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Synopsis
Pregnancy is a state of constant physiological compensation, processes
that simultaneously account for the physical needs of both mother and foetus.
These changes create a complex and continuously evolving environment, one
which depends on essential elements for continued optimal function. While these
processes are vital to the maintenance of pregnancy, they are also pivotal to
parturition, a process which relies on the actions of numerous micronutrients for
essential endocrine and inflammatory pathways. As such, proper maternal
nutrition is pivotal to optimal birth outcomes.
Global, national and state agencies address nutrition within theoretical and
conceptual frameworks; these interact with governance, clinical, and consumer
factors to create complexities individuals must navigate when making nutritionrelated decisions. This decision-making becomes more complicated during
pregnancy due to social influences, such as advertising and peer pressure, and
cultural factors such as food avoidance, traditions and beliefs. The confluence of
these determinants influences each woman’s nutrition state, with the potential to
result in transgenerational health consequences.
Malnutrition is associated with suboptimal perinatal outcomes, a situation
not restricted to low and middle-income countries. Although outcomes in these
regions have improved with supplement interventions, research is yet to
determine the efficacy of supplementation in high-income countries. However,
despite the lack of evidence surrounding their safety and efficacy, and
recommendations relating to the use of supplements during pregnancy, the
pregnancy supplement market is estimated to reach a value of $673.8 million by
the year 2025. This quantitative research explored data collected from three
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cross-sectional cohorts in order to explore the associations between
micronutrient supplementation and birth outcomes in South-East Queensland
women. The first of these datasets – the Environments for Healthy Living cohort
- was a longitudinal birth cohort study with self-reported perinatal data collection
undertaken between 2006 and 2011. The second was the Gold Coast Health and
Hospital Service Maternity Information System cohort; a clinician controlled digital
perinatal database with data available from 2014 to 2017. The third was the
Maternal Outcomes and Nutrition Tool database, a cohort recruited explicitly for
this study between 2016 and 2018, self-declaring data using a specially designed
digital data collection tool.

Collectively, these three cohorts examine the

relationships between demographics, socio-cultural factors, micronutrition status,
supplement use, dietary decision-making and their influence on the birth
outcomes of 9300 women from South-East Queensland over the twelve years
from 2006 to 2018.
Six research aims informed three formative enquiries addressing the
central research question. These aims examined evidence informing current
recommendations regarding micronutrient supplements during pregnancy in
Australia, determined if evidence of benefit exists regarding micronutrient
supplements and birth outcomes in South-East Queensland women and explored
the human factors affecting nutrition-related decision making in the study
population. This research aimed to determine relationships between sociocultural determinants of health, micronutrition, supplement use and birth
outcomes in pregnant women of South-East Queensland.
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A literature review was conducted, highlighting current limitations and
knowledge gaps relating to the influence of supplementation in nutritionally
replete and high-income populations. Furthermore, current data collections were
found to exhibit significant limitations inhibiting accurate determination of causal
relationships. As such evidence informing current recommendations during
pregnancy was determined to be neither robust nor contemporary.
Driving dietary decision making were several social, health, cultural and
economic factors. These include smoking, income, education, cultural and
linguistic diversity, access to maternity care models, the range of maternity care
models and providers, and health service resources. In particular, women from
low-socioeconomic backgrounds - including women who smoke and women from
cultural and linguistically diverse backgrounds - reported nutrition motives that
position health factors as a low priority. While these women did not demonstrate
evidence of benefit from micronutrient supplements, they did declare nutrition
decision-making behaviours that would benefit from dietary counselling and
support strategies.
The synthesis of information afforded by this research has determined that
micronutrient supplementation is not appropriate in pregnant women of SouthEast Queensland. Further, supplementation did not improve birth outcomes in
either the general population or in women from demographic groups considered
to be at risk for suboptimal outcomes. Conversely, non-therapeutic use
demonstrated the capacity for detrimental effects across all three cohorts,
particularly concerning the effect of micronutrient supplements on overweight
women and the incidence of prolonged pregnancy. Determination of what
constitutes sustainable, safe and effective nutrition interventions in women at risk
of suboptimal birth outcomes requires further empirical research.
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Abbreviations
Abbreviation

Definition

ADiPS

Australasian Diabetes in Pregnancy Society

AOR

Adjusted Odds Ratio

ASSHP

Australasian Society for the Study of Hypertension in Pregnancy

BMI

Body Mass Index

CALD

Cultural and Linguistic Diversity

CBR

Consensus Based Recommendation

CPD

Continuing professional development

CSDH

Conceptual framework for action on the Social Determinants of Health

DBP

Diastolic Blood Pressure

DNIC

Dinitrosyl Iron Complexes

DOH

Australian Department of Health

EAC

Expert Advisory Committee

EDD

Estimated due date

EFHL

Environments for Health Living

FFQ

Food Frequency Questionnaire

GCHHS

Gold Coast Health and Hospital service

GCUH

Gold Coast University Hospital

GDM

Gestational Diabetes

HDP

Hypertensive Disorders of Pregnancy

HHS

Health and Hospital Service

HTN

Essential hypertension

IMN

Individual Micronutrient Supplements
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Abbreviation

Definition

IOL

Induction of labour

IUGR

Intra-Uterine Growth Restriction

MATIS

Maternity Information System

MMS

Multiple Micronutrient Supplements

MONT

Maternal Outcomes and Nutrition Tool

NHMRC

National Health and Medical Research Council

NSW

New South Wales, Australia

OECD

Organization for Economic Co-operation and Development

OR

Odds Ratio

PIH

Pregnancy Induced Hypertension

PP

Prolonged Pregnancy

PTB

Pre-Term Birth

QLD

Queensland, Australia

RANZCOG

Royal Australia and New Zealand College of Obstetricians and Gynaecologists

SBP

Systolic Blood Pressure

SEQ

South-East Queensland

SGA

Small for Gestational Age

SOMANZ

Society of Obstetric Medicine of Australia and New Zealand

TAFE

Technical and Further Education

WHO

World Health Organization
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Diagnostic criteria
Term

Criteria

Essential hypertension

Diagnosis of hypertension prior to pregnancy or 20
weeks gestation

Gestational diabetes

Hypertensive disorders of pregnancy

As per ADiPS diagnostic criteria1
o

Fasting glucose ≥ 5.1mmol/L

o

1‐hr glucose

≥ 10.0mmol/L

o

2‐hr glucose

≥ 8.5mmol/L

Onset of hypertension during pregnancy, including
pregnancy induced hypertension (PIH), preeclampsia, eclampsia; diagnosed per
ASSHP/SOMANZ diagnostic criteria 2;
o

Gestational hypertension
SBP140 and/or DBP90 mmHg on 2 separate
occasions 4 hrs apart, after 20 weeks gestation

o

Preeclampsia
SBP140 and/or DBP90 mmHg on 2 separate
occasions 4 hr apart, after 20 weeks gestation,
accompanied by one or more of the following:
•

Proteinuria (300 mg/24hr)

•

Renal insufficiency (serum/plasma creatinine
0.09 mmol/L)

•

Liver disease (abnormal LFTs or pain)

•

Neurological problems (eclampsia,
hyperreflexia with clonus, severe headache
with hyperreflexia, persistent visual
disturbance)

•

Haematological disturbance
(thrombocytopenia, DIC, haemolysis)

•
Induction of labour

Foetal growth restriction

Medically initiated contractions in a pregnant woman
who is not in labour

Intrauterine growth restriction*

<2500 grams at birth or <10th birthweight centile for
gestation at birth3

Low birthweight*

<2500 grams at birth or <10th birthweight centile for
gestation at birth3

Low risk pregnancy

Pregnancy with no known risk factors at the time of
assessment 4, 5

Onset of labour

Spontaneous or induced in the event of any
documented labour resulting in birth.
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Term

Criteria

Post-dates pregnancy

Birth between 40-42 completed weeks of pregnancy

Pre-term birth

Idiopathic spontaneous birth before 37 completed
weeks of pregnancy

Post-mature pregnancy

>42 completed weeks of pregnancy at birth

Prolonged pregnancy**

>41 completed weeks of pregnancy at birth*

Small for gestational age*

<2500 grams at birth or <10th birthweight centile for
gestation at birth3

Uncomplicated pregnancy

Continued absence of risk factors during pregnancy,
labour and birth 4, 5

* For the purposes of this thesis, SGA, IUGR and low birthweight babies have been defined by
common criteria
**In cohorts with insufficient numbers of post-mature pregnancies to return meaningful results,
these subjects have been considered in combination with those birthing after 41 completed
weeks.

List of tables
Table 1.1: Nutrition recommendations - Australian pregnancy care guidelines
2018
Table 1.2: Recommended serves per day of each food group during pregnancy
Table 1.3: Pregnancy specific nutrient increase recommendations, 2017
Table 1.4: Supplementation during pregnancy - Australian pregnancy care
guidelines 2018
Table 1.5: Royal Australian and New Zealand College of Obstetricians and
Gynaecologists

(RANZCOG)

supplementation

in

pregnancy

recommendations 2015
Table 1.6: Vitamin and mineral composition of three common pregnancy
multivitamins

9
Table 3.1: Supplement use during trimesters two and three in the Environments
of Healthy Living cohort (EFHL)
Table 3.2 Binary logistic regression – Supplement use according to significant
chi-square associations
Table 3.3 Associations between maternal BMI and supplement use - simple linear
regression
Table 3.4 Associations between maternal BMI and supplement use – multivariate
linear regression
Table 3.5 Supplement use - multinomial logistic regression
Table 4.1: Frequencies of categorical variables by stratum.
Table 4.2 Associations between outcomes
Table 4.3: Demographic, obstetric and health associations with outcomes
Table 4.4: Associations between supplements
Table 4.5: Demographic, obstetric and health associations with supplement use
Table 4.6 Multinomial logistic regression - outcomes, covariates and supplements
by stratum
Table 7.1: My Body My Baby - website statistics
List of figures
Figure 2.1: The Conceptual Framework for Action on the Social Determinants of
Health (CSDH) conceptual framework
Figure 2.2: Australian Health Performance Framework: detailed Health System
Conceptual Framework

10
Figure 2.3: Evidence based strategies to inform broad and sustainable health
improvement in Queensland
Figure 2.4: Confluence of multi-tiered strategy in relation to public health, its
cohesion with nutrition during pregnancy, and the research questions,
aims and structure of this thesis
Figure 1.5: Research cohort details – Environments For Healthy Living cohort
(EFHL - cohort 1), MATernity Information System (MATIS – cohort 2) and
Maternal Outcomes and Nutrition Tool (cohort 3).
Figure 7.2: Sample web page: My Body, My Baby website home page
Figure 7.2: Sample web page: My Body, My Baby Australian dietary guidelines
Figure 7.3: Sample web page: My Body, My Baby Antenatal education
Figure 7.4: My Body, My Baby website - unique visitors vs number of visits
Figure 7.5: My Body, My Baby Facebook page
Figure 7.6: My Body, My Baby – the book – ISBN 978-1504313483
Figure 7.7: My Body, My Baby - the book – Childbirth and Parenting Educators
of Australia (CAPEA) endorsement

11
Acknowledgement of country
I acknowledge and pay respect to the past, present and future First
Australians on whose land we live, work and conduct research. I recognise the
loss of lands, foods, cultures and traditions and the immense consequences of
these losses for Australia’s first people, their communities and nations. It is my
hope that the research undertaken in this thesis may in some way contribute to
improved primary health and birth outcomes for the women of our collective
nations.

12
Statement of acknowledgement
Throughout this project I have been privileged to have received support
from a wide range of institutions, the people that make them work, and the people
we work to serve. My thanks to each and every one of you. While I cannot hope
to cover everybody who has helped along this journey there are a few front-row
supporters who have ridden this rollercoaster with me.
I would first like to thank Professors Anthony Perkins and Jessica
Vanderlelie. Thank you for trusting in me and being there through the twists and
turns...the ride may have never ended without you on the steering and brakes.
Thanks also go to Dr Lisa Vincze, a late but most welcome addition to the
supervision team, who brought a new perspective to the project. I would also like
to thank and acknowledge my colleagues from the Griffith University Perkins
pregnancy research team for their invaluable scientific and collegiate support
(and humour…..).
My appreciation goes to the management and staff of the participating
Queensland Health and Hospital services for promoting the research within their
community. In particular, I am eternally grateful to the Gold Coast University
Hospital for its unwavering support of my research, and to the selfless midwives
who contributed to the creation of the My Body My Baby website.
A special thanks goes to every midwife or doctor whose “Elevit for the hellof-it” attitude gave me pause to question whether supplements were actually safe
and appropriate. Without you there would be no thesis.
To my amazing children and beautiful wife, Jane….thankyou for your
patience, your support, for keeping me going and staying the course with me.
Without you, there would be no sanity.

13
Acknowledgement of included published and unpublished papers
Included in chapters one, two, three, five and the appendices of this thesis
are papers which are co-authored with other researchers. My role in each was as
first author; the title of papers included in each chapter are detailed at the
commencement of the relevant chapter. The contribution of each co-author is
detailed within the text of each paper.
The bibliographic details for these papers including all authors, are:
Chapter One
•

McAlpine JM, Vincze L, Vanderlelie JJ & Perkins AV. The effect of
micronutrient supplements on low risk pregnancies in high income
countries - a systematic quantitative literature review. Pub Health Nutr.
2019; submitted 25th June, 2019; revisions requested 28th October, 2019,
resubmitted 19th December, 2019. (IF = 2.526)

Chapter Two
•

McAlpine JM, Perkins AV, Vanderlelie JJ. Design, development, and
evaluation of the Maternal Outcomes and Nutrition Tool (MONT). Matern
Child Nutr [Internet].2018 [cited 2019 Aug 17]: e12634. Available from:
https://onlinelibrary.wiley.com/doi/pdf/10.1111/mcn.12634.
10.1111/mcn.12634 (IF=3.305)

Chapter Three
•

McAlpine JM, Scott R, Scuffham PA, Perkins AV, Vanderlelie JJ. The
association between third trimester multivitamin/mineral supplements
and gestational length in uncomplicated pregnancies. Women Birth
[Internet].2016 [cited 2019 Aug 20];29(1):41-6. Available from:

14
https://www.sciencedirect.com/science/article/pii/S1871519215002656.
DOI: 10.1016/j.wombi.2015.07.185 (IF = 2.079)
Chapter Five
•

McAlpine JM, Vanderlelie JJ, Vincze LJ, Perkins AV. Use of
micronutrient supplements in pregnant women of south-east
Queensland. Aust N Z J Obstet Gynaecol [Internet]. [cited 2020 Jan 5].
Available from:
https://obgyn.onlinelibrary.wiley.com/doi/abs/10.1111/ajo.13109
DOI: 10.1111/ajo.13109. (IF = 1.455)

•

McAlpine JM, McKeating DR, Vincze L, Vanderlelie JJ, Perkins AV.
Essential mineral intake during pregnancy and its association with
maternal health and birth outcomes in South–East Queensland,
Australia. Nutr Metab Insights. [Internet]. 2019 [cited 2019 September
29]; 12:117863881987944. Available from:
https://journals.sagepub.com/doi/full/10.1177/1178638819879444
DOI: 10.1177/1178638819879444. (IF = 2.44)

•

McAlpine JM, Vincze L, Vanderlelie JJ, Perkins AV. The influence of
dietary intake and decision-making during pregnancy on birth outcomes in
South-East Queensland. Nutr Diet. 2019; accepted with revisions
November 12th, 2019, revisions submitted January 2nd, 2020 (IF = 1.339)

Appendices
•

McAlpine JM, Vanderlelie JJ, Perkins AV. First Do No Harm: Intrapartum
Calcium Loading During Oxytocic Induction of Labor. J Womens Health,
Issues Care [Internet].2015 [cited 2019 Aug 25]; 4(4). Available from:
https://www.scitechnol.com/first-do-no-harm-intrapartum-calcium-

15
loading-during-oxytocic-induction-of-labor-Ec5R.php?article_id=3395.
DOI: 10.4172/2325-9795.1000193 (IF 0.65)
Professional affiliations arising from activities during candidature
•

Griffith University School of Medical Science Pregnancy Research Team

•

Society of Australia and New Zealand Developmental Origins of Health
and Disease (DOHaD)

•

Perinatal Society of Australia and New Zealand (PSANZ)

•

Dietitian’s Association of Australia (DAA)

•

Public Health Association of Australia (PHAA)

•

Mater Research – Mater Queensland Family Cohort (QFC)

Presentations arising from this thesis
During the period of my candidature, I presented results arising from this
thesis at five conferences. This resulted in two oral and three poster
presentations.
1. 2019 - Dietitians Association of Australia (DAA) 36th National Conference,
Gold Coast, QLD (oral presentation).
“The Maternal Outcomes and Nutrition Tool - analysis of dietary
behaviours in pregnant women of South-East Queensland”
McAlpine JM, Vincze L, Vanderlelie JJ, Perkins AV.

2. 2019 - Perinatal Society of Australia and New Zealand (PSANZ) annual
conference, Gold Coast, QLD (poster presentation)

16
“The Maternal Outcomes and Nutrition Tool: results from the pilot study”
McAlpine JM, Vanderlelie JJ, McKeating DR, Vincze L, Perkins AV.

3. 2015 - Developmental Origins of Health and Disease (DOHaD) conference,
Melbourne, Vic. (poster presentation)
“The effect of third trimester micronutrient supplements on gestational
length of well women at term”
McAlpine JM, Vanderlelie JJ, Scott R, Scuffham PA, Perkins AV.

4. 2015 - Science on the Swan (SoS) conference, Perth (poster presentation)
“The effect of third trimester micronutrient supplements on gestational
length of well women at term”
McAlpine JM, Vanderlelie JJ, Scott R, Scuffham PA, Perkins AV.

5. 2014 - Gold Coast Health and Medical Research Conference, Gold Coast
(oral presentation)
“The effect of third trimester micronutrient supplements on gestational
length of well women at term”
McAlpine JM, Vanderlelie JJ, Scott R, Scuffham PA, Perkins AV.

17

CHAPTER ONE

Background and Literature Review
OVERVIEW

This chapter introduces the thesis as a whole, provides an overview of
pregnancy and parturition, explores the potential influence of micronutrients
throughout these reproductive stages and examines the evidence guiding
recommendations regarding nutrition and supplementation during pregnancy in
the Australian context.
Additionally, the chapter examines existing evidence by way of a systematic
quantitative literature review, investigating the existing body of research
regarding the effect of micronutrient supplementation on birth outcomes in highincome countries, including Australia. The literature review, in its entirety, is
presented within the structure of this chapter:
This chapter closes with the overall conclusions arising from the background
and literature review and prefaces the context, design and methodology of this
thesis.
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1
1.1

BACKGROUND AND LITERATURE REVIEW
Introduction
Malnutrition is associated with suboptimal perinatal outcomes6, a situation

not restricted to low and middle income countries7. While research suggests that
micronutrient supplementation improves outcomes in these regions, little
research has been conducted regarding the efficacy of micronutrient
supplementation in high-income countries8-10. Evidence regarding the importance
of adequate folate in the twelve weeks before and after conception for healthy
neural tube formation is well known in the developed world, as is the efficacy of
folic acid supplementation during this time11. However, to date research beyond
folic acid in the peri-conception period has primarily focussed on developing
regions, preterm birth, low birthweight and pre-eclampsia12-19.
Despite the lack of evidence surrounding their safety and efficacy,
pregnancy is associated with the increased use of supplements in high-income
countries20. One industry report21 predicts the pregnancy supplement market will
expand globally at a compound annual growth rate of 8.5% reaching a value of
$673.8 million by the year 2025. Therefore the physiological role of micronutrients
during pregnancy and parturition, factors influencing supplement use and the
application of safe and appropriate supplement interventions in these populations
warrants further investigation.
This chapter aims to introduce pregnancy and parturition as physiological
states, present the current diet and supplementation guidelines for women of
Australia, describe current knowledge surrounding the physiological actions of
essential micronutrients during pregnancy and examine the research informing
current recommendations.
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1.2

Pregnancy and parturition
Pregnancy

is

a

state

of

constant

physiological

compensation,

simultaneously accounting for the physical needs of both mother and foetus22.
From the moment of implantation, every maternal system is affected at an
anatomical and physiological level, effects which change with advancing
gestation23. These changes create a complex and continuously evolving
environment which depends on essential elements for continued optimal function.
As such, vital processes are subject to influence on an environmental level.
The foetus relies on maternal provision of macronutrients in the form of
glucose, ketones and amino acids for growth and development throughout
different stages of pregnancy22, 24. However, it also relies on the availability of
micronutrients including calcium, iodine, iron and folate for appropriate embryo
formation and foetal growth22. Alterations in maternal cardiovascular function and
plasma volume result in haemodilution and a corresponding increase in iron,
folate and vitamin B12 requirements22. Blood pressure decreases25 due to
reduced systemic vascular resistance early in the first trimester26. This state
results in activation of the renin-aldosterone-angiotensin system and changes in
sodium, potassium and water homeostasis27. Further, the hormone relaxin
mediates the synthesis of the iron-dependent vasodilator nitric oxide28. While
these processes are vital to the maintenance of pregnancy they are also pivotal
to parturition, another physiological process which relies on the actions of a
number

of

micronutrients

for

essential

endocrine

and

inflammatory

processes29, 30.
Within Australian obstetric care, labour and birth are defined as normal if
their onset, coordination and progress occur within a set of defined parameters
31-34.

Normal labour is defined as the spontaneous onset of contractions between
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37 and 42 weeks gestation. Any birth occurring between 40 and 42 weeks may
be considered post-dates, with gestation beyond 42 weeks considered postmature31. These pregnancies are often subject to induction of labour, medical
management designed to reduce the risk of stillbirth associated with post-mature
pregnancies35-37. In Australia, non-acute indicators (including post-dates
gestation) were recorded for approximately 72% of induced labours in the last ten
years38. Up to 50% of these cases resulted in failure to progress or foetal distress
and progress to a vacuum, forceps or caesarean birth38.
Several hormones have been found to contribute to the initiation of labour,
including oestrogen, progesterone and oxytocin. In addition to these endocrine
factors, third trimester inflammatory changes in the myometrium and cervix are
necessary for parturition29, 30. Up-regulation of inflammatory molecules such as
prostaglandins play an essential role in mediating the development of the
systemic inflammatory responses required for cervical ripening and spontaneous
onset of labour39, 40.
These influences collectively contribute to a pro-inflammatory positive
feedback process, ultimately resulting in labour and birth 41. However, this
feedback is highly dependent on the availability of several micronutrients
including folate, iron, calcium, iodine, selenium and zinc, suggesting
micronutrient availability influences prostaglandin-dependent processes42.
Although the relationships between inflammatory molecules and micro-nutrition
are becoming better elucidated, further research is needed to determine the exact
mechanisms of action. Despite this knowledge gap, it is clear that micronutrients
can influence the process of spontaneous labour.
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1.3

Australian dietary and micronutrient supplement recommendations
The Royal Australian and New Zealand College of Obstetricians and

Gynaecologists (RANZCOG) strongly recommend a healthy, balanced diet
before, during and after pregnancy43, a position supported by the Australian
Department of Health (DOH)44. The nutrition recommendations detailed in the
DOH Australian pregnancy care clinical practice guidelines (table 1.1)44 are
informed by the National Health and Medical Research Council (NHMRC)
Australian Dietary Guidelines (table 1.2)45 and Nutrient Reference Values (table
1.3)46.
Table 1.1: Nutrition recommendations - Australian pregnancy care guidelines 201844
Recommendation/practice point

Level of
evidence

Eating the recommended number of daily serves of the five food groups and

PP

drinking plenty of water is important during pregnancy and breastfeeding.
Reassure women that small to moderate amounts of caffeine are unlikely to harm

C

the pregnancy.
For women who are underweight, additional serves of the five food groups may

PP

contribute to healthy weight gain.
For women who are overweight or obese, limiting additional serves and avoiding

PP

energy-dense foods may limit excessive weight gain. Weight loss diets are not
recommended during pregnancy
C – Body of evidence provides some support for recommendation(s) but care should be taken in its application; PP Area is beyond the scope of the systematic literature review and advice was developed by the EAC (Expert Advisory
Committees)
Source: Adapted from NHMRC (2009) Levels of Evidence and Grades for Recommendations for Developers of
Guidelines and NHMRC (2011) Procedures and Requirements for Meeting the 2011 NHMRC Standard for Clinical
Practice Guidelines.

Table 1.2: Recommended serves per day of each food group during pregnancy45
Meat and

Grains

alternatives
<19
yrs
19-50
yrs

3.5

8

serves/day

Fruit
2

Vegetables
5

Dairy
3.5

Discretionary
0 - 2.5

serves/day

serves/day

serves/day

serves/day

3.5

8.5

2

5

2.5

serves/day

serves/day

serves/day

serves/day

serves/day

serves/day
0 – 2.5
serves/day
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Table 1.3: Pregnancy specific nutrient increase recommendations, 201746
1st trimester

2nd trimester

3rd trimester

Energy

None

1.4 MJ/day

1.9 MJ/day

Protein

None

2g/day

2g/day

Iron1

9mg/day

9mg/day

9mg/day

Iodine

50 μg

50 μg

50 μg

Folic acid/folate2

600 μg

600 μg

600 μg

1 Established using estimates for the third trimester to build iron stores during the first trimester of pregnancy.
2 This recommendation does not include consideration of additional needs to prevent neural tube defects.

As

a

result

of

this

alignment,

the

consensus-based

dietary

recommendations throughout pregnancy are consistent and reproducible across
departments and disciplines, each acknowledging the contribution of proper
nutrition to pregnancy outcomes43,

44.

Further, RANZCOG states that in

Australia’s general population, adherence to dietary recommendations should
satisfy the nutritional demands of pregnancy without the need for supplements,
providing a caveat for appropriate supplementation in some individuals43.
However, this statement remains unacknowledged by the general
population, given the increased use of supplements reported during pregnancy20.
Further, supplement recommendations are less well aligned than dietary
guidelines, a finding supported by contradictions between the pregnancy care
guidelines (table 1.4)44, the consensus-based RANZCOG supplementation
recommendations (table 1.5)43, and the RANZCOG statement itself43. While both
the ADH and RANZCOG agree on cautioning against the use of vitamins A, C
and E supplements during pregnancy, disagreement exists regarding vitamin D
supplementation. As such, the degree of conflicting information and lack of
evidence-based recommendations available to clinicians is of concern.
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Table 1.4: Supplementation during pregnancy - Australian pregnancy care guidelines 201844
Recommendation/practice point

Level of evidence

Inform women that dietary supplementation with folic acid, from 12

A

weeks before conception and throughout the first 12 weeks of
pregnancy, reduces the risk of having a baby with a neural tube
defect and recommend a dose of 500 micrograms per day.
Specific attention needs to be given to promoting folic acid

PP

supplementation to Aboriginal and Torres Strait Islander women of
childbearing age and providing information to individual women at
the first antenatal visit.
Advise women that taking vitamin A, C or E supplements is not of

B

benefit in pregnancy and may cause harm.
Advise women who are pregnant to take an iodine supplement of

CBR

150 micrograms each day. Women with pre-existing thyroid
conditions should seek advice from their medical practitioner before
taking a supplement.
Do not routinely offer iron supplementation to women during

B

pregnancy.
Advise women with low dietary iron intake that intermittent

B

supplementation is as effective as daily supplementation in
preventing iron-deficiency anaemia, with fewer side effects.
Women at high risk of iron deficiency due to limited access to dietary

PP

iron may benefit from practical advice on increasing intake of ironrich foods.
A - Body of evidence can be trusted to guide practice; B - Body of evidence can be trusted to guide practice in most
situations; CBR - Recommendation formulated in the absence of quality evidence (where a systematic review of the
evidence was conducted as part of the search strategy); PP - Area is beyond the scope of the systematic literature
review and advice was developed by the EAC
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Table 1.5: RANZCOG supplementation in pregnancy recommendations 201543
Recommendation/practice point

Level of
evidence

The recommended dose of folic acid is at least 0.4mg daily to aid the prevention

CBR

of neural tube defects (NTD). Where there is a known increased risk of NTD or a
risk of malabsorption, a 5mg daily dose is recommended.
Vegetarians and vegans should be supplemented with Vitamin B12 in pregnancy

CBR

and lactation. The RDI of B12 in pregnancy is 2.6 mcg/day. The RDI of B12
during lactation is 2.8 mcg/day.
Pregnant women with Vitamin D level below 50nmol/L

CBR

For pregnant women with levels 30–49 nmol/L, commence 1,000 IU (25μg)/day.
Pregnant women with levels < 30 nmol/L should commence 2,000 IU (50μg)/day.
Repeat the Vitamin D level at 28 weeks gestation.
Pregnant women with Vitamin D level above 50nmol/L
These women should take 400 iu Vitamin D daily as part of a pregnancy
multivitamin
Vitamin K should be administered in late pregnancy to women with proven

CBR

cholestasis of pregnancy, due to reduced Vitamin K absorption.
Routine iron supplementation is not recommended in every pregnancy. All women

CBR

should have their haemoglobin level checked at the first antenatal visit and again
at approximately 28 weeks’ gestation and any anaemia investigated and treated.
The recommended dietary intake of calcium per day for pregnant women is

CBR

1300mg (ages 14-18 years) and 1000mg (19-50 years). If the woman avoids dairy
in her usual diet and does not consume alternative high calcium foods, she should
take a calcium supplementation of at least 1000mg per day.
Women who are pregnant, breast feeding or considering pregnancy should take

CBR

an iodine supplement of 150 micrograms each day.
Women whose dietary intake of Omega-3 fatty acids is low, for example those

CBR

who eat very little seafood, should consider a dietary supplement which may be
obtained from fish oil and some commercially available pregnancy supplements.
CBR - Recommendation based on clinical opinion and expertise as insufficient evidence available; RDI – recommended
daily intake
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1.4

Micronutrients in pregnancy, pathophysiology and parturition

1.4.1 Multiple micronutrient formulations
Pregnancy Multiple Micronutrient Supplements (MMS) are designed to
address known dietary shortfalls and are marketed to women who are trying to
conceive, are pregnant, or are in the postpartum or breastfeeding periods. While
research examining the effect of MMS interventions on birth outcomes in low and
middle-income countries report an increase in birthweight in the supplemented
groups18, 47, evidence reporting the effect of multivitamins on birth outcomes in
high-income countries is scarce48. Research on this topic and timeframe is highly
dependent on meta-syntheses of numerous small studies and are subject to
methodological issues including a lack of pre-supplementation nutritional
baselines, the extent of adherence to protocols, various reporting measures and
ethical considerations48.
Further, social, cultural, demographic and economic factors contribute to
multivitamin use in high-income countries. These create unique nutritional
profiles for each individual49, confounding attempts to investigate associations
between specific micronutrients and birth outcomes. Pregnancy MMS
formulations also vary, some containing contraindicated constituents including
the potentially teratogenic50 vitamin A precursor beta carotene51, and the
potentially harmful vitamins C and E43,

44.

