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The studies presented in this thesis were aimed to describe adverse pregnancy outcomes in South Australia in 
population and cohort studies. Adverse pregnancy outcomes, including sPTB, FGR/SGA, GDM and HDP affect a 
quarter of first pregnancies[1] but their pathophysiology is not fully understood. Adverse pregnancy outcomes 
have serious potential short- and long-term consequences for both mother, fetus and neonate and form a 
significant burden on healthcare systems[27–30]. The aim of this thesis was to address knowledge gaps for 
predictive or associated factors to inform better strategies for the prevention and the monitoring of adverse 
pregnancy outcomes. 

Part 1 – Trends, sexual dimorphism and seasonality of pregnancy outcome.

The first part of this thesis describes a series of four population studies in South Australia. Each of the 
studies used data from the South Australian Perinatal Statistics Collection (SAPSC), a state-wide registry of all 
characteristics and clinical outcomes of all South Australian births notified by hospital and home birth midwives 
and neonatal nurses. 

Long-term trends in adverse pregnancy outcomes
In Chapter 1 we explored the long-term trends in the prevalence of PTB and rates of PTB in singleton pregnancies 
complicated by HDP, SGA and PPROM in South Australia in a population wide study. From 1986 to 2014, the 
incidence of preterm birth in South Australia increased by 40%, with iatrogenic preterm birth being responsible 
for 80% of this increase. The incidence of HDP and SGA, two common pregnancy complications that may result 
in iatrogenic PTB, declined over the same time period. However, among pregnancies complicated by HDP and 
SGA, the proportion of PTB increased, indicating earlier intervention in these women. The incidence of another 
common indication for early (iatrogenic) birth, PPROM, increased from 1% to 2%. After 1990 greater than 80% 
of PPROM was associated with PTB. Overall stillbirth rates declined and preterm stillbirth rates halved from 
1986 to 2014. Several maternal and pregnancy-related risk factors may contribute to population differences in 
PTB. Increased iatrogenic delivery may be attributable, in part, to changing maternal phenotype and to altered 
clinician’s behaviour. Improvements in pregnancy guidelines, fetal surveillance, and advances in neonatal care 
may underpin perinatal clinical decision-making.

Sexual dimorphism in adverse pregnancy outcome
Fetal sex has been suggested as an independent risk factor for adverse pregnancy outcomes but the results 
are conflicting[31–33]. The National Institutes of Health has highlighted the importance of evaluating sex 
differences in health and disease. In Chapter 2 we described the presence of sexual dimorphisms for PTB, 
birthweight, HDP and GDM in a retrospective study of the South Australian population from 1981 to 2011. 
We used two analytical approaches to assess and interpret the sexual dimorphisms for these major adverse 
pregnancy outcomes. According to both approaches, women carrying a male fetus were at increased risk 
for all PTB, spontaneous PTB, overall HDP and GDM. Additionally, women carrying a female fetus were at 
increased risk for HDP complicated with PTB. Fetal sex should be taken into account in future studies on 
obstetric complications and their pathophysiology. Study on sex differences in placental function and maternal 
adaptations to pregnancy are required to define the molecular mechanisms in sex-specific pregnancy outcome.

Seasonality of adverse pregnancy outcome
The majority of the traditional risk factors for adverse pregnancy outcome are not condition-specific. Advanced 
maternal age, maternal obesity, complicated medical (obstetric) history, ethnicity and male fetal sex, for 
example, all increase the risk of all previously described adverse pregnancy outcomes[2,8,14,21,24]. In addition 
to these well known risk factors, multiple environmental and lifestyle factors have also been associated with 
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adverse pregnancy outcome[18,34–45]. Lack of physical activity[36–38], nutritional status[18,35,39,44,45] 
and vitamin D deficiency[40–43] are all associated with both GDM and HDP. These factors have periodicity in 
common[46–48]. In an effort to increase the knowledge of mechanisms regarding early pregnancy exposures 
that may influence the development of GDM and HPD, we assessed the seasonal variation of these two 
conditions. 

In Chapter 3 we showed that the incidence of GDM in South Australia increased from 4.9% in 2007 to 7.2% in 
2011. During 2007-2014, there was a clear seasonality of GDM based on estimated date of conception (eDoC). 
After adjusting for maternal age, BMI, parity, ethnicity, socioeconomic status and chronic hypertension the 
seasonality of GDM remained significant. The peak incidence of GDM was observed for pregnancies with eDoC 
during winter and the lowest incidence of GDM for pregnancies with eDoC during summer. 

Next, in Chapter 4 we described that the incidence of HDP in South Australia from 2007-2014 remained stable 
at 7.1%. During these years there was a strong relationship between season and HDP. After adjusting for 
maternal age, BMI, ethnicity, parity, type of health care, tobacco use in second half of pregnancy and GDM, the 
seasonality of HDP remained significant. The peak incidence of HDP was observed for pregnancies with eDoC 
during late spring and birth in winter, while the lowest incidence of HDP was associated with pregnancies with 
eDoC during late autumn and early winter and birth in summer. 

The seasonality of GDM and HDP helps with improving the knowledge of mechanisms regarding when 
pregnancy exposures, including lack of physical activity, nutrition and vitamin D deficiency, may profoundly 
influence the development of GDM and HPD.

Part 2 - Maternal haemodynamics in pregnancy

The second part of this thesis describes the first results of the Screening Tests to predict poor Outcomes of 
Pregnancy (STOP) study, a prospective observational cohort study aiming to establish and validate sensitive 
prediction models for sPTB, SGA, GDM and HDP. Dr Verburg coordinated the STOP study and was responsible 
for patient recruitment, blood sampling throughout, conducted all of the haemodynamics studies at 11 and 34 
weeks’ gestation and database management.

Maternal haemodynamics in hypertensive disorders of pregnancy
The full etiology of HDP is still elusive, but HDP is thought to be caused by both vascular and immune 
maladaptation[21]. To meet the demands of pregnancy, most maternal organ systems undergo complex 
adaptations and increase their functionality. Haemodynamic changes occur to ensure adequate placental 
perfusion, as well as nutrient and gaseous transport, to sustain fetal growth and development[49]. Altered 
maternal haemodynamic adaptations have been identified in women who develop pregnancy complications, 
specifically in those who develop PE[50–54]. Last, in Chapter 5 we described the maternal haemodynamic 
adaptation throughout gestation in uncomplicated pregnancies versus those complicated by HDP. 
Haemodynamic adaptation in women with sPE and nsPE was significantly different compared to those with 
uncomplicated pregnancies. While women with GH and intermittent hypertension (IH) also had elevated 
blood pressures at 11 and 34 weeks of gestation compared to women with uncomplicated pregnancies, the 
haemodynamic adaptation to pregnancy was comparable to women with uncomplicated pregnancies. PE and 
GH have a different pathophysiology and are two different disease entities. Women who developed IH also 
showed increased rates of SGA, suggesting that this condition is not benign. We also showed that monitoring 
central blood pressure and augmentation index in pregnancy provides additional value and its use should be 
considered in the clinic for the monitoring of women at risk of HDP and detection of HDP early.
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A quarter of first pregnancies are affected by adverse pregnancy outcomes, including sPTB, FGR/SGA, GDM and 
HDP[1]. The pathophysiology of these common adverse pregnancy outcomes is not fully understood. They form 
a significant burden on healthcare systems and, despite efforts, their incidence is region-specific but overall 
increasing worldwide[2–6]. Increasing rates of adverse pregnancy outcomes have increased the necessity 
to identify (new) risk factors for an improved understanding of the pathophysiology of adverse pregnancy 
outcome. The studies presented in this thesis were aimed to describe pregnancy outcome in South Australia in 
population and cohort studies with a particular focus on filling in gaps of knowledge of hitherto understudied 
predictive or associated factors.

