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Abstract  

Most women do not meet dietary guidelines before or during pregnancy, and 

overweight or obesity are becoming the predominant presentation in antenatal services. 

Suboptimal diets and higher maternal weight during preconception and pregnancy may 

increase the risk of pregnancy complications and non-communicable diseases in mothers and 

their children. This may be mediated through inflammation. Novel strategies to improve health 

before pregnancy are of interest, but research with women outside of pregnancy is impacted 

by issues with recruitment and retention. Clinical risk categorisation schema such as the 

Edmonton Obesity Staging System (EOSS) and the Cardiometabolic Disease Staging System 

(CMDS), show promise in guiding treatment prioritisation in the general population, but their 

use in pregnancy has not been adequately considered. The World Health Organisation 

recommends that all women receive nutrition and weight counselling during pregnancy. 

Current antenatal practices, however, do not address nutrition as standard. There is also no 

consensus on which outcomes are most important for pregnancy nutrition interventions, with 

little consideration for the ‘patient voice’ in what is evaluated. The aims of this thesis are to 

investigate the potential of pre-existing clinical practice tools to address cardiometabolic health 

and nutrition in women of reproductive age and to explore the priorities for nutrition research 

from the perspective of key stakeholders, including women before and during pregnancy.  

Outside of pregnancy, we found the EOSS characterised more women with obesity 

(81.3%) as metabolically unhealthy. This high prevalence potentially limits the clinical utility of 

the tool in delineating risk. Conversely, we found the CMDS characterised 46.9% of these 

women as metabolically unhealthy. We also found a relationship between inflammatory marker 

C3 Complement protein and cardiometabolic phenotype. In our mixed-methods study, we 

found women of reproductive age reported altruistic motivations for taking part in 

preconception research and were recruited mostly by digital means. This qualitative study also 

found that women with obesity have an expanded view of health and prioritise wellbeing over 

traditional clinical measures. They also reported maternal health may be a sensitive topic for 

some, that could affect participation in preconception research. The importance of flexibility 

and convenience in research design was also highlighted. In pregnancy, the limitations of the 

EOSS system were also highlighted, given the high prevalence of “at risk” categorisation, 

especially in late pregnancy (98.9%). We found an antenatal lifestyle intervention that of 

healthy eating and low glycaemic index (GI) dietary advice was successful in reducing the 

dietary inflammatory potential of women with overweight or obesity. This suggests that a low 

GI and healthy eating intervention may be useful in improving inflammation and 

cardiometabolic health. During pregnancy, the value of convenience in receiving nutritional 

interventions was also highlighted, as women reported a desire that nutrition is assessed as 

part of routine antenatal care. Our data suggest that the International Federation of 

Gynaecology and Obstetrics Nutrition (FIGO) Checklist is an acceptable and likely feasible 



x 
 

resource to facilitate conversations on nutrition and weight during routine antenatal care. 

Finally, we identified 13 core outcomes for pregnancy nutrition research. These are pregnancy 

complications, gestational weight change; maternal vitamin and mineral status including 

anaemia; mental health; diet quality; nutritional intakes; need for treatments, interventions, 

medications, and supplements; pregnancy loss or perinatal death; birth defects or congenital 

anomalies, neonatal complications, new-born anthropometry and body composition; maternal 

wellbeing and delivery complications. Measurement of this core outcome set as a standard 

support will assist in the advancement of antenatal nutrition, by generating evidence for 

outcomes most important to stakeholders, including pregnant women.   

In conclusion, our data suggest a greater focus on well-being is needed in women’s 

health. C3 complement protein may hold potential as a novel risk marker in obesity and the 

FIGO Nutrition Checklist may support clinicians in appropriately addressing healthy eating and 

weight women of reproductive age. This may have benefits for reducing inflammation in women 

with overweight or obesity.  
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1.1 Introduction 

Malnutrition is a major global health issue causing significant morbidity and mortality across 

a range of health systems and economic burden (Nugent et al., 2020).  Globally, weight-

related chronic diseases cause 4 million deaths annually, up to 800 million people are 

undernourished, and at least 1 billion people experience micronutrient deficiencies (WHO, 

2019). Obesity increases the risk of non-communicable disease (NCDs) which contribute 

to over 70% of global deaths annually (Guh et al., 2009, Hanson et al., 2015). Most women 

do not meet dietary guidelines before, or during pregnancy (Caut et al., 2020). In addition, 

overweight and obesity are becoming the predominant presentation in antenatal services 

(Reynolds et al., 2019). Suboptimal diets and higher maternal weight during preconception 

and pregnancy can increase the risk of pregnancy complications and NCDs in mothers and 

their children (Hanson et al., 2015). Improving maternal nutrition during preconception and 

pregnancy has potential to limit the cycle of suboptimal health passed across generations 

(Jacob et al., 2020). The World Health Organisation (WHO) recommends that all women 

receive nutrition and weight counselling during pregnancy (WHO, 2016). Current antenatal 

practices, however, do not address nutrition as standard (Kennelly et al., 2016a, Gardiner 

et al., 2008, Premji et al., 2019). There is also no consensus on which outcomes are most 

important for pregnancy nutrition interventions, with little consideration for the ‘patient voice‘ 

(Rogozińska et al., 2017). In this chapter, the importance of nutrition and cardiometabolic 

health in women of reproductive age is discussed, with a focus on obesity. This chapter 

also highlights the research gaps on how to address this issue in clinical practice.  