Considering these findings in the

context of the varied composition of the most commonly used pregnancy MMS
available to Australian women (table 1.6), the potential for detriment emerges as
a significant concern.
The use of multivitamins in the peri-conception period was reported as
effective in reducing the risk of preterm birth in the Danish National Birth Cohort52;
first trimester multivitamin supplementation also demonstrated a reduction in the
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incidence of pre-eclampsia in overweight women from an Australian dataset53.
However, a lack of evidence exists regarding the use of MMS in the second and
third trimesters of pregnancy48.

Table 1.6: Vitamin and mineral composition of three common pregnancy multivitamins

Micronutrient

Recommended

Elevit
with iodine

Blackmores
pregnancy and
breastfeeding gold

Swisse
pregnancy ultivite

2.4 mg

6 mg

Betacarotene (Provitamin A)

800 μg1

Vitamin B1

1.4 mg1

1.4 mg

700 μg

1.4 mg

Vitamin B2

1.4 mg1

1.4 mg

700 μg

1.4 mg

Vitamin B3

18 mg1

18 mg

9 mg

18 mg

Vitamin B6

1.9 mg1

1.9 mg

950 μg

1.65 mg

Vitamin B9 (folate/folic acid)

1000 μg1

800 μg

250 μg

500 μg

Vitamin B12

2.6 μg1

2.6 μg

1.3 μg

2.6 μg

Vitamin C

55-60 mg1

85 mg

30 mg

60 mg

Vitamin D

200 IU2

200 IU

500 IU

600 IU

Vitamin E

7.7 IU2

7.7 IU

5.22 IU

Vitamin K

60 μg2

Iron

27 mg1

60mg

5 mg

5mg

Iodine

220 μg1

220 μg

75 μg

250 μg

Zinc

11 mg1

11mg

5.5 mg

11 mg

Calcium

1000-1300 mg1

125mg

50 mg

20 mg

Magnesium

350-400 mg1

100mg

35 mg

20 mg

Omega 3

115 mg2

150 mg

135 mg

Selenium

65 μg1

50 μg

32.5 μg

65 μg

Biotin

30 μg2

30 μg

15 μg

30 μg

1/day

2/day

1/day

Dose
1.

RDI – Recommended daily intake

2.

AI – Adequate intake

-

-

-

60 μg
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1.4.2 Folate and folic acid
Folate and folic acid are the natural and synthetic forms of vitamin B9, a
vitamin that functions as a co-enzyme in the metabolism of amino acids46. Found
in leafy greens and grains, the established importance of folate in neural tube
formation resulted in the mandatory fortification of Australian bread-making flour
in 200954. Folate requirements increase by up to 50% during pregnancy due to
changing maternal haemodynamics, uterine enlargement, placental and foetal
development55. The role of folate in the protection of neural tube formation in the
developing embryo is well understood; for this reason, most research on folic acid
supplementation has centred on use in the peri-conception period55-57. Daily
supplementation of 400μg for low-risk women remains the recommendation,
despite food folate fortification programs in several countries58.
In addition to its role in foetal formation, folate is vital for DNA methylation,
synthesis and maintenance55, and the metabolism of homocysteine, a naturally
occurring amino acid with a known role in inflammation 55. Therefore, folate
deficiency leads to a reduction in cell division, particularly affecting formed blood
elements55, and poor homocysteine conversion resulting in persisting elevated
serum homocysteine levels59. Elevated homocysteine levels have been found in
women with pre-eclampsia and those birthing preterm, however rising
homocysteine levels have also been established in uncomplicated pregnancies
from 36 weeks gestation60. As such, rising homocysteine levels may be a
necessary physiological process in preparation for parturition regardless of the
length of gestation. These findings have guided research into the continuation of
folic acid supplementation in advancing pregnancy59; however, to date, no benefit
has been established61.

29
1.4.3 Calcium
Calcium is an essential element primarily derived from milk and milk-based
foods with a recommended daily intake of 1000mg across all trimesters of
pregnancy. Increased intake beyond these parameters through diet or
supplements is not recommended, due to compensatory calcium homeostasis
mechanisms throughout gestation62. The role of calcium ions in smooth muscle
contraction is well understood63; however, numerous reproduction-specific
calcium-dependent mechanisms are thought to exist42,

64-71.

These include

calcium second messenger systems in oxytocin signalling42, prostaglandin
synthesis42, membrane excitability66, uterine pacemaker units63, calcium
waves42, phenotypical changes to myometrial calcium ion channels72, a change
in fetal-maternal calcium balance created by uteroplacental calcium transport
mechanisms73, an increase in intrapartum extracellular calcium74 and a maternal
serum calcium level trough midway through the third trimester65,
calcium

transport mechanisms may be influenced by

75.

Altered

the action of

homocysteine76, potentially contributing to the inflammatory processes of labour.
Research regarding prenatal calcium supplementation in pregnancy has
produced mixed results. While calcium supplements have been found to improve
outcomes associated with pre-eclampsia14, 19, 77, no evidence of benefit has been
found beyond the scope of these outcomes14, 19.
1.4.4 Iron
Iron is a pivotal component of several proteins and is involved in oxygen
transport and redox reactions46. The most bioavailable form of iron (haem) is
derived from meat, fish and poultry; the less available form (non-haem) from
wholegrain cereals and leafy green vegetables46. Maternal haemodynamic
changes during pregnancy result in increased red blood cell mass to meet the
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growing oxygen demands of uteroplacental circulation55, 78. As such, the need for
iron during pregnancy increases in order to compensate for an increased oxygen
requirement and pregnancy-induced haemodilution22, 55.
Supplemental iron is recommended for women identified with iron
deficiency anaemia; however, observation of diagnostic criteria, mode and
frequency of supplementation varies across populations79. While some research
has demonstrated efficacy in improving outcomes in both developing and
developed countries79, other studies suggest inappropriate iron supplementation
increases the risk of small for gestational age babies 17, 55, gestational diabetes
and hypertension55. Further, research has determined that iron stores in various
oxidation states react with nitric oxide to form dinitrosyl iron complexes (DNIC)80.
Nitric oxide acts in the relaxation of smooth muscle, including that found in
arteries, thereby facilitating vasodilation81. Therefore, it exerts a role in three
pregnancy maintenance mechanisms: vasodilation of the woman’s systemic
circulation (including renal alterations), increased uteroplacental blood flow and
quiescence of the uterus throughout pregnancy81, 82. Nitric oxide is also thought
to be a mediator in the cervical ripening process due to the smooth muscle
components of the cervix81. While these actions are complex and not completely
understood, the relationship between DNIC’s and nitric oxide suggests that iron
levels may contribute to gestational length.
1.4.5 Iodine
Iodine is an essential micronutrient and an integral component of thyroid
hormone production. Iodine is found primarily in seafood but is also sourced
through land-based foods; therefore available iodine depends on the proximity of
the geographical origin to the coast and agricultural practices of the area of
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production83. Iodine deficiency during pregnancy has been associated with
developmental delay and foetal thyroid pathologies, and as such daily
supplementation of 150μg is recommended43,

44, 84.

However, literature also

suggests that 100-300μg per day does not modify thyroid function but does have
the capacity to act in an anti-inflammatory capacity85.
While the endocrine mechanisms associated with spontaneous labour are
not fully understood, a relationship between thyroid function and spontaneous
labour is strongly suggested86. This may be due to the association between
maternal and foetal thyroid function87 and the role of thyroid hormones in foetal
lung development88. Given the known role of lung maturation in foetal-maternal
signalling and spontaneous labour89, the influence of thyroid hormones and their
mediators – including iodine, selenium and zinc - extends beyond the maternal
physiology into that of the foetus and its contribution to parturition.
1.4.6 Selenium
Selenium is an essential mineral found in plant and animal foods including meat,
seafood, grains, dairy, fruit and vegetables, and is required for the development
of the selenoproteome90. The selenoproteome is a family of 25 selenoproteins
exhibiting a wide range of distribution and functions throughout the body,
including immunity, antioxidant and anti-inflammatory actions91. Enzymes in this
family include glutathione peroxidases, selenoprotein P and thioredoxin
reductase, collectively enhancing T-cell proliferation91 and reducing damage
attributable to reactive oxygen species (ROS)90,

92.

The antioxidant and anti-

inflammatory actions of selenium and their positive contribution to a reduction in
incidence and severity of pre-eclampsia have been established93-95; additionally
correlations have been recognised between low selenium levels, miscarriage,
preterm birth and intrauterine growth restriction95. As such, a dietary allowance
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of 60µg per day is recommended to maximise selenoprotein expression and
optimise antioxidant capability.
1.4.7 Zinc
The essential element zinc is found in a wide variety of foods including
meat, seafood, fish, poultry, dairy and cereals46. In addition to a pivotal role in
protein synthesis, cellular division and nucleic acid metabolism 9, 96, zinc has been
highlighted as an important micronutrient in anti-inflammatory processes97. A
2015 Cochrane meta-synthesis reported low-level evidence suggesting zinc
supplementation reduces the risk of preterm birth9 , findings concurrent with those
of previous systematic reviews96. This research indicated a reduction in preterm
birth by 14% in supplemented cohorts, the majority of which represented lowincome populations9. This statistic represents a significant decrease in
associated morbidity and mortality and a strategy of public health importance9, 96.
Additionally, observational studies have reportedly linked zinc status and birth
outcomes, including gestation at birth and labour progress98. The role of zinc in
estrogen-dependent gene expression and prostaglandin synthesis may be
responsible for these outcomes, given the role of these processes in the initiation
of spontaneous labour98.
1.4.8 Magnesium
Magnesium is an essential mineral found in both plant and animal foods,
including green vegetables, legumes and shellfish. Many functions depend on
available magnesium including energy production, calcium metabolism99,
thermoregulation, nucleic acid and protein synthesis100, and inhibition of
inflammation mediator production101. Further, its role in the maintenance of action
potentials has contributed to its positive effect on pregnancy-induced leg
cramps102, contributing to the use of magnesium supplements in pregnancy.
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Many women, especially those from disadvantaged backgrounds, have low
intakes of magnesium. Magnesium supplementation during pregnancy has been
tentatively linked with improved outcomes in terms of foetal growth restriction,
pre-eclampsia, and increased birthweight100. However, the level of evidence
remains low, and risks and benefits relating to magnesium supplementation in
pregnancy remain largely unknown100.
1.4.9 Vitamin C
Vitamin C is a water-soluble vitamin found most commonly in fruit and
vegetables and is essential in collagen synthesis and antioxidant defence
mechanisms103. While vitamin C deficiency is rare in high-income countries,
women who smoke and those of low socioeconomic status are at the highest risk
of low dietary intake103, 104. Vitamin C in pregnancy is supported mainly as an
accompaniment to iron supplements due to its known role in iron mobilisation and
absorption in the gut103; however, research examining the effects of Vitamin C
supplementation on birth outcomes have indicated a potential for harm in both
healthy and high-risk women103.
1.4.10 Vitamin E
Vitamin E is a fat-soluble vitamin primarily sourced from vegetable oils and
is responsible for cell membrane integrity. Further, vitamin E prevents erythrocyte
haemolysis, a vital function during pregnancy due to the known increased
haemodynamic

load105.

Literature

reports

no

benefit

of

Vitamin

E

supplementation during pregnancy; conversely, the action of Vitamin E as an
anticoagulant106 is cause for concern given known changes in maternal
coagulation profiles throughout pregnancy and parturition107.
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1.4.11 Vitamin D
Vitamin D is a fat-soluble vitamin found naturally in some foods, including
fish oils, eggs yolks, mushrooms and liver, with levels considered low at serum
concentrations < 50 nmol/L8. There are two physiologically active forms of this
vitamin; vitamin D2 is synthesised by plants, while vitamin D3 (cholecalciferol) is
synthesised by the skin with exposure to ultraviolet light B (UVB) radiation 108.
While up to 90% of the body’s vitamin D is due to sun exposure 109, Vitamin D
status is inherently determined by environmental and physiological factors that
affect the skin’s capacity to synthesise this vitamin. These factors include skin
pigmentation, access to sunlight, UV radiation strength, cultural attire, sunscreen
use, and air quality8.
Vitamin D supplements are most effective in cholecalciferol form, given its
efficacy in raising and maintaining serum concentrations. Additionally, vitamin D
assists in the maintenance of blood glucose levels by binding to receptors in the
pancreatic beta cells to help regulate insulin release110. Through its role in
calcium homeostasis, Vitamin D is vital for calcium regulation, working with
parathyroid hormone to regulate the absorption and release of calcium from
sources and stores8.
The role of vitamin D in pregnancy has been extensively examined, finding
that vitamin D deficiency potentially influences several outcomes including preeclampsia, gestational diabetes, preterm birth and low birthweight 8. Numerous
mechanisms have been postulated as contributing to these findings, including
immune dysfunction, abnormal angiogenesis, gene regulation and expression,
stress-activated kinase signalling inhibition, inflammatory cytokine production
and prostaglandin synthesis and actions111. While the effects of vitamin D
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deficiency have been investigated, insufficient high-level evidence exists to
suggest that supplementation improves birth outcomes8, 112.
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ABSTRACT
Objective: To assess the quantity and focus of recent empirical research
regarding the effect of micronutrient supplementation on live birth outcomes in
low risk pregnancies from high income countries.
Design: A systematic quantitative literature review.
Setting: Low-risk pregnancies in world-bank classified high income countries,
2019.
Results: Using carefully selected search criteria a total 2475 publications were
identified, of which seventeen papers met inclusion criteria for this review. Data
contributing to nine of the studies was sourced from four cohorts; research
originated from ten countries. These cohorts exhibited a large number of
participants, stable data and a low probability of bias. The most recent empirical
data offered by these studies was 2011; the most historical 1980. In total, 55
categorical outcome/supplement combinations were examined; 67.3% reported
no evidence of micronutrient supplementation influencing selected outcomes.
Conclusions: A coordinated, cohesive and uniform empirical approach to
future studies is required in order to determine what constitutes appropriate,
effective and safe micronutrient supplementation in contemporary cohorts from
high income countries, and how this might influence pregnancy outcomes.
Keywords: Birth outcomes, high income, pregnancy, micronutrients,
supplements.
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INTRODUCTION
Evidence regarding the effect of malnutrition on pregnancy outcomes has
been extensively documented(1-4), with micronutrient supplement interventions
traditionally focussed on low- and middle-income countries (5). This is, in part,
due to the disproportionate rate of poor perinatal outcomes attributable to
malnutrition compared to that of high-income regions(6, 7). However, suboptimal
nutrition also represents a significant public health concern in high income
countries as a result of undernourishment, over nourishment or micronutrient
deficiency(8). Despite this knowledge, women from high-income countries
represent an under-researched population(2).
Over recent years the Cochrane Database of Systematic Reviews has
thoroughly examined published research regarding the effect of multiple
micronutrient supplements(3), folic acid(9), iron(10), zinc(11), calcium(12), iodine(13)
and vitamin D(14) on pregnancy outcomes. However, the majority of studies
exhibited vast heterogeneity in data, cohorts, context and examined outcomes,
with many reporting low or no evidence of significant benefits of supplements in
low-risk women and high income countries. Further, each Cochrane review
cautiously highlights the need for further randomised control trials in view of
perceived pregnancy risks and ethical considerations(3, 9-13). Despite these
limitations, systematic reviews remain the foundation of clinical practice
recommendations(15-17).
This is potentially problematic, in that the effects of supplementation in
the absence of identified deficiency, low risk pregnancies and high-income
countries are largely unknown. This review and synthesis of contemporary
empirical research aimed to determine how, where and when empirical
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research was conducted, the cohorts studied and who the major publishers are
in this field. In addition, this review identifies what has been most commonly
studied in terms of demographics, outcomes, supplements and their timing over
the last decade, and synthesizes a consensus of findings relating to the effect of
micronutrient supplements on the birth outcomes of low-risk pregnancies in
high-income countries. Identified research deficits and implications for policy
and practice are subsequently discussed.

METHODS
The systematic quantitative literature review
Systematic literature reviews are commonly used in the health sector and
are an important component of evidence-based health care, assisting in the
development and maintenance of guidelines and policies, institutional and
personal practice(18). However, while systematic reviews aid in the identification
of knowledge gaps, they do not necessarily highlight research deficits(19). The
systematic quantitative literature review is emerging in a range of scientific
disciplines as an appropriate methodology in heterogeneous research contexts.
The quantitative approach facilitates analysis of varying approaches in
discipline, design, context, intent and methodology(19). This review is systematic
in that a structured framework has been used to establish project parameters,
assess the literature and construct a database of literature for review according
to PRISMA guidelines(20).
The Pickering & Byrne(19) approach utilises a unique 15-step process
which encourages researchers to develop a categorisation framework based on
an iterative and inductive process to develop, implement, and present their
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review; a process consistent with but more detailed than traditional systematic
reviews(21, 22). A significant benefit of this quantitative methodology is that the
examination technique expands rather than refines the depth of the review(19);
identification of research gaps are easily identified under these systematic
conditions in addition to research ‘hotspots’. This differs from traditional
systematic reviews, in which examination commences with a broad foundation
and content is deductively reduced, limiting the scope of the review to collation
of current knowledge and relying on deductive reasoning to identify the
research deficits(19). As such this approach is appropriate for areas of research
with diversity of scope(19), a feature demonstrated by the literature regarding
supplementation in pregnancy, the range of micronutrients, outcomes, settings
and demographic groups studied, and the methodologies employed to do so.
This systematic review has been conducted according to the Preferred
Reporting Items for Systematic Reviews recommendations (PRISMA)(20) and
conforms to the systematic quantitative literature review approach described in
Pickering and Byrne(19). The PRISMA flow chart has been used to detail the
review process (figure 1); methods and results have been detailed according to
PRISMA reporting criteria (appendix 1).

Search strategy
To identify a comprehensive list of papers examining the effect of
micronutrient supplements on the birth outcomes of low-risk pregnancies in
high-income countries, a systematic search was conducted seeking articles
using the electronic databases CINAHL, EMBASE, MEDLINE, PUBMED and
Google Scholar from 1st March 2009 to 1st March 2019, a time frame
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determined by examination of literature cited in recent systematic reviews (3, 913).

A literature search was conducted using a combination of the following

keywords; [supplement* OR vitamin* OR mineral OR micronutrient OR "micro
nutrient" OR micro-nutrient] AND ["high income" OR developed OR industrial*
OR "first world"] AND [(birth OR pregnanc*) AND outcomes]. Studies were
considered eligible if they were original, peer-reviewed, published articles
detailing empirical data pertaining to the use of identified supplements during
low risk pregnancies (including the peri-conception period), examined live birth
outcomes in relation to supplement use in either a primary or secondary
capacity, were undertaken in women living in countries considered high-income
in 2019(23), and were published in the English language within the last ten years.

Selection criteria
All results were screened by the first author for suitability by title and/or
abstract; discussion papers, papers examining supplementation in nonpregnant populations or low- and middle-income regions, use of supplements in
the presence of known pregnancy risk or reporting haematological values alone
were excluded. Similarly, errant results with no reference to pregnancy
outcomes and micronutrient supplements were excluded. References cited by
each study meeting stage one eligibility were reviewed to identify additional
potential studies; systematic reviews were excluded after examination for
eligible literature. Full text versions of all studies passing this initial screening
were then reviewed in detail. A second screening was then employed whereby
a study was excluded if it did not meet the established parameters. Included
and excluded papers were recorded for each of the screening stages according
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to the PRISMA Statement (appendix 1). Risk of bias was assessed at a study
level; each addressed the potential for bias within the individual research
protocol or discussion. Two included papers were known to the authors and
included as additional resources. Both papers met all selection criteria and as
such selection bias was considered minimal. Analysis of the reviewed articles is
reported in terms of bibliographic details and research design, examined
variables and key findings.

Categories
Characteristics regarding the nature and scope of research surrounding
the effect of micronutrient supplements on the outcomes of low risk pregnancies
in high income countries was measured across a range of emergent categories
(19).

Final categories comprised of bibliographic details (authors, year, title,
journal, genre), settings and methods (country [state, region], study/cohort, year
of collection, funding source, number of participants, method
[observational/experimental-single/double blinded randomised control trial,
single/multisite]), descriptive groups (ethnicity, age group, parity, BMI, smoker,
education, socio-economic status), trimester (peri-conception, trimester 1, 2, 3,
1&2, 2&3, trimester 1,2&3), supplements (multiple micronutrient supplements
[MuMS], folic acid, vitamin C/vitamin E, vitamin D, zinc, iron, calcium, DHA,
supplement combinations) and birth outcomes (pre-eclampsia, gestational
diabetes, induction of labour, birth < 37 weeks, birth > 41 weeks, gestation at
birth, low birthweight/small for gestational age, birthweight). Sub-categories
were created on an emergent basis; all affirmative categories were recorded in
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a spreadsheet with the numerical value 1; totals were added at the conclusion
of the analysis. Frequency of examined variables have been documented in
Table 1, along with reference numbers.

RESULTS
A total of 2475 potentially relevant studies were identified. Of the fifty-one
full text articles meeting stage one and two criteria during the eligibility process,
seventeen were retained for quantitative analysis in this systematic review(24-40)
(figure 1, table 2). Of the 34 papers excluded, 16 were systematic reviews (3, 9-11,
42-52),

four were systematic reviews with meta-analyses(2, 53-55) and two

presented meta-analyses alone(56, 57). A further six were discussion papers(12, 5862),

four intentionally included women with identified risk(63) or diagnosis of

pregnancy morbidities (pre-eclampsia(64, 65) and gestational diabetes(14)), one
study was ceased due to adverse outcomes(13) and one examined a particular
micronutrient administered in a multiple micronutrient formulation (66)
(supplementary material).

Bibliographic Details and Design
Authors and data pools
A total of 103 authors were credited with authorship across the eligible
papers. Sixteen authors were responsible for first authorship of the seventeen;
one author was responsible for first authorship of two papers(27, 28). Large birth
cohorts were responsible for generating the majority of data; the Danish
National Birth cohort (DNBC 1997-2003, n=2)(27, 28), Norwegian Mother and
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Baby cohort (MoBA 2002-2009, n=2)(31, 35), Environments for Healthy Living
cohort (EFHL 2006-2011, n=2)(34, 40), and the New England, USA dataset
(collected with support from the Eunice Kennedy Shriver National Institute of
Child Health and Human Development (NICHD) Maternal-Fetal Medicine Units
Network 1996-2008, n=3)(32, 33, 38) accounted for the bulk of published papers
(table 1). Additionally, the RHEA (2007-2008)(36), Generation R (2002-2006)(39)
and Infancia y Medio Ambiente(37) cohorts (2004-2005) contributed to the final
data pool (n=147,323 women).
Five countries each contributed one unique cohort and one subsequent
publication to the field of research (table 1).; Australia(34, 40), Denmark(27, 28) and
Norway(31, 35) each contributed one cohort from their respective countries; each
of these cohorts contributed data to two unique papers. The United Kingdom
added a further two studies on independent cohorts to the research (24, 25). The
United States was responsible for three studies originating from one cohort of
women(33), two of which reported the same intervention on different outcomes (32,
38).

The USA contributed an additional unique cohort and intervention to the pool

of research(26) (table 1).

Year of publication and research methodologies
The quantity of published empirical research studies has declined over
the past decade. While 2009 and 2010 both returned five qualifying studies
each, the years 2011-16 produced seven empirical studies in total. No research
meeting these parameters was found after 2016 (table 1). The majority of
research was conducted with observational studies (n=12, table 1); of these
nine were conducted in multicentre collaborations (75.0%). Multicentre research
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also accounted for two out of the five experimental studies(32, 38) (40%), with the
remainder conducted with a single centre approach(25, 26, 29). All experimental
studies were randomised control trials; four of these used double blinded
methodologies (table 1) with the remaining study blinded to participants but not
researchers(29).

Genres and Journals
Journals publishing this research was restricted to four genres, with
nutrition(25-27, 35-37, 39, 40) (n=8, 47.1%), medicine(24, 29, 30, 32, 33, 38) (n=6, 35.3%),
epidemiology(28, 31) (n=2, 11.8%) and midwifery (34) (n=1, 5.9%) journals
producing all eligible articles. The British(25, 37, 39) (n=3) and American(26, 27)
Journals of Nutrition (n=2) published eligible research most frequently, along
with the European Journal of Obstetrics, Gynaecology and Reproductive
Biology(30, 33) (n=2) and British Journal of Obstetrics and Gynaecology(24, 29)
(n=2). A further eight journals published one study each (28, 31, 32, 34-36, 38, 40).
These journals were produced by a range of publishers.

Variables Examined
Supplements
In total nine micronutrients - either alone or in combination - were
examined with empirical research methods in the specified time frame (table 1).
Folic acid was the most frequently examined micronutrient supplement (n=10).
Of these ten studies, three examined the use of folic acid in combination with
either a multivitamin (n=2)(30, 34) or iron(36) (n=1). Multiple micronutrient
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supplements were examined independently in five studies, iron in two (29, 34);
vitamin C and E in combination accounted for two studies(32, 38) and one study
examined zinc and calcium both independently and in combination with all
previously mentioned micronutrients(34). The studies evaluating the role of
DHA(26) (n=1) and vitamin D(31) (n=1) in pregnancy outcomes were performed in
the absence of other supplements.

Outcomes
Reporting of birth outcomes was limited to gestation at birth (continuous,
n=8; categorical, <37 weeks, n=10, > 41 weeks, n=1), birthweight (continuous,
n=8; low birthweight [< 2500grams/small for gestational age <10th centile],
n=12), onset of labour (n=2), and the development of hypertensive disorders of
pregnancy (including pre-eclampsia, n=6) and gestational diabetes (n=2)(table
1).

Timing of supplements
Supplement use was examined across all three trimesters of pregnancy
in six of the studies (table 1). A further five examined supplement use in the
peri-conception period only i.e. three months before conception through until
three months after conception. Examination exclusively by trimester was
performed by the minority (table 1).

Demographic groups
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Maternal age was recorded by all papers and reported as the mean and
standard deviation of a continuous variable in nine of the seventeen studies
(table 1). Categorisation into maternal age groups was difficult and resulted in
an inability to extract vital information given the lack of consistency in age group
categories between the remaining studies. A total of 27 different age group
categories were reported between the eight studies citing division of maternal
age into categorical variables for ages <18 to 40 years. The age groups
ranged from a two to nine year category span, preventing category reduction
through combination and descriptive reporting of age group representation in
the cohort as a whole.
Ethnicity was poorly reported in these studies, with seven of the eligible
papers not declaring ethnicity (table 1); a further two recorded country of birth
rather than ethnic background(24, 39). For those that did record ethnic identity,
44% (n=12154) of the combined cohort recorded ethnicity as ’other’. Hispanic
was the most frequently recorded ethnic origin (n=4), followed by Caucasian
(n=2), African American (n=2) and the generic category ‘Black’ (n=2). Nine
individual ethnicities were recorded as examined in these studies (table 1).
Parity was well-reported, with all papers reporting parity as a descriptive
variable. While 88% (n=15) of these did not report associations with outcomes
(table 1) two did; one exclusively examined supplementation in nulliparous
women(31), the other reported differences between women in first and
subsequent pregnancies(34). The majority of research was undertaken in
nulliparous women (n=78520, 62%). Smoking status was reported by 76% of
the papers (n=13); four papers did not provide these details(25, 29, 30, 35). Smokers
comprised 15% (n=18730) of the total cohort reporting smoking habits
(n=122967).
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Completed education level and socio-economic status reporting was
inconsistent. Education level was unrecorded or reported as years completed
(±SD) in all but two studies(34, 37). Socio-economic status (SES) was more
frequently recorded, with low (n=4), middle (n=2) and high income categories
(n=2) examined to some extent (table 1).

