher 

TSH was associated with higher odds of less severe stress (OR=1.56 and OR=2.62, 

respectively). It should be noted however that the 95% confidence limits are wide in both 

analysis (Table 6.10). Additionally, a higher fT4 was associated with lower odds of less 

severe stress (OR=0.76 and OR= 0.72, respectively). There were no other associations 

between maternal thyroid function at 28 weeks’ gestation and the severity of depression, 

anxiety and stress assessed from the DASS questionnaire at 28 weeks’ gestation or 3 months 

postpartum in the unadjusted or adjusted analysis (Table 6.10).  
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Table 6.9: The relationship between maternal thyroid function at 28 weeks’ gestation and the PCS and MCS scores measured  from the SF-36 questionnaire.  

 TSH fT3 fT4 Tg 

 b (SE) P b (SE) P b (SE) P b (SE) P 

 

Unadjusted analysis 
           

28 weeks’ gestation            

PCS 0.48 (0.30) 0.112 -0.32 (0.63) 0.612 0.30 (0.17) 0.076 0.02 (0.01) 0.085 

MCS -0.25 (0.32) 0.439 -1.64 (0.67) 0.015 -0.11 (0.18) 0.540 -0.01 (0.02) 0.492 

3 months postpartum            

PCS -0.37 (0.29) 0.204 0.21 (0.61) 0.729 0.28 (0.16) 0.082 0.01 (0.01) 0.487 

MCS -0.08 (0.40) 0.849 -0.17 (0.82) 0.838 0.07 (0.22) 0.741 -0.04 (0.02) 0.046 

 

Adjusted analysis 

           

28 weeks’ gestation            

PCS -0.03 (0.47) 0.945 -0.65 (0.72) 0.370 0.26 (0.18) 0.142 -0.06 (0.04) 0.110 

MCS -0.61 (0.37) 0.103 -0.59 (0.57) 0.305 0.11 (0.14) 0.467 0.04 (0.03) 0.22 

3 months postpartum* 

PCS -0.42 (0.47) 0.370 0.85 (0.69) 0.219 0.36 (0.17) 0.036 0.00 (0.03) 0.887 

MCS -0.34 (0.64) 0.595 -0.13 (0.95) 0.887 0.20 (0.24) 0.410 -0.10 (0.05) 0.028 

b, unstandardised coefficient; SE, standard error; PCS, physical component summary; MCS, mental component summary; TSH, thyroid stimulating hormone; fT3, free  triiodothyronine; fT4, free 

thyroxine; Tg, thyroglobulin 

Adjusted for maternal age, pre-pregnancy BMI, gestational age at baseline, gestational age at birth, parity, education, employment status, smoking status, history of depression, thyroid disease in 

pregnancy, iodine status (UIC, fT3, fT4, TSH, Tg) at baseline, PCS and MCS from SF-36 at baseline, DASS score at baseline and 28 weeks’ gestation  

*further adjusted for diagnosis of postnatal depression, PCS and MCS from SF-36  at 28 weeks’ gestation, feeding mode at 3 months postpartum, maternal iodine status at 3 months (UIC, fT3, fT4, 

TSH, Tg, BMIC), maternal iodine intake from food only at 3 months postpartum.,   
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Table 6.10: The relationship between maternal thyroid function at 28 weeks’ gestation and depression, stress and anxiety scales measured from the DASS 

questionnaire  

 TSH  fT3  fT4                  Tg 

 OR^ 95% CI P OR^ 95% CI P OR^ 95% CI P OR^ 95% CI   P 

 

Unadjusted analysis 
            

            

28 weeks’ gestation             

Depression  1.16 0.76-1.78 0.478 0.68 0.27-1.70 0.410 0.82 0.65-1.03 0.093 1.00 0.98-1.02 0.825 

Anxiety 1.15 0.8-1.66 0.454 0.59 0.27-1.27 0.176 0.91 0.75-1.10 0.329 1.00 0.98-1.01 0.576 

Stress 1.56 1.06-2.31 0.025 0.82 0.39-1.71 0.598 0.76 0.63-0.92 0.005 1.01 0.99-1.02 0.38 

3 months postpartum            

Depression  0.92 0.62-1.38 0.686 0.51 0.21-1.25 0.143 0.91 0.71-1.15 0.428 1.00 0.98-1.02 0.914 

Anxiety 1.01 0.65-1.57 0.971 0.62 0.24-1.58 0.317 1.01 0.78-1.30 0.936 1.00 0.98-1.02 0.942 

Stress 1.02 0.70-1.50 0.910 0.55 0.25-1.22 0.142 0.92 0.75-1.14 0.467 0.99 0.98-1.01 0.53 

Adjusted analysis             

Depression  3.04 0.94-9.86 0.064 1.74 0.43-7.01 0.435 0.71 0.49-1.0 0.053 1.00 0.95-1.06 0.902 

Anxiety 1.90 0.89-4.07 0.099 1.11 0.37-3.30 0.850 0.84 0.65-1.09 0.189 1.00 0.96-1.05 0.907 

Stress 2.62 1.07-6.40 0.035 2.89 0.95-8.79 0.061 0.72 0.56-0.94 0.015 1.03 0.98-1.08 0.218 
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 TSH  fT3  fT4                  Tg 

 OR^ 95% CI P OR^ 95% CI P OR^ 95% CI P OR^ 95% CI   P 

 

3 months postpartum*            

Depression  1.70 0.65-4.48 0.281 0.95 0.26-3.48 0.939 0.91 0.66-1.25 0.563 0.99 0.95-1.04 0.756 

Anxiety 1.77 0.62-5.02 0.284 2.11 0.53-8.44 0.291 1.22 0.87-1.72 0.244 1.00 0.95-1.05 0.914 

Stress 1.20 0.53-2.72 0.656 1.00 0.34-2.90 1.000 1.00 0.77-1.31 0.973 0.98 0.94-1.02 0.262 

OR, Odds ratio; CI, confidence interval; TSH, thyroid stimulating hormone; fT3, free  triiodothyronine; fT4, free thyroxine; Tg, thyroglobulin 

Adjusted for maternal age, pre-pregnancy BMI, gestational age at baseline, gestational age at birth, parity, education, employment status, smoking status, history of depression, thyroid disease in 

pregnancy, iodine status (UIC, fT3, fT4, TSH, Tg) at baseline, PCS and MCS from SF-36 at baseline and 28 weeks’ gestation, DASS score at baseline  

*further adjusted for diagnosis of postnatal depression, DASS score at 28 weeks’ gestation, feeding mode at 3 months, maternal iodine status at 3 months (UIC, fT3, fT4, TSH, Tg, BMIC), maternal 

iodine intake from food only at 3 months postpartum. 

^An OR greater than 1 indicates higher odds of being in a normal category of depression, anxiety and stress.

Table 6.10 cont. 



263 

 

6.4.8 Subgroup analysis 

The influence of iodine supplementation in pregnancy on the relationships between maternal 

total iodine intake in pregnancy and clinical outcomes.  