1.2 Life-course approach to NCD prevention  

As pregnancy nutrition influences lifelong disease risk in mothers and children, improving it 

as part of a “life-course approach” in maternity services holds great potential to reduce the 

global disease burden of conditions such as cancer, cardiometabolic disease, and obesity 

(Hanson et al., 2019b, Jacob et al., 2019, Baird et al., 2017). Women with obesity or 

undernutrition are at increased risk of adverse maternal and child outcomes compared with 

those with a healthy body mass index (BMI) (McAuliffe et al., 2020, Jacob et al., 2020, 

Marchi et al., 2015, Yu et al., 2013). In addition, inadequate or excess maternal nutrient 

intakes also affect the intrauterine environment, and can “programme” the fetus to adapt to 

the level of nutrient provision (Kwon and Kim, 2017). This mismatch in epigenetic and other 

programming may predispose children to metabolic and other NCDs (Wells et al., 2020, 

Kwon and Kim, 2017, Savona-Ventura and Chircop, 2003). This is the basis of the 

Developmental Origins of Health and Disease (DOHaD), a concept that recognises the 

impact of the “exposome” of parents and grandparents on the disease risk of future 

generations (Fig. 1.1) (Gluckman et al., 2010, Hagemann et al., 2021).  
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By addressing weight and nutrition with women when they are not pregnant, their nutritional 

status on entering pregnancy can be improved (Jacob et al., 2020). This will have benefits 

for maternal and infant health, as illustrated in Fig. 1.1 (Hanson et al., 2015). Pregnancy is 

a risk factor for excess weight gain and retention. The gestational weight gain (GWG) 

associated with pregnancy, if not lost in the postpartum period, increases the risk of 

maternal obesity (Hollis et al., 2017, Rong et al., 2015). During pregnancy, weight loss is 

not recommended, and dietary changes should be implemented with caution (McAuliffe et 

al., 2020). There is evidence that preconception weight loss, achieved through one or more 

nonsurgical or surgical interventions, has the potential to improve maternal health and 

reduce risk of pregnancy complications, even when the weight loss is small (ACOG, 2015, 

Maxwell et al., 2019). Losing weight before pregnancy can have positive effects such as 

reduced risk of obesity in children and improved fertility (Price et al., 2019, Godfrey et al., 

2017). A realistic target for weight loss is 5%–10% of original body weight over a period of 

6 months (Wirth et al., 2014, McAuliffe et al., 2020). The preconception period is also an 

ideal time to assess and manage conditions that could influence the health of the mother 

and fetus during pregnancy. According to the Society of Obstetricians and Gynaecologists 

of Canada, baseline preconception health screening in women with obesity could include a 

renal, liver, thyroid function, lipids, and diabetes screen. Additional considerations include 

cardiovascular health (e.g., blood pressure, echocardiogram) and pulmonary function tests 

(Maxwell et al., 2019).  

It is, however, difficult to engage women of reproductive age outside of pregnancy 

(McGowan et al., 2020). Women aged 18-35 years are largely underrepresented in obesity 

research (Gokee-LaRose et al., 2009, Share et al., 2015). In fact, there is a general scarcity 

of research studies with women of child-bearing age who are not pregnant (Hill et al., 2019). 

Public health messaging intended to improve preconception health in women who are not 

planning a pregnancy may be negatively received, as seen in response to the World Health 

Organisations’ messaging to reduce alcohol consumption in women of reproductive age 

(Campoamor, 2021). Many pregnancies are unplanned and there is limited access to 

preconception care (Moholdt and Hawley, 2020, Wellings et al., 2013, Jacob et al., 2020, 

Masinter et al., 2017). Much of the research to date on preferences of women with 

overweight or obesity in relation to research participation has focused on weight loss or 

maternal health (Poels et al., 2016, Harden et al., 2017, Simon et al., 2020). As there are 

health benefits to lifestyle changes even in the absence of weight loss, and weight loss may 

not be a priority to many women, more research in women of reproductive is needed in 

other areas. 
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Fig. 1.1 Transgenerational impact of pregnancy nutrition, from Hanson et al 2015 (Hanson et al., 2015). Reproduced with permission from Wiley. 
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Improving maternal nutrition during pregnancy is integral to optimising child health 

outcomes and protecting women’s health postpartum and beyond (Shekar et al., 2021, 

Sheiner et al., 2019). Dietary interventions during pregnancy are also likely to be cost-

effective, reducing future economic burden (Bailey et al., 2019). The World Health 

Organisation (WHO) previously stated that nutrition, including maternal nutrition, is the 

highest priority issue for global public health (Grammatikopoulou et al., 2020). This is 

reflected in the significant emphasis placed on maternal health, nutrition, and obesity in the 

United Nations Sustainable Development Goals (Lopez de Romaña et al., 2021). Of note, 

improving maternal health through optimum nutrition during pregnancy will support global 

targets to end all forms of malnutrition by 2030 (goal 2.2), reduce the global maternal 

mortality ratio to less than 70 per 100,000 live births (goal 3.1), end premature deaths of 

new-borns and children under five years of age (3.2) and reduce premature deaths from 

NCDs by one third (goal 3.3) (United Nations, 2015, Heidkamp et al., 2021).  