Key Findings
In total, fifty-five categorical outcome/supplement combinations were
examined across these seventeen publications. Of these, 67.3% (n=37) found
no evidence of micronutrient supplementation increasing or decreasing risk of
the selected outcomes. A decrease in risk of suboptimal outcomes was
detected in 25.5% (n=14), while risk was found to have increased in 7.3% (n=4)
of combinations (table 3). Two studies reported a reduction in risk for low
birthweight with use of folic acid in the peri-conception period(27, 39) and iron
supplements in trimesters two and three(29).
The majority of decreased risk was found in studies examining
hypertensive disorders of pregnancy and preterm birth. Four of the included
studies contributed to this consensus, three of which examined use of multiple
micronutrient supplements and/or folic acid(28, 33, 40). The remaining study
reported risk for pre-eclampsia to be reduced by vitamin D supplements in the
context of nulliparous pregnancy(31). Multiple micronutrient supplements were
found to reduce the risk of preterm birth and pre-eclampsia in the two separate
Danish cohort studies; this did not extend to folic acid supplements(27, 28).
However, one study examining multiple micronutrient supplementation
across the whole gestation reported increased risk for preterm birth(24); another
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reported an increase in the risk of small for gestational age infants in women
using iron supplements in the first and second trimesters(36). Increased risk for
birth beyond 41 completed weeks in women using multiple supplement
combinations in the third trimester was reported by one of the two related
papers(34); induction of labour was found to be higher in this study. No evidence
of benefit or detriment was reported with regard to micronutrient
supplementation and the development of gestational diabetes.

DISCUSSION
This review aimed to quantify and characterise recently published
empirical studies examining the effects of micronutrient supplements on birth
outcomes in high-income countries. The systematic quantitative literature
review methodology(19) has facilitated identification of a number of challenges
faced by research in this field. These include the data pool limitations, diversity
of methodologies and lack of research in supplementation beyond the first
trimester.
Data contributions to the research have originated from a variety of
countries, however these ten countries represent only 12% of countries
considered high-income by the World Bank(23). Further, four cohorts provided
data for nine of these studies. These cohort studies reported data pertaining to
a large number of participants, thereby reducing the potential for recruitment
bias(67-70). However, the low number of unique data pools is problematic, in that
data typifies its specific population(71). This results in homogeneity within each
data extraction irrespective of the intended investigation and an inability to
compare efficacy of interventions between different descriptive groups. Further,
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heterogeneity is present within the methodologies of each study, with a lack of
consistency contributing to the lack of cohesion between reported findings.
Another issue experienced by researchers in this field is the currency of
data available for examination. The most recent empirical data offered by these
studies was 2011; some data was collected nearly four decades ago, despite
publication in 2009(30). These datasets and their demographic foci are
representative of known health risk groups at the time of data collection.
However, baseline maternal health and diets have changed substantially in this
time frame(72). Physical determinants such as obesity and poor nutrition are
driving increasing rates of non-communicable diseases such as essential
hypertension, heart disease and diabetes in high-income countries(73). These
historically rare concerns represent significant risk during pregnancy and are
increasingly affecting birth outcomes(72). Determining the effects of dietary
supplementation in women experiencing these comorbidities is vital if
improvements are to be made in associated perinatal morbidities.
Similarly, the cultural factors influencing nutrition status in high-income
countries have changed substantially over time, with increasing immigration and
the inevitable transference of socio-cultural norms across international
boundaries(74). This acculturation has resulted in diversity in the baseline health
status and food selection practices of pregnant populations in high-income
countries(75-77). Hence, the nutritional needs of pregnant women in
contemporary high-income regions may differ considerably from those
historically studied. This highlights a knowledge gap regarding the needs and
effects of micronutrient supplements in women from culturally diverse
backgrounds. As such, high-quality contemporary data collections are
necessary to ascertain the implications and effects of micronutrient
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interventions in the context of high-income countries. Randomised control trials
incorporating baseline nutrition status, biological sampling, supplementation and
birth outcomes in specific demographic groups would be a valuable step toward
gathering relevant evidence and improving the birth outcomes of culturally
diverse women in today’s multicultural society.
The translation of research to practice in the field of supplementation
during pregnancy faces a number of challenges. Global organisations and
national and state governing bodies rely on data synthesis and systematic
reviews to inform clinical recommendations(17). While systematic reviews are the
gold standard for evidence-based practice(18), they rely on existing data and
publications. However, with the exception of peri-conception folic acid, the level
of evidence informing supplementation guidelines is universally poor. This has
resulted in guidelines advising the use and timing of specific supplements
during pregnancy being founded on consensus-based recommendations. This
represents a challenge to consistent dissemination of information among and
between health professionals and the wider community, resulting in advice
influenced by opinion, rhetoric, anecdotes and the widespread belief that
supplements are harmless(78). However, evidence is now emerging that
suggests that inappropriate use of supplements may be detrimental to selected
birth outcomes(34). This is particularly pertinent when considering the proposed
link between micronutrient supplements and increased gestational length at
term, given the linear association between poor perinatal outcomes and
gestation beyond 38 completed weeks(79).
A number of supplements were absent from these studies, including
those considered beneficial (selenium for the prevention of hypertensive
disorders(80)) or recommended (iodine to meet increased need during
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pregnancy(15)). Both of these micronutrients in excess have the capacity for
toxicity(81), so tightly regulated studies would be required if cohort-specific
interventions were proposed. However, recommending these supplements in
the absence of identified deficiency incurs inherent risk. Further, while folic acid
supplementation has proven highly beneficial in prevention of neural tube
defects in the peri-conception period(82), little evidence exists describing its
effect in subsequent trimesters. Trimester specific intervention with all
supplements was highly variable, resulting in an inability to determine timely
windows of opportunity for specific addition or withdrawal of supplementation in
order to optimise outcomes.
The paucity of research surrounding supplement use during pregnancy in
the current context prevents accurate estimation of the percentage of women
using such supplements. However, the demonstrated knowledge gap and
reliance of clinicians and consumers on unsubstantiated information may be
significant contributors to the high predicated annual growth rate of the global
pregnancy supplement market, estimated to reach a value of $674 million by
the year 2025(83). Despite these factors, little contemporary empirical research
has been conducted regarding supplement use during pregnancy, and as such
the evidence informing current policy and recommendations remains
questionable. As such, the associations between micronutrient supplements
and birth outcomes in high-income countries is a research topic that should be
addressed as a matter of priority.
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CONCLUSION
Data informing current systematic reviews pertaining to the use of
micronutrient supplements to improve the birth outcomes of low-risk women in
high income countries is limited by the quantity of current research, limited data
pools, heterogeneity in methodologies, and traditional dissemination of research
to primary health practitioners. Over two-thirds of analyses presented found no
evidence of benefit or detriment to birth outcomes as a result of micronutrient
supplementation in low-risk women living in high income countries. The
heterogeneity in methodologies and results and lack of specificity regarding
demographic groups confound findings regarding what constitutes appropriate
and effective supplementation, and the application of these findings to practice.
A coordinated, cohesive and uniform empirical approach to research is required
in order to determine what constitutes appropriate, effective and safe
micronutrient supplementation in contemporary cohorts from high income
countries during pregnancy.
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Table 4: List of papers INCLUDED in this review

Ref
no.
24

Authors

Year

Title

Journal

Alwan N, Greenwood D,
Simpson N, McArdle H, Cade
J.
Brough L, Rees GA, Crawford
MA, Morton RH, Dorman EK.

2010

BJOG: An International
Journal of Obstetrics and
Gynaecology
British Journal of Nutrition.

Carlson SE, Colombo J,
Gajewski BJ, Gustafson KM,
Mundy D, Yeast J, et al.
Catov JM, Bodnar LM, Olsen J,
Olsen S, Nohr EA.

2013

The relationship between dietary supplement use in late
pregnancy and birth outcomes: A cohort study in British
women.
Effect of multiple-micronutrient supplementation on
maternal nutrient status, infant birth weight and gestational
age at birth in a low-income, multi-ethnic population.
DHA supplementation and pregnancy outcomes.

Catov JM, Nohr EA, Bodnar
LM, Knudson VK, Olsen SF,
Olsen J.
Chan KKL, Chan BCP, Lam
KF, Tam S, Lao TT.

2009

30

Czeizel AE, Puhó EH,
Langmar Z, Ács N, Bánhidy F.

2009

31

Haugen M, Brantsæter AL,
Trogstad L, Alexander J, Roth
C, Magnus P, et al.
Hauth JC, Clifton RG, Roberts
JM, Spong CY, Myatt L,
Leveno KJ, et al.
Martinussen MP, Bracken MB,
Triche EW, Jacobsen GW,
Risnes KR.

2009

25

26

27

28

29

32

33

Country

Cohort / Year

UK

2003-2006

UK

2002-2004

The American Journal of
Clinical Nutrition.

USA

2006-2011

Periconceptional multivitamin use and risk of preterm or
small-for-gestational-age births in the Danish National
Birth Cohort1–4.
Association of periconceptional multivitamin use with
reduced risk of preeclampsia among normal-weight
women in the Danish National Birth Cohort.
Iron supplement in pregnancy and development of
gestational diabetes—a randomised placebo‐controlled
trial.
Possible association of folic acid supplementation during
pregnancy with reduction of preterm birth: a populationbased study.
Vitamin D Supplementation and Reduced Risk of
Preeclampsia in Nulliparous Women.

The American Journal of
Clinical Nutrition.

Denmark

DNBC
1997-2003

American Journal of
Epidemiology.

Denmark

DNBC
1997-2003

Hong Kong

2005-2007

Hungary

1980-1996

Norway

MoBA
2002-2009

2010

Vitamin C and E supplementation to prevent spontaneous
preterm birth: a randomized controlled trial.

Obstetrics And
Gynecology.

USA

2015

Folic acid supplementation in early pregnancy and the risk
of preeclampsia, small for gestational age offspring and
preterm delivery.

European Journal of
Obstetrics & Gynecology
and Reproductive Biology.

USA

Eunice Kennedy
Shiver cohort
2003-2008
Eunice Kennedy
Shiver cohort
1996-2000

2010

2011

2009

BJOG: An International
Journal of Obstetrics and
Gynaecology
European Journal of
Obstetrics & Gynecology
and Reproductive Biology.
Epidemiology.
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McAlpine JM, Scott R,
Scuffham PA, Perkins AV,
Vanderlelie JJ.
Nilsen RM, Vollset SE, Monsen
ALB, Ulvik A, Haugen M,
Meltzer HM, et al.
Papadopoulou E, Stratakis N,
Roumeliotaki T, Sarri K, Merlo
D, Kogevinas M, et al.

2015

37

Pastor-Valero M, NavarreteMuñoz EM, Rebagliato M,
Iñiguez C, Murcia M, Marco A,
et al.

2011

38

Roberts JM, Myatt L, Spong
CY, Thom EA, Hauth JC,
Leveno KJ, et al.

39

Timmermans S, Jaddoe VWV,
Hofman A, SteegersTheunissen RPM, Steegers
EAP. .
Vanderlelie J, Scott R, Shibl R,
Lewkowicz J, Perkins A,
Scuffham PA.

34

35

36

40

The association between third trimester
multivitamin/mineral supplements and gestational length in
uncomplicated pregnancies.
Infant birth size is not associated with maternal intake and
status of folate during the second trimester in Norwegian
pregnant women.
The effect of high doses of folic acid and iron
supplementation in early-to-mid pregnancy on prematurity
and fetal growth retardation: the mother–child cohort study
in Crete, Greece (Rhea study).
Periconceptional folic acid supplementation and
anthropometric measures at birth in a cohort of pregnant
women in Valencia, Spain.

Women and Birth.

Australia

EFHL
2006-2011

Journal of Nutrition.

Norway

MoBA
2002-2003

European Journal of
Nutrition.

Greece

RHEA
2007-2008

British Journal of Nutrition.

Spain

Infancia y Medio
Ambiente 20042005

2010

Vitamins C and E to prevent complications of pregnancyassociated hypertension.

The New England Journal
of Medicine.

USA

Eunice Kennedy
Shiver cohort
2003-2008

2009

Periconception folic acid supplementation, fetal growth
and the risks of low birth weight and preterm birth: the
Generation R Study.

British Journal of Nutrition.

Netherlands

Generation R
2002-2006

2016

First trimester multivitamin/mineral use is associated with
reduced risk of pre‐eclampsia among overweight and
obese women.

Maternal & Child Nutrition.

Australia

EFHL
2006-2011

2010

2013
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Table 3 Number of studies and effects by outcomes
Total
studied
Preeclampsia

6

Total
outcomes
n (%)
8

Decrease
d risk
n (%)
5 (62.5)

No
effect
n (%)
3 (37.5)

Increased
risk
n (%)
0 (0)

Gestational
diabetes

2

2

0 (0)

2
(100.0)

0 (0)

Induction of
labour

2

7

0 (0)

6 (85.7)

1 (14.3)

Birth
< 37 weeks

10

15

6 (40.0)

8 (53.3)

1 (6.7)

Birth
> 41 weeks

1

6

0 (0)

5 (83.3)

1 (16.7)

Low
birthweight
/SGA
TOTAL

12

17

3 (17.6)

13
(76.5)

1 (5.9)

33

55

14 (25.5)

37(67.3
)

4 (7.3)
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Conclusion
Pregnancy is a complex and continuously evolving state of compensation.

Processes that occur on gross and microscopic, anatomical and physiological
levels, all rely on micronutrients for optimal function. The actions of micronutrients
are diverse, ranging from facilitation of the most essential and fundamental of
needs - iron and oxygen transport - to more complex and convoluted systems
including calcium, zinc and prostaglandin synthesis.
While current Australian guidelines addressing pregnancy-related dietary
intake are consistent across government departments and clinical disciplines, the
same cannot be said for recommendations regarding supplement use in
pregnancy. These discrepancies may be attributed to the number of consensusbased recommendations made in the absence of high-quality evidence. This
position is supported by a systematic quantitative literature review (section 1.5),
which found that the evidence informing guidelines are mostly systematic reviews
synthesised from dated and methodologically inconsistent studies. As such, little
high-quality evidence exists to support the use of supplements in the general
pregnant population of high-income countries.
However, pregnancy multiple micronutrient formulations are a rapidly
growing industry, and as such research regarding the effects of these
supplements in women considered without need for supplementation – low-risk
women in high-income countries during the second and third trimesters of
pregnancy – is warranted.
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CHAPTER TWO
Context, Design And Methodology
OVERVIEW
This chapter contextualises nutrition during pregnancy within the overarching
principles of health in global, national and state maternity contexts. A rationale
for investigating micronutrient status and supplementation during pregnancy in
women of South-East Queensland is subsequently proposed.
Chapter two also presents the formative and ultimate research questions, and
the aims developed to address these questions and overall research design.
The methodology guiding this research is described; human research ethics
and governance are also detailed. The chapter includes a publication describing
the instrument developed by the author to undertake this research – the
Maternal Outcomes and Nutrition Tool (MONT).
The chapter concludes with an introduction to the three South-East Queensland
cohorts examined in this thesis and their contribution to this research.
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2
2.1

CONTEXT, DESIGN AND METHODOLOGY
Introduction
One pivotal aspect of optimal physical health is nutrition, a perspective

central to food availability and micronutrient supplementation strategies
developed by multiple international agencies1-3. When considering nutrition as a
health determinant in the context of existing conceptual frameworks, interactions
emerge between global, national and state strategies, governance, clinical and
consumer factors - highlighting the complexities individuals must unknowingly
navigate when assessing their need for supplements. This decision-making
becomes more complicated during pregnancy due to social influences4, such as
advertising and peer pressure, and cultural factors such as food avoidance,
traditions and beliefs. The confluence of these determinants influences each
woman’s nutrition state, with the potential to result in transgenerational health
consequences5. Therefore, in order to effectively examine appropriate and
effective nutrition interventions - such as micronutrient supplementation - during
pregnancy, we must do so within the context of the guiding constructs. These
constructs include conceptual health frameworks produced by the World Health
Organization (section 2.1.1), Australian Institute of Health and Welfare (section
2.1.2) and Queensland Health (section 2.1.3).
2.1.1 Conceptual Framework - Social Determinants of Health
In 2010 the World Health Organization released its conceptual framework
for action on the social determinants of health (CSDH)6. This publication was
paper two of a series exploring strategy, governance, tools and capacity building
in order to address these determinants and improve health equity. This
document detailed the three elements of the CSDH framework – the socio-
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economic and political context, structural determinants, socio-economic position
and intermediary determinants (figure 2.1).

Figure 2.1: The CSDH conceptual framework

Reprinted from Solar O, Irwin A. (2010). A conceptual framework for action on the social
determinants of health. Social Determinants of Health Discussion Paper 2 (Policy and
Practice) (p6).

The first element describes the socio-economic and political contribution to
determinants of global health and factors that influence matters of governance,
public policy and sociocultural values on a national level. The degree to which a
country adheres to these recommendations is dependent on factors including
membership of the Organization for Economic Co-operation and Development
(OECD)7. Given the vast majority of OECD members are high-income countries,
global policy has the capacity to be universally influential, creating a degree of
stability across public health sectors8.
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Element two of the framework details characteristics reflecting socioeconomic position including income, education, occupation, social class and
ethnicity. These determinants are found at the population level and are a
reflection of national wealth and opportunity9. In real terms, these factors are
highly influential with regard to access to food and as such, the nutrition status of
its people10.
Intermediary determinants comprise the third element and are considered
both a result and independent of elements one and two; these include an
individual’s

material

circumstances,

their

unique

socio-economic

and

psychosocial circumstances, and behavioural, biological and genetic factors 6.
Further, elements two and three are complementary, working together to dictate
social cohesion, norms and deviance11. Nutrition during pregnancy is particularly
influenced by these factors12.

2.1.2 National Health System Conceptual Framework
The federal government leads the development of national health policy
and administers Australia’s universal public health insurance scheme – Medicare.
The Medicare system grants card-holders access to fee-free treatment as public
patients in public hospitals, with selected general practitioners and private
medical services13. In addition to the universal public health care system, the
private health care sector funds and operates health services such as private
hospitals, medical practices and pharmacies through privately acquired health
insurance13. These complimentary systems have resulted in a range of maternity
care models and practitioners providing care to the pregnant women of Australia.
The Australian health care system operates under the overarching
principles detailed in the national health system conceptual framework13. These
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principles aim to provide equitable, economic, accessible, appropriate, patientcentred, safe and coordinated primary care across the health sector, with a focus
on

sustainable

disease

prevention

and

health

promotion

rather than

curative medical services13. Improved outcomes associated with these strategies
rely heavily on investment in primary care and access to health services 14, a
variable affected by factors such as geography, logistics, resources, sociocultural supports and personal circumstances (figure 2.2).
Australia’s unique geographical and political challenges, and the diversity
of available health care models, can affect both health determinants and
interventions15. In terms of nutrition policy, inter-agency advocacy and
collaboration meet both physical and figurative roadblocks due to interstate
differences and distances. These impact communities, families and individuals,
and contribute to the inequities the health sector is attempting to resolve 16.
Nutrition during pregnancy is a particularly challenging sector; while 65%
of women birthing in 2015 attended at least one antenatal visit in the first
trimester17, women may have consulted general practitioners, obstetrically
trained doctors, community health workers, remote area nurses, nurse
practitioners, Aboriginal and Torres Strait Islander health practitioners or
midwives. The range of clinicians consulted, their degree of currency with
nutrition-related training and familiarity with current recommendations vary
across the spectrum of primary care models18. This variation is, in part, due to
intra and inter-disciplinary variations in qualification curricula. Further, the
fragmented nature of standard maternity care across the country often results in
multiple clinicians providing conflicting and confusing nutrition advice19. This
fragmentation inadvertently contributes to the poor standard of health literacy in
our population and the suboptimal outcomes known to accompany this level of
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knowledge13. Therefore, the questions posed by the national conceptual
framework (figure 2.2) must be considered when evaluating the performance of
the health system in terms of maternal nutrition and its relation to birth outcomes
on governance, clinical and consumer levels.
2.1.3 Queensland Health and Wellbeing Strategic
Framework 2017-26
This state-level framework aims to increase healthy behaviours by
promoting healthy environments and providing knowledge and skills that facilitate
empowerment and self-determination at both individual and community levels20.
These aims reflect those of both national and international frameworks6, 13 and
consider them in the context of the Queensland population, drawing state-wide
strategy and benchmarks from both of these sources.
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Figure 2.2: Australian Health Performance Framework: detailed Health System Conceptual Framework

Source: Australian Institute of Health and Welfare.
Reproduced under Creative Commons BY 3.0 (CC-BY 3.0) licence.
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The strategic framework consists of six evidence-based strategies, each
of which links to national and global conceptual frameworks (figure 2.3). These
strategies face numerous obstacles at the state level; while the political
complexities of cross-border collaboration are absent, the State faces similar
logistic and regulatory issues given its multiple health services and geographical
size. As such, nutrition counselling during pregnancy in Queensland remains
unregulated. These challenges impact empowerment and self-determination
strategies21, ultimately affecting research and evidence-based practice through
social desirability bias22. Each of these factors presents challenges with risk
assessment,

early

intervention

and

consistent,

individualised

nutrition

counselling. The consequence of these interactions is a lack of high-level
evidence regarding the efficacy of micronutrient supplementation in the pregnant
Queensland population.
Figure 2.3: Evidence based strategies to inform broad and sustainable health
improvement in Queensland20

Source: Queensland Health, Brisbane, Australia; 2018
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2.1.4 Confluence of multi-tiered strategy - nutrition in pregnancy
Nutrition-related decision making by women during pregnancy is subject
to socio-cultural factors that can influence their macro and micronutrient intake,
affecting birth outcomes and potentially resulting in transgenerational
sequelae4, 5. Therefore, in order to understand these influences and their
consequences on individuals, we must examine the evidence relating to
determinants, nutrition, supplements and outcomes, contextualising the
information as it relates to population-level conceptual and strategic frameworks
(figure 2.4).
In this way, the regulatory roles of these frameworks are exercised,
providing parameters within which to collect and examine the evidence
surrounding the use and role of micronutrient supplements during pregnancy.
Additionally, evidence of benefit or detriment in both the general pregnant
population and potentially vulnerable groups may be examined. This research
explores the relationships between socio-cultural determinants of health,
micronutrition, supplement use and birth outcomes in pregnant women of SouthEast Queensland (SEQ) in order to address the ultimate research question:

“Is non-therapeutic use of micronutrient supplements associated with
improved birth outcomes in South-East Queensland women?”
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Figure 2.4: Confluence of multi-tiered strategy concerning public health, its cohesion with nutrition during pregnancy, and the research questions, aims and structure
of this thesis
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THESIS AIMS

CHAPTERS

1. Review national supplement recommendations in
order to determine a baseline on which to assess
population compliance with clinical practice guidelines,
current evidence and practice.
2. Determine the reliability of currently available SEQ
data collections as they relate to maternal nutrition,
supplement use and birth outcomes.

1, 3, 4

2. Is there evidence of
association between of
micronutrient
supplements on birth
outcomes in SouthEast Queensland?

3. Perform a retrospective examination of traditional SEQ
data collections to ascertain evidence of relationships
between socio-cultural health determinants, micronutrient
supplementation and birth outcomes in these women.
4. Examine data collected by a novel data collection
instrument to determine evidence of relationships between
socio-cultural health determinants, micronutrient status,
supplements and birth outcomes in the cohort.

3, 4, 5

3. What are the human
factors affecting
nutrition-related
decision making in
pregnant South-East
Queensland women?

5. Determine sources of information regarding
supplement use in pregnancy utilised by women in the
region and the degree to which women are influenced
by these sources;
6. Determine socio-cultural factors affecting nutritionrelated decision making during pregnancy in SouthEast Queensland.

regarding
micronutrient
supplements during
pregnancy in Australia
robust and
contemporary?

5

Is non-therapeutic use of micronutrient supplements associated with improved birth outcomes in South -East Queensland women?

104
2.2

Research questions

“Is non-therapeutic use of micronutrient supplements associated with
improved birth outcomes in South-East Queensland women?”
In order to address the overarching research question, definition of the
term ‘non-therapeutic’ must be determined. For this research, the term ‘nontherapeutic’ has been defined as “not relating to, being, or providing therapy” 23.
To examine this definition in the context of supplement use, it must also be
must be considered within the scope of existing evidence (i.e. to have a known
benefit24, for example folic acid for the prevention of neural tube defects in the
peri-conception period or iron supplements for treatment of iron deficiency
anaemia), current clinical guidelines and governing conceptual frameworks.
Therefore, within these parameters and with reference to the central
definition, the following formative questions were developed:
1. Is evidence informing current recommendations regarding micronutrient
supplements during pregnancy in Australia robust and contemporary?
2. Is there evidence of benefit regarding micronutrient supplements and
birth outcomes in South-East Queensland?
3. What are the human factors affecting nutrition-related decision making in
South-East Queensland women during pregnancy?
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2.3

Research aims
Six aims have informed the development of these research questions and

the ultimate enquiry of this dissertation. The aims of this thesis are to:
1. Review national supplement recommendations in order to establish a
baseline from which to assess population compliance with clinical practice
guidelines, current evidence and practice;
2. Determine the reliability of currently available SEQ data collections as they
relate to maternal demographics, nutrition, supplement use and birth
outcomes;
3. Perform a retrospective examination of traditional SEQ data collections to
ascertain evidence of associations between socio-cultural determinants,
micronutrient supplementation and birth outcomes in these women;
4. Examine data collected by a novel data collection instrument to determine
evidence

of

associations

between

socio-cultural

determinants,

micronutrient status, supplements and birth outcomes in the cohort;
5. Determine sources of information regarding supplement use in pregnancy
utilised by women in the region and the degree to which women are
influenced by these sources;
6. Determine socio-cultural factors affecting nutrition-related decision making
during pregnancy in South-East Queensland.

2.4

Research Design
A quantitative cross-sectional cohort research design was applied across

each of three datasets that furnished information regarding supplement use
during pregnancy and birth outcomes in women of South-East Queensland.
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2.4.1 Recruitment
Cohorts one and two consisted of the existing Environments for Healthy
Living (EFHL) and Gold Coast University Hospital Maternity Information System
(MATIS) datasets. These were subjected to retrospective analysis, addressing
thesis aims two and three.
Figure 3.5: Research cohort details – Environments for Healthy Living cohort (EFHL - cohort 1),
MATernity Information System (MATIS – cohort 2) and Maternal Outcomes and Nutrition Tool
(cohort 3).

Cohort 1:
EFHL

• n = 2572
(retrospective)

Cohort 2:
MATIS

• n = 6080
(retrospective)

Cohort 3:
MONT

• n = 407
(prospective)

The third cohort was prospectively recruited and self-declared data via the
Maternal Outcomes and Nutrition Tool (MONT). The design, development and
evaluation of the tool have been described in detail in the paper included in this
chapter; analysis of the data collected has addressed aims four, five and six. All
research was correlational, and as such dictated the use of non-probability
sampling design; a number of methods were utilised during recruitment to the
third cohort.
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2.4.1.1 Cohort three, stage one
Participants were recruited using a combination of self-selection and
modified snowball sampling methods. The author created an antenatal education
website as a conduit to the research portal (see Appendix - My Body My Baby
https://mybodymybaby.com.au), with participating Health and Hospital services
orientating their midwives to the resource and research through a series of inservices. Recruiting procedures were non-coercive; midwives offered information
about the website and associated research to women opportunistically and
encouraged them to engage with the information and research. Women could
also access the website without direction from the health services and self-select
participation.
2.4.1.2 Cohort three, stage two
Stage two participants were recruited using a convenience sampling
methodology. The researcher approached women waiting for antenatal
appointments at the Royal Brisbane and Women’s and Gold Coast University
Hospital clinics and offered them information regarding the project. Those
choosing to engage with the study were directed to the research portal and
assisted in registering. After a brief orientation to the survey set women
completed as many surveys as their motivation levels or appointment times
permitted. Surveys were completed without assistance; incomplete survey sets
could be completed at home. These recruits also provided explicit written consent
for access to their hospital record to gather information relating to pregnancy
complications and birthing outcomes.
2.4.1.3 Cohort three, stage three
The research used a purposive sampling methodology to recruit women
into stage three of this cohort. All women presenting to Queensland Pathology at
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the Gold Coast and Royal Brisbane and Women’s Hospitals for their Oral Glucose
Tolerance Test between 180 and 210 days of gestation were approached,
informed about the research and provided an opportunity to participate. Recruits
consented to fasting blood samples and medical record access by the researcher
for pathology and birth outcome purposes. The Maternal Outcomes and Nutrition
Tool was completed during the waiting time between blood tests.
2.4.2 Setting and sample
Pregnant women of South-East Queensland (SEQ), Australia were the
target population for this research, with SEQ defined as being the region bordered
by the coast in the East, Gympie in the north, Toowoomba in the West and
Coolangatta in the South. This region equates to approximately 2.24 million
hectares and encompasses Brisbane, the Gold and Sunshine Coasts. The 2017
estimated resident population for SEQ was approximately 3.4 million with a
population density of 1.52 persons per hectare.
This region was selected for a number of geographical and logistical
reasons. Strict delineation of borders was required to limit the potential effects of
access to health care and food, geological and geographic influences. Further,
SEQ Water is the sole distributor of tap water in the region. This supply originates
from three dams and one desalination plant, conforming to Australian Drinking
water guidelines 201725. Water testing occurs across four water quality zones, 19
sampling points, 14 key health and aesthetic parameters. As such tap water has
been established as a constant for the purpose of dietary intake calculations.
2.4.3 Inclusions, exclusions and delimitations
The ubiquitous availability of the website and MONT dictated that no
specific recruitment inclusions or exclusions were applied. Therefore, all those
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willing and able to participate in an internet-based study with sufficient English to
consent without the need for an interpreter were able to participate. While the
research information requested data from women aged 16-44 this was not
enforceable. Similarly, women could not ethically be denied access to the website
and the information within. All women who were interested in the project were
encouraged to complete the surveys for their own educational purposes.
However, delimitations were applied to the dataset concerning the South East
Queensland analyses.
Women residing or birthing outside the South-East Queensland region,
under the age of 16 or over 44 years were excluded from these analyses. Active
recruitment was only undertaken through Royal Brisbane and Women’s and Gold
Coast University Hospitals due to the requirement for access to pathology results
and perinatal data. Women with complete data were eligible for all analyses,
those with incomplete data excluded on a case-by-case basis depending on the
analysis in question.
2.5

Ethical considerations

This research was approved by the Griffith University (HREC 2016/423) and the
Gold Coast Health and Hospital Service (HREC 16/QGC/70) Human Research
Ethics Committees. Participating Hospitals and Health services granted sitespecific authorisations; Gold Coast (AU/3/7294216), Metro North
(SSA/17/QRBW/612), Wide Bay (SSA/17/QWB/16), Mackay (SSA/17/QMH/16)
and Townsville (SSA/17/QTHS/45). Metro South Health and Hospital Service
waived requirements for a site-specific approval.
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2.6

Publication – Design, development and evaluation of the Maternal
Outcomes and Nutrition Tool (MONT
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2.7

Conclusions
This chapter has provided an overview of maternal nutrition in the context

of global, national and state maternity conceptual frameworks, and provided a
rationale for the examination of micronutrient status and supplementation in
pregnant women of South-East Queensland.
Analysis of datasets from three South-East Queensland cohorts was
undertaken to address the aims informing the research questions. The first of
these – the Environments for Healthy Living (EFHL) cohort - was a longitudinal
birth cohort study with self-reported perinatal data collection undertaken
between 2006 and 2011. The second was the Gold Coast Health and Hospital
Service MATernity Information System (MATIS) cohort; a clinician controlled
digital perinatal database with data available from 2014 to 2017. The third was
the Maternal Outcomes and Nutrition Tool database, a cohort recruited explicitly
for this study between 2016 and 2018, self-declaring data using the Maternal
Outcomes and Nutrition Tool. Collectively, these three cohorts examine the
relationships between demographics, socio-cultural factors, micronutrition
status, supplement use, dietary decision-making and their influence on the birth
outcomes of 9300 women from South-East Queensland over the twelve years
2006 to 2018.