Part 1 – Trends, sexual dimorphism and seasonality of pregnancy outcome.

The first part of this thesis describes a series of four population studies in South Australia. Each of the 
studies used data from the South Australian Perinatal Statistics Collection (SAPSC), a state-wide registry of all 
characteristics and clinical outcomes of all South Australian births notified by hospital and home birth midwives 
and neonatal nurses. 

Long-term trends in adverse pregnancy outcome
As described in Chapter 1, in singleton pregnancies in South Australia from 1986 to 2014, there was a clear 
reduction in pregnancy duration, with a 40% increase of PTB. The majority of the increase was a result of late 
PTB, and a result of iatrogenic delivery. One would expect that the increase of PTB would parallel common 
indications for early iatrogenic delivery, such as FGR/SGA, HDP and PPROM. However, the incidence of both 
SGA and HDP in the same time period declined, while that of PPROM increased. Also, the overall stillbirth 
rate decreased significantly and the preterm stillbirth rate almost halved. Maternal and pregnancy-related risk 
factors that may contribute to population differences in PTB have changed from 1986-2014. While in 1980 
maternal obesity was present in 5%[7,8], currently, more than one fourth of the South Australian pregnant 
population is obese or morbidly obese. Additionally, more than half are 30 years of age or older and almost 
a quarter are non-Caucasians. All of these increase risk of, not only PTB, but also of GDM and HDP. Maternal 
smoking rates in South Australia have more than halved since 1998, which is protective for PTB.

Since 1986, there have been improvements in technologies to monitor pregnancy and to treat those at risk for 
adverse pregnancy outcomes. Innovations that are likely to have contributed to changing adverse pregnancy 
outcome and stillbirth rates are biochemical testing and prophylactic use of antibiotics for PPROM[9], low-
dose aspirin for women with an increased risk for HDP[10] and increasing, albeit not-routinely, use of serial 
ultrasound scanning in FGR fetuses[11]. Tocolytic therapy to prevent sPTB[12] extends pregnancy on average 
by 2-3 days[12]. Although it is likely that this does not affect the overall PTB rate, it does allow adequate lung 
maturation therapy with corticosteroids, which subsequently improves neonatal outcome. 

Improvements in screening for disease severity and fetal growth permits clinicians to identify disease in an 
earlier stage and allow informed decision-making on timing of birth. This may partly explain the increase of 
iatrogenic PTB in complicated pregnancies. Optimal timing of birth in pregnancies complicated by FGR[13,14], 
HDP[15] and PPROM[16,17] between 34-36 weeks’ gestation have been identified by well-respected studies 
published after 2010. Trends in adverse pregnancy outcome after 2014, specifically iatrogenic PTB, could have 
changed as the results of these large RCTs have changed pregnancy guidelines. It is very useful to continuously 
assess the trends in the incidence of adverse pregnancy outcome to examine the implementation of influential 
RCTs in daily clinical practice. Rather than using simple linear regression modelling to assess trends, Join point 
regression modelling[18,19] should be considered. Join point regression modelling, a statistical method not 
often used in obstetrics, is very useful in identifying time points where change in trend(s) have occurred, 
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enabling us to link directly to influential RCTs and health care policy changes. It may provide us with an improved 
insight on when and why trends have changed.

Sexual dimorphism in adverse pregnancy outcome
The ‘developmental origins of health and disease’ (DOHaD) hypothesis suggests that the foundation of life-
long health in both women and men is established in utero. Therefore, an adverse intrauterine environment 
has long-term health consequences for the offspring[20]. This theory has been supported by studies showing 
that offspring of malnourished women during the Dutch famine, who were born with a low birth weight, have 
increased risk of CVD[20] and metabolic disease[21,22] and cancer[23] in later life. Chinese famine studies 
support these findings[24,25] and have shown that exposure to famine during early life increases the risk 
of hyperglycemia in female adults, but may reduce the risk of type 2 diabetes mellitus in males[25]. These 
sex-specific risks are not surprising, because adult diseases, specifically CVD, also shows sex-differences in 
prevalence[26,27]. In epigenetic studies fetal/neonatal sex is often neglected as a risk factor for disease[26]. 
Therefore, the National Institutes of Health (NIH) has highlighted the importance of evaluating sex differences 
in health and disease. Fetal sex has been identified as an independent risk factor for adverse pregnancy 
outcome[28–31]. 

In Chapter 2 we showed the presence of sexual dimorphisms for PTB, birth weight, GDM and HDP. Women 
carrying a male fetus are at increased risk for all PTB, sPTB, GDM and overall HDP. Male fetuses showed a 27% 
increased risk for extreme early PTB (20-24 weeks’ gestation). Women carrying a female fetus are at increased 
risk for HDP requiring iatrogenic PTB. Female fetuses showed a 22% increased risk for HDP complicated by PTB 
(25-29 weeks’ gestation). We also presented a coherent framework based on two analytical approaches to 
assess and interpret the sexual dimorphism for PTB, birth weight, GDM and HDP. In obstetric epidemiology, a 
descriptive, ‘traditional approach’, is suited for setting prognosis from early gestation and provides population 
prevalence, while the ‘Fetus At Risk (FAR) approach’ provides a causal framework and the basis for obstetric 
intervention. In a clinical setting, fetal sex is often not recognized as a risk factor for adverse pregnancy 
outcome. The data presented in chapter 2 and various other large population studies[30,32–40] indicate the 
importance of recognising fetal sex as a risk enhancing/reducing factor for adverse pregnancy outcome. In 
further studies on obstetric complications and their mechanisms, fetal/neonatal sex should therefore be taken 
into account as a risk factor for disease, because the mechanisms by which sexual dimorphisms of adverse 
pregnancy outcome occur are still unclear. There are several sex-specific strategies identified by which the fetus 
copes with adversity in utero[41]. Developmental stressors and sex steroids have a profound influence on the 
development and progression of long-term disease[41,42]. Sex biases include different expression of genes, 
proteins and altered steroid pathways in response to an adverse maternal environment, including maternal 
asthma and PE[41].
 

Seasonality of adverse pregnancy outcome

Preterm birth
In 2008, Bodnar et al. showed that in Pittsburgh (USA) PTB was associated with season of conception[43], 
while others had shown seasonal variation in timing of birth in pregnancies complicated with PTB[44]. They 
observed a peak incidence of PTB in conceptions in winter/spring, while the lowest incidence of PTB was shown 
in conceptions in late summer and early autumn. The fluctuation of the seasonal variation of PTB was relatively 
small, 11.3% versus 10.3% for all PTB and 6.9% versus 6.0% for sPTB[43]. Seasonal periodicity of exposures 
already associated with PTB, including viral infections, allergies, sunlight and life style variables, were proposed 
as contributing factors for seasonal variation of PTB[43]. In Sydney (Australia) a similar pattern was observed 
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for seasonal variation in PTB based on date of conception and both negative, as well as positive influences of 
ambient air pollution were observed[45]. 

It should be determined whether there is also seasonality in incidence of PTB based on eDoC as well as date of 
birth in South Australia. PTB is a very heterogeneous disorder and the pathophysiology of iatrogenic PTB and 
sPTB are not at all comparable. Therefore, these two sub-groups of PTB should be assessed individually. Future 
research should also take into account the effect of the exposures mentioned above, as well as others, such as 
fetal sex, physical activity, dietary intake of macronutrients and maternal (influenza) vaccinations.