1.3 Nutritional status of women of reproductive age 

Young adults are at risk of weight gain for many reasons, including the impact of managing 

multiple priorities and major life transitions during this phase in their life-course (Crino et 

al., 2019). This results in high prevalence of obesity, making it the most common health 

condition in women of reproductive age (Poston et al., 2016). This means overweight and 

obesity are becoming prominent in antenatal services. In the US, obesity prevalence in 

women aged 20-39 is at least 31% and may be over 61% in women with low incomes 

(Ogden et al., 2014). In 2018, the prevalence of pre-pregnancy overweight or obesity 

prevalence was 42% in the United States of America (USA), 30% in Europe and 10% in 

Asia. Data from Ireland in 2017 suggest as many as 48.4% of pregnant women have 

overweight or obesity (Reynolds et al., 2019). Obesity is also becoming prominent in low-

middle income countries. In some regions of India, over 40% of women may have obesity 

as defined by BMI ≥25kg/m2 (Chopra et al., 2020). Another significant proportion of women 

globally live with a BMI in the overweight category, meaning overweight and obesity may 

become the predominant presentation in antenatal care (Gallus et al., 2015). In Brazil, pre-

pregnancy overweight and obesity increased from 32.4% in 2008 to 48.6%, while maternal 

underweight decreased from 6.8% to 4.8% in 2018 (Carrilho et al., 2021).  Maternal 

underweight is less common globally, with an estimated prevalence of 5% of in the USA, 

3% in Europe and 17% in Asia. Reynolds et al., using Irish data, reports only 1.7% of women 

had a BMI in the underweight category (Reynolds et al., 2019). Despite this, some low-

middle income countries still report high levels of maternal undernutrition. In Jordan for 

example, Karasneh et al. reported high levels of undernutrition in mothers, at 42% 

(Karasneh et al., 2021).  
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Evidence suggests that both overweight and underweight in women are associated with 

higher risk of complications compared to women with a healthy BMI (Pan et al., 2016, 

Goldstein et al., 2018, Jin et al., 2021, Liu et al., 2019b, Santos et al., 2019, Rahman et al., 

2015). In low-middle income countries, the population‐attributable risk of overweight and 

obesity to gestational diabetes, gestational hypertension, and pre‐eclampsia is between 

14%–35% (Rahman et al., 2015). Evidence suggests that people living with obesity may 

have increased risk of micronutrient deficiencies due to nutritionally poor, but energy dense 

diets (Astrup and Bügel, 2019, Pereira-Santos et al., 2015, O'Malley et al., 2018, Flynn et 

al., 2018). Conversely, women who are undernourished during pregnancy may have 

diminished energy reserves and may have suboptimal status of one or more key 

micronutrients needed to support healthy fetal development (Hanson et al., 2015). Moving 

from epidemiology to clinical practice, the utility of BMI has been questioned by some, due 

to the significant variance in health status of individuals within the same BMI category. 

Although women with obesity are at higher risk of adverse outcomes, most will go through 

their pregnancy and delivery without complications (Pétursdóttir Maack et al., 2020). In 

addition, as obesity makes up a substantial proportion of those attending antenatal 

services, further steps to clearly delineate risk are needed especially in resource-limited 

settings. 

1.4 Gestational weight gain  

Recent evidence illustrates that GWG is an independent risk factor for adverse health 

outcomes, further increasing the risk associated with maternal BMI (Maxwell et al., 2019, 

Santos et al., 2019, Lindsay et al., 2018). While there is no international consensus on 

appropriate GWG, the Institute of Medicine (IOM) guidelines are commonly used, however, 

these are based on prospective studies in high income countries so may not be applicable 

to all women (McAuliffe et al., 2020, IOM, 2009). In the first trimester of pregnancy, very 

modest weight gain is expected which may range between 1-3kg. In women with obesity 

however, a smaller weight gain of 0.2-2kg is recommended (IOM, 2009). As outlined in 

Table 1.2, most GWG is expected in the second and third trimester and levels of GWG vary 

depending on maternal pre-pregnancy BMI.  

The IOM guidelines were developed based on the ethnic diversity in the USA in 1990 and 

2009 (IOM, 2009). They outline ranges of acceptable GWG according to weight definitions 

that are based on standard BMI cut‐offs, used by the WHO (Wie et al., 2017). In the absence 

of suitable country‐specific guidance, the IOM guideline of 5–9 kg GWG can be used for 

women with obesity and a singleton pregnancy to reduce the risk of complications (WHO, 

2016, Chen et al., 2020a, Maxwell et al., 2019). The classification of obesity should, 

however, be based on the BMI cut‐offs most appropriate to that country. This supports the 
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correct application and interpretation of the guidelines and makes them suitable for 

widespread use (Morisaki et al., 2017, Fouelifack et al., 2015, Goldstein et al., 2018). The 

IOM guidelines are used widely internationally, such as in Brazil, Malawi, Australia, and 

New Zealand (McAuliffe et al., 2020, Godoy et al., 2015). The utility of the IOM guidelines 

for women of Indian and other Asian backgrounds has been questioned, mostly due to the 

variance in BMI cut‐offs used for this group (Arora and Tamber Aeri, 2019). Despite this, a 

recent systematic review found that GWG more than the IOM guidelines in Asian women 

was associated with adverse maternal and fetal outcomes (Arora and Tamber Aeri, 2019). 

Some Asian countries have their own country‐specific guidelines, such as Japan, where 

national guidelines recommend lower GWG ranges than the IOM (≤5 kg) (Morisaki et al., 

2017). Some research suggests that the risk of pregnancy complications may be further 

reduced by limiting GWG beyond 5–9 kg (Voerman et al., 2019). While GWG within the 

IOM ranges have better pregnancy outcomes, most women gain weight outside of these 

recommendations (Siega-Riz et al., 2009).  