112
2.8
1.

References
World Health Organization. Nutrition [Internet]. Geneva World Health

Organization; 2016 [cited 2019 Aug 18]. Available from:
http://www.who.int/topics/nutrition/en/.
2.

United Nations. The sustainable development agenda [Internet]. United

Nations; 2016 [cited 2019 Aug 18]. Available from:
http://www.un.org/sustainabledevelopment/development-agenda.
3.

International Food Policy Research Institute. Global nutrition report:

Actions and accountability to accelerate the world’s progress on nutrition.
Washington DC: International Food Policy Research Institute; 2014.
4.

Leng G, Adan RAH, Belot M, Brunstrom JM, de Graaf K, Smeets PAM.

The determinants of food choice. Proc Nutr Soc [Internet].2017 [cited 2019
Aug18];76(3):316-27. Available from:
https://www.cambridge.org/core/journals/proceedings-of-the-nutritionsociety/article/determinants-of-foodchoice/BD52A32B893967EB025706AAAB432369. DOI:
10.1017/S002966511600286X
5.

Nilsson EE, Sadler-Riggleman I, Skinner MK. Environmentally induced

epigenetic transgenerational inheritance of disease. Environ Epigenet
[Internet].2018 [cited 2018 Aug 18];4(2). Available from:
https://dx.doi.org/10.1093/eep/dvy016. DOI: 10.1093/eep/dvy016
6.

Solar O, Irwin A. A conceptual framework for action on the social

determinants of health. Geneva: World Health Organization; 2010.
7.

Organization for Economic Co-operation and Development. What we do

and how [Internet]. Organization for Economic Co-operation and Development;
2018 [Available from: https://www.oecd.org/about/whatwedoandhow/].

113
8.

Lomazzi M. A global charter for the public's health - the public health

system: Role, functions, competencies and education requirements. Eur J
Public Health [Internet].2016 [cited 2019 Aug 18];26(2):210-2. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4804738/. DOI:
10.1093/eurpub/ckw011
9.

Wu P-C, Liu S-Y, Pan S-C. Nonlinear relationship between health care

expenditure and its determinants: A panel smooth transition regression model.
Empirica [Internet].2014 [cited 2019 Aug 18];41(4):713-29. Available from:
https://link.springer.com/article/10.1007/s10663-013-9233-z. DOI:
10.1007/s10663-013-9233-z
10.

Masood M, Reidpath DD. Effect of national wealth on bmi: An analysis of

206,266 individuals in 70 low-, middle-and high-income countries. PLoS ONE
[Internet].2017 [cited 2019 Aug 18];12(6):e0178928. Available from:
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0178928. DOI:
10.1371/journal.pone.0178928
11.

Levine JM, Marques JM. Norm violators as threats and opportunities:

The many faces of deviance in groups. Group Process Intergroup Relat
[Internet].2016 [cited 2019 Aug 18];19(5):545-52. Available from:
https://journals.sagepub.com/doi/abs/10.1177/1368430216657415. DOI:
10.1177/1368430216657415
12.

Schoch-Ruppen J, Ehlert U, Uggowitzer F, Weymerskirch N, La Marca-

Ghaemmaghami P. Women's word use in pregnancy: Associations with
maternal characteristics, prenatal stress, and neonatal birth outcome. Front
Psychol [Internet].2018 [cited 2019 Aug 18];9:1234. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6066569/. DOI:
10.3389/fpsyg.2018.01234

114
13.

Australian Institute of Health and Welfare. Australia’s health 2018

[Internet]. Canberra: Australian Institute of Health and Welfare,; 2018 [updated
2018 Jun 18 cited 2019 Aug 18]. Available from:
https://www.aihw.gov.au/reports/australias-health/australias-health2018/contents/table-of-contents.
14.

Kruske S, Kildea S, Jenkinson B, Pilcher J, Robin S, Rolfe M, et al.

Primary maternity units in rural and remote australia: Results of a national
survey. Midwifery [Internet].2016 [cited 2019 Aug 18];40:1-9. Available from:
https://www.midwiferyjournal.com/article/S0266-6138(16)30052-3/fulltext. DOI:
10.1016/j.midw.2016.05.004
15.

Markham F, Doran B. Equity, discrimination and remote policy:

Investigating the centralization of remote service delivery in the northern
territory. Appl Geogr [Internet].2015 [cited 2019 Aug 18];58:105-15. Available
from:
https://www.sciencedirect.com/science/article/abs/pii/S0143622815000314.
DOI: 10.1016/j.apgeog.2015.01.020
16.

Liamputtong P. Public health: Local & global perspectives. Port

Melbourne, Victoria: Cambridge University Press; 2016.
17.

Australian Institute of Health and Welfare. Australia’s mothers and babies

2016—in brief. [Internet]. Canberra: Australian Institute of Health and Welfare;
2018 [updated 2019 Jun 12 cited 2019 Aug 18]. Available from:
https://www.aihw.gov.au/reports/mothers-babies/australias-mothers-babies2016-in-brief/contents/table-of-contents.
18.

Mills J, Francis K, McLeod M, Al-Motlaq M. Enhancing computer literacy

and information retrieval skills: A rural and remote nursing and midwifery
workforce study. Collegian [Internet].2015 [cited 2019 Aug 18];22(3):283-9.

115
Available from:
https://researchonline.jcu.edu.au/31268/7/31268%20Mills%20et%20al%202015
_accepted%20version.pdf. DOI: 10.1016/j.colegn.2014.02.003
19.

Bookari K, Yeatman H, Williamson M. Exploring australian women's level

of nutrition knowledge during pregnancy: A cross-sectional study. Int J Womens
Health [Internet].2016 [cited 2019 Aug 18];8:405-19. Available from:
https://www.dovepress.com/getfile.php?fileID=31900. DOI:
10.2147/IJWH.S110072
20.

Queensland Health. Health and wellbeing strategic framework 2017 to

2026. Brisbane, Australia: Queensland Health; 2018
21.

Dudgeon P, Scrine C, Cox A, Walker R. Facilitating empowerment and

self-determination through participatory action research: Findings from the
national empowerment project. Int J Qual Methods [Internet].2017 [cited 2019
August 18];16(1):1-11. Available from:
https://journals.sagepub.com/doi/full/10.1177/1609406917699515. DOI:
10.1177/1609406917699515
22.

Krumpal I. Determinants of social desirability bias in sensitive surveys: A

literature review. Qual Quant [Internet].2013 [cited 2019 August 18];47(4):202547. Available from: https://link.springer.com/article/10.1007/s11135-011-9640-9.
DOI: 10.1007/s11135-011-9640-9
23.

Cambridge online dictionary [internet]: Cambridge University Press;

c2008 [cited 2019 Aug 18]. Available from:
https://dictionary.cambridge.org/dictionary/english.
24.

Missouri Department of Health and Senior Services. What is an

intervention? [Internet]. Missouri USA: Missouri Department of Health and

116
Senior Services; 2019 [cited 2019 Aug 18]. Available from:
https://health.mo.gov/data/interventionmica/index_4.html.
25.

National Health and Medical Research Council. Australian drinking water

guidelines, version 3.4. Canberra: Australian Government; 2017.

117

CHAPTER THREE

Analysis of the
Environments for Healthy Living (EFHL) cohort

OVERVIEW
This chapter addresses thesis aims two and three, commencing with an
introduction to the Environments for Healthy Living cohort and presenting key
findings pertaining to second and third trimester micronutrient supplementation
and birth outcomes in this cohort.
This chapter presents findings in both traditional and publication format,
concludes with a discussion of these findings with reference to the overarching
research aims, and provides a preface to chapter four.
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3

ANALYSIS OF THE ENVIRONMENTS FOR HEALTHY LIVING (EFHL)
DATASET

3.1

Introduction
The Environments for Healthy Living (EFHL) Study is a multi-level

longitudinal prospective birth cohort study conducted by Griffith University across
South East Queensland and northern New South Wales, Australia 1, 2.

This

research aimed to examine the association between social and environmental
factors on child development and health outcomes. These socio-cultural and
physical determinants included maternal demographics and nutrition during
pregnancy, with examination of outcomes planned from birth through to
adulthood across a broad spectrum of epidemiological perspectives. Findings
from this study are anticipated to inform public and primary health strategy
through enhanced clinical knowledge, optimising opportunities for healthy
decision making at a population level. This chapter aims to present the findings
of cross-sectional analyses conducted on the Environments for Healthy Living
(QLD) dataset in order to determine the frequency and nature of supplement use
in the second and third trimesters of pregnancy in women of this cohort.
Demographic groups were identified and their use of supplements examined;
subsequent associations between this supplement use and birth outcomes in the
cohort have also been presented.
3.2

Methods
The sample population for the Environments for Healthy Living cohort were

pregnant women attending maternity services at the Logan, Gold Coast and
Tweed Hospitals. Women over the age of 16 with a pregnancy gestation of
greater than or equal to 24 completed weeks were considered eligible and
recruited by research midwives in the antenatal clinics. Between November 2006
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and October 2011, a total of 2697 eligible women from the South East
Queensland region participated in this study. Data for this research was obtained
from the EFHL maternal baseline survey, a self-reported 48 multi-item
questionnaire that collected information regarding demographics, health, diet and
lifestyle characteristics. Outcomes were obtained from hospital perinatal data
collections at participating hospitals. Demographic data were not collected for
125 women; as such, these were excluded from this analysis. The final dataset
included demographic, supplement and birth outcomes data for 2572 women.
Women who did not have complete supplement data were included in the
analysis and excluded from associated analyses on a pairwise basis. Data
regarding supplement use was diverse in quality, quantity and reporting method,
dictating the data be collated, assessed and excluded case-by-case.
Descriptive data in this set included maternal age at birth (continuous),
maternal education level (did not finish high school, finished high school, TAFE/
trade or apprenticeship, university degree - nominal), income quintile (lowest, 24 through highest - nominal), BMI (continuous), Indigenous status (no, yes dichotomous),

smoking

status

(no,

yes

-

dichotomous)

and

parity

(nulliparous/multiparous - dichotomous). Supplement use beyond the first
trimester was examined; multiple micronutrient formulations (MMS) and
individual micronutrient supplements were examined both independently and in
combination (dichotomous). Folic acid, iron, calcium, and zinc were also
combined and considered one variable (Individual micronutrients – IMN).
Continuous variables were subject to normality checks. Variables exhibiting
normal distribution were reported as mean (±SD); abnormally distributed
variables were reported as median (range). Pearson’s product moment
correlation test was used to identify relationships and assess collinearity.
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Significant associations between demographic and supplement use variables
were analysed using chi-square analysis and reported as chi-square (2),
degrees of freedom (df) and p-value (p) (table 3.1). Identified associations were
analysed using binary logistic regression (OR, 95% CI, p-value; table 3.2);
multinomial logistic regression was applied to persisting relationships with the
inclusion of identified covariates (AOR, 95% CI, p-value; table 3.3). Continuous
variables were analysed with linear regression (Beta, 95% CI, p-value).
Significance was accepted at p ≤ 0.05 level across all analyses. Data were
analysed using SPSS version 25.
3.3

Ethical Considerations

The EFHL study was approved by the Griffith University Human Ethics
Committee (MED/16/06/HREC, MED/23/11/HREC). Additional ethical approval
was obtained from each recruiting hospital (Logan HREC/06QPAH/96, Gold
Coast Hospital HREC/06/GCH/52). All women included in this study explicitly
consented to the release of their perinatal data from hospital collections. The
study is registered with the Australian and New Zealand Clinical Trials Registry
(ACTRN12610000931077), with research methodologies previously published1,
2.

3.4

Results
Mean age of women in this cohort was 29.15 years (±5.85 years) and

demonstrated normal distribution. Maternal BMI was abnormally distributed with
kurtosis of 6.256, indicating the majority of body mass indices were clustered
around the median of 23.88, dropping to low frequency either side of this figure.
The majority of the cohort were non-Indigenous (91.8%), multiparous (56.8%)
and non-smokers (72.4%).
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Education level and income quintile demonstrated even distribution across
the cohort, with Pearson correlation analysis indicating statistically significant
relationships between both of these variables, body mass index and use of
supplements (r≤0.3, p≤0.05). These were confirmed with chi-square analysis
(table 3.1). Further, maternal education demonstrated significant associations
with maternal age (r=0.208, p<0.001), BMI (r=-0.069, p=0.001), income quintile
(r=0.249, p<0.001), Indigenous status (r=-0.051, p=0.013), parity (r=-0.140,
p<0.001) and smoking (r=-0.276, p<0.001); similarly income was correlated with
maternal age, smoking, education and Indigenous status, each of which were
retained as covariates in the final multinomial regression model. Body mass index
was correlated with education (r=-0.053, p=0.012), maternal age (r=103,
p<0.001) and parity (r=0.080, p=0.001), each of which were retained in the final
regression model. Education, income and supplement use were subject to binary
logistic regression analysis; BMI was analysed with simple linear regression.
Binary logistic regression demonstrated that the highest income quintile
was significantly and positively associated with the use of multiple micronutrient
formulations both in isolation (OR 1.843, 95%CI 1.235, 2.750, p=0.003) and in
combination (OR 1.664, 95%CI 1.157, 2.392, p=0.006; table 3.2). Universityeducated women were more likely to use supplements than their less formally
educated counterparts; use of multiple micronutrient supplements alone (OR
0.356, 95%CI 0.182, 0.700, p=0.003) and in combination (OR 0.606, 95%CI
0.415, 0.884, p=0.009; table 3.2) declined alongside decreasing education levels.
Individual micronutrients were also associated with women who did not complete
high school; these were the least likely to engage in supplement use (OR 0.682,
95%CI 0.529, 0.878, p=0.003). Linear regression demonstrated a decrease in
multiple micronutrient formulations (p=0.008), individual micronutrients (p=0.016)
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and combination use (p=0.024) with increasing BMI, and a corresponding
increase in no supplement use at all (p=0.004; table 3.3). These relationships
persisted through the multivariate linear regression analysis when controlling for
covariates education, maternal age and parity (table 3.4).
The association between the highest income quintile and multiple
micronutrient use also withstood more in-depth regression analysis, irrespective
of whether they were used alone (AOR 1.866, 95%CI 1.207, 2.882, p=0.005) or
in conjunction with an individual supplement (AOR 1.501, 95%CI 1.012, 2.222,
p=0.043) when controlling for covariates. However, the relationship between
combination use and education level lost significance under these conditions
(table 3.5).
Statistical analyses examining the relationship between supplement use
and birth outcomes in this cohort were subsequently performed. The
methodology, results, discussion and conclusions of this analysis are presented
in the included paper (section 3.4.1).
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Table 3.1: Supplement use during trimesters two and three in the Environments of Healthy Living cohort (EFHL)

Variable

Participants
n= 2572 (%)
2

MMS only
n=78 (2.9)
df

p

29.12 (± 5.85)

44.186

32

23.88 (11.6, 67.4)

11.283

Lowest quintile

459 (17.8)

2nd quintile

437 (17.0)

3rd quintile

436 (17.0)

4th quintile

419 16.3)

Highest quintile

386 15.0)

Not declared

435 (16.9)

< High school

577 (22.5)

Finished high school

821 (31.9)

TAFE trade or apprenticeship

720 (28.0)

University degree

441 (17.1)

Mean age (±SD)
Median pre-pregnancy BMI (range)
Household Income

Education

Ethnicity

Not declared

13 (0.5)

Indigenous Australian

44 (1.7)

Not Indigenous Australian

Parity

Smoker

p

2

0.074

33.631

32

0.388

38.775

3

0.010*

7.448

3

0.059

11.391

4

0.023*

2.456

4

21.199

3

<0.001*

9.358

0.862

3

0.835

0.806

1

0.376

1

MMS + IMN
n=299 (11.1)
df

None
n=1456 (61.2)
df

p

2

p

32

0.191

29.384

32

0.600

7.947

3

0.047*

9.892

3

0.020*

0.653

13.987

4

0.007*

2.619

4

0.623

3

0.025*

8.202

3

0.042*

18.233

3

<0.001*

6.124

3

0.106

1.076

3

0.783

5.207

3

0.157

0.769

0.438

1

0.480

0.041

1

0.840

1.144

1

0.285

0.540

1.269

1

0.260

0.076

1

0.782

1.953

1

0.162

2362 (91.8)

Not declared

166 (6.5)

Nulliparous

355 (13.8)

Multiparous

1461 (56.8)

Not declared

756 (29.4)

Yes

698 (27.1)

No

1861 (72.4)

Not declared

2

IMNs only
n=545 (20.2)
df

13 (0.5)

MMS – Multiple micronutrient supplements, IMN – Individual micronutrient supplements (folic acid, iron, calcium, zinc); BMI – Body Mass Index
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Table 3.2: Supplement use according to significant chi-square associations - Binary logistic regression

Supplement

MMS + IMN

Demographic

Income

Education

MMS only

Income

Education

IMNs only

None

Education

Education

Variable

n (%)

ß

WALD

OR

95%CI OR
Lower

Upper

Table 3.3 Associations between maternal BMI and supplement use - simple linear regression

p value

Standardised Regression
Body Mass Index

P value
Coefficient (95% CI)

Lowest quintile

48 (11.3)

Referent

2nd quintile

45 (11.0)

-0.029

0.018

0.971

0.631

1.495

0.894

3rd quintile

50 (12.2)

0.084

0.154

1.088

0.714

1.658

4th quintile

51 (13.3)

0.185

0.743

1.203

0.790

Highest quintile

68 (19.0)

0.611

8.975

1.843

University

68 (16.6)

TAFE/ trade

78 (11.6)

-0.418

5.431

High school

96 (12.7)

-0.314

< High school

57 (10.8)

-0.502

Lowest quintile

63 (14.8)

2nd quintile

61 (14.7)

-0.007

0.001

3rd quintile

65 (15.6)

0.062

4th quintile

69 (17.7)

Highest quintile

82 (22.4)

University

99 (23.6)

TAFE/ trade

100 (14.6)

-0.943

9.195

0.389

0.212

0.716

0.002*

High school

118 (15.5)

-0.955

10.011

0.385

0.213

0.695

0.002*

MMS

-0.057 (-1.748, -0.268)

0.008*

0.695

IMN

-0.052 (-1.303 , -0.135)

0.016*

1.833

0.389

MMS/IMN combination

-0.049 (-1.789, -0.123)

0.024*

1.235

2.750

0.003*

0.062 (0.269, 1.423)

0.004*

0.658

0.463

0.935

0.020*

3.334

0.730

0.521

1.023

0.068

6.744

0.606

0.415

0.884

0.009*

0.993

0.678

1.454

0.971

0.104

1.064

0.730

1.550

0.747

0.217

1.300

1.242

0.855

1.804

0.254

0.509

7.544

1.664

1.157

2.392

0.006*

No supplements

Referent
MMS – Multiple micronutrient supplements, IMN – Individual micronutrient supplements (folic acid, iron, calcium, zinc)

Referent

Referent

-1.032

8.979

0.356

Table 3.4 Associations between maternal BMI and supplement use – multivariate linear regression

< High school

73 (13.6)

0.182

0.700

0.003*

University

171 (41.5)

TAFE/ trade

221 (32.6)

-0.305

5.089

0.737

0.565

0.961

0.024*

High school

275 (36.0)

-0.232

3.447

0.793

0.620

1.013

0.063

< High school

183 (34.3)

-0.383

8.796

0.682

0.529

0.878

0.003*

University

214 (52.3)

TAFE/ trade

436 (64.9)

0.521

16.610

1.684

1.310

2.164

<0.001*

High school

467 (61.9)

0.390

9.887

1.477

1.159

1.883

0.002*

< High school

333 (62.9)

0.437

10.668

1.548

1.190

2.012

0.001*

Referent

Referent

Standardised Regression
Body Mass Index

P value
Coefficient (95% CI)

MMS1

-0.066 (-2.087, -0.293)

0.009*

IMN1

-0.071 (-1.706, -0.299)

0.005*

MMS/IMN combination1

-0.056 (-2.153 , -0.114)

0.029*

0.085 (0.482, 1.873)

0.001*

No supplements1

MMS – Multiple micronutrient supplements, IMN – Individual micronutrient supplements (folic acid, iron, calcium, zinc)
1Complete

model includes covariates education, maternal age and parity.
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Table 3.5 Supplement use - multinomial logistic regression
Supplement

MMS + IMN

Demographic

Income1

Education2

MMS only

Income1

Education2

IMNs only

None

Education2

Education2

Variable

n (%)

ß

WALD

AOR

95%CI AOR
Lower

Upper

p value

Lowest quintile

48 (11.3)

Referent

2nd quintile

45 (11.0)

-0.049

0.045

0.951

0.604

1.502

0.832

3rd quintile

50 (12.2)

0.113

0.246

1.120

0.716

1.751

0.620

4th quintile

51 (13.3)

0.192

0.710

1.212

0.775

1.212

0.400

Highest quintile

68 (19.0)

0.623

7.885

1.866

1.207

2.882

0.005*

University

68 (16.6)

TAFE/ trade

78 (11.6)

-0.194

0.549

0.824

0.493

1.377

0.459

High school

96 (12.7)

0.183

0.545

1.202

0.739

1.953

0.460

< High school

57 (10.8)

0.182

0.402

1.200

0.683

2.110

0.526

Lowest quintile

63 (14.8)

2nd quintile

61 (14.7)

-0.056

0.075

0.946

0.634

1.410

0.784

3rd quintile

65 (15.6)

0.040

0.039

1.041

0.700

1.548

0.843

4th quintile

69 (17.7)

0.151

0.561

1.163

0.783

1.727

0.454

Highest quintile

82 (22.4)

0.406

4.090

1.501

1.012

2.222

0.043*

University

99 (23.6)

TAFE/ trade

100 (14.6)

1.281

9.414

0.278

0.122

0.630

0.002*

High school

118 (15.5)

1.259

9.373

0.284

0.127

0.636

0.002*

< High school

73 (13.6)

1.152

5.560

0.316

0.121

0.823

0.018*

University

171 (41.5)

TAFE/ trade

221 (32.6)

-0.305

5.089

0.565

0.961

0.024*

High school

275 (36.0)

-0.232

3.447

0.620

1.013

0.063

< High school

183 (34.3)

-0.383

8.796

0.529

0.878

0.003*

University

214 (52.3)

TAFE/ trade

436 (64.9)

0.533

8.923

1.703

1.200

2.415

0.003*

High school

467 (61.9)

0.269

2.332

1.309

0.927

1.845

0.127

< High school

333 (62.9)

0.262

1.683

1.300

0.874

1.930

0.195

Referent

Referent

Referent

Referent
0.737
0.793
0.682
Referent

MMS – Multiple micronutrient supplements, IMN – Individual micronutrient supplements (folic acid, iron,
calcium, zinc)
1

Complete model includes covariates maternal age, smoking status, education and Indigenous status

2

Complete model includes covariates BMI, maternal age, parity, smoking status, income quintile and Indigenous status.
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3.5

Publication: The association between third trimester
multivitamin/mineral supplements and gestational length in
uncomplicated pregnancies.
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3.6

Discussion
The aim of this chapter was to present the findings of analyses conducted

on women enrolled in the Environments for Healthy Living (QLD) cohort in order
to address thesis aims two and three; to examine this dataset in terms of maternal
demographics, socio-cultural determinants of health, use of supplements beyond
the

first

trimester

and

birth

outcomes,

determine

adherence

to

recommendations3, 4, and the reliability of any evidence of effect. Analysis of
supplement use in the third trimester found that women taking a multiple or
individual micronutrient supplement experienced no significant difference in birth
outcomes to those who did not take supplements. However, examination of
supplement combinations determined that use of a multiple micronutrient
supplement in addition to individual micronutrients resulted in a longer gestation
at term in well women of this cohort5. This increased the likelihood of gestation
beyond 41 completed weeks and the incidence of medical interventions intended
to manage risk of associated perinatal outcomes5.
Women engaging in these supplementation practices were most likely to be
over 25 years of age and non-Indigenous, with a BMI in the overweight category
(25.00 - 29.99 kg/m2). Considering the overall negative association between BMI
and supplement use, these findings dictate that further research is necessary
regarding supplement use in women with a body mass index beyond the healthy
range. Income quintile and education level demonstrated a reasonably even
distribution across all sub-groups, enabling reliable analysis of associations
between these demographic determinants and supplement use characteristics.
Significant positive linear relationships were demonstrated between education
levels and supplement use, findings supporting recent international research in
this field6, 7. However body mass index demonstrated an inverse relationship with
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both variables, with BMI increasing with decreasing education and use of
supplements. These results support and expand on research surrounding
adherence to peri-conception supplement recommendations in overweight and
obese women 8.
These collective findings have highlighted knowledge gaps and potential
risk regarding supplement use combinations. However, the EFHL data must be
interpreted within known strengths and potential limitations. While data
assessment over the recruitment period demonstrated stability1, and the large
sample size reduces error and provides sufficient power to facilitate valid results
in some groups1, the potential exists for bias in both recruitment and uptake. The
dependence on pen-and-paper questionnaires, research midwife selection of
potential recruits, and demand for resources in the completion environment may
inadvertently skew participant selection to those believed most likely to complete
and/or return the baseline questionnaire9. Similarly, supervised completion in the
antenatal clinic had the capacity to introduce a degree of social desirability bias10.
Women of this cohort were most commonly 25-35 years of age, nonsmoking, non-Indigenous or multiparous women with a body mass index within
normal range. Low numbers of women outside these parameters potentially
reflect an unintentional bias toward healthy women given the study is entitled
“Environments for Healthy Living”11. The cohort demographics have also resulted
in a limited ability to examine associations between supplementation and
outcomes in both the general population and demographic groups considered at
risk for suboptimal perinatal outcomes, such as women of cultural and linguistic
diversity (CALD)12 and smokers13. Further research is required to determine what
constitutes appropriate and safe micronutrient supplementation in both the
general population and specific groups of women in South-East Queensland.
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3.7

Conclusions
Maternal education, body mass index and supplement use were

significantly associated in this cohort. Further, the use of multiple micronutrient
supplements in combination with individual micronutrients was found to be
associated with increased length of gestation in uncomplicated pregnancies,
resulting in a higher incidence of gestation beyond 41 completed weeks and a
related increase in induction of labour. Women in this group were most commonly
recorded as overweight. However, the cohort characteristics and dataset are
potentially affected by a number of methodological limitations.
Examination of this dataset within the available and defined parameters
found low-level evidence of a detrimental effect of inappropriate multiple
micronutrient and individual supplement combinations in the third trimester of
pregnancy. Furthermore, supplement use by the women of this cohort did not
meet recommendations regarding micronutrient supplementation in pregnancy.
Deeper and more diverse research is required in cohorts from this region to
support these findings, with an emphasis on cohort stratification and examination
of specific supplements on selected birth outcomes.
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CHAPTER FOUR

Analysis of the Gold Coast Health and Hospital Service
MATernity Information System (MATIS) database

OVERVIEW
Chapter four has been written in traditional chapter format, retrospectively examining
data collected by the Gold Coast Health and Hospital service from women utilising
their maternity services. The chapter describes the cohort in terms of demographic,
health, obstetric and supplement use profiles. It then details the findings of an indepth statistical analysis examining interactions between demographic determinants
of health and the effects of supplement use on birth outcomes within this cohort. This
chapter addresses thesis aims two and three, builds on the findings presented in
chapter three, and prefaces the findings presented in chapter five.
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4

ANALYSIS OF THE GOLD COAST HEALTH AND HOSPITAL SERVICE
MATERNITY INFORMATION SYSTEM (MATIS) DATABASE

4.1

Introduction
The MATIS database is an electronic Intelligent Data Management Engine

(IDME) used by maternity services at the Gold Coast University Hospital to gather
and report data regarding maternal health, pregnancy assessments and birth
outcomes. A midwife records the bulk of the information at the woman’s booking
visit, and documentation accumulates as the pregnancy progresses. Subsequent
outcomes are entered at the time of birth. Perinatal data collections such as the
MATIS database have been proven to be accurate and reliable data sources for
reporting of mandatory data1. As such, this electronic format presents an
opportunity to perform a retrospective analysis of documented supplement use
and birth outcomes for women accessing the Gold Coast Health and Hospital
Service (GCHHS) for maternity care.
The aim of this chapter is to describe a population of pregnant women
receiving maternity care at the Gold Coast University Hospital in terms
demographics, baseline health measures, obstetric profile and micronutrient
supplement use, and detail the results of a statistical analysis examining the
relationships between these variables and birth outcomes. Hypertensive
disorders, gestational diabetes, induction of labour, birth before 37 or after 42
completed weeks of gestation and birth weight below 2500 grams or above 4000
grams have been examined in the cohort as a whole. Further, this chapter reports
these results in the context of cohort stratification, specifically women with a BMI
over 25 kg/m2, nulliparous women, women over 30 years of age, smokers and
women from cultural and ethnically diverse backgrounds.
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4.2

Methods
4.2.1 Design, validity and reliability
This research utilised a retrospective database study design. The design

facilitated analysis of a large population utilising a consistent health service
approach and data collection instrument. Data were stratified into sub-groups to
allow the examination of interactions between socio-cultural determinants of
health, supplement use and birth outcomes within this cohort. The large sample
size reduces error; most variables within each stratum had sufficient numbers to
result in statistical power and valid findings. The research was conducted under
strict control conditions and according to recommendations regarding the conduct
of retrospective database studies2. Such a design under optimal conditions is
dependable 3; mandatory perinatal data reporting has also been established as
reliable due to the low rate of false positives on audit

1, 4.