Gestational diabetes mellitus
In Chapter 3 we showed that the incidence of GDM in South Australia increased from 4.9% in 2007 to 7.2% 
in 2011. This increase is parallel to the rise in prevalence of type 2 diabetes mellitus and obesity[46]. During 
2007-2014, there was a clear seasonality of GDM based on eDoC. The peak incidence of GDM was observed 
for pregnancies with eDoC during winter and the lowest incidence of GDM for pregnancies with eDoC during 
summer. After adjusting for maternal age, BMI, parity, ethnicity, socioeconomic status and chronic hypertension 
the seasonality of GDM remained significant. These risk factors vary little to none with season and imply that 
other factors may contribute to the seasonality of GDM. Meteorological factors, specifically increased ambient 
temperature[47], lack of physical activity in the period before pregnancy and in early pregnancy[48], high 
dietary intake of fat at time of diagnosis[49,50] and vitamin D deficiency[51] are associated with an increased 
risk for GDM and have periodicity in common[52–54]. The association between vitamin D deficiency and GDM 
has been reported in many studies with conflicting results, but the majority showed that low vitamin D status is 
associated with increased risk of GDM[51]. It is likely that vitamin D is able to enhance insulin secretion[55,56], 
but its specific role in the pathophysiology of GDM is contentious. Supplementing women with vitamin D alone 
to prevent GDM, does not seem to be effective[57,58]. Co-supplementing with magnesium, zinc, calcium and 
vitamin D has shown to improve glycemic control and even some cardio metabolic factors in women with 
GDM[59]. The roles of vitamin D, magnesium, zinc and calcium, as well as the other mentioned risk factors 
associated with periodicity, in the pathophysiology of GDM merit further investigation. 

Hypertensive disorders of pregnancy
In Chapter 4 we showed that the incidence of HDP in South Australia from 2007-2014 remained stable at 
7.1%. During these years there was a strong relationship between season and HDP. The peak incidence of HDP 
was observed for pregnancies with eDoC during late spring and birth in winter, while the lowest incidence of 
HDP was associated with pregnancies with eDoC during late autumn and early winter and birth in summer. 
After adjusting for maternal age, BMI, ethnicity, parity, type of health care, tobacco use in second half of 
pregnancy and GDM, the seasonality of HDP remained significant. Of these risk factors, only tobacco use[60] 
and GDM[61,62] also show clear seasonal variation, suggesting that additional factors may contribute to the 
seasonality of HDP. Vitamin D deficiency[58,63–65], reduced intake of calcium[66], folic acid [67] and zinc[68] 
and lack of physical activity[69,70] are associated with an increased risk of HDP and these risk factors also have 
periodicity in common[52–54]. 

Adequate levels of certain nutrients are essential for maternal adaptation to pregnancy and subsequently 
pregnancy success and the prevention of adverse pregnancy outcome[71]. Vitamin D, in addition to its 
involvement in insulin secretion[55,56], is also involved in many physiological processes that regulate blood 
pressure, immune-modulation and placentation[72–76]. Vitamin D enhances dietary calcium absorption[72]. 
Calcium has in turn an inverse effect on blood pressure and vascular smooth muscle cell proliferation[73] and 
is associated with HDP[66]. Dietary intake of nutrients, other than vitamin D and calcium, also have been 
associated with HDP, including folic acid[67] and zinc[66,68].
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Results of efficacy of vitamin D supplements for prevention of PE of RCTs is equivocal[77,78]. Supplementation 
with vitamin D alone or with vitamin D combined with calcium appears to reduce the risk of PE[78]. High-dose 
calcium supplementation, particularly in those with low dietary intake or high risk of pre-eclampsia, reduce the 
risk for hypertension, pre-eclampsia, preterm birth and maternal death or severe morbidity[79]. There is very 
little evidence that calcium combined with antioxidants in second half of pregnancy can reduce the incidence of 
PE[77]. Well-conducted and adequately-powered RCTs assessing the most effective and safe dosage, timing of 
initiation and optimal dosing regimen of supplementation with vitamin D and calcium, either or not combined 
with other vitamins/minerals are necessary to inform policy-making[77,78].

Part 2 - Maternal haemodynamics in pregnancy

The second part of this thesis describes the first results of the Screening Tests to predict poor Outcomes of 
Pregnancy (STOP) study, a prospective observational cohort study aiming to establish and validate sensitive 
prediction models for sPTB, SGA, GDM and HDP. Dr Verburg coordinated the STOP study and was responsible 
for patient recruitment, blood sampling throughout, conducted all of the haemodynamics studies at 11 and 34 
weeks’ gestation and database management.

Maternal haemodynamics in hypertensive disorders of pregnancy
Women who experience adverse pregnancy outcomes have an increased risk of CVD in later life [20–22,46,80–
84]. The highest pregnancy-related risk for future CVD is hypertension in pregnancy (either PE or GH) combined 
with FGR and/or PTB[83,84]. These long-term implications associated with adverse pregnancy outcomes make 
one wonder whether this is due to haemodynamic malfunction present prior to pregnancy or the intrinsic 
adverse effects of altered haemodynamic adaption during pregnancy. The International Working Group on 
Maternal Haemodynamics has indicated that functional haemodynamic testing in pregnancy is currently 
understudied[85]. 

HDP is thought to be caused by both vascular and immune maladaptation, two processes intimately associated 
with each other with inflammation as a unifying theme[86]. Pregnancy is a physiological stress-test. To meet 
the demands of pregnancy, most maternal organ systems have to undergo complex adaptations and increase 
their functionality. Haemodynamic changes occur to ensure adequate placental perfusion, as well as nutrient 
and gaseous transport, to sustain fetal growth and development[87]. This results in systemic vasodilation, 
concomitant with an increase in blood volume and cardiac output[87]. Altered maternal haemodynamic 
adaptation has been identified in women who develop pregnancy complications, specifically in those 
who develop PE[88–92]. Sophisticated non-invasive equipment has become available to assess maternal 
haemodynamic state. This enables safe monitoring of haemodynamic adaptation throughout pregnancy[88]. 
Uscom BP+ is one of the haemodynamic state monitors that uses brachial oscillometric pulse wave analysis 
and is a validated method to measure peripheral blood pressures, central blood pressures, augmentation 
index and heart rate[93,94]. In Chapter 5 we described the maternal haemodynamic adaptation assessed 
by Uscom BP+ throughout gestation in uncomplicated pregnancies versus pregnancies later complicated by 
HDP. The haemodynamic adaptation in women with PE was significantly different compared to those with 
uncomplicated pregnancies, as early as 11 weeks’ gestation. Blood pressures at 11 and 34 weeks’ and the 
change in augmentation index across gestation in women with PE were increased, indicating lack of vascular 
adaptation. Also, women with GH or IH had increased blood pressures at 11 and 34 weeks’ gestation, compared 
to women with uncomplicated pregnancies, but their haemodynamic adaptation was of similar magnitude to 
those with uncomplicated pregnancies. Women with IH were also noted to have an increased risk for SGA, 
showing that IH is not necessarily a benign condition, a risk often not recognized by clinicians. Despite obvious 
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similarities regarding blood pressure, GH and PE have a different vascular pathophysiology and should be 
considered two different disease entities.