Following adjustment for potential confounders, the use of iodine supplements in pregnancy 

had a significant interaction with the relationships between maternal total iodine intake in 

pregnancy and birth weight (p=0.030). When the relationship was examined separately within 

the groups, a positive association was found in women using iodine supplements <150µg/day 

in pregnancy [n=478, b=0.02 (0.01)] while no association was found in women using iodine 

supplements ≥150µg/day in pregnancy [n=286, b=0.00 (0.00)]. 

 

No other significant interactions were shown between iodine supplement use in pregnancy 

and total iodine intake in pregnancy in the unadjusted and adjusted regression model 

(unadjusted and adjusted:  p>0.05), indicating that the relationships between maternal total 

iodine intake in pregnancy and pregnancy/birth outcomes, infant growth at 3 months of age, 

the PCS or MCS scores from the SF-36 scores as well as the severity of depression, anxiety 

and stress measured from the DASS at 28 weeks’ gestation and 3 months postpartum are not 

affected by the use of iodine supplementation in pregnancy.  

 

The influence of iodine supplementation in pregnancy on the relationships between maternal 

thyroid function and clinical outcomes.  

Unadjusted and adjusted analysis showed that the use of iodine supplements in pregnancy had 

a significant interaction with the association between maternal TSH at 3 months postpartum  

and infant head circumference at 3 months of age (unadjusted p=0.017 and adjusted: 

p=0.007). When the relationship was examined separately within the groups, women using 

iodine supplements <150µg/day in pregnancy in pregnancy (n=270) showed an inverse 

association between maternal TSH and the predicted Z-score head circumference at 3 months 

of age [unadjusted: b= -0.25 (0.10) and adjusted: b= -0.15 (0.12)]. While among women using 
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iodine supplements ≥150µg/day in pregnancy (n=439), a positive association was found 

between maternal TSH and predicted Z-score head circumference at 3 months of age 

[unadjusted: b= 0.05 (0.06) and adjusted: b= 0.18 (0.09)]. 

 

Furthermore, the use of iodine supplements in pregnancy showed a significant interaction 

with the associations between maternal TSH and maternal fT4 at 28 weeks’ gestation with the 

MCS scores from the SF-36 scores at 28 weeks’ gestation in the unadjusted analysis (p=0.031 

and p=0.005, respectively). However, these effects were not significant in the adjusted 

analysis. Following adjustment for potential confounders, iodine supplement use in pregnancy 

had a significant interaction with the association between maternal TSH at 28 weeks’ 

gestation and depression measured from DASS at 28 weeks’ gestation (p=0.04) as well as 

between maternal Tg at 28 weeks’ gestation and depression measured from DASS at 28 

weeks’ gestation (p=0.030) When the relationships were examined separately within the 

groups, a higher maternal TSH was associated with higher odds of no depression at 28 weeks’ 

gestation in both women using iodine supplements ≥150µg/day in pregnancy [n=265 

OR=7.13, 95% CI: 1.70-29.9] and women using iodine supplements <150µg/day in 

pregnancy [n=454 OR=1.53, 95% CI: 0.39-6.03]. Additionally, a higher maternal Tg was 

associated with a lower odds of no depression at 28 weeks’ gestation in women using iodine 

supplements <150µg/day in pregnancy [n=265 OR=0.95, 95% CI: 0.88-1.02], but with higher 

odds of no depression at 28 weeks’ gestation in women using iodine supplements ≥150µg/day 

in pregnancy [n=454 OR=1.01, 95% CI: 0.96-1.07].   

 

No other significant interactions were shown between iodine supplement use in pregnancy 

and maternal thyroid function at 28 weeks’ gestation in the unadjusted and adjusted 

regression model (unadjusted and adjusted:  p>0.05), indicating that the relationships between 

maternal thyroid function at 28 weeks’ gestation and pregnancy/birth outcomes, infant growth 

measures at birth, infant weight and length at 3 months of age and the PCS or MCS scores 
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from the SF-36 questionnaire as well as the severity of anxiety and stress measured from the 

DASS questionnaire at any time point are not affected by the use of iodine supplementation in 

pregnancy.  

 

6.5 Discussion  

 

In this iodine sufficient population (as shown in Chapter 4), no association was found 

between total iodine intake in pregnancy and pregnancy/birth outcomes, infant growth at birth 

and at 3 months of age or the general health and wellbeing of women in pregnancy or in the 

postpartum period. Similarly, thyroid function at 28 weeks gestation was not associated with 

pregnancy/birth outcomes or infant growth. However, maternal Tg at 28 weeks’ gestation was 

inversely associated with mental health and maternal fT4 at 28 weeks’ gestation was 

positively associated with physical health assessed from the SF-36 questionnaire at 3 months 

postpartum. Furthermore, maternal TSH at 28 weeks’ gestation was inversely associated with 

the severity of stress at 28 weeks’ gestation, while maternal fT4 at 28 weeks’ gestation was 

positively associated with the severity stress at 28 weeks’ gestation.  

 

To the best of my knowledge this is the first study to assess the association of maternal total 

iodine in pregnancy and clinical outcomes in an iodine sufficient population. There is some 

data on the effect of iodine supplementation in pregnancy on pregnancy and infant outcomes 

from two quasi-RCTs in severely iodine deficient populations, with findings showing mixed 

results. One study in Peru
138

 found no difference between intervention and control groups in 

the incidence of infant mortality, while another study in Papua New Guinea
139

 found higher 

survival rates at a fifteen year follow up from children in the intervention group compared to 

the control.  Furthermore, the Peru study found no difference in birth weight, length and head 

circumference between the intervention and control groups
138

.  Together with my findings, 

this may suggest that iodine intake has minimal impact on pregnancy outcomes or infant 
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growth in iodine deficient or sufficient populations and that the effects on these clinical 

outcomes may only be seen in extremely iodine deficient populations. However, as the 

incidence of miscarriage and stillbirth was too small to quantify in my study, the association 

between iodine intake or thyroid function and  these outcomes in an iodine sufficient 

population is unclear.   

 

The literature that has assessed the association between thyroid function in pregnancy on 

adverse pregnancy or birth outcomes including miscarriage and fetal loss is not consistent, 

with some studies reporting no relationship
125, 128

, while one large retrospective study in the 

UK (from an area of unknown iodine status) reported a higher TSH, lower fT4 and a higher 

percentage of TSH levels above the 97.5
th

 centile and fT4 levels below the 2.5
th

 centile in 

women who experienced miscarriage or fetal loss (n=202) compared to those that had a live 

birth (n=4318)
129

. However, retrospective study designs are often of a poorer quality as there 

is a greater risk of biases including selection bias and misclassification or information bias as 

a result of the retrospective aspect, possibly influencing the reliability of the results. 

Nonetheless, these findings suggest the need for further high quality research to assess the 

association between maternal thyroid function and adverse pregnancy outcomes such as 

miscarriage or stillbirth. 