4.2.2 Data cleaning
Supplement use in the 12 months preceding a woman’s booking visit and
the use of folic acid in the peri-conception period (from twelve weeks
preconception through to twelve weeks of gestation) were available fields in the
database. Women who declared their supplement practices (yes, I took
supplements and no, I did not take supplements) were extracted from the primary
dataset and considered as the study cohort. These cases were then examined
for data completion in demographic, obstetric, supplement and pregnancy
outcome variables. Further data cleaning was performed within each variable;
this has been detailed in each case.
Data relating to individual micronutrient use were entered by free text;
those that were not documented were considered to have not been used. Entered
data were allocated to a dichotomous variable and coded accordingly. The entry
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of information regarding the use of pregnancy Multiple Micronutrient
Supplements (MMS) was optional; the brand of formulation used was entered by
free text. Only variables with numbers sufficient to return meaningful data were
retained for analysis. Documented individual micronutrient supplements were
cleaned, assessed, extracted and handled similarly. Supplements providing a
combined dose of two micronutrients (e.g. Fefol® - iron and folic acid) were
separated into their constituents and recorded as two individual supplements.
Supplement combinations with more than two constituents were recorded as
‘Other’ in the MMS field. Information regarding folic acid was collected in a
separate field and reformatted to match that of general supplements; fields
available for this mandatory data point included use in the 4,8 and 12 weeks
before pregnancy and the first trimester. The diversity in supplements and
combinations utilised dictated that the data be assessed and cleaned on a case
by case basis.
4.2.3 Statistical analysis
The data were collated into five categories – demographic, health, obstetric,
supplements and birth outcomes. Demographic, health and obstetric data in the
complete cohort included maternal age at birth (continuous), ethnicity (nominal),
country of birth (Australia/outside Australia - dichotomous), smoking status
(no/yes - dichotomous), essential hypertension (no/yes - dichotomous), preexisting diabetes (no/yes - dichotomous), parity (nulliparous/multiparous dichotomous) and plurality (singleton/multiple - dichotomous). Pre-pregnancy
body mass index (BMI) was analysed in both continuous and categorical formats.
World Health Organization classifications were applied to the continuous data in
kilograms per square metre (underweight: <18.5, healthy BMI: 18.5 – 24.99,
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overweight: 25.00-29.99, obese class 1: 30.00-34.99, obese class 2: 35.0039.99, morbid obesity  40).
Supplements demonstrating statistically significant relationships were
MMS formulations, folic acid, iron, calcium, magnesium, zinc, vitamins C and D,
omega 3, 6 or 9 supplements, and a MMS in addition to one individual
micronutrient supplement. Iodine, vitamins B6, B12, B group, probiotics and a
MMS in addition to 2 or more individual supplements were also analysed for
associations but were not associated and have not been discussed further. Birth
outcomes explored were hypertensive disorders of pregnancy (HDP- nominal
[Pregnancy induced hypertension - PIH, Pre-eclampsia – mild, moderate, severe;
PIH + pre-eclampsia, HELLP syndrome; eclampsia] and dichotomous - yes/no),
gestational diabetes (GDM - nominal [diet controlled/oral medication/insulin] and
dichotomous - yes/no), induction of labour, (if labour occurred – yes/no), gestation
at birth (completed weeks, continuous) and birthweight (grams, continuous). Data
for stratification was extracted into sub-cohort datasets and converted into
categorical variables. Those included were pre-pregnancy BMI classification
(overweight - 25kg/m2), parity (nulliparous), maternal age (>30 years), smoking
(yes) and ethnicity (not Caucasian). Continuous outcomes were condensed into
gestation (preterm <37 completed weeks/post-mature ≥42 completed weeks) and
birth weight (<2500grams/>4000grams) variables.
Descriptive statistics were used to detail the cohort in terms of
demographic, reproductive, health and supplement use; frequencies for
categorical variables are reported in table 4.1. Mean and standard deviation
described normally distributed variables (i.e. skewness and kurtosis -3, ≤ 3);
those with skewed distribution were reported using median and range. Age,
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Australian born, infant birthweight, onset and folic acid use demonstrated normal
distribution and were subject to Pearson’s product moment correlation test. Body
Mass Index, ethnicity, parity, plurality, smoking, gestation of birth, hypertension
and diabetes (both pre-existing and pregnancy-related) and the remaining
supplement variables (pregnancy MMS, iron, calcium, zinc, magnesium, Vitamins
C and D) were abnormally distributed and subjected to Spearman’s Rho tests for
correlation. Variables were analysed with both parametric and non-parametric
analyses according to the normality of distribution. Associations within and
between categories were examined using chi-square, independent t-tests, simple
linear and logistic regression (tables 4.2-4.5). These findings are reported within
each sub-analysis.
Most variables demonstrated correlation to some degree. Variables with a
correlation coefficient greater than 0.3 but less than 0.7 were retained as
confounders

where

appropriate

(iron/vitamin

C,

birthweight/gestation).

Correlations with a coefficient of less than 0.1 were considered to have an effect
size insufficient to warrant further examination and were not considered in the
final models. Hedges’ g was used to calculate the effect size in groups with low
numbers. Correlations were considered significant if p<0.001 in datasets with
n1000. All categories met these criteria apart from the smoking dataset (n=601);
correlations were considered significant at the p<0.05 level in this stratum.
Plurality was only correlated with birthweight; as such babies born of multiple
pregnancies

were

excluded

from

the

birthweight

analysis.

Variables

demonstrating no correlation with supplements or outcomes were excluded from
the correlation tables.
Multinomial logistic regression was used to determine the existence of
significant relationships between outcomes and supplements in the cohort as a
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whole and after stratification, while controlling for identified confounders (AOR,
95%CI, p-value). Only relationships maintaining significance have been reported,
with results detailed in table 4.6. Significance for both models and relationships
at this level of analyses were considered significant at p≤0.05. Models
demonstrating significant associations between outcomes; supplement variables
were then systematically deconstructed and subject to hierarchical multiple
regression in order to determine the existence of synergistic or antagonistic
relationships between supplements. These associations were then translated into
the most significant models and findings reported within each stratum. Data were
analysed using SPSS version 25.

4.3

Results
Data were available for women due to birth between 5th June 2014 and

22nd January 2017. A total of 10171 women were subject to retrospective
analysis. Of these 6146 women (60.4%) had recorded supplement use practices.
Women without a recorded date of birth (n=4), parity (n=2) or missing data
regarding hypertensive and diabetic status both before and during pregnancy
were excluded from the analysis (n=60). Pre-viability (less than 24 weeks
gestation or below 400 grams) and multiplicity were exclusion criteria for infant
birthweight analyses. The final cohort for examination numbered 6080 women
and 5978 infants. Frequency of descriptive variables by stratum has been
detailed in table 4.1.
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Table 4.1: Frequencies of categorical variables by stratum.
n Yes (%)

Total

Overweight

Over 30

Nulliparous

Smoker

Non-Caucasian

n=6080

n=2064 (33.9)

n=2622 (43.1)

n=2754 (45.3)

n=601 (9.9)

n=1383 (22.7)

MMS

4054 (66.7)

1336 (64.7)

1815 (69.2)

1965 (71.4)

336 (55.9)

923 (66.7)

Folic acid

2603 (42.8)

848 (41.1)

1272 (48.5)

1236 (44.9)

167 (27.8)

1117 (80.8)

Iron

685 (11.3)

221 (10.7)

300 (11.4)

280 (10.2)

76 (12.6)

205 (14.8)

Calcium

102 (1.7)

32 (1.6)

55 (2.1)

59 (2.1)

8 (1.3)

43 (3.1)

Zinc

26 (0.4)

2 (0.1)

14 (0.5)

17 (0.6)

2 (0.3)

3 (0.2)

Magnesium

118 (1.9)

28 (1.4)

71 (2.7)

71 (2.6)

7 (1.2)

19 (1.4)

Iodine

18 (0.3)

5 (0.2)

10 (0.4)

9 (0.3)

0

5 (0.4)

Vitamin B6

19 (0.3)

6 (0.3)

11 (0.4)

11 (0.4)

0

4 (0.3)

Vitamin B12

38 (0.6)

15 (0.7)

17 (0.6)

19 (0.7)

5 (0.8)

13 (0.9)

B group vitamins

41 (0.7)

6 (0.3)

25 (1.0)

22 (0.8)

1 (0.2)

5 (0.4)

Vitamin C

226 (3.7)

66 (3.2)

96 (3.7)

104 (3.8)

26 (4.3)

56 (4.0)

Vitamin D

316 (5.2)

100 (4.8)

156 (5.9)

179 (6.5)

18 (3.0)

156 (11.3)

Probiotics

102 (1.7)

28 (1.4)

69 (2.6)

53 (1.9)

6 (1.0)

20 (1.4)

Omega 3/6/9

137 (2.3)

31 (1.5)

84 (3.2)

73 (2.7)

7 (1.2)

33 (2.4)

1 IMN

825 (13.6)

244 (11.8)

381 (14.5)

392 (14.2)

64 (10.6)

243 (17.6)

2 IMN

337 (5.5)

96 (4.7)

159 (6.1)

159 (5.8)

32 (5.3)

102 (7.4)

3 IMN

76 (1.3)

25 (1.2)

43 (1.6)

37 (1.3)

8 (1.3)

27 (2.0)

4 IMN

19 (0.3)

7 (0.3)

14 (0.5)

13 (0.5)

1 (0.2)

8 (0.6)

5 IMN

6 (0.1)

1 (0.0)

6 (0.2)

5 (0.2)

0

0

MMS + 1 IMN

627 (13.6)

176 (8.5)

300 (11.4)

316 (11.5)

43 (7.2)

182 (13.2)

MMS + 2 IMN

257 (4.2)

69 (3.3)

131 (5.0)

124 (4.5)

22 (3.7)

77 (5.6)

MMS + 3 IMN

58 (1.0)

18 (0.9)

32 (1.2)

31 (1.1)

4 (0.7)

21 (1.5)

MMS + 4 IMN

10 (0.2)

4 (0.2)

9 (0.3)

6 (0.2)

0

4 (0.3)

MMS + 5 IMN

4 (0.1)

1 (0.1)

4 (0.2)

3 (0.1)

0

0

HDP

259 (4.3)

144 (7.0)

112 (4.3)

158 (5.7)

18 (3.0)

39 (2.8)

GDM

413 (6.8)

218 (10.6)

220 (8.4)

188 (6.8)

51 (8.5)

142 (10.3)

IOL

1905 (31.3)

787 (38.1)

818 (31.2)

1021 (37.1)

189 (31.4)

385 (27.8)

Birth < 37 weeks

386 (6.3)

143 (6.9)

167 (6.4)

196 (7.1)

59 (9.8)

69 (5.0)

Birth  42 weeks

123 (2.0)

43 (2.1)

60 (2.3)

82 (3.0)

7 (1.2)

23 (1.7)

<2500 grams

268 (4.4)

80 (3.9)

117 (4.5)

148 (5.4)

49 (8.2)

62 (4.5)

>4000 grams

748 (12.3)

55 (2.7)

346 (13.2)

235 (8.5)

32 (5.3)

147 (10.6)

MMS - Multiple Micronutrient Supplements, IMN - individual micronutrient, HDP – hypertensive disorders of pregnancy,
GDM gestational diabetes, IOL – induction of labour
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4.3.1 Demographic Profile
4.3.1.1 Summary of demographic characteristics
Data regarding age (n=6080), country of birth (n=6061) and ethnicity
(n=6036) were obtained from women in this cohort. The mean age of women was
29.53 years (± 5.420). One hundred and twenty-one countries were represented,
with Australian or New Zealand Caucasians accounting for 77.1% of recorded
ethnicity (n=4690). Women from culturally and linguistically diverse (CALD)
populations accounted for 19.0% (n=1161); these figures include women
declaring Aboriginal or Torres Strait Islander heritage (1.7%, n=106). However, a
further fifty-two women were documented as Caucasian in one field and
Indigenous in another. Given the high percentage of error in this data (35%), no
further analysis was performed on the Indigenous cohort; all dual coded women
were excluded from any analysis inclusive of ethnicity.
4.3.1.2 Associations between demographic characteristics
Women born in Australia were younger at their estimated due date (EDD;
mean 28.87 ± 5.4 years) than those born in other countries (30.66 ± 5.2 years).
Those identifying as Caucasian (29.28 ± 5.4 years) were similarly younger than
their non-Caucasian peers (30.36 ± 5.5 years) at their EDD. Women born in
Australia accounted for 77.5% of those identifying as Caucasian (n=3633); 15%
of women born in Australia declared non-Caucasian ethnicity (n=208).
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4.3.2 Health Profile
4.3.2.1 Summary of health characteristics
Median pre-pregnancy BMI was calculated to be 23.03 kg/m2 (13.26 69.73); this had risen to a median 25.08 kg/m2 by the booking visit (16.02 - 70.49).
Three women in the cohort were documented with a pre-pregnancy BMI of over
60 kg/m2; three were recorded with a pre-pregnancy BMI of under 15 kg/m2. Data
indicates that during the collection period 23 women (0.4%) presented for booking
with essential hypertension and 22 women (0.4%) declared pre-existing type one
or two diabetes in this group. Continued smoking during pregnancy was declared
by 9.9% of the cohort (n=601). This information was recorded as a null entry for
25.2% and 25.6% of women respectively; these were excluded on a case by case
basis as required.
4.3.2.2 Associations between health characteristics
The risk of essential hypertension (OR 3.722, 95% CI 1.427 – 6.016,
p=0.001) and pre-existing diabetes (OR 3.448, 95% CI 1.043 – 5.854, p=0.005)
increased concomitantly with increasing pre-pregnancy BMI. Smoking status was
not associated with either condition. Women in the underweight BMI category
were more likely to report smoking in pregnancy than other BMI categories (OR
2.160, 95% CI 1.085 – 4.310, p=0.029).
4.3.3 Obstetric Profile
Women were described obstetrically by parity and plurality. First time
mothers constituted 45.3% of women in this cohort (n=2754); multiparous 54.1%
(n=3292) and grand-multiparous women ( 5 previous births, 0.6%, n=34).
Singletons represented 98.7% of pregnancies (n=6003); 77 multiple pregnancies
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were recorded. No further analyses were performed on women with multiple
pregnancies due the inability of this low power group to return meaningful results.
4.3.4 Birth outcomes
4.3.4.1 Summary of outcomes characteristics
Median gestation at birth was 39 completed weeks (range 19-42 weeks).
Induction of labour was experienced by 31.3% of women recorded as not having
birthed by caesarean section before labour (n=1905); women laboured
spontaneously in 55.6% of cases (n=3378). Gestational diabetes was diagnosed
in 413 women of the cohort (6.8%) with hypertensive disorders of pregnancy
documented in 259 cases (4.3%). Thirty-nine women were affected by the new
onset of both hypertension and diabetes during their pregnancy (0.64%). Data
regarding both of these outcomes were missing in 1537 cases (25.3%).
A total of 6159 babies were born of these women; of this number 156 were
the result of a twin or triplet pregnancy. A further 12 infants were birthed before
24 completed weeks or under 400 grams. Birthweight was not recorded for 13
term babies. Mean birthweight of eligible singleton babies was 3426 grams
(n=5978, ± 541 grams); male babies recorded a higher mean birthweight and
wider standard deviation than female babies (3496 ± 548 grams versus 3353 ±
525 grams respectively, p<0.001).
4.3.4.2 Associations between outcomes
Women with gestational diabetes were less likely to birth at term and
beyond (OR -0.809, 95%CI -.0602, -1.016, p<0.001) and more likely to have their
labour induced (OR 2.483, 95%CI 2.016, 3.059, p<0.001) than women who did
not develop this disorder. Hypertensive disorders were more likely to result in an
induction of labour (OR 5.008, 95%CI 3.801, 6.598, p<0.001) before full term than
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persistently normotensive women (OR -0.933, 95%CI -1.189, -0.676, p<0.001;
table 4.2). The two disorders were significantly associated (2=11.080, 1df,
p=0.001), with the risk of hypertensive disorders higher in women with gestational
diabetes (OR 1.583, 95%CI 1.297, 2.648, p=0.001).
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Table 4.2 Associations between outcomes
Outcome

GDM

Induction of labour

Birth gestation

Birthweight

n total

4543

5283

6080

5978

(413, 6.8%)

(1905, 31.3% IOL)

(n yes, %)

HDP

GDM

IOL

2

df

p

2

df

p

t/F†

df

p

t/F†

df

p

11.080

1

0.001*

185.534

1

<0.001*

6.636

282

<0.001*

4.398

266

<0.001*

108.125

1

<0.001*

7.995

4541

<0.001*

3.064

4473

0.002*

0.029*

0.073

3634

0.942

5.111†

1785

<0.001*

2.178

3521

Birth
gestation
HDP – hypertensive disorders of pregnancy; GDM – gestational diabetes mellitus; IOL – induction of labour

147
4.3.4.3 Demographic, health and obstetric and outcome associations
Demographic, health and obstetric variables demonstrated significant
associations with examined outcomes. These are reported in table 4.3 and have
informed the data stratification process.
Maternal age was associated with gestational diabetes, induction of labour
and gestation at birth. Simple linear regression was performed to determine the
effect of maternal age on these outcomes. A significant association was found
between maternal age and gestational diabetes (F (1, 4541) = 40.440, p<0.001).
The risk of gestational diabetes increased by a factor of 1.771 with each year of
age. Maternal age and induction of labour exhibited a similar relationship (F (1,
5281) = 17.023, p<0.001), with an increase in the risk of induction of 0.640 for
each additional year of age. The relationship between age and gestation at birth
revealed a similar significance (F (1, 6078) = 15.229, p<0.001) with a decrease
in gestation at birth with advancing age (β=-0.133).
Ethnicity was associated with gestational diabetes, induction of labour and
infant birthweight. Caucasian women birthed babies of a higher birthweight than
those identifying as non-Caucasian (mean 3446 grams, ± 540 vs 3359 grams, ±
539; F(1,5969)=27.452, p<0.001). Caucasian women were less likely to develop
GDM (OR 0.527, 95%CI 0.424, 0.654, p<0.001) however experienced higher
rates of labour induction than women from culturally diverse backgrounds (OR
1.272, 95%CI 1.109, 1.458, p=0.001).
Increasing BMI was associated with an increase in hypertensive disorders
of

pregnancy

(F(1,4473)=46.536,

p<0.001),

gestational

diabetes

(F(1,4473)=118.478, p<0.001), induction of labour (F(1,5202)=155.133, p<0.001;
and birthweight (F(1,5884)=103.812, p<0.001; β =0.001). Body Mass Index was
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also associated in a reduction of gestational length at birth (F (1, 5985) = 6.847,
p=0.009; β =-0.093). These relationships were further explored with stratification,
correlation and in-depth regression analyses.
Smoking was found to be associated with length of gestation at birth and
birth weight in this dataset. Women who declared smoking during pregnancy
experienced a shorter gestation (F (1, 6050) =36.983, p<0.001; β =-0.533), and
lower birthweight than the non-smoking cohort (F (1, 5949) =104.625, p<0.001;
β =-237.895). These findings were retained for further analysis by stratification.
Parity demonstrated significant associations with all outcomes except for
gestational diabetes. Nulliparous women were found to have experienced an
odds ratio of pregnancy-related hypertensive disorders of 1.838 times higher
compared to multiparous women (95%CI 1.422, 2.375, p<0.001). First time
mothers were also more likely to have their labour induced (OR 1.355, 95%CI
1.210, 1.517, p<0.001). Women birthing for the first time experienced a longer
length of gestation (mean 39.24 weeks, ± 2.20 vs 39.05 weeks, ± 1.90;
F(1,6078)=13.661, p<0.001) and smaller babies (mean 3351 grams, ± 540 vs
3489 grams, ± 535; F(1,5976)=97.691, p<0.001) than multiparous women.
Nulliparous data were extracted from the main dataset and examined under
stratification conditions.
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Table 4.3: Demographic, obstetric and health associations with outcomes
Variable

Age

Australian born

Ethnicity

BMI

Chronic Hypertension

T1/T2 Diabetes

Smoking

Plurality

Parity

n total

6080

6080

6073

5987

4545

4522

6052

6080

6080

t/F†

df

p

t†/2

df

p

t†/2

df

p

t/F†

df

p

t†/2

df

p

t†/2

df

p

t†/2

df

p

t†/2

df

p

t†/2

df

p

HDP

0.063

4541

0.950

3.444

1

0.063

15.589

11

0.157

-6.358

282

<0.001*

0.535

1

0.465

9.059

1

0.003*

2.682

1

0.102

7.022

2

0.030*

21.595

1

<0.001*

GDM

6.359

4541

<0.001*

16.722

1

<0.001*

72.745

11

<0.001*

8.622

448

<0.001*

3.069

1

0.080

1.254

1

0.263

2.238

1

0.135

10.055

2

0.007*

0.253

1

0.615

IOL

3.993

3577

<0.001*

9.570

1

0.002*

26.105

11

0.006*

-11.553

3112

<0.001*

8.059

1

0.005*

9.470

1

0.002*

0.014

1

0.905

8.251

2

0.016*

27.800

1

<0.001*

Gestation

3.896†

23

<0.001*

-2.133†

5976

0.033*

0.945

11

.495

1.693†

22

0.022*

1.934

4475

0.053

0.644

21

0.526

10.229

5949

<0.001*

213.648

2

<0.001*

-9.884

5976

<0.001*

Birthweight

0.001†

5976

0.980

2.559†

5354

0.011*

9.392

11

<0.001*

1.136†

1774

0.001*

2.451

4543

0.014*

4.168

21

<0.001*

5.799

7222

<0.001*

-

-

-

3.644

5461

<0.001*

HDP – hypertensive disorders of pregnancy, GDM – gestational diabetes, SPT – Spontaneous perineal trauma, * statistically significant, †t or F score

Table 4.4: Associations between supplements
Supplement

MMS

Folic acid

Iron

Calcium

Zinc

Magnesium

Vitamin C

Vitamin D

Omega 3/6/9

n total

4596

5711

6080

6080

6080

6080

6080

6080

6080

(4054, 66.7%)

(2603, 42.8%)

(685, 11.3%)

(102, 1.7%)

(26, 0.4%)

(118, 1.9%)

(226, 3.7%)

(316, 5.2%)

(137, 2.3%)

(n yes, %)

MMS

2

df

p

2

df

p

2

df

p

2

df

p

2

df

p

2

df

p

2

df

p

2

df

p

0.357

1

0.550

43.888

1

<0.001*

1.2.55

1

0.263

0.279

1

0.598

1.412

1

0.235

0.325

1

0.569

3.173

1

0.075

1.925

1

0.165

1.277

1

0.258

8.776

1

0.003*

2.075

1

0.150

4.825

1

0.028*

9.836

1

0.002*

0.026

1

0.872

0.000

1

1.000

36.038

1

<0.001*

22.146

1

<0.001*

7.326

1

0.007*

850.721

1

<0.001*

67.309

1

<0.001*

3.728

1

0.053

21.982

1

<0.001*

199.645

1

<0.001*

3.832

1

0.050*

295.287

1

<0.001*

47.116

1

<0.001*

245.382

1

<0.001*

6.928

1

0.008*

7.772

1

0.005*

1.466

1

0.226

12.220

1

<0.001*

49.986

1

<0.001*

98.465

1

<0.001*

17.644

1

<0.001*

11.449

1

0.001*

16.328

1

<0.001*

Folic acid
Iron
Calcium
Zinc
Magnesium
Vitamin C
Vitamin D
MMS – Multiple Micronutrient Supplements, * statistically significant
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4.3.5 Supplement use
4.3.5.1 Summary of supplement use characteristics
Women in this dataset declared use of supplements in 5339 cases
(87.8%); 741 (12.2%) reported no use. Supplements retained for further
examination were MMS, folic acid, iron, magnesium, calcium, vitamins C, D and
zinc. The majority of women who declared the use of MMS (n=4054) reported
using this supplement only (n=3112, 76.8%). Market leaders Elevit® (n=2165,
35.6%) and Blackmores® (n=1194, 19.6%) were the most common brands
consumed.
Individual micronutrients were used by 1094 women (23.8%). Of these
women, 86.1% (n=942) reported these supplements in addition to MMS;
individual supplements exclusive of a MMS were declared by 152 women
(13.9%). Folic acid supplements were reported before pregnancy in 482 women
(8.0%), with a further 1878 women reporting use throughout the first trimester.
Women declaring no use of peri-conception folic acid supplements numbered
3348 (55.1%). Use was recorded by free text in the general supplement fields for
a further 402 women, however the timing of this use was not detailed (6.6%); 372
(6.1%) of cases were recorded with unknown folic acid practices The most
frequently used individual supplements other than folic acid were iron (n=685,
11.3%) and Vitamin D (n=316, 5.2%). More than 5% of the cohort used two or
more individual micronutrients in addition to MMS (5.4%, n=329).
4.3.5.2 Associations between supplement use characteristics
Multiple micronutrient supplements were associated with a reduction in the
use of individual micronutrients (OR 0.777, 95%CI 0.635, 0.950, p=0.014) and
iron in particular (OR 0.468, 95%CI 0.373, 0.587, p<0.001) (table 4.4). Use of
folic acid was not associated with pregnancy multivitamin use (p=0.550);
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however, significant associations were found between folic acid and calcium,
magnesium and vitamin C (table 4.4). Iron supplements demonstrated significant
relationships with calcium, zinc, magnesium, vitamin C and D. Of these the
relationship with Vitamin C was the most significant, with women more likely to
consume Vitamin C in conjunction with iron supplements than any other
combination (OR 25.801, 95%CI 19.057, 34.932, p<0.001). Calcium, vitamin C
and D were significantly associated with all individual supplements p<0.001 level
(table 4.4).
4.3.5.3 Demographics and supplement use
Demographic variables and supplement use were explored for statistically
significant associations and have been reported in table 4.5. Maternal age
demonstrated relationships with MMS, folic acid, calcium, magnesium and
vitamin D (p<0.001). Use of individual supplements in addition to MMS increased
concordantly with maternal age (F (1, 6078) =31.413, p<0.001). The number of
supplements used increased by a factor of 0.579 for every advancing year
(p<0.001). Being Australian born was associated with iron, calcium and vitamin
D use. Australian born (OR 0.375, 95% CI 0.298, 0.472, p<0.001) and Caucasian
women (OR 0.278, 95%CI 0.221, 0.349, p<0.001) were less likely to use vitamin
D supplements than non-Caucasian women or those born overseas. Similarly,
Australian born women were less likely to use iron supplements than foreign-born
women (OR 0.772, 95%CI 0.619, 0.854, p<0.001) and Caucasian women were
less likely to use iron supplements than culturally diverse women (OR 0.655,
95%CI 0.550, 0.781, p<0.001). Significant relationships also exist between
ethnicity and folic acid, iron, calcium, vitamin C, and vitamin D (p< 0.001). Vitamin
D and calcium were both independently significant and remained so when
considered together in one model.
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Table 4.5: Demographic, obstetric and health associations with supplement use
Variable

Age

Australian born

Ethnicity

BMI

Essential Hypertension

Pre-existing Diabetes

Smoking

Plurality

Parity

n total data

6080

6080

6073

5987

4545

4522

6052

6080

6080

t

df

p

2

df

p

2

df

p

t

df

p

2

df

p

2

df

p

2

df

p

2

df

p

2

df

p

MMS

-4.365

665

<0.001*

0.005

1

0.944

44.380

11

<0.001*

3.455

643

0.001*

1.358

1

0.122

0.046

1

0.831

71.418

1

<0.001*

1.648

2

0.527

39.920

1

<0.001*

Folic acid

-10.498

5642

<0.001*

0.031

1

0.839

55.523

11

<0.001*

1.331

5599

0.183

0.000

1

1.000

0.273

1

0.601

67.114

1

<0.001*

4.979

2

0.083

10.906

1

0.001*

Iron

-0.079

847

0.937

14.777

1

<0.001*

97.295

11

<0.001*

1.228

5985

0.220

0.440

1

0.507

0.359

1

0.549

1.087

1

0.297

0.779

2

0.764

5.888

1

0.015*

Calcium

-3.674

6078

<0.001*

18.924

1

<0.001*

52.259

11

<0.001*

0.389

5985

0.697

0.000

1

1.000

0.039

1

0.843

0.296

1

0.586

6.185

2

0.045*

6.086

1

0.014*

Zinc

-2.151

678

0.032*

1.553

1

0.213

5.741

11

0.890

1.453

5985

0.146

0.000

1

1.000

0.000

1

1.000

0.003

1

0.957

1.471

2

0.479

3.477

1

0.062

Magnesium

-4.497

6078

<0.001*

0.884

1

0.347

6.294

11

0.853

1.699

5985

0.089

2.456

1

0.117

0.000

1

1.000

1.719

1

0.190

1.731

2

0.421

10.140

1

0.001*

Vitamin C

-0.249

6078

0.803

1.755

1

0.185

35.853

11

<0.001*

1.076

5985

0.282

0.000

1

1.000

0.110

1

0.740

0.514

1

0.473

0.094

2

0.954

0.024

1

0.878

Vitamin D

-3.396

355

0.001*

73.073

1

<0.001*

309.358

11

<0.001*

1.384

5985

0.166

0.000

1

1.000

0.000

1

1.000

5.964

1

0.015*

2.744

2

0.254

16.848

1

<0.001*

Omega 3/6/9

-4.884

6078

<0.001*

1.637

1

0.201

12.069

11

0.358

3.542

147

0.001*

0.000

1

1.000

0.000

1

1.000

3.033

1

0.082

1.097

2

0.578

3.288

1

0.070

*statistically significant, MMS - Multiple Micronutrient Supplement, T1/T2 - type 1 or 2, BMI – Body Mass Index
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Table 4.6 Multinomial logistic regression - outcomes, covariates and supplements by stratum
Stratum

Outcome

Covariates

n

Final model significance
2

df

p

Variance
C&S

Nag.