To fully understand how altered maternal haemodynamics relate to adverse pregnancy outcome, it is pivotal 
to understand the physiological maternal haemodynamic adaptation in healthy pregnancies[85]. We also 
showed in Chapter 5 that measurements of central blood pressure and augmentation index provide additional 
information on haemodynamic state and should be considered in the clinic when monitoring women at risk 
for HDP. Large scale studies of healthy pregnant women will allow the establishment of normal values for 
each week of gestation[85,95]. Simple and time-efficient, sophisticated non-invasive equipment to assess 
maternal haemodynamic state, such as USCOM BP+, enables safe monitoring of haemodynamic adaptation 
throughout pregnancy[88]. The measurements with devices such as these are easy to perform and as time-
efficient as manual or automated blood pressure measurements. It can therefore be suggested to perform 
these haemodynamic measurements at antenatal visits regularly in women deemed at risk for HDP. 

Strengths, limitations and future perspectives
A major strength of the population-based studies presented in chapters 1-4 lies in the large number of analysed 
births. The data of these studies were sourced from the South Australian Perinatal Statistics Collection (SAPSC). 
Since 1981, the SAPSC collects information regarding the characteristics and clinical outcomes of all South 
Australian births notified by hospital and home birth midwives and neonatal nurses using a standardized 
supplementary birth record. These supplementary birth records are checked manually for completeness and 
data discrepancies and go through a series of automated validation procedures during data entry. The data of 
the SAPSC is maintained by research doctors, research midwives and statisticians from the pregnancy outcome 
unit. Validation studies by the SAPSC have shown that notifications of all births in South Australia on the 
supplementary birth record were robust for the parameters studied in the studies presented in this thesis[96]. 
The SAPSC records data on all births in South Australia, so the pregnancies analysed in chapters 1-4 should be 
considered as a true representation of the South Australian and Australian populations.

Due to the retrospective character of the studies presented in chapters 1-4 our data are limited by the data 
available in the SAPSC. Some of the relevant variables were not collected during the assessed study periods. 
There was limited data available for maternal smoking, ultrasonography (both collected since 1998) and, 
most importantly, maternal BMI (collected since 2007). We also lacked data on maternal vitamin D status, 
nutrient intake (e.g. calcium, zinc, folate), leisure-time physical activity, depression and anxiety rates as well 
as illicit drug-use, preventing explanation of long-term trends and sexual dimorphism in adverse pregnancy 
outcomes and seasonal variation of GDM and HDP with respect to these risk factors. As mentioned previously, 
the seasonal variation of sPTB and SGA in South Australia should also be investigated in an effort to increase 
the knowledge of mechanisms regarding pregnancy exposures that may influence sPTB and SGA. Continuously 
assessing trends in incidence of adverse pregnancy outcome, with statistical methods like join point regression 
modelling, identifies time points where change in trend(s) have occurred[18,19]. This improved insight on 
when trends have changed makes it possible to link directly to influential RCTs and health care policy changes. 
Only large epidemiological studies have sufficient power to identify long-term trends and seasonal variations 
and may provide clues to inform future RCTs and pregnancy guidelines.

The data presented in Chapter 5 were sourced from the Screening Tests to predict poor Outcomes of 
Pregnancy (STOP) study. The prospective character of this multi-center observational cohort study and the 
extensive volume of data collected on a low-risk population is its strength. The study was large enough to 
identify differences in maternal haemodynamics across gestation in women with HDP compared to those 
with uncomplicated pregnancies. To identify differences between the individual HDP groups, e.g. PE with 
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severe features versus GH versus IH, a larger number of women is necessary. Large-scale studies monitoring 
haemodynamics at each week of gestation in healthy pregnant women will allow the establishment of normal 
values throughout pregnancy[85,95].

We also showed that women with IH also had an increased risk for SGA, indicating that IH is not a benign 
condition, a risk often not recognized by clinicians. Therefore IH deserves more structured investigation to 
identify the true risk and implications of IH for maternal, fetal and neonatal health.

The STOP study, of which a part of its results was presented in chapter 5, is an ongoing study. In total, 1,373 
women, partners and babies were recruited. The final results of this study are expected to be available by the 
end of 2018. Since the risk of CVD is increased in women who developed GDM, had a PTB or a FGR infant, 
one could speculate whether or not these women show altered haemodynamic adaptation during pregnancy, 
similarly to women with HDP. Future work of our research group will look into these potential relationships. 

The overarching aim of the STOP study is to determine whether maternal haemodynamic state in first trimester, 
together with other antenatal factors, including demographics, family medical and obstetric history (including 
depression and anxiety), medication and dietary supplement use, nutrition, physical activity, anthropometric 
measurements, biomarkers and ultra-sonographic measurements can aid in establishing and validating sensitive 
prediction models for sPTB, SGA, GDM and HDP. The richness of the data from the STOP study will also enable 
us to determine whether maternal vitamin D deficiency and decreased calcium levels, together with a range of 
other nutrient levels in blood/urine, in either first or third trimester are most associated with sPTB, SGA, GDM 
and HDP. We will also assess which of the previously identified antenatal risk factors are associated with altered 
haemodynamic adaptation to pregnancy. The large volume of data collected in the STOP study enables us to 
assess these relationships and associations in future studies.

Conclusion 

The studies presented in this thesis described adverse pregnancy outcomes in South Australia in population 
and cohort studies. Our goal was to fill in gaps of knowledge of hitherto understudied predictive or associated 
factors in order to plan better strategies for prevention and monitoring of adverse pregnancy outcomes.

Population and cohort data such as those presented in this thesis are necessary to identify real-world trends 
and associations. They can elucidate risk factors for adverse pregnancy outcome and inform future randomized 
trials and guidelines to improve perinatal, and potentially long-term health outcome for both mother and 
neonate.  



122

Pregnancy outcome in South Australia: 
Population and Cohort Studies

d

References 

1 C. Roberts, IFPA Award in Placentology Lecture: Complicated interactions between genes and 
 the environment in placentation, pregnancy outcome and long term health, Placenta. 
 24 (2010) S47–S53. doi:10.1016/j.placenta.2010.01.001.

2 H. Blencowe, S. Cousens, D. Chou, M. Oestergaard, L. Say, A.-B. Moller, M. Kinney, J. Lawn, Born too
  soon: the global epidemiology of 15 million preterm births., Reprod. Health. 
 10 (2013) S2. doi:10.1186/1742-4755-10-S1-S2.

3 B.S. Buckley, J. Harreiter, P. Damm, R. Corcoy, A. Chico, D. Simmons, A. Vellinga, F. Dunne, Gestational
 diabetes mellitus in Europe: prevalence, current screening practice and barriers to screening. 
 A review., Diabet. Med. 29 (2012) 844–54. doi:10.1111/j.1464-5491.2011.03541.x.

4 J.L. Richards, M.S. Kramer, P. Deb-Rinker, J. Rouleau, L. Mortensen, M. Gissler, N.-H. Morken, 
 R. Skjærven, S. Cnattingius, S. Johansson, M. Delnord, S.M. Dolan, N. Morisaki, S. Tough, J. Zeitlin,
 M.R. Kramer, Temporal Trends in Late Preterm and Early Term Birth Rates in 6 High-Income Countries
 in North America and Europe and Association With Clinician-Initiated Obstetric Interventions., 
 JAMA. 316 (2016) 410–9. doi:10.1001/jama.2016.9635.

5 C. Thornton, H. Dahlen, A. Korda, A. Hennessy, The incidence of preeclampsia and eclampsia and
 associated maternal mortality in Australia from population-linked datasets: 2000-2008., 
 Am. J. Obstet. Gynecol. 208 (2013) 476.e1-5. doi:10.1016/j.ajog.2013.02.042.