Table 1.2: Institute of Medicine guidelines for gestational weight gain 

Pre-pregnancy nutritional status 
(BMI kg/m2) 

Total target weight 
gain in pregnancy 
(kg) 

Weekly target weight gain in 
the 2nd and 3rd trimester 
(kg/week) 

Underweight (<18.5) 12.5-18 0.44-0.58 
Healthy weight (18.5-24.9) 11.5-16 0.35-0.5 
Overweight (25-29.9) 7-11.5 0.23-0.33 
Obesity (≥30) 5-9 0.17-0.27 

Taken from Killeen et al, 2018.  Reproduced with permission from Taylor and Francis 

Group. 

1.5 Nutritional requirements before and during pregnancy   

Due to higher nutritional requirements during adolescence, pregnancy, and lactation, 

women of reproductive age are especially vulnerable to nutritional inadequacies (Killeen et 

al., 2019a, Hanson et al., 2015, Danielewicz et al., 2017, Darnton-Hill, 2019). Key nutrients 

of concern across preconception and pregnancy can be seen in Fig. 1.2.  
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Fig 1.2. Nutritional requirements from preconception to pregnancy, from Hanson et al. 2015 

(Hanson et al., 2015). Reproduced with permission from Wiley. 

 

1.5.1 Macronutrients  

Macronutrient requirements increase in pregnancy to support fetal development and tissue 

deposition (Fig 1.2). In the first trimester, the increase is only marginal and pregnant women 

at this stage should follow general healthy eating guidelines. Sufficient, but not excessive, 

energy intake is essential for a healthy pregnancy and appropriate GWG. Basal metabolic 

rate has been shown to increase by 5, 11 and 25% in trimester 1, 2, and 3, respectively 

(Butte and King, 2005). This increases energy requirements by approximately 85, 285 and 

475 kcal/day during the first, second and third trimesters, respectively however, this will 

depend on individual factors including pre-pregnancy weight, age, and physical activity 

(WHO, 2007, Butte et al., 2004). Women carrying twins or adolescent mothers may have 

even greater energy requirements (Gandhi et al., 2018, Sally et al., 2018).  

The ratio of macronutrients contributing to total energy intake should not change in 

pregnancy, except in the case of an unbalanced pre-pregnancy diet (Hanson et al., 2015). 

There is a moderate increase in carbohydrate requirements in pregnancy of approximately 

45g per day. Protein requirements are increased by approximately 1, 9 and 31g per day for 
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the first, second and third trimesters (WHO, 2007). While the recommendations for dietary 

fat are unchanged in pregnancy compared to healthy eating guidelines, the importance of 

poly-unsaturated fatty acids (PUFA) should be highlighted as PUFA status, particularly 

Omega-3 PUFA status, declines during pregnancy (Vidakovic et al., 2015). Omega 3 

PUFAs are essential for fetal neurological and eye development, and potentially later 

childhood brain health (Zou et al., 2021). Adequate intake can be achieved through the 

consumption of oily fish once-twice a week (Hanson et al., 2015). More frequent 

consumption should be avoided to limit methyl mercury and polychlorinated biphenyls 

exposure, which may harm fetal development (Hanson et al., 2015). Despite this, women 

should be discouraged from avoiding fish altogether as non-fish eaters may have increased 

risk of LBW infants and intake of fish once to twice a week has been shown to be safe 

(Taylor et al., 2016). In fact, Omega-3 PUFA supplementation has been shown to reduce 

the incidence of preterm birth, although it may increase the incidence of post-term 

pregnancies (Middleton et al., 2018).  

Glucose is the main energy substrate of a growing fetus and is transported across the 

placenta in proportion to its concentration in the maternal circulation (Hay, 2006). Raised 

glucose levels during pregnancy therefore increase the risk of macrosomia as well as other 

adverse outcomes such as caesarean delivery, birth injuries, and neonatal hypoglycaemia. 

This also applies to elevated glucose levels which are below those diagnostic of GDM 

(Riskin-Mashiah et al., 2009, Metzger et al., 2008). Glycaemia in the first trimester of 

pregnancy is predictive of pregnancy complications and is associated with the development 

of GDM later in pregnancy. Therefore, early pregnancy glucose screening may facilitate 

better glycaemic control during pregnancy and the prevention of adverse pregnancy 

outcomes (Riskin-Mashiah et al., 2009). Maternal dietary intake, particularly carbohydrate 

consumption, influences maternal glucose metabolism and should be considered in early 

pregnancy (Gadgil et al., 2019). Excess carbohydrate intake can lead to maternal 

hyperglycaemia. This may result in excess glucose transfer across the placenta and 

increased fetal growth (Hay, 2006, Higgins and Mc Auliffe, 2010, Scholl et al., 2001). Higher 

birth weights may increase the risk of caesarean delivery, birth injuries for mothers and 

infants and neonatal hypoglycaemia (Beta et al., 2019). In the longer term, infants who are 

born with macrosomia may be predisposed to a high trajectory of weight gain leading to 

obesity and associated health risks later in life (Gu et al., 2012). Conversely, inadequate 

energy and macronutrient intake affects fetal substrate provision and may lead to 

intrauterine growth restriction and small for gestational age (SGA) or low birth weight (LBW) 

infants (Scholl et al., 2001). Dietary interventions for GDM used in practice include a low 

glycaemic index (GI) diet, high fibre diet and carbohydrate restriction (Han et al., 2017). 



 

10 
 

Low GI diets have been shown to attenuate insulin resistance in pregnancy and improve 

glucose tolerance (Walsh et al., 2012, Walsh et al., 2014). Care must be taken to avoid 

over-restriction of carbohydrate as this may result in an increase in fat consumption. Due 

to the higher caloric value of fat compared to carbohydrate, this may lead to excessive 

GWG and maternal adiposity, which itself may impact on maternal insulin resistance and 

thus glycaemic control (Hernandez et al., 2018). There is, however, insufficient evidence 

on the effect of dietary education interventions for the prevention of GDM (Tieu et al., 2017).   