 

Few studies have assessed the relationship between thyroid function in pregnant women free 

of thyroid disease and depression
134-137, 201, 202

, with findings being inconsistent. Similar to my 

study, two larger prospective cohort studies
143, 144 

found no association between thyroid 

function  and depression between 48 hours to 1 year after birth. While, a smaller study found 

that a higher fT4 and a lower TSH, as well as the prevalence of subclinical hyperthyroidism, 

was associated with the diagnosis of depression during late pregnancy
201

. Conversely, another 

smaller study found that fT4 at delivery was negatively associated with self-reported 

depressive symptoms at five days and six weeks postpartum, however there was no 
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association between TSH at delivery with depressive symptoms
135

. Compared to my study, 

these two studies included a smaller sample size (n=199-347) which may impact the 

reliability of these findings.  

 

Apart from reporting depression, no studies have assessed the association of maternal thyroid 

function and the general health and wellbeing of pregnant or postnatal women. Interestingly, 

my study showed that a higher TSH and lower fT4 at 28 weeks’ gestation was associated with 

less stress at 28 weeks’ gestation, while maternal thyroid function was not associated with 

depression and anxiety. It has been reported that subclinical hypothyroidism, indicated by 

increased TSH and lower fT4, may be associated with clinical depression in adults
133

, which 

has been further supported by studies in pregnant and postpartum women
135, 201

. Thus, a 

similar relationship may have been expected with symptoms of stress, which was not shown 

in my study. However, the confidence limits for TSH were large (1.07-6.40) and therefore the 

reliability of this finding needs to be considered. In pregnancy many other factors may 

influence stress levels that were not adjusted for in my study, including pregnancy related 

illness, hormonal balance and work or social issues. Nonetheless, no previous studies have 

measured the association between maternal thyroid function and stress in pregnancy, with the 

findings from my study suggesting a possible association that requires further review.  

 

My study showed that maternal Tg in pregnancy was inversely associated with the MCS 

scores while maternal fT4 was positively associated with the PCS scores that were assessed 

using the SF-36 questionnaire at 3 months postpartum. from SF-36 scores at 3 months 

postpartum. Tg is thought to be a more sensitive marker of iodine status
45, 52

. Thus, as the 

MCS is comprised of the concepts of general mental health, vitality and general health 

perceptions this may suggest that inadequate iodine,  as potentially indicated by raised Tg 

levels, can influence mental health. The importance of iodine for neurodevelopment is well 

documented
41

, however there is limited literature on the association of iodine and mental 
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health in adults including pregnant women. This finding may suggest that sufficient iodine 

status in pregnancy has a beneficial role on the mental health of women in the postpartum 

period. Low fT4 can be indicative of thyroid dysfunction and other studies have reported an 

inverse association between maternal fT4 and depressive symptoms in pregnancy
135, 136

. Thus, 

the positive association seen in my study between maternal fT4 at 28 weeks’ gestation and 

improved physical health rather than mental health in the postpartum period is surprising. 

However, as there is limited literature on the association between maternal thyroid function 

and physical health outcomes, this finding may suggest that further research is needed in this 

area.  

 

After adjustment for potential confounders, I found that the use of iodine supplements 

(≥150µg/day) in pregnancy may influence the association between maternal TSH at 28 

weeks’ gestation and infant head circumference at 3 months of age and may also influence the 

associations between maternal TSH and maternal Tg with depression at 28 weeks’ gestation. 

The findings were unexpected as a positive association was found between maternal TSH at 

28 weeks’ gestation and infant head circumference at 3 months postpartum in women using 

iodine supplements ≥150µg/day while an inverse association was found in women using 

iodine supplements <150µg/day in pregnancy. Furthermore, women using iodine supplements 

≥150µg/day in pregnancy showed less severe depression at 28 weeks’ gestation with an 

increase in maternal TSH and Tg at 28 weeks gestation compared to women using iodine 

supplements <150µg/day in pregnancy. The reasons for these findings are unclear as there is 

no further evidence to support this and no plausible biological mechanism to explain the 

findings. Furthermore, it is unusual that the findings are not consistent across all measures of 

infant growth including weight and length and were only seen at 3 months of age. Thus, it is 

likely that these unexpected findings may be due other reasons including the large range of 

possible factors that may influence the outcomes and were not be adjusted for in the analysis 

such as genetic and environmental factors, nutritional status or other medical conditions in the 
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mother or infant. Furthermore, as this is a subgroup analysis there is a greater risk of chance 

findings.  

 

This chapter has some limitations that must be considered. Although my PhD included an 

adequate sample size to assess the primary outcome (Chapters 4 and 5), this chapter is 

underpowered to examine the association between maternal iodine intake and thyroid function 

with clinical outcomes, which is a secondary outcome and beyond the scope of my project. 

Furthermore, at 28 weeks’ gestation and 3 months postpartum, the SF-36 and DASS 

questionnaires were not completed under controlled and identical environments as the 

questionnaires were posted to the women and returned at the appointment, increasing the 

possibility  that some women may have been given assistance to answer the questions or 

discussed their responses with others. Additionally, a range of potential confounding factors 

were adjusted for in the analysis. Due to the limited literature it is unknown whether these 

factors influence the outcomes measured and being a cohort study there are likely to be a 

range of other factors that may influence the associations and were not included in the 

analysis. Thus, the adjusted analysis in this chapter may not be a true representation of the 

associations between maternal iodine intake or thyroid function with the clinical outcomes 

measured. These limitations may influence my results and therefore may explain some of the 

unexpected findings.  

 

6.6 Conclusion 

 

In this iodine sufficient population, maternal total iodine intake in pregnancy is not associated 

with pregnancy/birth outcomes, infant growth measurements, or the general health and 

wellbeing of pregnant and postnatal women. Thyroid function in pregnancy was shown to 

have some influence on aspects of maternal health and wellbeing in pregnancy and in the 
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postpartum period. However the reasons for the associations seen and the reliability of these 

findings are not clear. Thus, findings from my study suggest the need for further research on 

the association between maternal thyroid function in pregnancy and the health and wellbeing 

of pregnant and postpartum women. Future studies will require large sample sizes to assess 

the associations with these clinical outcomes, including adverse pregnancy outcomes such as 

fetal loss which could not be investigated in my study. and should consider the influence of 

potential confounding factors.  
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Chapter 7 : General Discussion  

 

Iodine deficiency in pregnancy has been a recent public health concern in many countries.  In 

the last decade mild iodine deficiency in Australia has remerged likely due to changes in the 

iodine content of the food supply
9
. To alleviate this problem mandatory fortification of bread 

with iodine was introduced in 2009
11

. Since then there has been a lack of data on the impact 

of this fortification. Furthermore the current iodine status of Australians, including pregnant 

women, is unknown. Despite this, in 2010 the NHMRC recommended the use of iodine 

supplementation in pregnancy as a strategy to ensure adequate iodine intake and prevent the 

effects of iodine deficiency in pregnancy
12

.  