6 J.P. Vogel, S. Chawanpaiboon, A.-B. Moller, K. Watananirun, M. Bonet, P. Lumbiganon, 
 The global epidemiology of preterm birth, 
 Best Pract. Res. Clin. Obstet. Gynaecol. (2018) 1–10. doi:10.1016/J.BPOBGYN.2018.04.003.

7 Australian Institute of Health and Welfare, Obesity trends in older adults, 2004.

8 Australian Institute of Health and Welfare, Australia’s mothers and babies 2013, 2015.

9 S.L. Kenyon, D.J. Taylor, W. Tarnow-Mordi, O.C. Group, Broad-spectrum antibiotics for preterm, 
 prelabour rupture of fetal membranes: the ORACLE I randomised trial. ORACLE Collaborative Group.
 [Erratum appears in Lancet 2001 Jul 14;358(9276):156], Lancet. 357 (2001) 979–988. 

10 CLASP Collaborative Group, CLASP: a randomised trial of low-dose aspirin for the prevention and
  treatment of pre-eclampsia among 9364 pregnant women, 
 Lancet. 343 (1994) 619–29. doi:10.1016/0091-2182(94)90141-4.

11 V. Flenady, A.M. Wojcieszek, P. Middleton, D. Ellwood, J.J. Erwich, M. Coory, T.Y. Khong, R.M. Silver, 
 G.C.S. Smith, F.M. Boyle, J.E. Lawn, H. Blencowe, S.H. Leisher, M.M. Gross, D. Horey, L. Farrales, 
 F. Bloomfield, L. McCowan, S.J. Brown, K.S. Joseph, J. Zeitlin, H.E. Reinebrant, C. Ravaldi, A. Vannacci, 
 J. Cassidy, P. Cassidy, C. Farquhar, E. Wallace, D. Siassakos, A.E.P. Heazell, C. Storey, L. Sadler, 
 S. Petersen, J.F. Fr??en, R.L. Goldenberg, Stillbirths: Recall to action in high-income countries, 
 Lancet. 387 (2016) 691–702. doi:10.1016/S0140-6736(15)01020-X.

12 G.C. Di Renzo, E. Al Saleh, A. Mattei, I. Koutras, G. Clerici, Use of tocolytics: What is the benefit
  of gaining 48 hours for the fetus?, BJOG An Int. J. Obstet. Gynaecol. 113 (2006) 72–77. 
 doi:10.1111/j.1471-0528.2006.01127.x.

13 K.E. Boers, D. Bijlenga, J.A.M. van der Post, D.J. Bekedam, A. Kwee, P.C.M. van der Salm, 
 M.G. van Pampus, M.E.A. Spaanderman, K. de Boer, J.J. Duvekot, H.A. Bremer, T.H.M. Hasaart, 
 F.M.C. Delemarre, K.W.M. Bloemenkamp, C.A. van Meir, C. Willekes, M. Rijken, S. le Cessie, 



123

Pregnancy outcome in South Australia: 
Population and Cohort Studies

d

 F.J.M.E. Roumen, J.G. Thornton, J.M.M. van Lith, B.W.J. Mol, S.A. Scherjon, Induction versus expectant 
 monitoring for intrauterine growth restriction at term : randomised equivalence trial, 
 Bmj. 341 (2010). doi:10.1136/bmj.c7087.

14 B.M. Kazemier, B.J. Voskamp, A.C.J. Ravelli, E. Pajkrt, C.J.M. de Groot, B.W.J. Mol, Optimal timing of
  delivery in small for gestational age fetuses near term: a national cohort study., 
 Am. J. Perinatol. 30 (2015) 177–186. doi:10.1055/s-0034-1381724.

15 K. Broekhuijsen, G.J. Van Baaren, M.G. Van Pampus, W. Ganzevoort, J.M. Sikkema, M.D. Woiski, 
 M.A. Oudijk, K.W.M. Bloemenkamp, H.C.J. Scheepers, H.A. Bremer, R.J.P. Rijnders, A.J. Van Loon, 
 D.A.M. Perquin, J.M.J. Sporken, D.N.M. Papatsonis, M.E. Van Huizen, C.B. Vredevoogd, J.T.J. Brons, 
 M. Kaplan, A.H. Van Kaam, H. Groen, M.M. Porath, P.P. Van Den Berg, B.W.J. Mol, M.T.M. Franssen, 
 J. Langenveld, Immediate delivery versus expectant monitoring for hypertensive disorders of
 pregnancy between 34 and 37 weeks of gestation (HYPITAT-II): An open-label, randomised controlled 
 trial, Lancet. 385 (2015) 2492–2501. doi:10.1016/S0140-6736(14)61998-X.

16 J.M. Morris, C.L. Roberts, J.R. Bowen, J.A. Patterson, D.M. Bond, C.S. Algert, J.G. Thornton, 
 C.A. Crowther, Immediate delivery compared with expectant management after preterm pre-labour
 rupture of the membranes close to term ( PPROMT trial ): a randomised controlled trial, 
 Lancet. 387 (2016) 444–452. doi:10.1016/S0140-6736(15)00724-2.

17 D.P. Van Der Ham, J.L. Van Der Heyden, B.C. Opmeer, A.L.M. Mulder, R.M.J. Moonen, J.J. Van Beek,
 M.T.M. Franssen, K.W.M. Bloemenkamp, J.M. Sikkema, C.J.M. De Groot, M. Porath, A. Kwee, M.D.
 Woiski, J.J. Duvekot, B.M.C. Akerboom, A.J. Van Loon, J.W. De Leeuw, C. Willekes, B.W.J. Mol, 
 J.G. Nijhuis, Management of late-preterm premature rupture of membranes: The PPROMEXIL-2 trial,
 Am. J. Obstet. Gynecol. 207 (2012) 276–278. doi:10.1016/j.ajog.2012.07.024.

18 Joinpoint Regression Program, Version 4.4.0.0, Stat. Methodol. Appl. Branch, Surveill. Res. Program,
 Natl. Cancer Inst. (2017).

19 H. Kim, M. Fay, E. Feuer, D. Midthune, Permutation tests for joinpoint regression with applications to 
 cancer rates., Stat Med. 19 (2000) 335–51(correction: 2001;20:655).

20 D.J.P. Barker, The origins of the developmental origins theory, J. Intern. Med. 261 (2007) 412–417. 
 doi:10.1111/j.1365-2796.2007.01809.x.

21 S.R. De Rooij, R.C. Painter, T.J. Roseboom, D.I.W. Phillips, C. Osmond, D.J.P. Barker, M.W. Tanck, 
 R.P.J. Michels, P.M.M. Bossuyt, O.P. Bleker, Glucose tolerance at age 58 and the decline of glucose 
 tolerance in comparison with age 50 in people prenatally exposed to the Dutch famine, 
 Diabetologia. 49 (2006) 637–643. doi:10.1007/s00125-005-0136-9.

22 R.C. Painter, T.J. Roseboom, O.P. Bleker, Prenatal exposure to the Dutch famine and disease in later
  life: An overview, Reprod. Toxicol. 20 (2005) 345–352. doi:10.1016/j.reprotox.2005.04.005.

23 S.G. Elias, P.H.M. Peeters, D.E. Grobbee, P.A.H. Van Noord, The 1944-1945 Dutch famine and 
 subsequent overall cancer incidence, Cancer Epidemiol. Biomarkers Prev. 14 (2005) 1981–1985. 
 doi:10.1158/1055-9965.EPI-04-0839.

24 C. Yu, J. Wang, F. Wang, X. Han, H. Hu, J. Yuan, X. Miao, P. Yao, S. Wei, Y. Wang, Y. Liang, X. Zhang, 
 H. Guo, A. Pan, D. Zheng, Y. Tang, H. Yang, T. Wu, M. He, Victims of Chinese famine in early life have 
 increased risk of metabolic syndrome in adulthood, Nutrition. 53 (2018) 20–25. 
 doi:10.1016/j.nut.2017.12.013.