1.5.2 Micronutrients  

An unbalanced diet can be characterised by inadequate or excessive intakes of different 

nutrients which may have negative impacts on health. The recommended intakes of 

micronutrients can be found in Table 1.1. In a study in Ireland with 402 pregnant women, 

99% did not consume enough vitamin D, 56% reported inadequate iodine intake and over 

90% reported overconsumption of saturated fat (Mullaney et al., 2017). Even with the use 

of dietary supplements, pregnant women may experience issues achieving the 

recommended intakes of micronutrients (Bailey et al., 2019, Sauder et al., 2021). In 

addition, evidence suggests the percentage of women who do not achieve recommended 

intakes may increase from preconception to pregnancy (Ishitsuka et al., 2020). This 

highlights the importance of addressing nutrition with women during pregnancy as an area 

for urgent action.  

Table 1.1 Recommended nutritional intakes for pregnant women 

Micronutrient  Amount/day 

Vitamin A 750-800µg 

Thiamine  1.4mg 

Riboflavin  1.4mg 

Niacin  18mg 

Vitamin B6 1.9mg 

Biotin 30µg 

Folate 400-600µg 

Vitamin B12 2.6µg 

Vitamin C 55mg 

Vitamin D 5-15µg 

Vitamin E 15mg 

Calcium 1000-1300mg 

Choline 450mg 

Copper 1-1.15mg 

Iodine 220-250µg 

Iron 27mg 

Selenium 30-60µg 

Zinc 10-12mg 

Data from the Institute of Medicine and the WHO (IOM, 2006, WHO, 2013). Reproduced 

with permission from Taylor and Francis Group (Killeen et al., 2019a). 
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While there is some physiological adaptation that occurs in pregnancy to maintain 

nutritional status (e.g., increased intestinal absorption of nutrients), inadequate dietary 

intake during pregnancy may lead to inadequate nutrient provision to the growing fetus. 

Alternatively, maternal nutrient stores may be depleted to ensure adequacy for the growing 

fetus which negatively impacts maternal health. Certain nutrients are at greater risk of this 

due to variance in transfer mechanisms (Hanson et al., 2015). Vitamin C for example, 

undergoes active transport across the placenta. This can reduce maternal stores, and this 

is the basis for increased nutritional requirements during pregnancy. Vitamin E on the other 

hand, is less effectively transferred across the placenta meaning requirements are not 

increased compared to the general population (Berti et al., 2010). Multiple micronutrient 

supplements, which provide a variety of key nutrients at RDA level, have been shown to be 

superior to single-nutrient supplements in the prevention of pregnancy related complication 

(Keats et al., 2019). It is important to note that there may be a small proportion of the 

population with excessive intakes of micronutrients with supplementation, including vitamin 

D, Iron, folic acid, and zinc (Zhang et al., 2020, Chen et al., 2019, Sauder et al., 2021). 

Excess vitamin D supplementation for example could lead to dysregulation in calcium and 

phosphate metabolism with potential adverse effects (Razzaque, 2018). Despite this, a 

recent study suggests that prevalence of hypervitaminosis in randomised controlled trials 

of vitamin D is low (<0.3%), with minimal incidences of elevated serum calcium (<0.5%) 

and no evidence of adverse side effects (Adebayo et al., 2021). The full extent of potential 

issues with excessive supplementation in pregnancy are not known (Santander Ballestín et 

al., 2021). It is therefore prudent to suggest that baseline blood levels of certain nutrients 

and current dietary intakes should be considered before intervention to inform the need for 

supplementation and guide treatment.  

Prolonged inadequate micronutrient intakes affects maternal stores of nutrients including 

iron and calcium, as fetal transfer takes place regardless of low maternal dietary intakes 

(ACOG, 2021a). In the short term, this can increase the risk of maternal complications such 

as anaemia (ACOG, 2021a, Killeen et al., 2019a). Anaemia may affect the mother 

throughout gestation by increasing shortness of breath, risk of infection, and lethargy 

(Peace and Banayan, 2021). It can also pose problems during delivery, especially in the 

case of postpartum haemorrhage, and in severe cases, lead to maternal death (Daru et al., 

2018). Iron requirements increase during pregnancy by up to 50% and despite physiological 

adaptations to maintain iron status, iron deficiency is common (Hanson et al., 2015, 

Bothwell, 2000). While the prevalence varies internationally, evidence suggests up to 30-

50% of women of reproductive age have anaemia (Juul et al., 2019, Richards et al., 2021). 

Cessation of menstruation helps maintain iron stores during the first trimester, however, the 
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increases in blood volume and red blood cell mass experienced from mid-pregnancy  

increases iron requirements (Bothwell, 2000). Women who have low habitual intake of 

bioavailable haem dietary sources (red meat, oily fish and the dark poultry meat) may 

benefit from supplementation with low-dose iron (e.g. 16-20mg/day) and in the case of 

maternal anaemia, high-dose supplementation will be essential to replete iron stores (e.g. 

100-200mg elemental iron per day) (Pavord et al., 2020).  