 

Previous RCTs in iodine deficient populations have assessed the effects of iodine 

supplementation in pregnancy on maternal and infant iodine status and thyroid function, 

concluding that iodine supplementation in pregnancy is safe
146, 147

. However, despite being a 

lower level of evidence, more recent observational studies have suggested that there may be 

adverse effects of iodine supplementation on maternal thyroid function in mildly iodine 

deficient or sufficient populations
87, 187

. These findings are concerning as they may be 

relevant to Australian pregnant women. Nonetheless, the association between maternal iodine 

intake in pregnancy from both food and supplements with maternal or infant iodine status, 

thyroid function and clinical outcomes in an iodine sufficient population is not well 

researched. My study addressed the identified research gap by assessing the association 

between maternal iodine intake/iodine status/thyroid function and markers of maternal and 

infant iodine status/thyroid function, pregnancy/birth outcomes, infant growth and the general 

health and wellbeing of pregnant and postnatal women. 
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Although there are numerous studies that have examined the correlation between maternal 

UIC and maternal or infant thyroid function, my study provides the first evidence of the 

associations between maternal total iodine intake from dietary assessments in pregnancy and 

these outcomes. This is important as UIC is subject to large day to day variation and therefore 

cannot be used a marker of individual habitual iodine intake. In the absence of RCTs due to 

routine iodine supplementation in pregnancy, well designed prospective cohort studies, such 

as my study, is one of the only and best options available to assess these associations. 

Furthermore, my study is the largest prospective cohort study to assess the current iodine 

intake and iodine status of pregnant women and infants in Australia since mandatory iodine 

fortification and routine iodine supplementation.  

 

The current EAR and RDI for iodine intake in pregnancy in Australia is set at 160µg/day and 

220µg/day
64

. The EAR is aimed to meet the requirements of half of the healthy population 

while the RDI is aimed to meet the requirements of 97-98% of the healthy population
64

. My 

findings show that pregnant women in South Australia have a total iodine intake from food 

and supplements above the EAR and RDI. Furthermore, similar to one other study since 

mandatory iodine fortification
68

, my results show that according to the recommendations by 

the WHO
8
, South Australian pregnant and lactating women are iodine sufficient with UIC 

≥150µg/L and ≥100µg/L respectively. The South Australian population can be used as a good 

indication of the overall iodine status in Australia as in 2004, the NINS showed that South 

Australia was classified as borderline iodine sufficient, while Western Australia and 

Queensland was iodine sufficient and Victoria, New South Whales and Tasmania was mildly 

iodine deficient
10

, classifying Australia as borderline iodine deficient. Thus, I believe that my 

findings may be a good reflection of the current iodine status in Australian pregnant and 

postnatal women.. However, these findings may not be generalisable to areas of iodine 

deficiency or iodine excess and therefore it would be beneficial to assess the current iodine 

status of Australian pregnant women across all states. 
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I also found that without iodine supplementation ≥150µg/day only half of the women were 

able to meet the EAR. Interestingly, despite this, UIC levels in women using iodine 

supplements ≥150µg/day and women using iodine supplements <150µg/day in pregnancy 

were above the WHO cut-off for iodine deficiency
8
 and there was no difference in thyroid 

function between the groups. Likewise, there was no difference in UIC levels or thyroid 

function in women who were using no iodine supplements in pregnancy (n=147, 19%) 

compared to those that were using supplements containing any iodine (n=636, 81%). A 

possible explanation for this be may due to the thyroidal store of iodine, which can be up to 

20µg in healthy non-pregnant iodine sufficient women
45

 potentially resulting in adequate UIC 

and thyroid function despite dietary iodine intake not meeting the EAR Thus, my results may 

suggest that the EAR and RDI for iodine in pregnancy is set higher than the actual 

requirement necessary.   

 

The results from my thesis showed that maternal total iodine intake in an iodine sufficient 

population in pregnancy is positively associated with maternal UIC in pregnancy and BMIC 

at birth. However, maternal total iodine intake in pregnancy has minimal association with  

maternal/infant thyroid function, pregnancy/birth outcomes, infant growth measurements or 

the general health and wellbeing of pregnant and postnatal women. I found that maternal fT3 

at 28 weeks’ gestation was positively associated with infant fT3 at 3 months of age, while 

maternal fT3 and Tg at 28 weeks’ gestation was inversely associated with infant TSH at 3 

months of age. Additionally, maternal thyroid function in pregnancy was also shown to have 

some association with aspects of maternal health and wellbeing as at 28 weeks’ gestation: a 

lower maternal Tg was associated with better mental health and a higher maternal fT4 was 

associated with better physical health assessed from the SF-36 questionnaire. To my surprise, 

I also found that a higher maternal TSH reduced the odds and a higher maternal fT4 increased 

the odds of more severe stress. The biological mechanisms explaining these associations are 
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unclear. Nonetheless, although statistically significant, the effect sizes were small and thus the 

associations found in my study may not be clinically meaningful. Furthermore, the assessment 

of the general health and wellbeing of pregnant and postnatal women was a secondary 

outcome in my study and therefore these findings need to be treated with caution.  

 

More recently, concerns regarding potential adverse effects of iodine supplementation in 

pregnancy in iodine sufficient populations, including maternal and infant thyroid dysfunction 

have been raised. More specifically, it has been reported that iodine supplementation in doses 

≥200µg/day increased the risk of maternal thyroid dysfunction
87

.  My findings did not support 

these concerns, as there were no differences in maternal or infant thyroid function between 

women using iodine supplements ≥150µg/day and women using iodine supplements 

<150µg/day in pregnancy, as well as between pregnant women who were using iodine 

supplements in doses ≥200µg/day (45%) compared to those who were using iodine 

supplements <200 µg/day. Furthermore, iodine supplement use in pregnancy had minor effect 

on the associations between maternal and infant iodine nutrition or thyroid function.  

 

As well as UIC, newborn TSH is often used as a marker of population iodine status. However, 

there has been increasing recognition that the current cut-off of newborn TSH for the 

diagnosis of iodine deficiency set by the WHO (>3% of infants with TSH >5mIU/L)
8
  may 

not be a true reflection of the populations iodine status as there are many factors, including 

the timing and use of iodine containing antiseptics, that may affect this
61

. Similar to other 

Australian studies prior to iodine fortification
73, 74, 80

, my findings showed that >3% of infants 

had a TSH >5mIU/L, indicating iodine deficiency based on the WHO criteria. However,  no 

other findings from my study indicate iodine deficiency in this population, suggesting that 

newborn TSH is not a sensitive or reliable tool to measure iodine deficiency and supporting 

the proposition from Li et al
61

 for the WHO to consider withdrawing the current criteria for 

newborn TSH to monitor iodine deficiency until further research takes place.  
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My study also showed that thyroid function changed over pregnancy with higher fT3, fT4 and 

TSH in early pregnancy compared to 28 weeks’ gestation. However, other studies have 

reported a lower TSH in the first trimester
30, 53, 55, 174-176

. The differences may be a result of the 

timing of collection as baseline measures (≤20 weeks’ gestation) in my study included those 

from both the first and second trimesters, with majority being >12 weeks’ gestation (mean 

gestational age of 16.3 weeks). In addition, the iodine status of the population may influence  

thyroid function. Thus, the findings from my study alone may not be useful to describe the 

normal changes that occur throughout pregnancy, but rather can be combined with similar 

data from comparable populations to gain a better understanding of these changes. 