124

Pregnancy outcome in South Australia: 
Population and Cohort Studies

d

25 Y. Sun, L. Zhang, W. Duan, X. Meng, C. Jia, The association between famine exposure in early life and
  type 2 diabetes and hyperglycemia in adulthood: results from the China health and retirement 
 longitudinal study (CHARLS)., J. Diabetes. (2018). doi:10.1111/1753-0407.12653.

26 R.J.G. Hartman, S.E. Huisman, H.M. den Ruijter, Sex differences in cardiovascular epigenetics—
 a systematic review, Biol. Sex Differ. 9 (2018) 19. doi:10.1186/s13293-018-0180-z.

27 C.-C. Liu, H.-T. Chang, S.-C. Chiang, H.-S. Chen, M.-H. Lin, T.-J. Chen, S.-J. Hwang, Sex differences in 
 relationships between metabolic syndrome components and factors associated with health-related
 quality of life in middle-aged adults living in the community: A cross-sectional study in Taiwan,
  Health Qual. Life Outcomes. 16 (2018) 1–10. doi:10.1186/s12955-018-0910-2.

28 G. Di Renzo, A. Rosati, R. Sarti, L. Cruciani, A. Cutuli, Does fetal sex affect pregnancy outcome?, 
 Gend. Med. 4 (2007) 19–30.

29 P.H. Jongbloet, Offspring sex ratio at population level versus early and late onset preeclampsia., 
 Early Hum. Dev. 79 (2004) 159–63. doi:10.1016/j.earlhumdev.2004.04.008.

30 M. Khalil, E. Alzahra, Fetal gender and pregnancy outome in Libya: a retrospective study, 
 Libyan J. Med. 8 (2013) 20008.

31 J. Rueness, L. Vatten, A. Eskild, The human sex ratio: effects of maternal age., 
 Hum. Reprod. 27 (2012) 283–7. doi:10.1093/humrep/der347.

32 M. Cooperstock, J. Campbell, Excess males in preterm birth: interactions with gestational age, 
 race and multiple birth., Obstet. Gynecol. 88 (1996) 189–193. doi:10.1016/0029-7844(96)00106-8.

33 L. Vatten, R. Skjærven, Offspring sex and pregnancy outcome by length of gestation, 
 Early Hum. Dev. 76 (2004) 47–54. doi:10.1016/j.earlhumdev.2003.10.006.

34 J. Zeitlin, M. Saurel-Cubizolles, J. De Mouzon, L. Rivera, P. Ancel, B. Blondel, M. Kaminski, Fetal sex and 
 preterm birth: are males at greater risk?, Hum. Reprod. 17 (2002) 2762–2768. 
 http://www.ncbi.nlm.nih.gov/pubmed/12351559.

35 J. Zeitlin, P. Ancel, B. Larroque, M. Kaminski,  the E. Group, Fetal sex and indicated very preterm birth:
 results of the EPIPAGE study., Am. J. Obstet. Gynecol. 190 (2004) 1322–1325. 
 doi:10.1016/j.ajog.2003.10.703.

36 E. Elsmén, K. Källén, K. Marsál, L. Hellström-Westas, Fetal gender and gestational-age-related 
 incidence of preeclampsia., Acta Obstet. Gynecol. Scand. 85 (2006) 1285–1291.
  doi:10.1080/00016340600578274.

37 R. Brettell, P. Yeh, L. Impey, Examination of the association between male gender and preterm
 delivery, Eur. J. Obstet. Gynecol. Reprod. Biol. 141 (2008) 123–126. doi:10.1016/j.ejogrb.2008.07.030.

38 N. Melamed, Y. Yogev, M. Glezerman, Fetal gender and pregnancy outcome, J. Matern. 
 Neonatal Med. 23 (2010) 338–344. doi:10.3109/14767050903300969.

39 L. Aibar, A. Puertas, M. Valverde, M. Carrillo, F. Montoya, Fetal sex and perinatal outcomes., 
 J. Perinat. Med. 40 (2012) 271–276. doi:10.1515/jpm-2011-0137.

40 E. Sheiner, A. Levy, M. Katz, R. Hershkovitz, E. Leron, M. Mazor, Gender does matter in perinatal 
 medicine., Fetal Diagn. Ther. 19 (2004) 366–369. doi:10.1159/000077967.

41 V. Clifton, Review: Sex and the human placenta: mediating differential strategies of fetal growth and 
 survival., Placenta. 24 (2010) S33–S39. doi:10.1016/j.placenta.2009.11.010.



125

Pregnancy outcome in South Australia: 
Population and Cohort Studies

d

42 J. Gilbert, M. Nijland, Sex differences in the developmental origins of hypertension and cardiorenal 
 disease., Am. J. Physiol. Regul. Integr. Comp. Physiol. 295 (2008) R1941–R1952. 
 doi:10.1152/ajpregu.90724.2008.

43 L.M. Bodnar, H.N. Simhan, The prevalence of preterm birth and season of conception., 
 Paediatr. Perinat. Epidemiol. 22 (2008) 538–45. doi:10.1111/j.1365-3016.2008.00971.x.

44 S. Lee, P. Steer, V. Filippi, Seasonal patterns and preterm birth: a systematic review of the literature 
 and an analysis in a London-based cohort, BJOG An Int. J. Obstet. Gynaecol. 113 (2006) 1280–1288.  
 doi:10.1111/j.1471-0528.2006.01055.x.

45 B. Jalaludin, T. Mannes, G. Morgan, D. Lincoln, V. Sheppeard, S. Corbett, Impact of ambient air 
 pollution on gestational age is modified by season in Sydney, Australia, Environ. Heal. A Glob. 
 Access Sci. Source. 6 (2007) 1–10. doi:10.1186/1476-069X-6-16.

46 M. Alzaim, R.J. Wood, Vitamin D and gestational diabetes mellitus., 
 Nutr. Rev. 71 (2013) 158–67. doi:10.1111/nure.12018.

47 M.I. Schmidt, M.C. Matos, L. Branchtein, A.J. Reichelt, S.S. Mengue, L.C. Iochida, B.B. Duncan,
 Variation in glucose tolerance with ambient temperature., Lancet. 344 (1994) 1054–5. 
 http://www.ncbi.nlm.nih.gov/pubmed/7934447.

48 Z.C. Tobias Deidre K, Physical Activity Before and During Pregnancy and Risk of Gestational, 
 Diabetes Care. 34 (2011) 223–229. doi:10.2337/dc10-1368.

49 A. Ben-Haroush, Y. Yogev, M. Hod, Epidemiology of gestational diabetes mellitus and its association
 with Type 2 diabetes., Diabet. Med. 21 (2004) 103–13. doi:10.1046/j.1464.

50 B. Karamanos, A. Thanopoulou, E. Anastasiou, S. Assaad-Khalil, N. Albache, M. Bachaoui, C.B. Slama,
 H. El Ghomari, A. Jotic, N. Lalic, A. Lapolla, C. Saab, M. Marre, J. Vassallo, C. Savona-Ventura, Relation
 of the Mediterranean diet with the incidence of gestational diabetes., 
 Eur. J. Clin. Nutr. 68 (2014) 8–13. doi:10.1038/ejcn.2013.177.