4s

3009

46.048

11

<0.001*

0.015

0.040

GDM

4s

3009

106.125

11

<0.001*

0.035

Onset (IOL)

4, 6 s , 7

2649

265.261

13

<0.001*

0.095

Gest

2981

567.060

15

<0.001*

≥42k

1, 2, 5,
6, 7 s, 9

62.756

15

BW <2500g

1, 2, 5 s

4160

87.849

24

None

HDP

<37k

Classification %
Sensitivity

Specificity

Predictive value %
Correct

Positive

Negative

0

100

93.6

0

93.62

0.076

0.7

99.8

90.7

28.57

0.129

30.0

90.9

66.8

68.48

0.173

0.503

40.1

99.4

96.1

<0.001*

0.021

0.131

0

100

98.3

<0.001*

0.021

0.031

BMI
Overweight (BMI≥25)

Nil

1033

GDM

3s

Onset (IOL)

1, 6, 7

Gest

3, 6, 7, 9

<37k

7.964

10

1033

20.830

877

103.113

1015

180.954

≥42k
BW <2500g

1 s, 5

1207

0.008

0.016

11

0.035*

0.020

0.034

12

<0.001*

0.111

0.148

12

<0.001*

0.163

0.439

36.5

30.768

14

0.006*

0.030

0.176

22.992

20

0.289

0.019

0.040

0

100

89.4

0

100

38.3

87.9
99.1

0

100

Parity
Nulliparous

95%CI AOR

p value

Lower

Upper
1.096

<0.001*

38.350

1

1.072

1.049

90.87

BMI

0.097

0.010

98.076

1

1.101

1.080

1.123

<0.001*

66.47

HDP

1.922

0.210

83.900

1

6.834

4.530

10.310

<0.001*

78.31

96.65

GDM

0.844

0.425

3.936

1

2.325

1.010

5.351

0.047*

0

98.29

Parity (M)

-1.322

0.326

16.440

1

0.267

0.141

0.505

<0.001*

Zinc (Y)

1.591

0.671

5.625

1

4.901

1.318

18.182

0.018*

Smoking

-1.062

0.227

21.934

1

0.346

0.222

0.539

<0.001*

Folic acid (Y) s

0.463

0.205

5.135

1

1.590

1.065

2.373

0.023*

0

89.35

84.4

0

84.41

Age

0.058

0.017

12.144

1

1.059

1.026

1.094

<0.001*

62.6

76.68

57.80

HDP s

2.036

0.321

40.162

1

7.660

4.081

14.377

<0.001*

95.2

71.88

95.93

GDM s

0.933

0.494

3.569

1

2.541

0.966

6.688

0.059
0.014*

98.1

0

98.13

92.5

Folic acid

(Y) s

1.278

0.520

6.047

1

3.584

1.295

9.900

Parity (M)

0.529

0.305

3.013

1

0.589

0.324

1.070

0.083

Parity (M)

1.398

0.495

7.976

1

4.047

1.534

10.667

0.005*

1466

14.008

10

0.173

0.01

0.022

0

100

92.0

0

92.02

Folic acid (Y) s

0.307

0.195

2.483

1

1.359

0.928

0.991

0.115

GDM

4s

1455

61.816

11

<0.001*

0.042

0.092

0

99.8

90.9

0

91.05

Calcium (Y)

1.073

0.484

4.902

1

2.923

1.131

7.553

0.027*

Onset (IOL)

4, 6 s, 7

1375

161.312

13

<0.001*

0.111

0.149

35.5

87.4

65.2

67.86

64.48

MMS (Y)

-0.665

0.201

10.906

1

0.514

0.346

0.763

0.001*

Gest

2, 6, 7 , 9

1448

350.533

13

<0.001*

0.215

0.567

46.2

99.2

95.8

79.63

96.41

GDM s

1.072

0.672

2.545

1

2.921

0.783

10.902

0.111

<37k

4

1932

38.858

13

<0.001*

0.026

0.125

38.302

22

0.017*

0.020

0.031

0

100

97.4

0

97.44

86.0

>4000g

Vitamin C

(Y) s

0.584

0.786

0.646

1

1.793

0.432

7.442

0.422

Zinc (Y)s

1.911

0.720

7.039

1

6.756

1.647

27.780

0.008*

BMI s

0.058

0.014

18.302

1

1.060

1.032

1.089

<0.001*

HDP

4s

1296

32.891

11

0.001*

0.025

0.065

0

99.8

93.2

0

93.35

Folic acid (Y)

0.462

0.231

4.012

1

1..587

1.010

2.493

0.045*

GDM

4s

1296

53.256

11

<0.001*

0.040

0.078

1.3

99.8

88.1

50.00

88.24

MMS+1 IMN (Y)

-0.676

0.338

3.995

1

0.508

0.262

0.987

0.046*

Onset (IOL)

4, 6 s, 7

1296

77.157

13

<0.001*

0.058

0.080

21.9

92.9

68.7

61.39

69.68

Folic acid (Y)

0.257

0.122

4.445

1

1.294

1.018

1.643

0.035*

Gest

1, 5, 6 s, 7,
9

1278

129.464

15

<0.001*

0.096

0.286

17.9

99.3

95.1

60

95.63

HDP

1.021

0.400

6.523

1

2.777

1.268

6.079

0.011*

35.545

15

0.003*

0.027

0.173

0

100

98.4

0

98.36

<0.001*

1, 4, 5

1793

67.366

26

<0.001*

0.037

0.054

<37k
≥42k

Age
> 30 years

AOR

Nil

≥42k

BW <2500g

81.5

>4000g
HDP

Nil

GDM
Gest

<37k

-1.859

0.506

13.517

1

0.156

0.058

0.420

0.710

0.327

4.701

1

2.034

1.071

3.864

0.030*

Parity (M)s

0.643

0.166

15.043

1

1.903

1.375

2.634

<0.001*

310

7.723

10

0.656

0.025

0.080

0

100

95.5

0

95.48

MMS (Y) s

1.125

0.861

1.706

1

3.080

0.57

16.662

0.191

303

35.626

12

<0.001*

0.111

0.217

8.6

99.6

89.1

75

89.3

BMI

0.111

0.030

13.987

1

1.118

1.054

1.185

<0.001*

4, 6, 7 s

270

45.62

13

<0.001*

0.155

0.214

32.6

94.3

72.6

75.61

72.05

GDM

2.048

0.547

13.993

1

7.752

2.651

22.688

<0.001*

1, 2, 7, 9

305

68.281

13

<0.001*

0.201

0.454

34.6

100

94.4

100

94.26

Folic acid (Y) s

-1.157

0.593

3.807

1

3.179

0.995

10.159

0.051
0.407

≥42k
BW <2500g

Parity (M)
Smoking s

4s

3,

Onset

Smoker
Smoker

df

HDP

BW <2500g

4s

393

9.177

13

0.759

0.030

0.192

22.47

22

0.432

0.056

0.089

0

100

98.4

0

98.36

86.3

>4000g

Ethnicity
Not Caucasian

Wald

0.11

>4000g

Parity

(M) s

0.802

0.967

0.687

1

2.23

0.335

14.854

BMI

-0.790

0.041

3.769

1

0.924

0.853

1.001

0.052

BMI

0.079

0.032

5.991

1

1.083

1.016

1.154

0.014*

HDP

2s

709

14.757

11

0.194

0.021

0.070

0

100

95.8

0

95.77

Plurality

2.866

0.965

8.823

1

17.571

2.651

116.452

0.003*

GDM

3, 4 s

702

35.513

12

<0.001*

0.049

0.090

1.1

99.7

86.3

33.3

86.55

BMI

0.085

0.019

19.528

1

1.089

1.049

1.131

<0.001*

Onset (IOL)

6 s, 7

635

39.838

14

<0.001*

0.055

0.076

13.9

95.8

69.1

61.45

67.39

Vitamin C (Y)

0.982

0.406

5.860

1

2.669

1.205

5.909

0.015*

Gest

1, 2, 6, 7, 9

702

25.007

14

0.035*

0.035

0.123

60.7

96.7

95.3

43.59

98.34

HDP s

2.403

0.584

16.923

1

11.056

3.519

34.737

<0.001*

15.002

14

0.378

0.021

0.200

0

100

99

0

99

Parity (M) s

-1.377

0.879

2.452

1

0.252

0.045

1.414

0.117

55.736

24

<0.001*

0.056

0.087

Magnesium (Y) s

1.792

0.701

6.535

1

5.988

1.520

23.810

0.011*

BMI s

0.098

0.017

32.466

1

1.103

1.066

1.141

<0.001*

<37k
≥42k

BW <2500g

1, 4

964

84.8

>4000g

Covariate codes
1.
2.
3.
4.
5.
6.
7.
8.
9.

Standard
error

0.069

83.1

0.632

β

BMI

>4000g
HDP

Contributor†

Parity
Plurality
Age
Pre-pregnancy BMI (BMI)
Smoking status
Hypertensive disorders of pregnancy (HDP)
Gestational Diabetes (GDM)
Onset of labour (Ex pre-labour caesarean section)
Birthweight

Supplement variables in every model
•
•
•
•
•
•
•
•
•
•

Multiple Micronutrient Supplements
Folic acid at any time
Iron
Calcium
Zinc
Magnesium
Vitamin C
Vitamin D
Omega 3,6,or 9
Pregnancy multivitamin plus one individual supplement

Summary of symbols used in this table

Summary of abbreviations used in this table

† Supplement contribution if p≤0.05 (strongest predictor in the absence of

HDP – Hypertensive disorders of pregnancy
GDM – Gestational Diabetes Mellitus

supplement and/or significance)

MMS – Multiple Micronutrient Supplement
IMN – Individual Micronutrient

* Statistically significant

BMI – Body Mass Index
k – Weeks

s Strongest

predictor

Parity (M) – Multiparous

Gest – Gestation
BW – Birthweight
g - grams
AOR – Adjusted odds ratio
IOL – Induction of labour
C&S – Cox & Snell R Square
Nag – Nagelkerke R Square
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4.3.5.4 Health profile and supplement use
Pre-pregnancy BMI was significantly associated with the use of MMS (F
(1, 4536) = 15.358, p<0.001), with the use of these supplements decreasing with
increasing BMI (β=-0.994). Smoking was associated with reduced use of MMS
(OR 0.365, 95%CI 0.288, 0.464, p<0.001), folic acid (OR 0.457, 95%CI 0.379,
0.552, p<0.001) and vitamin D (OR 0.540, 95%CI 0.333, 0.875, p=0.012) (table
4.5).
4.3.5.5 Obstetric profile and supplement use
Parity demonstrated associations with MMS, folic acid, iron, calcium,
magnesium, and vitamin D (table 4.5). Multiparous women were less likely to use
MMS (OR 0.546, 95%CI 0.453, 0.660, p<0.001), folic acid (OR 0.837, 95%CI
0.754, 0.930, p=0.001), calcium (OR 0.598, 95%CI 0.403, 0.889, p=0.011),
magnesium (OR 0.542, 95%CI 0.373, 0.786, p=0.001) and vitamin D (OR 0.618,
95%CI 0.492, 0.777, p<0.001) than nulliparous women; the situation was
reversed in the case of iron supplements (OR 1.225, 95%CI 1.042, 1.440,
p=0.014).
4.3.6 Supplement use and outcomes by stratum
4.3.6.1 Non-stratified
Women who reported the use of zinc supplements in the prescribed time
frame demonstrated an increase in the incidence of low birthweight infants while
controlling for covariates parity, plurality and smoking status (AOR 4.784, 95%CI
1.284, 18.857 p=0.020). This model explained 2.5-3.7% of low birthweight in this
cohort and correctly classified 83.1% of cases. Further investigation of this result
found this association to be highly associated with nulliparity. The association
between zinc supplements and low birth weight was then examined within the
appropriate stratum and reported accordingly (table 4.6).
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4.3.6.2 Overweight women
Use of folic acid in this subset of women resulted in an increase in the
incidence of post-mature pregnancy compared to those that reported no use
(AOR 3.584, 95%CI 1.295, 9.900, p=0.014). This model considered several
confounders (table 4.6) and reflected both a wide variance (2.8-14.7%) and
confidence interval in these pregnancies in overweight women. Folic acid was
also the strongest predictor of hypertensive disorders in the cohort (AOR 1.590
95%CI 1.065, 2.373 p=0.023), accounting for 0.8 – 1.6% in the variance of
hypertensive disorders in this group. No significant relationship was found
between the declared timing of folic acid use and these outcomes.
4.3.6.3 Nulliparous women
Use of a pregnancy formulation was the strongest predictor of
spontaneous labour in this group, with those reporting the use of MMS
demonstrating a significant reduction in the odds of induction of labour while
controlling for covariates (AOR 0.514, 95%CI 0.346, 0.763, p<0.001). This model
explained 11.1-14.9% of the variance in the onset of labour while correctly
classifying 65.2% of cases. However, women reporting pregnancy multivitamins
in conjunction with zinc demonstrated an increase in the incidence of low
birthweight infants (AOR 6.756, 95%CI 1.647, 27.78, p=0.008). The final model
explained 2.0-3.1% of low birthweight in this cohort, correctly classifying 86.0%
of cases with a small to moderate effect size (Hedge’s g = -0.403).
Calcium supplements were associated with gestational diabetes in this
cohort, with women reporting calcium supplementation experiencing a lower
incidence of GDM than those who did not (AOR 0.342, 95%CI 0.132, 0.884,
p=0.027). The final model explained 4.2-9.2% of gestational diabetes in this
cohort. Investigation of supplement interactions demonstrated an increase in the
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statistical significance of calcium when eliminating vitamin D from the model
(AOR 0.313, 95%CI 0.135, 0.726 p=0.007) (table 4.6).
4.3.6.4 Women aged over 30 years
The most significant predictors for hypertensive disorders, gestational
diabetes and onset of labour in women ages over thirty were all micronutrient
supplements; each of these models was significant (p<0.001). Folic acid use was
associated with an increased risk for HDP (AOR 1.587, 95%CI 1.010, 2.493,
p=0.045). This effect was most significant with the presence of MMS, calcium and
magnesium as covariates. Folic acid in combination with pregnancy multivitamins
was the strongest supplement predictor for induction of labour in this group after
controlling for covariates (AOR 2.302, 95%CI 1.109, 4.780, p=0.025; 10.0-13.5%)
(Table 4.6).
4.3.6.5 Non-Caucasian women
Vitamin C use was associated with an increase in the induction of labour
in this group of women (AOR 2.669, 95%CI 1.205, 5.909, p=0.015). The final
model was significant at the p<0.001 level, accounted for 5.5-7.6% of the
variance in the model, and correctly classified 69.1% of cases (table 4.6).
Magnesium supplements were associated with an increased incidence of low
birthweight babies when controlling for covariates in this subset, and was most
pronounced with zinc and MMS in the final model (AOR 10.870, 95%CI 3.049,
38.461, p<0.001), accounting for 4.5-7.0% of the variation in low birthweight
babies in this group of women (Hedges g = -0.16).
4.4

Discussion
This chapter aimed to present the findings of analyses performed on

demographic, health, obstetric and supplement use characteristics of a cohort of
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pregnant South-East Queensland women. The research has highlighted
numerous data limitations, population-specific behaviours and significant findings
concerning the use of micronutrient supplements during pregnancy and their
potential to influence birth outcomes in these women.
Identification of Aboriginal and Torres Strait Islander women was poor with
35% of women recorded as Indigenous also recorded as Caucasian in another
field. The degree of discrepancy in this data eliminated First Peoples women as
a sub-group for analysis. Given that Australia’s Indigenous women are known to
experience poor birth outcomes compared to non-Indigenous women5, the
inability to examine the efficacy of supplement interventions due to poor data
quality does not support strategies targeting improved birth outcomes in this
cohort.
Women born in Australia were younger than overseas born women of the
cohort. The age difference between women born within and without Australia in
the service may be indicative of immigration trends for this country6, a reluctance
of this population to engage with health care7, and the time taken to establish
community, social and cultural networks, residency status, visa requirements and
Medicare eligibility7. While the number of countries represented within the cohort
highlights the ethnic and cultural diversity found in South-East Queensland,
information regarding their length of residency in Australia was not available. As
such, the influence of critical socio-cultural factors on supplement practices and
subsequent outcomes was unable to be determined.
The mean pre-pregnancy BMI of women commenced in the healthy range
but had climbed into the overweight category by their booking visit. This gain may
be due to accuracy in the self-reporting of pre-pregnancy weight8 versus the
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anthropometric measures collected by clinicians during their appointment.
However, it may also be a true reflection of gestational weight gain in these
women in the period before the booking-in visit. This statistic is of concern
considering the weight gain recommendation for women with a healthy BMI is
11.5 - 16 kg for the pregnancy in its entirety9; approximately half of the
recommended weight gain needs to have been achieved in the time to booking
in order to effect a change in BMI of this magnitude. This finding highlights the
importance of nutrition counselling in early pregnancy.
First-time mothers constituted 45.3% of women in this cohort, a figure
slightly higher than that reported in Queensland perinatal data for the
corresponding period10. Given the association between nulliparity and age in this
research, this finding may relate to the lower mean age of mothers in the cohort.
Median gestation of 39 completed weeks reflects that of Queensland perinatal
data, as do the findings regarding spontaneous and induced labour10. Birth weight
of singleton babies reflected wider Queensland findings10.
Women born in Australia experienced differences in birth outcomes
compared to those who were not; this was also found between Caucasian and
non-Caucasian women. Australian born and Caucasian women experienced
lower rates of gestational diabetes than those born overseas or identifying as an
ethnicity other than Caucasian; this is in line with current knowledge regarding
risk factors and recommended clinical practice around screening for diabetes in
pregnancy11.
Australian born and Caucasian women demonstrated a higher risk for
induction of labour than those born overseas; overseas born women also
exhibited an increased length of gestation at birth. Higher induction rates may be
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due to a combination of factors, including differences in cultural conditioning,
knowledge regarding available models of care and willingness to access health
services

12, 13,

incidentally resulting in longer gestational length and increased

rates of spontaneous labour. These women also birthed babies of a slightly
heavier birth weight than their overseas-born and non-Caucasian counterparts.
This weight difference may be due to genetic, ethnic, cultural, environmental or
dietary factors potentially influencing birthweight14, 15.
Body Mass Index was associated with a concordant increase in
hypertensive disorders of pregnancy, gestational diabetes, induction of labour
and infant birthweight. The association between BMI and such outcomes is wellestablished16, 17. A corresponding decrease in the length of gestation at birth was
also evident. These findings may be due to the medical management of known
risk associated with BMI and their association with birth outcomes18. Women with
pre-existing diabetes demonstrated an increased risk of developing hypertensive
disorders of pregnancy compared to healthy women19. Smokers in the cohort
demonstrated shorter median gestations and lower mean birth weight than their
non-smoking peers, an association that has been previously well established 20.
First-time mothers were found to have an odds ratio for hypertensive
disorders of pregnancy nearly double that of multiparous women; supporting
nulliparity as a known risk factor for hypertensive disorders21. First-time mothers
were also more likely to have their labour induced. This intervention may be
related to the increased incidence of hypertensive disorders in these women;
however, it may also reflect the increased length of gestation demonstrated by
nulliparous women of this cohort.

160
Reported supplement use was similar to that reported by recent comparable
research (87.8% vs 93.8%)22. however, these findings may be a reflection of the
data quality. Women declared a wide variety of dietary supplements; only those
with sufficient numbers to return significant results were retained for analysis. The
majority of women who declared the use of multiple micronutrient supplements
reported using this supplement only (66.8%), a figure higher than reported by
current evidence (59.2%)23. Individual micronutrients were used by nearly 25%
of the cohort; most reported the use of supplements in addition to MMS. Factors
driving the use of pregnancy formulations in addition to individual micronutrients
are unknown. A small percentage of women used targeted individual
supplements exclusive of MMS. These findings suggest that women were more
likely to take pregnancy formulations than specific individual supplements and
use an umbrella approach to micronutrient supplementation rather than targeted
therapeutic use.
Data concerning folic acid supplements was recorded for all women due to
the mandatory field status; however, 6% of these cases were documented as
unknown folic acid intake. As the timing of supplement use was not recorded,
women may have been addressing their increased folic acid requirements
through the use of a pregnancy multivitamin. This is potentially evident in the
60.4% of women declaring the use of MMS, but not folic acid. However, 7.6% of
women in the cohort declared no use of either folic acid or MMS. Further, data
regarding the planned or unplanned nature of these pregnancies were not
available. As such, the degree to which unplanned pregnancies affect the
statistics surrounding adherence to folic acid recommendations is unable to be
determined.
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Data regarding folic acid use was also recorded in the general supplement
fields rather than the dedicated mandatory field. This may have been the only
avenue for the clinicians to document the use of folic acid beyond the first
trimester. These findings highlight the influence of field design and availability on
the capture of reliable and robust data. Data quality ultimately affects the
evidence informing recommendations and subsequently clinical practice and
nutrition counselling, particularly regarding micronutrient requirements during
pregnancy. The lack of evidence has resulted in a health literacy gap in both
clinicians and women within this health service.
Although folate fortification of foods has assisted therapeutic intake levels,
it does not compensate for the lower first trimester folate levels potentially
experienced by women with morning sickness, food aversions and food
avoidance behaviours24. As such, some women may experience an increased
risk for neural tube defects despite strong evidence of risk reduction with folic
acid supplementation. While folic acid is recommended in the peri-conception
period to reduce the risk of these malformations24, little evidence exists regarding
pregnancy outcomes in women continuing folic acid supplementation into the
second and third trimesters25.
Significant relationships were demonstrated between ethnicity, country of
birth and individual micronutrients. This association may be a result of perceived
benefits to ethnic minority groups26. Women were more likely to use micronutrient
supplements with increasing age; conversely, use of supplements decreased
with increasing BMI, findings supported by related literature22, 27. Smokers were
less likely to use supplements than non-smokers27. Calcium supplements were
not associated with hypertensive disorders of pregnancy, a finding contrary to
evidence regarding the benefits of calcium in women who develop these
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disorders and the physiological role of calcium in vasodilation 28. Women who
smoked demonstrated no associations with supplement use; these outcomes are
detailed in table 4.6.
4.4.1 Non-stratified
Overall, use of zinc supplements in the year preceding the booking visit
demonstrated an association with an increased incidence of low birthweight
infants; women declaring the use of zinc supplements were almost five times as
likely to birth a baby under 2500 grams compared to those that did not. This
finding was statistically significant; however, the confidence interval was broad,
potentially due to low numbers in the affected group. Further investigation
revealed that all women in the group were nulliparous. As such, this was
examined and discussed within the nulliparous stratum.
No association was found between iron or multiple micronutrient
supplements and birthweight of the babies examined in this cohort. This finding
is contrary to evidence regarding the benefits of iron supplementation in low and
middle-income countries, however adds to the research recommending against
universal supplementation in low-risk populations23, 29.
4.4.2 Overweight women
Folic acid use was associated with a three-fold increase in the odds of
post-mature pregnancy in overweight women. A review of the research
surrounding the effect of folic acid on gestational length in overweight women
found no high-level evidence of any effect in either preterm or post-mature
contexts25. Folic acid was also the strongest predictor of hypertensive disorders
in this group of women. The final model suggested that overweight women were
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50% more likely to have developed these disorders if they used folic acid at any
time in the year prior to booking-in.
This finding is not supported by the FACT (Folic Acid Clinical Trial) study30,
a randomised, double-blind control trial conducted over 4 years (2011-2015) and
5 countries - including Australia. This research examined the effect of daily highdose folic acid from 16 weeks gestation until birth on the incidence of HDP in
2464 women with at least one risk factor for developing these complications (preexisting hypertension, pre-pregnancy diabetes (type 1 or 2), twin pregnancy, preeclampsia in a previous pregnancy, or body mass index ≥35 kg/m 2)30. Although
a slightly higher incidence of HDP was reported in the intervention group, the
difference in the incidence of hypertensive disorders between the control and
intervention groups did not reach statistical significance.
However, the FACT study examined the outcomes of high-risk women
given either a supplement or placebo in addition to their existing supplement
practices; these included women taking folic acid in the form of a multivitamin.
Despite similar numbers in the supplemented overweight group in both cohorts
(FACT [n=984] vs MATIS [n=848]), direct comparison between the FACT and
MATIS cohorts is confounded by baseline folic acid supplementation and BMI
subgroup analysis (FACT BMI ≥35 kg/m2 vs MATIS BMI ≥25 kg/m2). However,
the findings of the MATIS cohort analysis may be also affected by residual
confounding.
Additionally, the incidence of hypertensive disorders found in this group is
counterintuitive when considering the increase in post-term pregnancy
demonstrated by the same group of women using the same supplement in the
cohort. The two outcomes are, in practice, mutually exclusive; hypertensive
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disorders are an indication for early induction of labour and are, like obesity,
associated with a hyper-inflammatory state31,32. Conversely, prolonged
pregnancy was potentially a

result of

a

hypo-inflammatory maternal

environment 33.
4.4.3 Nulliparous women
Analysis of the nulliparous subset found that use of pregnancy MMS was
the strongest predictor of spontaneous labour in this group of women, with those
using the supplements demonstrating a significant reduction in the odds of
induction of labour compared to those who did not. Research surrounding the use
of multivitamins and their protective effect on adverse pregnancy outcomes such
as spontaneous preterm birth is equivocal34; however, little evidence is available
regarding their effect on normality, particularly regarding the spontaneous onset
of labour at term in well women35. These women were half as likely to be induced
as their non-supplemented peers.
Nulliparous women taking zinc in combination with multiple micronutrient
supplements in the year before booking-in were found to experience an increased
incidence of low birth weight infants; however, the confidence interval was broad,
potentially due to the low numbers of women qualifying for this set of predictors.
Literature regarding maternal zinc levels and infant outcomes have reported an
association between low maternal zinc levels and low birthweight, and as such,
these findings directly contradict this evidence36. However, these studies
examined low versus normal zinc levels; no research was identified examining
the effect of excessive zinc consumption on pregnancy outcomes.
Calcium supplementation was associated with gestational diabetes in this
cohort. First-time mothers reporting the use of calcium supplements in the
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examined time frame experienced a lower incidence of gestational diabetes than
those who did not, a finding complicated by a broad confidence interval and the
contribution of synergistic and antagonistic actions of multiple micronutrient
formulations in the final model. While evidence regarding the role of these two
micronutrients is still emerging, research exists detailing the interaction between
vitamin D, calcium homeostasis37 and altered calcium signalling proteins38 in the
aetiology of gestational diabetes. Further research is required to elucidate these
mechanisms.
4.4.4 Women aged over thirty years
Women aged over thirty demonstrated the highest number of statistically
significant supplement related outcomes, with the strongest predictors for
hypertensive disorders, gestational diabetes, and onset of labour in this group all
being supplement variables. This is potentially linked with the increased use of
multiple micronutrient supplement formulations found in women of this age group
in the initial analysis. Folic acid was associated with an increased risk of
hypertensive disorders in women over 30; this risk was similar to that found in
overweight women30. Folic acid was also the strongest supplement predictor for
induction of labour in this group of women after controlling for covariates (AOR
2.302, 95%CI 1.109, 4.780, p=0.025)39.
These relationships were statistically significant at both the model and
association level. However, elimination of MMS from these models negated the
contribution of folic acid supplements to the outcomes, suggesting that these
micronutrients increased the risk for hypertensive disorders in this cohort when
used in combination.
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4.4.5 Non-Caucasian women
Use of vitamin C was associated with an increase in the induction of labour
in this cohort, a finding unsupported by current evidence. However, elimination of
MMS as a covariate resulted in vitamin D becoming statistically significant as a
predictor, demonstrating micronutrient interactions and their potentially
detrimental effects.
Magnesium supplements were associated with increased low birthweight
in this sub-group of women, demonstrating a small Hedge’s g effect size, again
potentially due to low numbers in the selected mutual criteria. The influence of
magnesium became insignificant with the removal of MMS from the model,
reiterating

the

potential

interactions

between

individual

supplements.