Furthermore, there are currently no pregnancy specific reference ranges for thyroid hormones. 

To develop these reference ranges, large sample sizes are needed so that the data can be 

linked to clinical outcomes and similar analysis techniques should also be considered so that 

findings between studies can be comparable. Thus, being a large study my data can contribute 

to that needed for the development of pregnancy specific reference ranges, which will be 

important for the screening and diagnosis of thyroid dysfunction in pregnancy.   

 

As discussed throughout my thesis, my study has a number of strengths including the 

adequate sample size, as determined using sample size calculations and prospective cohort 

design. Furthermore, my study adjusted for key confounding factors including maternal age, 

BMI, parity, education, employment, gestational age, thyroid disease as well as the use of 

iodine containing antiseptics at birth and feeding mode. I used a range of markers for the 

assessment of iodine intake and status including dietary iodine intake using a validated I-FFQ, 

UIC and BMIC as well as thyroid function as a functional marker of iodine status. My study 

also showed good retention rates in pregnancy and in the postpartum period with >90% of 

women completing each stage of the study. As discussed, I believe that my findings may be 

applicable to pregnant women across Australia based on the previous NINS survey in 2004
10
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as well as the more recent National Health Measures Survey results showing that the 

Australian adult population was iodine sufficient in 2011–12, with a population median of 

124μg/L
203

. Furthermore, the findings from my study may be applicable to other iodine 

sufficient industrialised countries such as the UK, USA and New Zealand where the dietary 

recommendations for pregnant women
64, 66, 67

 and the food habits and practices are 

comparable to the Australian population. However, my findings may not be generalisable to 

populations of iodine deficiency, populations of iodine excess or in women with thyroid 

dysfunction. 

 

My study also has limitations that need to be considered. With most dietary studies, the use of 

a FFQ to estimate dietary iodine is subject to misreporting and thus may not be a true 

reflection of individual iodine intake. My study did not quantify iodised salt use, again 

possibly underreporting the actual iodine intake. However, the use of iodised salt did not 

affect UIC or thyroid function. Furthermore, information on iodine supplement use at 3 

months postpartum was not collected and therefore iodine intake from food only at 3 months 

postpartum was included as a potential confounding factor rather then total iodine intake, 

which may have influenced the 3 month postpartum results.  

 

Although my study was adequately sampled, thyroid function was not assessed in a high 

percentage of infants (63%) at 3 months due to a high parental refusal rate or unsuccessful 

attempt at collecting blood. However, there were no differences in the maternal characteristics 

of those infants who provided  a blood sample compared to those that did not.. Additionally, 

although many blood samples were not obtained from infants, my study is the first to measure 

infant thyroid function in the early stage of life in a larger cohort. Furthermore, my study is 

underpowered to examine the association between maternal iodine intake and thyroid function 

with clinical outcomes, which is a secondary outcome and beyond the scope of my PhD.  
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Another limited factor of my study is that only one casual spot urine sample was collected at 

each time point at inconsistent times.  As UIC is subject to large inter-individual variation, 

ideally spot urine samples would have been repeated a number of times at each time point and 

the timing of collection would have been kept constant between all mothers. However, due to 

the size of my study this was not practical. Furthermore, as discussed in Chapter 3, my study 

included the same cohort of pregnant from the PINK cohort study. As the primary outcome of 

the PINK cohort study is the assessment of child neurodevelopment at 18 months of age, 

women that were non-English speaking were excluded. Thus, my findings may not be 

generalisable to all women of different cultures as cultural background may have influenced 

maternal iodine intake, iodine status or thyroid function.  

 

7.1 Conclusion 

 

The findings from my study supported part of my hypotheses as maternal total iodine intake 

in pregnancy was positively associated with maternal UIC/BMIC and was not associated  

with infant UIC or maternal/infant thyroid function.  

 

My study has shown that post mandatory iodine fortification, pregnant women in Adelaide are 

iodine sufficient according to the WHO criteria for UIC, regardless of whether they were 

using iodine supplements in pregnancy or not. Despite this, newborn TSH assessed from a 

heel-prick sample suggests that this population is iodine deficient, raising the question as to 

whether the WHO criteria for newborn TSH is appropriate to assess the iodine status of a 

population. The evidence from my study has also shown that in a healthy iodine sufficient 

population maternal total iodine intake in pregnancy has no major effect on maternal and 

infant iodine status and/or thyroid function as well as pregnancy and other clinical outcomes.  
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Whereas maternal thyroid function in pregnancy has some influence on infant thyroid 

function and aspects of maternal health and wellbeing, the magnitude of these associations 

was often small. 

 

Furthermore, although the use of iodine supplementation at doses ≥150µg/day in pregnancy is 

needed to meet the RDI for iodine in this study population and significantly increases 

maternal UIC levels, the UIC levels in both women using iodine supplements ≥150µg/day and 

women using iodine supplements <150µg/day in pregnancy is still above The WHO cut-off 

for iodine deficiency. Additionally, although statistically significant, iodine supplement use in 

pregnancy had minor effects on maternal fT3 and TSH in early pregnancy, with levels still 

being within the normal range for women using iodine supplements ≥150µg/day and women 

using iodine supplements <150µg/day in pregnancy and there was no difference in infant 

thyroid function or clinical outcomes between these groups. However, being an observational 

study these findings are unable to conclusively demonstrate the effective of iodine 

supplementation during pregnancy in an iodine sufficient population. Although potential 

confounding factors were adjusted for in the analysis, the findings are restricted by a greater 

risk of bias compared to well-constructed RCTs. As a result of public health recommendation 

for iodine supplementation during pregnancy, conducting well-designed iodine 

supplementation RCTs is not feasible and whether it is ethical to conduct such a study is 

debatable. This is concerning given the little evidence that the recommendations are based on 

in mild iodine deficient/sufficient populations.  