51 M.-X. Zhang, G.-T. Pan, J.-F. Guo, B.-Y. Li, L.-Q. Qin, Z.-L. Zhang, Vitamin D Deficiency Increases the Risk
 of Gestational Diabetes Mellitus: A Meta-Analysis of Observational Studies., Nutrients. 
 7 (2015) 8366–8375. doi:10.3390/nu7105398.

52 P.E. Watson, B.W. McDonald, Seasonal variation of nutrient intake in pregnancy: effects on infant 
 measures and possible influence on diseases related to season of birth., 
 Eur. J. Clin. Nutr. 61 (2007) 1271–80. doi:10.1038/sj.ejcn.1602644.

53 Z. Lagunova, A.C. Porojnicu, F. Lindberg, S. Hexeberg, J. Moan, The dependency of vitamin D status on 
 body mass index, gender, age and season., Anticancer Res. 29 (2009) 3713–3720.

54 P. Tucker, J. Gilliland, The effect of season and weather on physical activity: A systematic review, 
 Public Health. 121 (2007) 909–922. doi:10.1016/j.puhe.2007.04.009.

55 B. Maestro, N. Dávila, M.C. Carranza, C. Calle, Identification of a Vitamin D response element in the
 human insulin receptor gene promoter, J. Steroid Biochem. 
 Mol. Biol. 84 (2003) 223–230. doi:10.1016/S0960-0760(03)00032-3.

56 Y. Wang, D. He, C. Ni, H. Zhou, S. Wu, Z. Xue, Z. Zhou, Vitamin D induces autophagy of pancreatic
 β-cells and enhances insulin secretion., 
 Mol. Med. Rep. 14 (2016) 2644–50. doi:10.3892/mmr.2016.5531.



126

Pregnancy outcome in South Australia: 
Population and Cohort Studies

d

57 H.G. Tehrani, F. Mostajeran, B. Banihashemi, Effect of Vitamin D Supplementation on the Incidence of
  Gestational Diabetes., Adv. Biomed. Res. 6 (2017) 79. doi:10.4103/2277-9175.210658.

58 E.M. Curtis, R.J. Moon, N.C. Harvey, C. Cooper, Maternal vitamin D supplementation during pregnancy, 
 Br. Med. Bull. 126 (2018) 57–77. doi:10.1093/bmb/ldy010.

59 M. Karamali, S. Bahramimoghadam, F. Sharifzadeh, Z. Asemi, Magnesium-zinc-calcium-vitamin D 
 co-supplementation improves glycemic control and markers of cardio-metabolic risk in gestational 
 diabetes: a randomized, double-blind, placebo-controlled trial, Appl. Physiol. Nutr. Metab. 
 570 (2018) apnm-2017-0521. doi:10.1139/apnm-2017-0521.

60 R.E. Arku, G. Adamkiewicz, J. Vallarino, J.D. Spengler, D.E. Levy, Seasonal variability in environmental
 tobacco smoke exposure in public housing developments, 
 Indoor Air. 25 (2015) 13–20. doi:10.1111/ina.12121.

61 P.E. Verburg, G. Tucker, W. Scheil, J. Jaap, H.M. Erwich, G.A. Dekker, C.T. Roberts, Seasonality of
  gestational diabetes mellitus: a South Australian population study, BMJ Open Diabetes Res. 
 Care. 4 (2016) e000286. doi:10.1136/bmjdrc-2016-000286.

62 R.G. Moses, V.C.K. Wong, K. Lambert, G.J. Morris, F. San Gil, Seasonal Changes in the Prevalence of
  Gestational Diabetes Mellitus, Diabetes Care. 39 (2016) 1218–1221. doi:10.2337/dc16-0451.

63 L.M. Bodnar, J.M. Catov, H.N. Simhan, M.F. Holick, R.W. Powers, J.M. Roberts, Maternal vitamin D 
 deficiency increases the risk of preeclampsia., J. Clin. Endocrinol. Metab. 92 (2007) 3517–22. 
 doi:10.1210/jc.2007-0718.

64 M. Haugen, A.L. Brantsaeter, L. Trogstad, J. Alexander, C. Roth, P. Magnus, H.M. Meltzer, Vitamin D
  supplementation and reduced risk of preeclampsia in nulliparous women., 
 Epidemiology. 20 (2009) 720–6. doi:10.1097/EDE.0b013e3181a70f08.

65 H.T. Christesen, T. Falkenberg, R.F. Lamont, J.S. Jørgensen, The impact of vitamin D on pregnancy: 
 a systematic review., Acta Obstet. Gynecol. Scand. 91 (2012) 1357–67. doi:10.1111/aogs.12000.

66 J. Kim, Y.J. Kim, R. Lee, J.H. Moon, I. Jo, Serum levels of zinc, calcium, and iron are associated with the 
 risk of preeclampsia in pregnant women, Nutr. Res. 32 (2012) 764–769. 
 doi:10.1016/j.nutres.2012.09.007.

67 S.W. Wen, Y. Guo, M. Rodger, R.R. White, Q. Yang, G.N. Smith, S.L. Perkins, M.C. Walker, Folic acid 
 supplementation in pregnancy and the risk of pre-eclampsia-A cohort study, 
 PLoS One. 11 (2016) 1–11. doi:10.1371/journal.pone.0149818.

68 R.L. Wilson, J.A. Grieger, T. Bianco-Miotto, C.T. Roberts, Association between maternal zinc status, 
 dietary zinc intake and pregnancy complications: A systematic review, Nutrients. 8 (2016) 1–28.
 doi:10.3390/nu8100641.

69 K.R. Evenson, A.M. Siega-Riz, D.A. Savitz, J.A. Leiferman, J.M. Thorp, Vigorous leisure activity and 
 pregnancy outcome., Epidemiology. 13 (2002) 653–9. doi:10.1097/01.EDE.0000021463.45041.95.

70 D.P. Misra, D.M. Strobino, E.E. Stashinko, D.A. Nagey, J. Nanda, Effects of physical activity on preterm 
 birth., Am. J. Epidemiol. 147 (1998) 628–35. 
 http://www.ncbi.nlm.nih.gov/pubmed/9554601 

71 M.A. Kominiarek, P. Rajan, Nutrition Recommendations in Pregnancy and Lactation, Med. Nutr. North 
 Am. 100 (2017) 1199–1215. doi:10.1016/j.mcna.2016.06.004.Nutrition.



127

Pregnancy outcome in South Australia: 
Population and Cohort Studies

d

72 S. Christakos, P. Dhawan, A. Porta, L.J. Mady, T. Seth, Vitamin D and Intestinal Calcium Absorption,
  Mol Cell Endocrinol. 347 (2011) 25–29. doi:10.1016/j.mce.2011.05.038.Vitamin.

73 A. Cardús, E. Parisi, C. Gallego, M. Aldea, E. Fernández, J.M. Valdivielso, 1,25-Dihydroxyvitamin D3
  stimulates vascular smooth muscle cell proliferation through a VEGF-mediated pathway, 
 Kidney Int. 69 (2006) 1377–1384. doi:10.1038/sj.ki.5000304.

74 K.N. Evans, J.N. Bulmer, M.D. Kilby, M. Hewison, Vitamin D and Placental-Decidual Function, 
 J So Gynecol Investig. 11 (2004) 263–271. doi:10.1016/j.

75 A. Vijayendra Chary, R. Hemalatha, M. Seshacharyulu, M. Vasudeva Murali, D. Jayaprakash, 
 B. Dinesh Kumar, Vitamin D deficiency in pregnant women impairs regulatory T cell function, 
 J. Steroid Biochem. Mol. Biol. 147 (2015) 48–55. doi:10.1016/j.jsbmb.2014.11.020.