Additionally, re-introducing MMS into the model increased the odds of low
birthweight to more than ten times that of non-Caucasian women who did not take
these supplements. This finding had a wide confidence interval, potentially due
to low numbers, however was significant at p<0.001.
Given that up to 25% of the South-East Queensland population identify as
CALD6, minority ethnic groups of the region require closer attention. The
outcomes for CALD women require more robust investigation in order to develop
strategies and recommendations for individualised care and clinical practice
supportive of their optimal birth outcomes.
4.4.6 Dataset limitations
Analysis of this dataset highlighted several issues relating to data quality,
which must be considered when contextualising the results. Data fields in the
MATIS database specified information regarding supplement use in the year
preceding their booking in visit at the hospital. This booking visit may have
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occurred at any gestation from 12 to 24 weeks of pregnancy, as such supplement
use may have been current, time-point specific during pregnancy, peri or
preconception, first or second trimester. Further, information regarding the dose
consumed, length of supplementation, supplement combinations and timing of
individual supplements was not documented.
Information regarding folic acid supplementation had a select number of
time-point fields available; however, these only covered the peri-conception
period. Folic acid use beyond this was documented by free text in the general
supplement field. Similarly, the use of pregnancy multivitamins was documented
by free text and without time parameters. The format of these fields has hindered
determination of compliance with folic acid recommendations, as women may
have been meeting these needs in the form of a multivitamin. Information
regarding the reasons for supplement use was similarly undocumented; dietary
and socio-cultural influences on supplementation were not recorded; nor were
medical influences (e.g. iron for iron-deficiency anaemia and calcium for
prevention of pre-eclampsia)28.
The data field facilitating general supplement use documentation was
recorded as a null value for 39.6% of the cohort. Numerous factors may have
influenced this finding. Clinicians providing care for women who did not declare
supplement use may have skipped this field rather than recording a negative
response. It may also be the case that the parent field requesting information
regarding ‘prescription and complementary medicines’ did not obviously present
as a supplement field. Similarly, a negative response may have been recorded,
resulting in conditional logic suppressing the supplement fields from view. Both
scenarios have the potential to result in the underestimation of the number of
women declaring no use of supplements during the prescribed timeframe, a factor
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affecting each analysis from the correlation level forward. As a result,
comparisons in outcomes between women who declared use or no use of
supplements are potentially unreliable. Further, free text documentation of prior
pregnancy complications was inconsistent; the results of these analyses have
been considered in an all-risk context.
Income and level of education were not available fields in the MATIS
database. As such, these social and economic factors have been excluded from
the examination as comparative groups or as potential confounders. Given that
current literature links education level and supplement use, this information may
have added further perspective to supplement use and benefit in this cohort 40.
Additionally, the database informing this research was limited to women
accessing one public health service. As such data relating to women accessing
private care models (i.e. private midwifery, obstetric and hospital services) were
not included. The single site may have resulted in a dataset not representative of
women with the motives or means to access these models of care.
Data was available from the MATIS database from its introduction and
across the subsequent 30-month period. A number of iterations of the tool
occurred during that time, introduced in response to clinical feedback. Completion
of data-points changed with increasing clinician confidence and adaptation of the
tool to clinical practice. Given these inconsistencies, this data is not able to be
used to determine any cause and effect relationships and is purely observational.
Despite these limitations, the cross-sectional cohort design employed by this
research has highlighted important issues with data quality, database design and
the perceived importance of maternal supplementation practices in routine
antenatal care; addressing each of these gaps will facilitate more reliable
determination of associations and provide a springboard for intervention studies.
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4.5

Conclusions
Women who were Australian born, Caucasian, multiparous, non-smokers,

aged approximately 29 years, or with a healthy BMI represented the majority in
the MATIS cohort. For the women of this cohort fitting these parameters,
supplementation demonstrated no association with birth outcomes. Stratification
of the data into selected populations with identified increased risk in pregnancy
demonstrated the potential for micronutrient supplements to modify selected
outcomes. The possibility of synergistic and antagonistic effects of micronutrient
supplements in combination have also been identified.
In summary, this cohort demonstrated:
•

A three-fold increase in the odds of post-mature pregnancy in overweight
women using folic acid.

•

A 50% increase in the odds of HDP in overweight women with use of folic
acid.

•

A 50% increase in the odds of HDP in women aged over 30 years with use
of folic acid.

•

A two-fold increase in the odds of induction of labour in women aged over
30 years with use of folic acid.

•

An odds ratio of low birthweight in first time mothers seven times higher
when zinc supplements were used in conjunction with MMS.

•

A 65% reduction in the odds of GDM in first-time mothers reporting use of
calcium supplements.

•

No association between the use of iron supplements and birthweight.
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These findings thereby assist in addressing research aims two and three;
while subsets of women within the general population exhibit increased risk for
suboptimal birth outcomes, no association was found between supplement use
and improved outcomes in these women. Rather, detrimental associations were
demonstrated between supplement use and increased length of gestation,
hypertensive disorders and low birthweight in some descriptive groups. The
development of nutrition surveillance and recommendations for pregnant women
with specific demographic profiles requires more in-depth investigation to
elucidate the interaction of supplements under individual circumstances.
However, the design and completion of supplement fields in the MATIS
database were of insufficient quality to reliably determine causal relationships
between supplement use and birth outcomes. This situation is not unique to the
MATIS dataset, with large-scale data collection facing several challenges,
particularly in the area of tools and methodologies41, 42. The heterogeneity, noise
and disparity of diverse protocols may obscure biologically relevant relations
between datasets and preclude data integration 43, a necessary process to cope
with the rapidly increasing quantity of data collected, cross-validate datasets and
to gain broad interdisciplinary views of biologically diverse cohorts43. Further
research is required to develop data collection tools and techniques that support
enhanced data quality, evidence-based practice and health literacy in both
clinicians and pregnant women.
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CHAPTER FIVE

Analysis of the Maternal Outcomes and Nutrition Tool
(MONT) cohort.
OVERVIEW
Chapter five addresses thesis aims four, five and six, commencing with a
rationale for, and an overview of, the Maternal Outcomes and Nutrition Tool
(MONT).
This publication-based chapter subsequently describes the MONT cohort, their
use of micronutrient supplements, the effects of these supplements on their
micronutrient status and birth outcomes, and the factors motivating nutritional
decision making in pregnant women of South-East Queensland.
Further, this chapter presents evidence of the MONT performance and data
validity within the context of current literature. Potential applications of the
MONT in future research and clinical practice are subsequently discussed,
along with the ultimate conclusions of the research conducted with the Maternal
Outcomes and Nutrition Tool.
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5

ANALYSIS OF THE MATERNAL OUTCOMES AND NUTRITION TOOL
(MONT) COHORT

5.1

Introduction
Digital solutions, such as electronic and mobile applications are becoming

increasingly relevant in the delivery of health care and interventions 1. More
mobile applications (apps) exist for pregnancy-related information than any other
topic1, 2, with up to 40% of women reporting the use of at least one pregnancy
app during gestation2. While research regarding the role of digital health initiatives
during pregnancy is a relatively new field with gains in health literacy and patient
empowerment yet to be determined2, the popularity of apps indicates a shift
toward patient empowerment within maternity care provision1. Based on this
popularity, digital applications present a unique opportunity to enhance health
literacy.
Data collection during pregnancy is an area where digital formats may prove
beneficial 3. Digital instruments present numerous benefits in the field of research.
Exploration of application use in large scale data collection has thus far proven
feasible and facilitated quality control measures including survey completion
count on an hourly or daily basis, average survey completion time, real-time
detection of data falsification4, immediate access, improved data quality,
comprehensive validity and readability checks within the instrument 4. Data
collection tools designed around this premise may also prove beneficial in diverse
populations with multiple languages through flexible language and imagery
options4. Further, the elimination of researcher bias, an increased recruitment
pool, access to remote populations and areas of unreliable connectivity 5 and
flexibility with data collection or self-reporting3 afford an advantage over
traditional instruments.
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The Maternal Outcomes and Nutrition Tool (MONT) is a digital data
collection tool consisting of twelve core surveys, each of which is presented,
completed and submitted independently6. Specifically developed for use in this
project, the tool is accessible by mobile, laptop or desktop devices and utilises
both conditional logic and forced answer options to ensure completion of each
independent survey.
Collectively, the survey set facilitates collection of data regarding
demographics, health status, drug, alcohol and supplement use, food frequency
(FFQ), dietary decision-making and birth outcomes from respondents. Overall, a
total of 190 nutrient component values are available across 259 foods, fluids and
supplements. The surveys were designed to minimise the influence of language
and literacy barriers in women from socially and culturally diverse backgrounds;
bold and easily recognisable images and numerical characters comprised the
bulk of questions. Women were encouraged to enter foods not included in the
FFQs by free text. All responses were categorical; each response was specific to
the month prior to participation.
The MONT was used to examine the determinants and effects of
micronutrition status in a SEQ pregnant cohort on both physical and psychosocial
levels. The performance of the Maternal Outcomes and Nutrition Tool and the
validity of collected data is subsequently examined within the context of the
existing literature.
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Publication: Use of micronutrient supplements in pregnant women of
South-East Queensland.
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Publication: Essential mineral intake during pregnancy and its
association with maternal health and birth outcomes in South – East
Queensland, Australia.
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TITLE: The influence of dietary intake and decision-making during pregnancy on
birth outcomes.
ABSTRACT
Aim
This study aimed to examine dietary intake and decision-making in a
cohort of pregnant South-East Queensland women to determine compliance with
dietary guidelines and the relationships between dietary intake, decision making
and birth outcomes.
Methods
Pregnant women attending maternity services at participating hospitals
reported food- frequency and motivations using the Maternal Outcomes and
Nutrition Tool, a novel digital instrument. Birth outcomes were sourced from
hospital records. A cross-sectional cohort design was used to examine the data.
Results
Analysis demonstrated suboptimal intake of core food groups; meat and
alternatives (2.6 [2.0-3.4] serves/day) and grains (3.1 [2.1-4.1]) fell below
recommendations; fruit (3.8 [2.5-5.3]) and discretionary foods (3.1 [2.1-4.4])
exceeded them. Hypertensive disorders demonstrated a negative linear
relationship with vegetable intake (p=0.017). Cultural diversity was significantly
associated with decreased birthweight (p=0.022) but increased intake of meat
and alternatives (3.1 versus 2.6, p<0.001) compared to Caucasian women;
median intake of meat and alternatives was lower in women who reported
smoking in the examined time frame. Smokers were less likely to declare health
motives for food selection than non-smokers; smoking and health were inversely
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associated with increasing maternal age. Food choice was primarily sensorydriven.
Conclusions
This cohort demonstrated poor adherence to dietary guidelines. Culturally
and linguistically diverse women and smokers exhibit dietary behaviours which
may contribute to suboptimal birth outcomes; targeted nutrition counselling may
improve outcomes in these women. These findings highlight the need for
transdisciplinary maternity care and provide a foundation for further research
aimed at optimising nutrition-related birth outcomes in at-risk groups.
Key words
Pregnancy, cultural diversity, nutritional status, diet, decision-making, birth
outcomes.

INTRODUCTION
Suboptimal maternal diet is associated with poor perinatal outcomes1,
outcomes common to populations from low and middle-income countries2.
However, a growing body of evidence highlights the associations between poor
diet and suboptimal birth outcomes in high-income countries, including increased
rates of caesarean section and macrosomia3. In Australia, states of over and
undernutrition can influence perinatal outcomes, particularly in groups identified
as exhibiting nutritional risk factors, including women who smoke4, are from
cultural and linguistically diverse (CALD)5 or low socio-economic backgrounds
(SES)6.
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The Australian Dietary Guidelines for pregnant women indicate optimal
dietary intake across five core food groups (meat and alternatives, vegetables
and legumes, fruit, dairy and alternatives and grains), and discretionary foods
(including those high in fat and sugar - energy-dense nutrient-poor (EDNP)
foods)7. Compliance with these guidelines during pregnancy is traditionally poor8,
with a maternal knowledge gap regarding dietary recommendations highlighted
as a significant contributing factor8.
Several factors influence awareness of nutrition requirements during
pregnancy. A variety of health disciplines contribute to primary maternity care,
including general practitioners, midwives and obstetricians, each of which has
limited access to specialised nutrition education.9 Additionally, dietetic referrals
during pregnancy are currently restricted to women with modifiable risk factors
identified in Australia’s clinical practice guidelines for pregnancy care,10 such as
gestational diabetes and obesity. These factors have resulted in inconsistent
nutritional advice11 in the context of uncomplicated pregnancy3.
Adding to these challenges is a paucity of knowledge surrounding
maternal food selection motivations. These dietary behaviours are currently
under-studied, yet their understanding is vital for the development of public health
strategies targeting improved perinatal outcomes12. Therefore, addressing this
research deficit is an essential step toward understanding how dietary
motivations may influence the health of an infant at birth13.
This research aimed to collect and examine self-reported dietary intake
and decision-making information from a cohort of pregnant South-East
Queensland (SEQ) women in order to determine their adherence to dietary intake
recommendations and the factors driving their dietary decision making. Further,
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the study explored interactions between dietary intake, motivations, socio-cultural
determinants of health, and birth outcomes in this cohort.

METHODS
This cross-sectional cohort study was approved by the [removed for blind
peer review]. Pregnant women aged 16-44 residing in South-East Queensland
and attending antenatal clinics at the [removed for blind peer review] between
23rd May 2016 and 30th September 2018 were the target population for this
research. Women were provided with study information at routine visits by way
of promotional material distributed and displayed by the clinics. All women
attending hospital pathology centres at [removed for blind peer review] for the
Oral Glucose Tolerance Test at 26-28 weeks gestation on recruiting days were
offered participation by the researcher. Women were not provided any dietary
education prior to participation; information regarding daily intake was afforded
after completion of data collection. Digital or written consent was required from
all participants prior to participation.
Data were self-reported using the Maternal Outcomes and Nutrition Tool
(MONT), a novel digital instrument whose design has previously been described
elsewhere14. Adapted from the Norwegian Mother and Child (MoBa) Study15,
Harvard16, the Block17, and diet history questionnaires18, the MONT Food
Frequency Questionnaires (FFQ) facilitate collection of data regarding 259
individual foods; additionally, demographic, health and birth outcome information
is collected by the full survey set.
Food frequency for each of the food groups (vegetables and legumes, fruit,
grain, meat and alternatives, dairy and alternatives and discretionary) were
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recorded for the month prior to participation. Each FFQ response was allocated
a numerical value (supplementary file 1), facilitating calculation of the average
equivalent serves consumed by the respondent per day. Calculated totals were
compared to the Australian Dietary Guidelines for pregnant women 7.
Respondents also declared the motives driving their food selection using the
MONT food choice questionnaire, adapted for research in pregnancy from
Steptoe, Pollard and Wardle’s Food Choice Questionnaire (FCQ)19. The food
choice survey proposed the statement “I choose the foods I eat based on…”, with
participants able to select multiple responses from 21 available options
(supplementary file 2). Responses were classified into eight motives (health,
mood, convenience, sensory appeal, natural content, price, weight control and
familiarity) according to the original FCQ19. Birth outcomes were derived from
each hospitals mandatory perinatal data reporting system.
Descriptive statistics were used to detail the cohort; maternal age (24,
25-29, 30-34, 35 years), parity (nulliparous/multiparous), ethnicity (defined as
identifying with an ethnicity other than Caucasian and/or birth in a traditionally
non-English speaking country, including Indigenous Australian - dichotomous),
education (did not attend/finish high school, finished high school, TAFE trade or
apprenticeship, university degree), annual family income (<$50k, $50-70k, $70120k, >$120k), currently smoking (dichotomous), and pre-pregnancy BMI (lean,

24.99 kg/m2/overweight or obese, 25.00 kg/m2). Calculated food group
frequencies and declared food choice factors were analysed in relation to
individual demographic groups and the cohort as a whole. Demographic variables
were reported with mean (±SD); intake variables with median, [25th - 75th
percentile]. Frequency of each health motive was also reported (n, % responses).
Hypertensive disorders of pregnancy (HDP), gestational diabetes (GDM),
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preterm birth and birthweight constituted the examined outcomes. All variables
were assessed for correlation with Pearson correlation analysis (r, p value);
significant associations were examined with chi-square analysis (2, df, p value).
Significant relationships were subject to linear regression analysis (β, 95% CI, p
value). Data were analysed using IBM SPSS version 25; significance was
accepted at p≤0.05.
RESULTS
Four hundred and thirty-one women (28 ± 2 weeks gestation) participated
in this research; 259 completed the full survey set (60%); descriptive groups have
been detailed in table 1. The calculated median energy intake of the cohort was
12743 kJ/day (5925 – 33970 kJ/day), a figure within the calculated requirements
of pregnant women (7200-14600 kJ/day)20.
Suboptimal consumption of three of the five core food groups for pregnant
women (19-50 years) was demonstrated; intake of meat and alternatives (2.6
[2.0-3.4] of 3.5 serves/day) and grains (3.1 [2.1-4.1] of 8.5 serves/day) were
below

recommendations;

median

fruit

consumption

was

90%

above

requirements (3.8 [2.5-5.3] vs 2 serves/day). Intake of vegetables and legumes
(4.6 [3.6-5.9] of 5 serves/day) and dairy and alternatives (2.3 [1.5-3.0] of 2.5
serves/day) were the closest to meeting recommendations. Discretionary food
intake (3.1 [2.1-4.4] serves/day) exceeded the limitations recommended by the
Australian Dietary Guidelines (0-2.5 serves/day)7 (table 2).
Significant relationships were found between food groups and selection
motives (table 2); further correlations were found with dietary behaviours,
demographic characteristics and birth outcomes. Women identifying as culturally
and linguistically diverse reported a higher daily intake of meat and alternatives
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(3.1 versus 2.6 median serves/day; β=0.488, 95%CI 0.232, 0.745, p<0.001) and
placed a lower emphasis on convenience (β=-0.339, 95%CI -0.558, -0.120,
p=0.003) than those identifying as Caucasian. Current smokers consumed a
lower median number of serves of meat (and alternatives) per day than their nonsmoking counterparts (2.3 versus 2.8 serves; β=-0.501, 95%CI -0.968, -0.034,
p=0.036), however declared a higher median number of serves of discretionary
foods per day (4.6 versus 3.4 serves; β=1.174, 95%CI 0.255, 2.093, p=0.012);
these women were also less likely to declare health as a motivation for food
selection (β=-0.993, 95%CI -1.625, -0.361, p=0.002). ‘Health’ motive scores
increased with age (β=0.317, 95%CI 0.139, 0.495, p=0.001) and education
(β=0.250, 95%CI 0.106, 0.395, p=0.001). The consumption of the core food
group grains also increased concurrently with age (β=0.068, 95%CI 0.026, 0.111,
p=0.002).
Birth outcomes were available for 186 women (39%). Hypertensive
disorders (n=14, 7.5%), preterm birth (n=18, 9.7%) and gestational diabetes
(n=21, 11.3%) were not associated with any descriptive group or food selection
motive (p>0.05), however the incidence of HDP increased with decreasing
vegetable intake (β=1.514, 95%CI 0.270, 2.757, p=0.017). Low birthweight in the
absence of multiple pregnancy or medical complexity was recorded for 29 infants
(15.6%). Birthweight was significantly associated with cultural and linguistic
diversity in this cohort (p=0.022); mean birthweight for CALD women was 8%
lower than their non-diverse peers (3025 grams vs 3290 grams).
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DISCUSSION
This research aimed to collect and examine self-reported dietary intake
and decision-making data from a cohort of pregnant South-East Queensland
women, exploring the overall interactions between diet, food selection motives,
health determinants and birth outcomes.
This cohort demonstrated poor adherence to dietary recommendations
during pregnancy, a finding supported by similar Australian studies21-23. Fruit and
discretionary food intake exceeded recommendations in this cohort, however the
daily serves of grain-based foods were less than half the recommended intake.
While this deficit suggests a dietary guideline knowledge gap, it may also be
indicative of a poor understanding of serving sizes for complex carbohydrates.
The halving of the cereal serving size and concurrent increase of daily grain
serves for pregnant women in the 2013 Australian Dietary Guidelines7, 8 may have
contributed to these results. These findings are supported by two Australian
cohorts

21, 22,

suggesting that suboptimal dietary intake and nutrition literacy

during pregnancy are nationwide rather than a regional public health issue.
The median daily serves of meat (and alternatives) was universally low,
however CALD women exhibited a significantly higher intake of this food group
than their non-diverse peers. Despite this, women of CALD backgrounds
exhibited a lower mean birthweight than Caucasian women, a disparity that
cannot be explained by the dietary intake of this group of women. However social
influences - including the known socio-economic disadvantage and reluctance to
engage with health services24 demonstrated by CALD women in high-income
countries - may have contributed to this finding. Additionally, these women
declared a significantly lower emphasis on convenience in their dietary decision-
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making than non-CALD group, suggesting a trend toward home-cooked,
traditional meals in the culturally diverse population. These behaviours may have
cumulatively contributed to the lower mean birthweight demonstrated by this
group.
Conversely, women who declared smoking in the previous month reported
lower meat (and alternative) intake than their non-smoking counterparts. This is
a novel finding in the context of pregnancy. Smokers also demonstrated
excessive discretionary food intake and a negative association with ‘health’
motivations. These findings support previous research linking tobacco smoking
and unhealthy diet (defined as high in refined grain and low in fruit and
vegetables)25, and continued smoking despite knowledge of associated health
risks26. Identification of continuing smokers during pregnancy may facilitate
provision of dietary education and advice aimed at optimising outcomes though
dietary management. These strategies may minimise the effects of continued
smoking on the health of women and their infants improving both immediate and
longitudinal health outcomes27.
Despite their association with unhealthy dietary practices, smokers did not
demonstrate any significant association with the birth outcomes in question. This
reflects findings reported in a similar study population, who reported no
relationship between smoking and the incidence of pre-eclampsia28. However, a
significant inverse linear relationship between maternal vegetable intake and the
incidence of HDP has been reported in both local28 and international research29,
an association also demonstrated by the women of this cohort. This suggests that
adequate vegetable intake acts as a protective factor in the aetiology of
hypertensive disorders, potentially due to the high proportion of micronutrients
with antioxidant effects found in this food group30 and their effect on the oxidative
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stress associated with hypertensive disorders of pregnancy31. Therefore, nutrition
counselling for women with identified risk for HDP may reduce the incidence and
severity of these pregnancy disorders.
Significant positive associations were evident between health factor
scores, maternal age and education. Analysis suggests that women of the cohort
were more motivated to make healthy dietary choices with advancing age and
increasing education, conclusions supported by contemporary research in a
comparative population32, 33. As such this data may indicate the presence of a
nutrition literacy deficit in young women of this cohort, particularly those who have
not undertaken a tertiary education33. Appropriate dietetic intervention in these
women has the potential to influence the development of life-long dietary
behaviours for both themselves and their children34.
This study has inherent strengths and limitations. Participants were
recruited through public hospital antenatal clinics; busy, fragmented models with
limited access to continuity of care. This recruitment environment resulted in an
inability to compare the intake and outcomes of women engaging private
maternity services. While women with high income and education levels are more
likely to access private models of care35, potential inequities have been negated
by the heterogeneity of income brackets and the high percentage of universityeducated women in the cohort. Furthermore, data were collected from a
representative cohort of the South-East Queensland region36, 37, and included
data declared by women of cultural, linguistic, literacy and socio-economic
diversity.
Over and under-reporting of intake is common with self-reported dietary recall38.
While reporting inconsistencies potentially exist within this research, outliers had
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no significant impact on the mean for any food group. As such, these effects have
been considered minimal and all declarations retained in the analysis. Social
desirability bias is also common in research of this nature39; the anonymisation
of respondents and the unassisted and unsupervised survey completion has
minimised this effect.

This study has highlighted the importance of considering individual risk
factors, dietary intake and decision-making motivations when assessing the need
for nutrition counselling and referral during pregnancy. Women with identified risk
factors exhibit dietary behaviours which may benefit from individualised dietary
assessment, planning and service provision. This novel examination of foodselection motives in relation to socio-cultural risk factors has determined that
selected birth outcomes may be modifiable with behaviour-specific counselling in
at-risk groups of this region. These findings form a foundation for further
transdisciplinary research and service integration.
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Table 5: Demographic characteristics of participants (n=431)

Variable

n (%)

Mean gestation at recruitment (weeks,

28 (±2 weeks)

Mean
±SD) age (years, ±SD)

29.9 (±5.87)

Mean pre-pregnancy BMI (±SD)

25.15 (±5.67)

Maternal age (years)

47 (10.9)

<24 <24 yrs

25-29

69 (16.0)

30-34

71 (16.5)

≥ 35

50 (11.6)

Not declared

194 (45.0)

Annual household income (thousand)

115 (26.7)

<50

<50k50-70

75 (17.4)

70-120

124 (28.8)

>120

95 (22.0)

Not declared

22 (5.1)

Education

< High

school

54 (12.5)

Finished high school

94 (21.8)

TAFE trade or apprenticeship

96 (22.3)

University degree

165 (38.3)

Not declared

22 (5.1)

Ethnicity

291 (67.5)

Cultural or linguistic diversity (ex
Caucasian

101 (23.4)

Indigenous Australian
ATSI)

18 (4.1)

Not declared

21 (4.9)

Parity

171 (39.7)
Multiparous

241 (55.9)

Not declared

19 (4.4)

Nulliparous

Smoker

21 (4.9)

Yes

No

293 (68.0)

Not declared

117 (27.1)

Pre-pregnancy BMI (kg/ m2)
(<25)

Lean

193 (44.8)

Overweight/obese (≥25)

130 (30.2)

Not declared

108 (25.1)
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Table 2: Dietary recommendations during pregnancy (19-50 years); decision-making factors, median daily intake and chi-square analysis (n=431).
Meat and Alternatives

Grains

Fruit

Vegetables/legumes

Dairy and alternatives

Discretionary

Recommended

3.5 serves/day

8.5 serves/day

2 serves/day

5 serves/day

2.5 serves/day

0-2.5 serves per day

Median cohort intake

2.6 (2.0-3.4)

3.1 (2.1-4.1)

3.8 (2.5-5.3)

4.6 (3.6-5.9)

2.3 (1.5-3.0)

3.1 (2.1-4.4)

157.845, 164, 0.621

217.336, 220, 0.538

313.808, 288, 0.142

286.326, 280, 0.385

160.518, 180, 0.849

286.674, 260, 0.123

2.8 (2.1-3.4)

3.1 (2.3-4.0)

4.1 (3.0-5.6)

4.9 (3.8-5.9)

2.3 (1.6-3.0)

3.1 (2.0-4.3)

29.433, 41, 0.911

60.913, 55, 0.272

79.597, 72, 0.248

54.013, 70, 0.921

47.177, 45, 0.384

75.050, 65, 0.185

Median (25 -75 centile)

2.6 (2.0-3.3)

3.3 (2.4-4.3)

3.9 (2.5-5.3)

4.5 (3.4-5.6)

2.5 (1.6-3.2)

3.6 (2.6-5.0)

(2, df, p)

76.577, 82, 0.648

113.886, 110, 0.381

167.597, 144, 0.087

147.353, 140, 0.319

99.257, 90, 0.237

124.897, 130, 0.610

Median (25th-75th centile)

2.6 (2.0-3.4)

3.1 (2.1-4.1)

3.6 (2.4-4.8)

4.5 (3.5-5.8)

2.4 (1.6-3.0)

3.3 (2.3-4.6)

142.499, 164, 0.886

238.010, 220, 0.193

332.604, 288, 0.036*

279.779, 280, 0.492

200.518, 180, 0.141

250.130, 260, 0.659

2.6 (2.0-3.3)

3.0 (2.1-4.0)

3.8 (2.5-5.0)

4.6 (3.5-5.8)

2.3 (1.5-3.0)

3.3 (2.1-4.6)

60.704, 41, 0.024*

55.338, 55, 0.482

96.890, 72, 0.027*

61.574, 70, 0.754

41.480, 45, 0.622

60.972, 65, 0..619

Median (25 -75 centile)

2.9 (2.4-3.9)

3.3 (2.3-4.2)

4.5 (3.2-6.1)

5.3 (3.7-6.1)

2.5 (2.0-3.4)

2.4 (1.7-4.0)

(2, df, p)

88.854, 82, 0.283

123.496, 110, 0.179

155.339, 144, 0.245

135.824, 140, 0.584

88.840, 90, 0.515

137.050, 130, 0.319

Median (25th-75th centile)

2.7 (1.9-3.3)

3.0 (2.1-4.0)

3.6 (2.4-4.8)

4.4 (3.4-5.6)

2.3 (1.5-3.0)

3.3 (2.4-4.6)

(2, df, p)

106.733, 82, 0.035*

108.897, 110, 0.512

164.810, 144, 0.113

131.295, 140, 0.688

115.689, 90, 0.035*

82.140, 130, 1.000

3.1 (2.4-3.9)