  

The findings in this thesis suggest that further research is needed to better understand the 

relationship between maternal thyroid function in pregnancy and infant thyroid function or 

clinical outcomes including infant growth and the general health and wellbeing of pregnant 

and postnatal women. These findings also warrant an evaluation of the RDI for iodine in 

pregnancy and the recommendation for routine iodine supplementation in an iodine sufficient 
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population. However, to assess the effect of iodine supplementation during pregnancy on 

markers of maternal and infant thyroid function and therefore requirement for iodine 

supplementation in a sufficient population, well-constructed RCTs are required which will be 

challenging given the current public health recommendation. Furthermore, to address the key 

concerns of iodine status in pregnancy and the influence on child development, further 

research on the longer term follow up of total iodine intake and/or thyroid function in 

pregnancy with child development within an iodine sufficient population is needed, which is 

the primary aim of the PINK cohort study.  
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Appendix 1: Screening and eligibility forms  
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Appendix 2: Information sheet 

 

WOMEN’S & CHILDREN’S HOSPITAL 

Information Sheet for Participants 

 

You are invited to participate in a study to determine the relationship between iodine intake in 

pregnancy and the iodine status of babies, pregnancy outcomes and other clinical outcomes. 

You can take part in the study regardless of whether you are taking an iodine supplement. 

 

Why are we doing this study? 

Iodine is a nutrient and like calcium and iron, is found in the foods we eat. Iodine is needed 

by our bodies to make hormones for normal growth and it plays a role in the way the brain 

works and develops. Studies have shown that children who get enough iodine may learn 

better. Getting enough iodine in pregnancy is also important because the baby’s brain is 

growing quickly and it relies on adequate iodine supply from the mother, which is influenced 

by the amount of iodine in the mother’s diet.  

 

Recently it has been reported that the level of iodine in the diets of Australians has fallen. For 

this reason the Australian government has ruled that iodised salt must now be added to breads. 

For pregnant women, the NHMRC has taken the extra precaution of issuing a public 

statement which recommends that pregnant women take an iodine supplement because there 

is uncertainty whether pregnant women will be able to meet their iodine requirements from 

food alone.  However, we do not know the iodine intake or status of pregnant women in 

Australia since the recent iodine fortification of our food supply. More importantly we do not 

know the association of the current level of iodine intake of pregnant women on infant iodine 

status and clinical outcomes such as pregnancy outcomes, growth of infants and the general 

health and wellbeing of pregnant and postnatal women. This study is designed to determine 

the relationship between the amount of iodine in the diet of pregnant women and the iodine 

status or thyroid function on mothers and their infants. . 

 

What will happen during the study? 

There will be a number of assessments during pregnancy and after birth including collection 

of urine and blood samples to assess your and your baby’s iodine intake and status.  Specific 

assessments are listed below:   

1. At enrolment and at 28 week gestation, you will be asked to:  

a. Complete a short questionnaire about your iodine intake which takes approximately 10 

minutes to complete 

b. Provide a urine sample to measure urinary iodine concentration.  

c. Complete two questionnaires about your mood and sense of well-being. Each 

questionnaire takes approximately 5 minutes to complete.  

Women’s & Children’s 

Health Research 

Institute 
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d. Provide a blood sample to measure your thyroid hormone levels. However, pregnant 

women attending antenatal care at the hospital have blood tests at their first antenatal 

visit and at mid-pregnancy (~28 weeks gestation) as part of standard routine antenatal 

care. If you have already had a blood test, you will be asked to give permission for the 

research team to access the blood samples collected for routine tests to measure your 

thyroid hormone levels. 

e. Obtain your height and weight measurements (height at enrolment only)  

2. When your baby has their routine heelprick blood test done a few days after birth, we will 

request that we access the Thyroid Stimulating Hormone (TSH) level that is normally 

measured in your baby’s blood. 

3. If you are breastfeeding you will be asked to provide a 5-10 mL sample of breast milk 

after birth (before discharge home from hospital) and at 3 months after birth to measure 

the level of iodine in your breast milk. 

4. One of the research staff working on the study will also review your medical records as 

well as your baby’s records to document any pregnancy complications and details of your 

child birth.  

There will be one appointment at the hospital after the birth of your baby, at 3-months of 

age.Each appointment takes approximately one to one and a half hours. You will be given $15 

at each appointment to off-set costs associated with each visit. Specific assessments at these 

three appointments are listed below: 

 

For the mother: 

1. At the 3-month appointment to: 

a. Complete two short questionnaires about your mood and sense of well-being. These 

questionnaires are the same as those you completed in pregnancy. 

b. Complete a short questionnaire about your diet, which takes approximately 5 minutes 

to complete and a short questionnaire about your dietary iodine intake, which takes 

approximately 10 minutes to complete, These questionnaires are the same as those 

you completed in pregnancy. 

c. Provide a 5- 10 mL sample of breast milk to measure the level of iodine in your milk 

if you are breastfeeding. 

d. Provide a small blood sample (approximately 5 mls) to measure your thyroid 

hormone levels.  

e. Provide a small urine sample to measure urinary iodine concentration.  

f. Answer a few questions about breastfeeding or formula feeding and the types of solid 

foods your child is eating.  

g. Obtain your height and weight measurements. 

 

For the baby (the 3-month appointments): 

1. Your child will be weighed and measured. 

2. A urine sample will be collected from your child to assess iodine status.  

3. A small blood sample of 2-5 ml (up to 1 teaspoon) will be collected from your child 

with a needle from a vein in his/her arm to assess thyroid hormone levels.. 
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Benefits and risks  

 

If any of the questionnaires about your mood and well-being, blood test or child 

developmental test indicate any potential health concern for you or your child we will make a 

referral to your GP with your permission. 

 

Taking blood may cause brief discomfort and there is a slight risk of a temporary bruising. 

The blood samples will be taken by experienced nurses to minimise any discomfort.  

 

Your rights 

You are free to withdraw from the study at any time without any explanation and without 

prejudice to you and your baby's treatment. All information gathered will be treated with 

confidence and no information that could identify you or your baby will be released to any 

person not associated directly with the study. These results may eventually be published in 

medical journals or at professional meetings, but you or your child will not be identified in 

any way.  

 

Your information will remain confidential except in the case of a legal requirement to pass on 

personal information to authorised third parties. This requirement is standard and applies to 

information collected both in research and non-research situations. Such requests to access 

information are rare; however we have an obligation to inform you of this possibility.  

 

Any questions? 

If at any time during the study you have any problems regarding appointments or have any 

other queries, please ring our office on 8161 8045 and leave a message on our answering 

machine. One of our nurses will return your call as soon as possible. If you have a problem 
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and would like to talk to us immediately please ring 8161 7000 and ask for pager 20099 and 

one of our research nurses will answer your call. 

 

This study has been reviewed and approved by the Children, Youth & Women’s Health 

Service (CYWHS) Research Ethics Committee.  Should you wish to discuss the study with 

someone not directly involved, in particular in relation to matters concerning policies, 

information about the conduct of the study or your rights as a participant, or should you wish 

to make a confidential complaint, you may contact the executive secretary, Ms Brenda Penny, 

CYWHS on 8161 6521. 
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Appendix 3: Consent form:  

 

CONSENT FORM 

I ___________________________________________________________________ 

 

hereby consent to my own and my child's involvement in the research project entitled: 

Pregnancy Iodine and Neurodevelopment in Kids 

________________________________________________________________ 

 

1. The nature and purpose of the research project described on the attached Information 

Sheet has been explained to me. I understand it and agree to taking part. 