76 S. Dimeloe, A. Nanzer, K. Ryanna, C. Hawrylowicz, Regulatory T cells, inflammation and the allergic 
 response-The role of glucocorticoids and Vitamin D, J. Steroid Biochem. Mol. Biol. 120 (2010) 86–95.
  doi:10.1016/j.jsbmb.2010.02.029.

77 M.S. Hofmeyr GJ, Calcium supplementastion commencing before or early in pregnancy, or food 
 fortification with calcium, for preventing hypertensive disorders of pregnancy, Cochrane Libr. (2017). 
 doi:10.1002/14651858.CD011192.pub2.www.cochranelibrary.com.

78 L. De-Regil, C. Palacios, L. Lombardo, J. Peña-Rosas, Vitamin D supplementation for women during 
 pregnancy, Cochrane Database Syst. Rev. (2016) Art. No.: CD008873. doi:10.1002/14651858.
 CD008873.pub3.www.cochranelibrary.com.

79 J.G. Hofmeyr, T.A. Lawrie, A.N. Atallah, L. Duley, M.R. Torloni, Calcium supplementation during 
 pregnancy for preventing hypertensive disorders and related problems, Cochrane Database Syst. Rev. 
 (2014) Art. No.: CD001059. doi:10.1002/14651858.CD001059.pub4.www.cochranelibrary.com.

80 S. Parets, C. Bedient, R. Menon, A. Smith, Preterm Birth and Its Long-Term Effects: Methylation to 
 Mechanisms, Biology (Basel). 3 (2014) 498–513. doi:10.3390/biology3030498.

81 L. Bellamy, J.-P. Casas, A.D. Hingorani, D. Williams, Type 2 diabetes mellitus after gestational diabetes: 
 a systematic review and meta-analysis., Lancet. 373 (2009) 1773–1779. 
 doi:10.1016/S0140-6736(09)60731-5.

82 H. Fadl, A. Magnuson, I. Ostlund, S. Montgomery, U. Hanson, E. Schwarcz, Gestational diabetes 
 mellitus and later cardiovascular disease: a Swedish population based case-control study., 
 BJOG. 121 (2014) 1530–1536. doi:10.1111/1471-0528.12754.

83 H.K.R. Riise, G. Sulo, G.S. Tell, J. Igland, O. Nygård, A.-C. Iversen, A.K. Daltveit, Association between 
 gestational hypertension and risk of cardiovascular disease among 617 589 Norwegian women, 
 J. Am. Heart Assoc. 7 (2018). doi:10.1161/JAHA.117.008337.

84 C. Ghossein-Doha, J. van Neer, B. Wissink, N.M. Breetveld, L.J. de Windt, A.P.J. van Dijk, 
 M.J. van der Vlugt, M.C.H. Janssen, W.M. Heidema, R.R. Scholten, M.E.A. Spaanderman, 
 Pre-eclampsia: an important risk factor for asymptomatic heart failure, Ultrasound Obstet. 
 Gynecol. 49 (2017) 143–149. doi:10.1002/uog.17343.

85 V.L. Meah, K. Backx, M.H. Davenport, A. Bruckmann, J. Cockcroft, J. Cornette, J.J. Duvekot, 
 E. Ferrazzi, F.L. Foo, C. Ghossein-Doha, W. Gyselaers, A. Khalil, C.M. McEniery, C. Lees, V. Meah, 
 G.P. Novelli, M. Spaanderman, E. Stohr, J. Tay, B. Thilaganathan, H. Valensise, I. Wilkinson, Functional 
 hemodynamic testing in pregnancy: recommendations of the International Working Group on 



128

Pregnancy outcome in South Australia: 
Population and Cohort Studies

d

 Maternal Hemodynamics, Ultrasound Obstet. Gynecol. 51 (2018) 331–340. doi:10.1002/uog.18890.

86 B. Sibai, G. Dekker, M. Kupferminc, Pre-eclampsia, Lancet. 365 (2005) 785–99. 
 http://www.sciencedirect.com/science/article/pii/S0140673605179872.

87 E.S. Hutchinson, P. Brownbill, N.W. Jones, V.M. Abrahams, P.N. Baker, C.P. Sibley, I.P. Crocker, 
 Utero-Placental Haemodynamics in the Pathogenesis of Pre-Eclampsia, Placenta. 30 (2009) 634–641.
 doi:10.1016/j.placenta.2009.04.011.

88 M.J. Roman, R.B. Devereux, J.R. Kizer, E.T. Lee, J.M. Galloway, T. Ali, J.G. Umans, B. V. Howard, Central 
 pressure more strongly relates to vascular disease and outcome than does brachial pressure: 
 The strong heart study, Hypertension. 50 (2007) 197–203. doi:10.1161/HYPERTENSIONAHA.107.089078.

89 A. Hausvater, T. Giannone, Y.H.G. Sandoval, R.J. Doonan, C.N. Antonopoulos, I.L. Matsoukis, 
 E.T. Petridou, S.S. Daskalopoulou, The association between preeclampsia and arterial stiffness, 
 J. Hypertens. 30 (2012) 17–33. doi:10.1097/HJH.0b013e32834e4b0f.

90 A. Khalil, N.J. Cowans, K. Spencer, S. Goichman, H. Meiri, K. Harrington, First-trimester markers for the
 prediction of preeclampsia in women with a-priori high risk, Ultrasound Obstet. 
 Gynecol. 35 (2010) 671–679. doi:10.1002/uog.7559.

91 M.D. Savvidou, C. Kaihura, J.M. Anderson, K.H. Nicolaides, Maternal arterial stiffness in women who
 subsequently develop pre-eclampsia, PLoS One. 6 (2011) 1–6. doi:10.1371/journal.pone.0018703.

92 A. Khalil, M. Elkhouli, R. Garcia-Mandujano, R. Chiriac, K.H. Nicolaides, Maternal hemodynamics 
 at 11-13 weeks of gestation and pre-eclampsia, Ultrasound Obstet. Gynecol. 40 (2012) 35–39. 
 doi:10.1002/uog.11154.

93 L. Stoner, D.M. Lambrick, N. Westrupp, J. Young, J. Faulkner, Validation of oscillometric pulse wave
 analysis measurements in children, Am J Hypertens. 27 (2014) 865–872. doi:10.1093/ajh/hpt243.

94 A.C.W. Lin, A. Lowe, K. Sidhu, W. Harrison, P. Ruygrok, R. Stewart, Evaluation of a novel 
 sphygmomanometer, which estimates central aortic blood pressure from analysis of brachial artery 
 suprasystolic pressure waves, J. Hypertens. 30 (2012) 1743–1750. 
 doi:10.1097/HJH.0b013e3283567b94.

95 F.L. Foo, C.M. McEniery, C. Lees, A. Khalil, A. Bruckmann, J. Cockcroft, J. Cornette, J.J. Duvekot,
 E. Ferrazzi, C. Ghossein-Doha, W. Gyselaers, V. Meah, G.P. Novelli, M. Spaanderman, E. Stohr, J. Tay,
 B. Thilaganathan, H. Valensise, I. Wilkinson, Assessment of arterial function in pregnancy: 
 recommendations of the International Working Group on Maternal Hemodynamics, Ultrasound
 Obstet. Gynecol. 50 (2017) 324–331. doi:10.1002/uog.17565.

96 A. McLean, J. Scott, Keane RJ, L. Sage, A. Chan, Validation of the 1994 South Australian perinatal data 
 collection form., Adelaide Pregnancy Outcome Unit, Dep. Hum. Serv. (2001).



129

d



130


	Summary, general discussion and future perspectives