Due to physiological adaptations in intestinal absorption, calcium requirements are not 

increased in pregnancy however, in the event of inadequate dietary intake, maternal bone 

mineral will be resorbed so that fetal calcium requirements are met (Kovacs, 2016). Low 

calcium status in pregnancy may increase the risk of pregnancy induced hypertension or 

pre-eclampsia; and calcium supplements may be effective in preventing these 

complications (Hofmeyr et al., 2018). Overtime, inadequate calcium status may lead to 

reduced maternal bone mass, predisposing the mother to bone diseases such as 

osteopenia, osteoporosis or tooth loss (Kovacs, 2016). Additionally, the impact of maternal 

diet on bone health may extend to the child later in life (Jensen et al., 2020, O'Brien et al., 

2021). In addition, vitamin D is essential for calcium absorption (Rosen et al., 2012). 

Maternal vitamin D deficiency may lead to abnormal bone health in the new born, LBW, 

hypocalcaemia and potentially cardiac failure (Maiya et al., 2008). Dietary sources of 

vitamin D are limited to oily fish, meat, eggs, dairy products and fortified foods and 

inadequate dietary intake is common in pregnancy (McGowan et al., 2011). This means 

routine supplementation to avoid deficiency is advisable, especially for women who do not 

get exposure to sufficient ultraviolet rays to support endogenous production (Hanson et al., 

2015).  

Maternal folate deficiency can have detrimental effects on fetal development, especially on 

the risk of neural tube defects (NTDs), including spina bifida and anencephaly (Greene and 

Copp, 2014, Scholl and Johnson, 2000). An adequate intake of folic acid successfully 

prevents NTDs however, as pregnant women are unlikely to meet their folic acid 

requirements through diet alone, supplementation is recommended (Liu et al., 2018). 

Women with obesity may need high-dose supplementation due to increased risk of NTDs 

and potentially lower serum vitamin B12 and folate levels (O'Malley et al., 2018, McMahon 

et al., 2013, McAuliffe et al., 2020). In addition, megaloblastic anaemia can occur because 

of prolonged inadequate folic acid or vitamin B12 intake (Rae and Robb, 1970).   

Women who enter pregnancy with low iodine stores are at risk of hypothyroidism which is 

associated with neurodevelopmental delay in offspring (Candido et al., 2021). Insufficient 

intakes have been reported in pregnant populations (Brantsæter et al., 2013, Pettigrew-
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Porter et al., 2011, Limbert et al., 2010). The need for supplementation should be assessed 

early in pregnancy, especially in areas where non-iodised salt is consumed, where there is 

low intake of seafood or dairy products or in locations where there is known iodine 

deficiency (Hanson et al., 2015). In addition, selenium is essential for fetal growth, thyroid 

metabolism, and the prevention of oxidative stress. Insufficiency may be associated with 

pre-eclampsia and GDM as well as loss of pregnancy (Mistry et al., 2012).  

1.6 Diet quality 

A systematic review of international observational studies found that most women of 

reproductive age do not adhere to the dietary guidelines for pregnancy (Caut et al., 2020). 

This has been further replicated in more recent studies (Slater et al., 2020, Bailey et al., 

2019, James-McAlpine et al., 2020). In terms of food intake, most pregnant women do not 

eat enough vegetables or cereal grains (Caut et al., 2020). In a cross-sectional study of 

pregnant women in Australia, Bookari et al. found that none of the 388 included women met 

the recommended intakes for all five food groups assessed, which included bread and 

cereals, fruit, vegetables, meat and alternatives, and dairy (Bookari et al., 2017a).  

There has been much research to date looking at a variety of dietary indices in predicting 

adverse outcomes in pregnant women (Yisahak et al., 2021, Chen et al., 2021b). There are 

over 80 dietary indices in the literature which vary widely in the content, scope, and 

suitability for use across a range of resource settings (Waijers et al., 2007, Trijsburg et al., 

2019). Some are generalisable such as the Dietary Inflammatory Index (DII), while others 

are region specific, or based on unique dietary guidelines including the Healthy Eating 

Index-2015 (based on the 2015-2020 dietary guidelines for Americans) and Healthy Eating 

Index for Australian Adults-2013 (Hlaing-Hlaing et al., 2020, Hébert et al., 2019, Shuval et 

al., 2021). Most indices rely on the collection of robust dietary information from participants 

with the use of tools such as a food frequency questionnaire (Hlaing-Hlaing et al., 2020). 

While the association between diet quality indices and health outcomes informs the dietary 

recommendations given to pregnant women, they may not be practical to apply in the 

clinical setting given their length and the time needed to complete them.  

1.6.1 Dietary inflammatory index  

The dietary inflammatory index (DII) was designed to quantify the inflammatory potential of 

the diet. It was originally developed in 2009 and updated in 2014 (Cavicchia et al., 2009, 

Shivappa et al., 2014). The DII is calculated using data on macronutrients, micronutrients, 

and flavonoids. Individual nutrients are scored for their inflammatory capacity, based on 

their inflammatory effects identified through a thorough review of the studies published until 

2010. The unique inflammatory effect of each of these nutrients has been quantified based 
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on all studies (observational and intervention; human, animal, and tissue/cell) on the 

relationship between dietary intakes markers of inflammation: interleukin 1 beta, interleukin 

6, tumour necrosis factor, interleukin 4, interleukin 10, and C-reactive protein (CRP) 

(Cavicchia et al., 2009). This evidence is in non-pregnant populations, but the DII has been 

validated in pregnancy (Wallace et al., 2021, Sen et al., 2016). A benefit of the DII is that it 

can be universally applied, using data from any form of dietary assessment. Unlike other 

dietary indices such as the Healthy Eating Index (HEI), the Mediterranean diet score, or the 

Dietary Approaches to Stop Hypertension (DASH), it is based on absolute intakes not 

achievements of specific standards and guidelines, making it universally applicable. Higher 

adiposity is associated with DII in adults and children (Shin et al., 2017, Navarro et al., 

2020b, Farhangi and Vajdi, 2020).   