3.1 (2.1-4.0)

4.3 (3.3-5.9)

5.4 (4.4-6.7)

2.6 (2.1-3.6)

3.0 (1.8-4.0)

178.757, 205, 0.907

239.773, 275, 0.939

450.969, 360, 0.001*

337.450, 350, 0.675

231.159, 225, 0.375

368.395, 325, 0.049*

2.6 (2.0-3.3)

2.9 (2.1-4.0)

3.8 (2.5-5.0)

4.5 (3.4-5.6)

2.3 (1.5-2.9)

3.3 (2.3-4.6)

(25th-75th centile)
Decision-making factors
Factor 1 – Health

(2, df, p)
th

th

th

th

Median (25 -75 centile)
Factor 2 – Mood

Factor 3 – Convenience

Factor 4 – Sensory appeal

2

( , df, p)

2

( , df, p)
th

th

th

th

Median (25 -75 centile)
Factor 5 – Natural content

Factor 6 – Price

Factor 7 – Weight control

2

( , df, p)

th

th

th

th

Median (25 -75 centile)
Factor 8 – Familiarity

2

( , df, p)
Median (25 -75 centile)

*statistically significant (p≤0.05)
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Supplementary file 6: Calculation coefficient per declared food frequency (daily
equivalent)
Frequency

Calculation
coefficient

Standard recommended serves
Never

0

1-3 per month

0.125

1 per week

0.25

2-4 per week

0.5

1 per day

1

2+ per day

2

Higher recommended serves (fluids and grains)
2-3 per day

2.5

4-5 per day

4.5

6+ per day

6
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Supplementary file 2: Frequency of food choice factors

MONT options
Factor 1 – Health

n (% total)

Gives me energy

92 (33.1)

Nutritious

167 (60.1)

It’s good for me

158 (56.8)

Fibre content

52 (18.7)

Factor 2 – Mood

Comfort food

115 (41.4)

Factor 3 – Convenience

Ease of preparation

148 (53.2)

It’s easily available

120 (43.2)

Tastes good

246 (88.5)

Looks good

124 (44.6)

Smells good

141 (50.7)

Texture

29 (10.4)

Factor 5 – Natural content

Preservative content

36 (12.9)

Factor 6 – Price

My budget

129 (46.4)

Value for money

108 (38.8)

Calorie content

40 (14.4)

Fat content

30 (10.8)

Habit

109 (39.2)

It’s familiar

104 (37.4)

Factor 4 – Sensory appeal

Factor 7 – Weight control

Factor 8 – Familiarity

Cultural/Ethnic beliefs

23 (8.3)

My friends/family eat it

100 (36.0)

Childhood memories

39 (14.0)
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5.5

Discussion
This chapter aimed to present the findings of the analyses performed on

data collected from a cohort of pregnant women of South-East Queensland using
the Maternal Outcomes and Nutrition Tool. Use of this tool facilitated a descriptive
analysis of the cohort in addition to a detailed examination of their supplement
use and micronutrient status. Associations between micronutrient supplements
and birth outcomes were examined in relation to both dietary intake and serum
levels; adherence to pregnancy-related nutrition recommendations and the
psychosocial factors motivating nutritional decision-making during pregnancy in
South-East Queensland women were also assessed.
Poor adherence to supplement use and dietary recommendations were
demonstrated by this representative cohort (section 5.2, 5.3). Supplementation
rates in the second and third trimesters of pregnancy were high despite a lack of
evidence regarding their effects, interactions, safety and efficacy. The low
number of women declaring known iron-deficiency anaemia (n=1, section 5.2)
combined with the high degree of supplement use declared by this cohort
suggests a perceived need for supplementation throughout pregnancy from both
consumer and clinical perspectives (section 5.2). This perception may be based
on the reported suboptimal dietary intake of some core foods groups in the cohort
(section 5.4). However, these women exhibited serum micronutrient levels within
current pregnancy reference ranges, irrespective of core food group intake or
supplement use (section 5.3).
Supplements demonstrated no evidence of association with improved birth
outcomes in this cohort of women, findings supported by a large scale systematic
review and meta-analysis of studies from high-income countries7. Conversely,
the increased odds of prolonged pregnancy demonstrated by this cohort supports
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previously reported findings from the Environments for Healthy Living study 8
(section 3.4.1). As such, the adverse association between supplement use and
birth outcomes demonstrated by the women of this cohort imply that nontherapeutic use of micronutrient supplements is contraindicated (section 5.3).
Conversely, examination of the food selection motives declared by these
women have identified dietary behaviours that may benefit from targeted nutrition
education, a premise supported by RANZCOG supplementation guidelines9. In
particular, women with identified risk of birthing low birthweight babies – such as
those of culturally and linguistically diverse backgrounds and smokers – may
benefit from dietary counselling and support that encompasses their risk factors,
current dietary intake and motivations for dietary decision-making (section 5.4).
The Maternal Outcomes and Nutrition Tool (MONT) is a digital data
collection tool specifically developed for use in this project, aiming to address
language, literacy, engagement and resource barriers traditionally affecting the
use of food frequency questionnaires. The MONT was used in the context of this
project to examine the determinants and effects of micronutrition status in a
cohort of South-East Queensland women, concomitantly exhibiting numerous
benefits and resulting in prima facie evidence supporting data validity and tool
feasibility.
In the course of this research, the Maternal Outcomes and Nutrition Tool
has demonstrated an ability to independently collect data from a representative
cohort (section 6.1), be used successfully by women from a variety of ethnicities
and cultures (sections 2.6, 6.1) and be a viable and economic data collection
alternative in terms of resource management (section 2.6). Further, the MONT
facilitated collection and analysis of self-reported data relating to supplement use
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(section 5.2) and adherence to recommended daily intake of the five core foods
groups (section 6.1), with findings supporting previously conducted research in
the Australian population10-12.
The MONT also enabled the examination of new perspectives on dietary
intake in the cohort, including intake of discretionary foods (energy dense,
nutrient poor and quick service restaurant foods - section 5.3) and factors
contributing to nutrition-related decision making in women, novel contributions to
the literature relating to nutrition during pregnancy (section 6.2). These findings
support previous work linking selected motives and demographic characteristics.
Total daily energy and iron intake calculated from dietary declarations
reflected the recommended range for pregnancies of the examined gestation
(section 5.3); iodine and selenium reflected values within ten per cent of the
recommended daily intake (section 5.3). However, the micronutrients detailed
within this body of work comprise only a fraction of the 190 nutrient constituents
calculated by the MONT; as such further research is required to definitively
establish the MONT data accuracy in relation to dietary estimates and calculated
micronutrient values. Data and sample analysis are anticipated to continue,
determining the validity of the MONT across testable micronutrients.
The MONT has demonstrated efficacy in relation to the aims of its inception
– the collection of data from pregnant women irrespective of English literacy or
cultural diversity. As such, it has proven itself to be fit-for-purpose. Additionally,
the tool demonstrates economic viability and a potential place in future research.
In particular, the MONT offers opportunities in cross-cultural comparisons,
implementation as a dietary risk factors screening tool, and in dietary baseline
assessment from which to implement and evaluate nutrition intervention

230
strategies. Further, the digital format of the MONT enables engagement through
public or individualised links; this feature may be integrated into servicedistributed

self-declared

pre-booking

information

packages,

facilitating

identification of women who may benefit from timely nutrition counselling and
referrals.
5.6

Conclusion
This chapter has contributed comprehensive descriptive data to assist

determination of what constitutes appropriate supplementation in women
representative of the general South-East Queensland population. When
supplementation beyond the first trimester is considered, it must be done in the
context of evidence surrounding the current micronutrient status of the population
in question. Given that mean serum values and dietary intake calculations
suggest that this representative cohort are nutritionally replete, findings from this
study suggest pregnancy supplements are unlikely to improve the nutritional
status of women in the region.
No evidence was found to suggest an association between micronutrient
supplements - either singly or in combination – and improved birth outcomes in
women from this cohort; however, the potential for detriment was demonstrated.
Additionally, modifiability of birth outcomes in this cohort has been demonstrated
to primarily reside in the behavioural domain, suggesting a potential for
environmental modification with appropriate and individual dietary education for
both mothers and maternity care providers. Further research is required to
determine individual needs and eliminate the potential for harm before
recommending pregnancy supplements in the absence of identified deficiency or
known medical benefit.
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CHAPTER SIX

Discussion and Conclusions

OVERVIEW

Chapter six concludes this dissertation with an overview, discussion and
synthesis of findings in relation to the aims and research questions of the thesis.
Strengths and limitations of the research are presented and the consequences
of each detailed.
This chapter concludes with recommendations for future research.
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6
6.1

DISCUSSION AND CONCLUSIONS
Discussion

Current Australian guidelines relating to dietary intake during pregnancy
are consistent across government departments and clinical disciplines; however,
this does not translate to recommendations regarding the use of micronutrient
supplements in pregnancy (section 1.3). The lack of consistency may be
attributed to a paucity of robust and contemporary empirical research, resulting
in a high volume of consensus-based recommendations made in the absence of
high-quality evidence (section 1.3)1, 2. This lack of evidence is supported by a
systematic quantitative literature review (section 1.5), which demonstrated little
evidence to support the use of supplements in the general pregnant population
of high-income countries; as such research informing clinical guidelines has
mainly been synthesised from a collection of dated and methodologically
inconsistent studies (section 1.5)1,

2.

Limited evidence has resulted in

recommendations that lack consistency, potentially contributing to the
contradictory nature of advice surrounding supplements in pregnancy (section
1.3)3, 4. The misalignment found between the RANZCOG and Department of
Health supplement use recommendations (section 1.3) is problematic in light of
the degree of influence doctors demonstrate on supplement use of women in the
region (section 5.2.1). However, women of South-East Queensland demonstrate
poor adherence to both dietary (section 6.2) and supplement use (section 5.2.1)
recommendations across the pregnancy continuum.
Food choice motivations declared by the MONT cohort provide insight into
nutrition-related decisions made during pregnancy, highlighting differences
between demographic groups and their nutrition-related behaviours. Women in
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this cohort were more likely to choose foods based on health factors with
advancing maternal age; smokers were less likely to choose foods for health
reasons than those who were non-smokers (section 5.2.3). Further, low socioeconomic groups are linked with smoking5, a group of women also associated
with increased intake of takeaway foods (section 5.2.3). All of these groups have
been linked with low birthweight babies6-11; yet none demonstrated statistically
significant differences in birthweight with the use of micronutrient supplements
(section 5.2.2). Therefore, dietary counselling designed to educate women in
vulnerable groups regarding sustainable nutrition strategies, and providing
affordable, high nutritive value options may be a more appropriate intervention
and improve the low birthweight outcomes traditionally linked with these
determinants of health12.
Micronutrient levels play a pivotal role in mediating physiological
processes throughout pregnancy and parturition (section 1.4). Supplement
interventions in the first trimester and in low and middle-income countries have
provided evidence of benefit on birth outcomes13. However, little research has
been conducted in the general population in high-income countries14, particularly
concerning interventions beyond the first trimester of pregnancy (section 1.5).
Analysis of supplement use in the Environments for Healthy Living Study found
that women using multiple and individual micronutrient combinations in the third
trimester demonstrated an increased risk of prolonged gestation and medical
interventions intended to manage the perinatal outcomes associated with postmature pregnancies (section 3.4.1)15. These women were most likely to be nonIndigenous, over the age of 25 and overweight. Overweight women in the MATIS
cohort were also found to have experienced a three-fold increase in the odds of
post-mature pregnancy in addition to a 50% increase in the risk of developing
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hypertensive disorders during pregnancy with the use of folic acid supplements
irrespective of the timing of these supplements (section 4.3.6.2)16-18.
Folic acid supplementation has been demonstrated to increase the
capacity for re-methylation of homocysteine to the amino acid methionine,
thereby reducing inflammation associated with hyperhomocysteinaemia 19. In
reproductive terms, this potentially translates to a reduction in the inflammatory
processes associated with preterm birth and pre-eclampsia, extending gestation
in pregnancies at risk of these outcomes

20-24.

As folate acts in this homeostatic

capacity irrespective of pregnancy state25, supplementation in the second and
third trimesters may contribute to a detrimental quiescence at term due to
suppression of required inflammatory processes.
However, women whose BMI was calculated to be overweight or obese
have also been found to demonstrate elevated homocysteine levels, with
research reporting hyperhomocysteinaemia in up to 84% of women with a high
BMI26. Given that folate functions in an anti-inflammatory capacity, these women
should

theoretically

demonstrate

evidence

of

benefit from

folic

acid

supplementation27. Therefore, the increased risk of prolonged pregnancies and
pre-eclampsia in overweight women reporting the use of folic acid supplements
in the EFHL and MATIS cohorts do not reflect these homeostatic mechanisms.
As such, this group of women may demonstrate altered homocysteine metabolic
pathways. These pathways are an area requiring further research, particularly in
light of the increasing percentage of women from high-income populations with a
pre-pregnancy BMI of 25 kg/m2 or higher28.
First time mothers declaring combined use of MMS and zinc supplements
in the MATIS dataset demonstrated increased odds of birthing a baby weighing
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less than 2500 grams (section 4.4.3). Mothers using this supplement combination
in the EFHL cohort also demonstrated suboptimal outcomes in terms of increased
risk for prolonged pregnancy (section 3.4.1)15. Zinc supplementation has
demonstrated efficacy through a small but significant reduction in preterm birth
29,

potentially due to a reduction in the generation of pro-inflammatory cytokines30.

These inflammatory molecules are also found in the uterine environment in preeclampsia, preterm and term labours24, 31. However, serum zinc levels rise in
pregnancy from twelve weeks of gestation onwards 32. While literature reports an
increase in low birth weight in women with identified zinc deficiency24, no research
examines the effect of excessive zinc consumption on pregnancy outcomes.
Therefore, zinc supplementation beyond the first trimester may be responsible
for inhibiting appropriate inflammatory processes.
Women of the EFHL cohort who declared combined use of MMS and
calcium supplements also exhibited an increased length of gestation at term
(section 3.4.1). This finding is potentially due to the complex and varied
alterations in the regulation of calcium throughout pregnancy and its role in
prostaglandin synthesis (section 1.4.3)23, 33, 34. Conversely, a lower incidence of
gestational diabetes was found in first time mothers of the MATIS cohort who
reported use of calcium supplements than those who did not (section 4.4.5), a
finding supporting research that hypothesises an interaction between vitamin D,
calcium homeostasis35 and calcium signalling proteins36 in glucose metabolism.
Given the diversity in these effects and outcomes, the role of calcium in
pregnancy and parturition warrants closer examination. While the relationships
between supplements and these outcomes were statistically significant, the
elimination of MMS from associated regression models modified the contribution
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of individual supplements to the outcomes. As such a potential for synergistic and
antagonistic effects of micronutrient supplements in combination is evident.
Supporting these retrospective analyses are the calculated dietary intake
and serum values of the MONT cohort; dietary calculations support the premise
that pregnant women of the region are adequately nourished despite suboptimal
core food group intake. Further, dietary iodine, zinc and selenium were higher in
women birthing beyond 41 completed weeks than those birthing before this
gestation, suggesting a potential contribution of subclinical excess to the length
of gestation (section 5.2.2). Supplement practices did not translate into higher
serum values; mean serum values fell well within the reference ranges for the
second and third trimesters of pregnancy irrespective of supplement use and
demonstrated little significant association with examined outcomes. Under these
circumstances, supplementation did not make any significant impact on their
nutrition status or their birth outcomes.
Analyses of these datasets demonstrated that use of micronutrient
supplements did not benefit examined birth outcomes in this nutritionally-replete
cohort. In contrast, a lack of association between supplements, serum values,
birthweight and preterm birth in these cohorts suggests that the protective effects
of micronutrients on infant birthweight and preterm labour found in low and
middle-income countries do not apply in the general South-East Queensland
population. Further, while some groups of women within the examined cohorts
exhibited increased risk for suboptimal birth outcomes, supplement use was not
found to improve outcomes in these women.
These findings attest to the lack of robust evidence informing contemporary
clinical

recommendations,

particularly

given

the

significant

limitations
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demonstrated by these datasets (section 1.3). While cohort demographics were
consistent across the three datasets, reliability and reproducibility were affected
by the large volume of missing data across in the EFHL and MATIS cohorts,
potentially due to the tools and methodologies utilised within each data collection.
The Environments for Healthy Living study relied on pen-and-paper data
collection instruments resulting in a lack of flexibility concerning low literacy
populations. Further, participants were recruited from a general population of
women with pregnancies of 24 weeks gestation or greater; consequently,
responses demonstrated heterogeneity in cohort characteristics and time-specific
fields. Additionally, an environmental potential for recruitment, uptake 37 and
social desirability bias38 potentially affected data reporting (section 3.2).
The MATIS cohort exhibited similar limitations. Declarations were nonspecific concerning supplements in terms of gestation when used, dosage
consumed, length of supplementation and supplement combinations. Format,
structure, the non-mandatory nature of supplement use fields, and MATIS design
iterations resulted in difficulty in data cleaning, collation and comparison between
sub-groups (section 4.2.2). Additionally, critical population-level characteristics
were problematic; income and education were missing fields, aboriginality was
incorrectly coded in 35% of relevant cases and data was collected from women
accessing care at one public hospital (section 4.3). These characteristics have
hampered efforts to assess adherence to supplement use recommendations and
draw conclusions regarding effects on outcomes between groups.
The Maternal Outcomes and Nutrition Tool collected data from a
contemporary and representative cohort, was found to be fit-for-purpose with
respect to the aims of its design, produced evidence reflecting existing literature
and offered new perspective on assessment of nutrition status in women of this
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region. However, the MONT data demonstrated potential limitations in terms of
low numbers in some descriptive, supplement and outcome groups resulting in
low statistical power in some analyses. These low numbers may be due to the
design of the MONT, presenting individual surveys rather than one long combined
set and introducing forced completion into the survey design. This cohort was
also recruited through public hospital antenatal clinics resulting in an inability to
evaluate diet in women experiencing care through alternative care models.
Further, the Maternal Outcomes and Nutrition Tool is a new data collection
instrument currently subject to a continuing validation process; the micronutrients
detailed within this thesis comprise a small number of food constituents with
MONT calculation capability; as such further research is required to definitively
establish the MONT data accuracy in relation to dietary estimates and calculated
micronutrient values.
This project also demonstrated several strengths and weaknesses. The
number of women examined totalled 9300, with the three cohorts demonstrating
homogeneity across the demographic groups. Despite this, these data have
facilitated the analysis of information relating to a range of sub-groups within the
cohorts; these subgroups include women from differing BMI classifications,
obstetric profiles and culturally and linguistically diverse groups. Analysis
demonstrates that a wide range of nutritional determinants contribute to each
woman’s dietary profile. Therefore, this individuality must translate to dietary
support and counselling specific to each woman’s identified needs. At this time,
such evaluation is not common nor recommended practice; further, the
supplementation practices exhibited by the women of this cohort lack a sound
evidence base and exhibit a potentially detrimental association with suboptimal
birth outcomes. While these conclusions suggest that gold standard research
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such as intervention studies and randomised control trials may be inappropriate,
they do form the foundation for future studies with more robust and repeatable
designs, including further prospective cohorts and repeated measures research.
This data was collected for a variety of reasons, through various methods
and across twelve years. It is possible that supplement use characteristics
changed across this timeframe in response to the introduction of guidelines
and changing market trends

39.

1, 2

Further, the baseline health of women has

declined within the specified time frame

40.

However, results were consistent

between the three cohorts irrespective of the methodology employed or timing of
data collection. Yet, the homogeneity of the recruits and the heterogeneity of
methodologies is also a potential limitation. The variety of tools used, and
information collected from the various cohorts, negated the statistical power that
this number of recruits would typically afford and introduced the potential for
residual confounding in the analyses performed. In particular, the poor reporting
of diagnosed micronutrient deficiencies and iron-deficiency anaemia across the
three cohorts, resulted in an inability to analyse outcomes data relating to
therapeutic supplementation in women with identified deficiencies. Further,
recruits were sourced from the public hospital system in the South-East
Queensland region; the Sunshine Coast and West Moreton Hospital and Health
Services declined participation in the study, resulting in an under-representation
of women in the most northern and western districts of the region. Additionally,
targeted recruitment in the public hospital system eliminated women choosing
private models of care from these analyses. Given these considerable limitations,
and the complexities inherent to cross-sectional cohort designs, a cause-andeffect relationship cannot be established between non-therapeutic supplement
use and birth outcomes in these cohorts.
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This research found no associations between non-therapeutic supplement
use and improved birth outcomes in this representative cohort of nutritionallyreplete women. As such supplementation in the general population of pregnant
women of South-East Queensland during these stages of pregnancy may be
inappropriate. Further, unnecessary supplementation beyond the peri-conception
period was associated with increased risk for suboptimal outcomes in these
cohorts. As such, demonstrated modifications to these outcomes was
detrimental. These findings have implications for primary maternity care and
antenatal nutrition counselling. Spontaneous labour rates may be improved by
advising women without identified risk or deficiency that a healthy balanced diet
results in superior birth outcomes compared to inappropriate supplement use,
thereby reducing the incidence of medical induction of labour and its associated
sequelae.
6.2

Conclusions

In order to answer the ultimate question driving this research - Is nontherapeutic use of micronutrient supplements associated with improved birth
outcomes in South-East Queensland women - this thesis was guided by six
research aims designed to address three formative questions.
Australian national supplement guidelines were presented, and the
literature informing their recommendations reviewed. This literature examined the
role of micronutrients in pregnancy and birth, outlined the physiological processes
dependent on these micronutrients, and presented situations in which
supplementation has been proven effective. However, the literature also
highlighted research limitations and knowledge gaps relating to the physiology of
pregnancy and birth, and the influence of supplementation in nutritionally replete
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and high income populations, such as the examined cohort. Furthermore, current
data collections were found to exhibit significant limitations inhibiting accurate
determination of causal relationships. As such, research question one - is
evidence

informing

current

recommendations

regarding

micronutrient

supplements during pregnancy in Australia robust and contemporary – has been
answered in the negative. Evidence informing current recommendations during
pregnancy is neither robust nor contemporary.
Three South-East Queensland cohorts underwent analysis in order
to establish population micronutrient status and adherence to dietary and
supplement recommendations; each was examined to determine associations
between hypertensive disorders of pregnancy, gestational diabetes, onset of
labour, birthweight and gestation at birth, demographic characteristics and
micronutrient supplement use. These actions have addressed research question
two - is there evidence of association between micronutrient supplements and
birth outcomes in South-East Queensland - with results also affirming the
negative. The cohort representative of this population was found to be
nutritionally replete, with no evidence found to suggest micronutrient
supplements were associated with birth outcomes in either the general
population, or in women from demographic groups considered to be at risk for
suboptimal outcomes. To the contrary, evidence of detriment was found across
all three cohorts in this study, specifically concerning the effect of micronutrient
supplements and an increased length of term gestation and the incidence of
prolonged pregnancy. As such the modifications demonstrated by supplements
in this population were detrimental. Therefore, supplementation has been
determined to be inappropriate in the general population of this region.

245
Examination of the nutrition-related decision-making motives, sources of
supplement advice, clinician and researcher factors contributing to these findings
have addressed research question three - what are the human factors affecting
nutrition-related decision making in South-East Queensland women during
pregnancy? Dietary decision making was influenced by several social, cultural
and economic drivers. These include smoking, income, education, cultural and
linguistic diversity, access to maternity care models, health care providers and
health service resources. In particular, women from low-socioeconomic
backgrounds - including smokers and CALD women - reported nutrition motives
that position health as a secondary consideration. While these women did not
demonstrate evidence of benefit from micronutrient supplements, they did
declare nutrition decision-making motives that may benefit from dietary
counselling and support strategies.
The synthesis of information afforded by this research has answered the
primary objective of this study. Micronutrient supplementation is not associated
with improved birth outcomes in the general pregnant population of women of
South-East Queensland, nor does it improve birth outcomes in any specific
demographic group. Conversely, non-therapeutic use in this nutritionally-replete
population has demonstrated the capacity for harm, particularly in women in the
obese classification. Ongoing in-depth examination of the combined inflammatory
mechanisms of obesity and birth is required to meet the needs of this increasing
population of women. Further, empirical research is required concerning
nutritional risk screening, the use of supplements in relation to dietary intake,
supplement interventions and dietary counselling in order to determine what
constitutes sustainable, safe and effective management in women at risk of
suboptimal nutrition-related birth outcomes. Finally, continuing research into the

246
efficacy of digital solutions - such as the Maternal Outcomes and Nutrition Tool is required to address the data deficits and challenges inherent in current
research methodologies.
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APPENDICES

Supplementary output during the period of candidature

OVERVIEW

This chapter presents supplementary and complimentary output produced
during the course of the period of candidature for my Doctor of Philosophy.
Research output is presented in the form of a publication; material developed to
support the implementation of the project as a whole includes the My Body, My
Baby website, the associated Facebook community and the My Body My Baby
book. These are described in visual terms with relevant tables and figures.
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7.2

My Body, My Baby
7.2.1 The website
Evidence-based practice and woman-centred care are the founding

principles of midwifery practice. As midwives it is our duty, responsibility and
privilege to provide quality education and care to women across their entire
birthing experience. It is a vital aspect of what we do, but at times it can be very
challenging to facilitate. This is often due to the systems and limited resources
we have to work within.
The My Body, My Baby website was created to serve two purposes (figure
7.1). Firstly, it was written to provide evidence-based information and education
regarding women’s health, nutrition (figure 7.2), pregnancy, labour and birth
(figure 7.3) to women of childbearing age. What was provided in the website is
basically "what every midwife wished you knew when you walked in the door".
While this information cannot always be delivered in person, it is there as a guide,
for women to educate themselves.
The second reason this website was created was in response to a gap in
the research. There is much we still don't know about pregnancy and birth.
Research is happening all over the world about different aspects of why things
happen the way they do. However, so many people are studying so many things,
that it is almost impossible to compare one set of results to another, or one
country to the next - and to join the dots.
In order to collect the information we need, and get it all in one place and
format, a new survey tool was designed. The survey tool is accessible through
this site. The surveys ask questions about health, lifestyle and diet, and - if
pregnant – birth outcomes. These have been designed to be very simple, quick
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to complete, and straightforward. They are designed this way so that anybody,
regardless of their language or literacy level, can participate in the research.
Women recruited between specified dates from the South-East
Queensland region were extracted from the dataset. However, the website has
facilitated engagement and data collection from its launch up until the time of
thesis submission (within the existing ethics approval parameters) from an
international audience. To date, 968 women have actively engaged with the
research portal; 799 pregnant, 45 women planning a pregnancy and 123 nonpregnant users. These women participated in the research from a total of 15
different countries. The website was adopted by six Queensland Health and
Hospital Services as a reliable source of antenatal information and continues to
act as an education resource for women worldwide.
In the forty months between the website’s launch and the authorship of
these appendices, 58904 unique visitors accessed the site (figure 7.4), with
website hits approaching 1.7 million (table 7.1). Given the popularity of the
website and the support received from women, clinicians and health services, the
website is scheduled for update and redesign at the conclusion of this research.

Figure 7.4: My Body, My Baby home page
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Figure 7.5: Sample web page: Australian dietary guidelines
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Figure 7.6: Sample web page: Antenatal education
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7.2.2 Website statistics
Table 7.1: My Body My Baby - website statistics
Month

Unique visitors

Number of visits

Pages viewed

Hits

Apr 16 - Jul 16

5324

8435

200,275

467,340

Aug 16 - Nov 16

4093

7398

43,066

162,809

Dec 16 - Mar 17

7591

9762

34,109

216,223

Apr 17 - Jul 17

5365

7498

26,526

141,217

Aug 17 - Nov 17

6132

8480

24,539

141,706

Dec 17 - Mar 18

7225

9799

28,308

195,302

Apr 18 - Jul 18

6681

9819

31,730

181,101

Aug 18 - Nov 18

7052

10,363

26,323

44,432

Dec 18 - Mar 19

4557

8108

25,013

38,797

Apr 19 - Jul 19

4884
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Figure 7.7: My Body, My Baby website - unique visitors vs number of visits
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7.2.3 Social Media – Facebook
The My Body, My Baby community Facebook page was instrumental in
advertising the project and creating a sense of community. Current Facebook
likes number 3,526; the page is now used to continue community engagement,
share information and provide education regarding midwifery, pregnancy and
birth with its 3519 followers.
Figure 7.8: My Body My Baby Facebook page

266
7.2.4 The book
The My Body, My Baby (by midwives for women) book was adapted from
information on the website (figure78.6). Focussing on pregnancy, labour, birth
and the first few days, it provides the website information (and more) in a hard
copy format. The book has been endorsed by CAPEA (Childbirth And Parenting
Educators of Australia – figure 7.7); similar endorsement is under application with
the Australian College of Midwives. On granting this endorsement, the hard cover
version will be subsequently submitted for publication.
Figure 7.6: My Body, My Baby – the book – ISBN 978-1504313483

Figure 8.9: My Body, My Baby – the book – ISBN 978-1504313483

267

Figure 7.7: My Body, My Baby – the book – CAPEA endorsement certificate

CERTIFICATE OF ENDORSEMENT
This is to certify that the educational book

My Body My Baby
is endorsed by the

Childbirth And Parenting Educators of Australia

This endorsement implies that the above mentioned book meets specific criteria as
outlined by CAPEA Inc. and is subject to review every three years or when the content
of the book is are significantly altered, whichever occurs first.

Chairperson
Further Education Committee
10 January 2019