2. I understand that my child and I may not directly benefit by taking part in this study 

3. I acknowledge that the possible risks and/or side effects, discomforts and 

inconveniences, as outlined in the Information Sheet, have been explained to me. 

4. I understand that I can withdraw from the study at any stage and that this will not 

affect medical care or any other aspects of my own or my child's relationship with this 

healthcare service. 

5. I understand that I will be reimbursed $15 for attendance at the appointments.    

6. I have had the opportunity to discuss taking part in this research project with a family 

member or friend, and/or have had the opportunity to have a family member or friend 

present whilst the research project was being explained by the researcher. 

7. I am aware that I should retain a copy of the Consent Form, when completed, and the 

Information Sheet. 

8. I consent to having the following procedures: 

1) At enrolment and at 28 weeks gestation to:   

f. Complete 2 short questionnaires about my diet: one about iodine intake and 

another one about general diet (at study entry only).  
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g. Provide a small urine sample.  

h. Complete two questionnaires about my mood and sense of well-being.  

i. Provide a blood sample or allow the research team to access the blood sample 

collected for routine tests.  

j. Obtain weight and height measurements (height at enrolment only). 

2) If breastfeeding: provide a small breast milk sample before discharge home after 

delivery.   

3) At 3 months after delivery I will attend an appointment with my child that will last 

for about 1 hour to:  

a. Complete 2 brief questionnaires about my mood and sense of wellbeing. 

b. Complete 2 short questionnaire about my dietary iodine intake and my 

general diet.  

c. If breastfeeding: provide a small breast milk sample. 

d. Answer a few questions about my child’s feeding. 

e. Have myself and my child weighed and measured. 

f. Have a urine sample collected from myself and my child either during or 

after the appointment. 

g. Have a small blood sample collected from myself and my child (up to 1 

teaspoon) .  

 

9. I do / do not consent to the urine, blood and breast milk samples being used in any 

other research project, provided the project has the approval of the Women's & 

Children's Hospital Research Ethics Committee. 

10. I agree to the access of my and my child’s medical records and the newborn screening 

database at the Women’s and Children’s Hospital and any other hospital my baby and 

I may be transferred to and from, for the duration of the study. 

11. I understand that my (my child’s) information will be kept confidential as explained in 

the information sheet except where there is a requirement by law for it to be divulged. 

Full name of participant: ........................................................... 

Signature:    .......................................................Dated:............................. 

Relationship to Participant:  ...................................................... 

I certify that I have explained the study to the mother and consider that she understands what 

is involved. 

Name of the study personnel: ……………………………….Title: ………………………  

Signature:  .................................................... ………        Dated:  ............................ 
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Appendix 4: CRF 
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Appendix 5: Summary of assessments  

 
Maternal 

blood 

sample 

Maternal 

urine 

sample 

Maternal 

breast milk 

sample 

I-FFQ 

SF-36 and 

DASS 

questionnaires 

Infant 

blood 

sample 

Infant 

Urine 

sample 

Infant weight, 

length and 

head 

circumference 

Pregnancy/birth 

outcomes 

Baseline 

(<20 weeks’ 

gestation) 

X X  X X     

28 weeks’ 

gestation 
X X  X X     

Birth   X     X X 

3 Months 

Postpartum 
X X X X X X X X  

 



Appendix 6: Development and validation of an iodine specific FFQ to 

estimate iodine intake in Australian pregnant women 
 

 

 

Condo, D., Makrides, M., Skeaff, S. & Zhou, S.J. (2015). Development and validation 

of an iodine specific FFQ to estimate iodine intake in Australian pregnant women 

British Journal of Nutrition, v. 113 (6), pp. 944-952 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

NOTE:   

This publication is included on pages 350-358 in the print copy  

of the thesis held in the University of Adelaide Library. 

 

It is also available online to authorised users at: 

 

http://dx.doi.org/10.1017/S0007114515000197 

 

 

 

 

 

 

 

 

 

http://dx.doi.org/10.1017/S0007114515000197
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Appendix 7: Iodine food frequency questionnaire 
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Appendix 8: SF-36 questionnaire 

 

General Health of the Mother (SF-36)                  Date completed __ __/ __ __/__ __ __ 

__                                    

Mode of completion:    Self        Staff       Other, specify:____________________ 

INSTRUCTIONS:  This questionnaire asks for your views about your health, how you feel and how 

well you are able to do your usual activities. Answer every question by marking the answer as 

indicated.  If you are unsure about how to answer a question, please give the best answer you can. 

1. In general, would you say your health is:         (circle one) 

   Excellent     1 

   Very good     2 

   Good      3 

   Fair      4 

   Poor      5 

2. Compared to one year ago, how would you rate your health in general now?  (circle one) 

   Much better now than one year ago   1 

   Somewhat better now than one year ago  2 

   About the same as one year ago   3 

   Somewhat worse now than one year ago  4 

   Much worse now than one year ago   5 

 

3. The following questions are about activities you might do during a typical day.  Does your 

health      

now limit you in these activities?  If so, how much? (circle one number on each line) 

 

ACTIVITIES 

Yes Limited 

A Lot 

Yes 

Limited 

A Little 

No, Not 

Limited  

At All 

a.  Vigorous activities, such as running, lifting      

heavy objects, participating in strenuous sports 

 

1 

 

2 

 

3 

b.  Moderate activities, such as moving a table, 

pushing a vacuum cleaner, bowling or playing golf 

 

1 

 

2 

 

3 

c.  Lifting or carrying groceries 1 2 3 

d.  Climbing several flights of stairs 1 2 3 
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e.  Climbing one flight of stairs 1 2 3 

f.  Bending, kneeling or stooping 1 2 3 

g.  Walking more than one kilometre 1 2 3 

h.  Walking half a kilometre 1 2 3 

i.  Walking 100 metres 1 2 3 

j.  Bathing or dressing yourself 1 2 3 

                                                                  Page 1/4 

General Health of the Mother (SF-36v2)   

4. During the past 4 weeks, have you had any of the following problems with your work or other                  

regular daily activities as a result of your physical health? (circle one number on each line) 

 

5. During the past 4 weeks, have you had any of the following problems with your work or other                

regular daily activities as a result of any emotional problems (such as feeling depressed or 

anxious?) 