Evidence from mostly observational studies suggests that higher DII increases risk of 

adverse cardiometabolic profiles and NCDs in children, adolescents, and adults (Hariharan 

et al., 2022, Okada et al., 2019, Marx et al., 2021, Todendi et al., 2021, Tan et al., 2021, 

Liu et al., 2021). Having a low DII and being physically active has been associated with 

reduced all-cause mortality (Edwards et al., 2018, Livingstone et al., 2021).  Energy-

adjusted-DII (E-DIITM) considers the impact of caloric intake on overall dietary inflammatory 

potential and has better predictive ability compared to unadjusted DII (Hébert et al., 2019). 

As the E-DII has improved explanatory ability compared to DII, it is currently used as the 

definitive analysis in about 75% of all DII-related papers (Hébert et al., 2019). In 

inflammatory conditions such as rheumatoid arthritis, reducing DII has been suggested as 

a therapeutic strategy to reduce disease activity (Tandorost et al., 2021). In those with 

obesity, DII is associated with fat free mass, suggesting anti-inflammatory diets may 

support favourable body composition (Badrooj et al., 2021, Tavakoli et al., 2021). A lack of 

studies on the impact of interventions on DII and cardiometabolic markers has been 

highlighted in the literature (Hariharan et al., 2022). Given the importance of 

cardiometabolic health and inflammation in pregnancy, evidence on how to reduce the DII 

of pregnant women is of great interest.  

1.7 Nutrition counselling 

There are a variety of contributing factors to explain why women are not meeting their 

nutritional needs during pregnancy. In addition to lack of information, nutrition counselling  

or behavioural change support, these include lack of access to food, budget constraints, 

cravings, dietary restrictions (e.g., religious, ethical, food avoidances, health beliefs, or 

symptom management) or inability to consume (e.g., hyperemesis gravidarum or 

aversions) (Forbes et al., 2018, Asim et al., 2021, Kavle et al., 2017, Maslin et al., 2021, 

Seguin et al., 2014). Nutrition interventions can influence a variety of outcomes in 
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pregnancy (WHO, 2016). A recent systematic review suggests that dietitian-delivered 

medical nutrition therapy is effective in improving maternal and child outcomes (Pari-Keener 

et al., 2020). Registered dietitians are trained experts in delivering nutritional care and are 

well placed to support women during pregnancy to achieve optimal dietary intakes 

(Grammatikopoulou et al., 2020). This could include personalised counselling around 

several issues including symptom or disease management, supplementation, and dietary 

patterns. Evidence from meta-analyses suggests that dietary interventions are more 

effective when delivered by dietitians (Sun et al., 2017, Sikand et al., 2018, Rasmussen et 

al., 2018). Clinical guidelines for obesity management for example, recommend access to 

a dietitian if available (Wharton et al., 2020). Staffing issues in dietetics are common across 

a range of areas and health services, including antenatal care (Compher and Colaizzo, 

1992, MacDonald Werstuck and Buccino, 2018, Meloncelli et al., 2020). Access to dietetic 

services in antenatal care, however, is not universal and when available, may not meet the 

level of demand (Wilkinson et al., 2020). Maternity healthcare providers can leverage the 

increased contact they have with women throughout pregnancy to improve dietary intakes, 

promote healthy GWG, and encourage healthy lifestyle behaviours in the postpartum period 

(Hanson et al., 2019b).  Use of existing antenatal health services and a variety of healthcare 

providers to deliver nutritional care to women during pregnancy may be key to maximising 

coverage to all women during pregnancy while minimising delivery costs (Heidkamp et al., 

2020). This approach would allow for basic nutritional counselling for all women, as 

recommended by the WHO (WHO, 2016). Women with nutritional needs that require 

specialist care could be referred to dietetics if available, making best use of available 

dietetic staff and filling in service gaps (Wilkinson et al., 2020, Porteous et al., 2020, ACOG, 

2021b).   

Nutrition education given to pregnant women by trained healthcare professionals in 

antenatal clinics has been shown to improve pregnancy-specific nutrition knowledge in 

women (Teweldemedhin et al., 2021). Nutrition counselling has also been shown to improve 

maternal dietary intakes and clinical outcomes such as maternal anaemia, GWG, 

birthweight and reduced risk of complications like gestational diabetes and emergency 

caesarean delivery,  (Girard and Olude, 2012, Cantor et al., 2021). In women with indicators 

of the metabolic syndrome specifically, a systematic review suggests that guidance on diet, 

including a low GI diet, and physical activity during pregnancy helps limit GWG and reduce 

complications (Mohsenzadeh-Ledari et al., 2019). Recently, high‐quality large‐scale 

randomised controlled trials reported that lifestyle interventions during pregnancy that 

include diet and exercise advice and behaviour change support can reduce excessive GWG 

and the frequency of large‐for‐gestational‐age babies (Kennelly et al., 2018a, Dodd et al., 
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2014, Poston et al., 2015). Lifestyle interventions during pregnancy that include diet and 

physical activity have also been shown to reduce the risk of pregnancy induced 

hypertension, caesarean delivery, and respiratory distress in neonates (Farpour-Lambert 

et al., 2018). Lifestyle counselling to reduce GI and increase exercise also shows promise 

in preventing the transmission of risk factors for childhood obesity (Grobler et al., 2019). 