(circle one number on each line) 

 All 

of the 

time 

Most 

of the 

time 

Some 

of the 

time 

A little 

of the 

time 

None 

of the 

time 

 All 

of the 

time 

Most 

of the 

time 

Some 

of the 

time 

A little 

of the 

time 

None 

of the 

time 

a.  Cut down on the amount 

of time you spent on work 

or other activities 

 

1 

 

2 3 4 5 

b.  Accomplished less than 

you would like 

1 2 
3 4 5 

c.  Were limited in the kind of 

work or other activities 

1 2 
3 4 5 

d.  Had difficulty performing 

the work or other activities 

(for example, it took extra 

effort) 

 

1 

 

2 
3 4 5 
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a.  Cut down on the 

amount of time you 

spent on work 

     or other activities 

 

1 

 

2 
3 4 5 

b.  Accomplished less 

than you would like 

1 2 
3 4 5 

c.  Didn’t do work or 

other activities as 

carefully as usual 

1 2 

3 4 5 

 

6.  During the past 4 weeks, to what extent has your physical health or emotional problems 

 interfered with your normal social activities with family, friends, neighbours, or groups? 

(circle one) 

    Not at all     1   

   Slightly      2 

    Moderately     3 

    Quite a bit     4 

    Extremely     5 

Page 2/4 

 

General Health of the Mother (SF-36)   

7. How much bodily pain have you had during the past 4 weeks?  (circle one) 

    No bodily pain    1 

    Very mild     2 

    Mild      3 

    Moderate     4 

    Severe      5 

    Very severe     6 

 

8. During the past 4 weeks, how much did pain interfere with your normal work (including both  

work outside the home and housework?)     (circle one)  

   Not at all     1 

    A little bit     2 
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    Moderately     3 

    Quite a bit     4 

    Extremely     5 

9.      These questions are about how you feel and how things have been with you during the past 4 

weeks.  For each question, please give the one answer that comes closest to the way you have 

been feeling.  How much of the time during the past 4 weeks -(circle one number on each 

line) 

  

General Health of the Mother (SF-36v2)   

     

10.  During the past 4 weeks, how much of the time has your physical health or emotional problems 

interfered with your social activities (like visiting with friends, relatives, etc?)  (circle one) 

    All of the time     1 

    Most of the time    2 

    Some of the time    3 

    A little of the time    4 

     None of the time    5 

           

 All of 

the 

time 

Most 

of 

the 

time 

 Some 

of 

the 

time 

A little 

of the 

time 

None 

of the 

time 

a.  Did you feel full of life? 1 2  4 5 6 

b.  Have you been a very nervous 

person? 

1 2  4 5 6 

c.  Have you felt so down in the 

dumps that nothing could cheer 

you up? 

 

1 

 

2 

  

4 

 

5 

 

6 

d.  Have you felt calm and peaceful? 1 2  4 5 6 

e.  Did you have a lot of energy? 1 2  4 5 6 

f.  Have you felt down? 1 2  4 5 6 

g.  Did you feel worn out? 1 2  4 5 6 

h.  Have you been a happy person? 1 2  4 5 6 

i.  Did you feel tired? 1 2  4 5 6 
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11.  How TRUE or FALSE is each of the following statements for you? (circle one number on 

each line) 

         

 Definitely 

true 

Mostly 

true 

Don’t 

know 

Mostly 

false 

Definitel

y false 

a.  I seem to get sick a little easier 

than other people 

 

1 

 

2 

 

3 

 

4 

 

5 

b.  I am as healthy as anybody I know 1 2 3 4 5 

c.  I expect my health to get worse 1 2 3 4 5 

d.  My health is excellent 1 2 3 4 5 
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Appendix 9: DASS questionnaire 

 

Depression Anxiety Stress Scales      Date completed:__ __ / __ __ / __ 

__  

Please read each statement and circle a number 0, 1, 2 or 3 which indicates how much the statement 

applied to you over the past week.  There are no right or wrong answers.  Do not spend too much time on 

any statement. 

The rating scale is as follows: 

0  Did not apply to me at all 

1  Applied to me to some degree, or some of the time 

2  Applied to me to a considerable degree, or a good part of time 

3  Applied to me very much, or most of the time 

1 I found myself getting upset by quite trivial things 0      1      2      3 

2 I was aware of dryness of my mouth 0      1      2      3 

3 I couldn't seem to experience any positive feeling at all 0      1      2      3 

4 I experienced breathing difficulty (eg, excessively rapid breathing, 

breathlessness in the absence of physical exertion) 

0      1      2      3 

5 I just couldn't seem to get going 0      1      2      3 

6 I tended to over-react to situations 0      1      2      3 

7 I had a feeling of shakiness (eg, legs going to give way) 0      1      2      3 

8 I found it difficult to relaxg 0      1      2      3 

9 I found myself in situations that made me so anxious I was most 

relieved when they ended 

0      1      2      3 

10 I felt that I had nothing to look forward to 0      1      2      3 

11 I found myself getting upset rather easily 0      1      2      3 

12 I felt that I was using a lot of nervous energy 0      1      2      3 

13 I felt sad and depressed 0      1      2      3 

14 I found myself getting impatient when I was delayed in any way 

(eg, lifts, traffic lights, being kept waiting) 

0      1      2      3 

15 I had a feeling of faintness 0      1      2      3 

16 I felt that I had lost interest in just about everything 0      1      2      3 

17 I felt I wasn't worth much as a person 0      1      2      3 

18 I felt that I was rather touchy 0      1      2      3 

19 I perspired noticeably (eg, hands sweaty) in the absence of high 

temperatures or physical exertion 

0      1      2      3 
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20 I felt scared without any good reason 0      1      2      3 

21 I felt that life wasn't worthwhile 0      1      2      3 

 

Reminder of rating scale: 

0  Did not apply to me at all 

1  Applied to me to some degree, or some of the time 

2  Applied to me to a considerable degree, or a good part of time 

3  Applied to me very much, or most of the time 

 

22 I found it hard to wind down 0      1      2      3 

23 I had difficulty in swallowing 0      1      2      3 

24 I couldn't seem to get any enjoyment out of the things I did 0      1      2      3 

25 I was aware of the action of my heart in the absence of physical 

exertion (eg, sense of heart rate increase, heart missing a beat) 

0      1      2      3 

26 I felt down-hearted and blue 0      1      2      3 

27 I found that I was very irritable 0      1      2      3 

28 I felt I was close to panic 0      1      2      3 

29 I found it hard to calm down after something upset me 0      1      2      3 

30 I feared that I would be "thrown" by some trivial but 

unfamiliar task 

0      1      2      3 

31 I was unable to become enthusiastic about anything 0      1      2      3 

32 I found it difficult to tolerate interruptions to what I was doing 0      1      2      3 

33 I was in a state of nervous tension 0      1      2      3 

34 I felt I was pretty worthless 0      1      2      3 

35 I was intolerant of anything that kept me from getting on with 

what I was doing 

0      1      2      3 

36 I felt terrified 0      1      2      3 

37 I could see nothing in the future to be hopeful about 0      1      2      3 

38 I felt that life was meaningless 0      1      2      3 

39 I found myself getting agitated 0      1      2      3 

40 I was worried about situations in which I might panic and make 

a fool of myself 

0      1      2      3 

41 I experienced trembling (eg, in the hands) 0      1      2      3 

42 I found it difficult to work up the initiative to do things 0      1      2      3 
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