Alternatively, mothers who are affected by malnutrition may benefit from antenatal 

nutritional education to increase energy and protein intake and this has been shown to 

reduce the risk of preterm birth and LBW (Ota et al., 2015).  

Pregnancy has been described as a “teachable moment” in the lifecycle, during which, 

women may be more open to receiving diet and lifestyle information (Phelan, 2010, 

Lindqvist et al., 2017). Women want more nutrition counselling, consider pregnancy 

nutrition important and see clinicians as the most reliable source of this information (Bookari 

et al., 2017a, Owusu-Addo et al., 2016, Rahmawati et al., 2021, Beckham et al., 2015, 

Porteous et al., 2014).Healthcare providers are encouraged to discuss nutrition information 

with women of childbearing age but, despite this, professional practices vary (Gardiner et 

al., 2008, Premji et al., 2019). The reasons for this are multifaceted and include a lack of 

healthcare profession nutrition training, a lack of supportive resources (Adamski et al., 

2018, Killeen et al., 2020a). In both high and low-middle income countries, nutrition 

knowledge may be limited in pregnant women (Zerfu and Biadgilign, 2018, Lee et al., 2016). 

Some women may further struggle with complex nutrition recommendations, such as those 

for fish intake (Bloomingdale et al., 2010). All of this is compounded by the limited nature 

of nutrition counselling in antenatal care and potential nutrition information deficits amongst 

healthcare providers (Lee et al., 2018, Lee et al., 2016, Killeen et al., 2020a, Whitaker et 

al., 2016). The absence of nutritional care during pregnancy has the potential to leave 

women reliant on other and perhaps less evidenced-based sources of information such as 

internet or family and friends (Owusu-Addo et al., 2016, Killeen et al., 2020b).  

Health literacy is an important consideration in pregnancy as it may influence how women 

engage with this health information (Killeen et al., 2021a). Globally, up to 40% of adults 

may have reduced health literacy (Moreira, 2018). Lower levels of health literacy in 

pregnancy are associated with unhealthy behaviours (Nawabi et al., 2021). A study by Solhi 

et al 2018 found that a HCP-facilitated, health literacy-based educational intervention, 

including group educational talks, practical exercises, and counselling, lead to positive 

behavioural change in relation to nutrition, physical activity, dietary supplements, and 

prenatal care practices (Solhi et al., 2019).  A recent systematic review found interventions 

that address health literacy in pregnancy improved women’s knowledge surrounding their 

pregnancy and were associated with reduced levels of anxiety (Zibellini et al., 2021).  
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Dietary advice in pregnancy should be practical, implementable, and communicated clearly, 

using plain and simple language (Kilfoyle et al., 2016). Techniques such as goal setting, 

social support, and self-monitoring may support the success of diet and lifestyle 

interventions for weight loss (Ashton et al., 2020).  

1.8 Nutrition counselling tools  

Progress on what is known to work in the area of nutrition is slow and more implementation 

research is needed to support progress in this area (Shekar et al., 2021). Beulen et al. 

recently published a systematic review of tools to promote a healthy diet during pregnancy 

(Beulen et al., 2020). Interventions identified included mobile health, printed materials and 

cooking classes supported with telephone or face to face consultations (Beulen et al., 

2020). Mobile health interventions hold great potential to improve dietary intakes in women 

given the ease of remote access on a mobile device. They also show promise in terms of 

cost effectiveness (O'Sullivan et al., 2020). The Pregnancy Exercise and nutrition Research 

Study (PEARS) smartphone app was designed to support a healthy diet and lifestyle 

(Kennelly et al., 2018a). It was found to be acceptable to pregnant women, especially in 

those with lower socioeconomic backgrounds (Greene et al., 2021). This is important as a 

review of research on pregnancy app use suggests that smartphone app uptake may be 

lowest in pregnant women with low incomes, due to issues around technological features, 

health literacy and language barriers (Hughson et al., 2018). Features of smartphone apps 

for pregnancy include information provision, goal setting and tracking (Tassone et al., 2020, 

Brown et al., 2020).  Nutrition assessment, including collection of BMI and dietary intake 

data, is a step that can guide nutrition counselling (Olendzki et al., 2006). Assessment of 

baseline nutritional status and diet will identify potential nutrition issues. Generating 

awareness of dietary issues with pregnant women is a key opportunity to support mothers 

to make healthy dietary changes (Super et al., 2021).  

1.8.1 The FIGO Nutrition Checklist 

The American College of Obstetricians and Gynaecologists (ACOG) recommends clinical 

checklists in obstetrics and gynaecology to support standardised and optimum care 

(ACOG, 2016). A nutrition checklist that facilitates standardised care could support non-

nutrition healthcare professionals (HCPs) in maternity services to address nutrition as part 

of their routine clinical care. A similar approach has been taken in India where their 

government and the United Nations Children’s Emergency Fund (UNICEF) launched a 

treatment algorithm with checklist points to guide healthcare providers in addressing key 

aspects of antenatal care, including diet and weight (Chopra et al., 2020). No formal dietary 

metric exists that addresses both maternal and child health and NCDs (Miller et al., 2020). 
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The FIGO Nutrition Checklist a potentially pragmatic approach to fill this gap and assess 

diet in clinical setting (Killeen et al., 2020a).   

 

Fig. 1.3  The FIGO Nutrition Checklist. Reproduced with permission from Wiley (Killeen et 

al., 2020b) 
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The questions in the FIGO Nutrition Checklist are informed by the FIGO recommendations 

on adolescent, preconception, and maternal nutrition: "Think Nutrition First" (Hanson et al., 

2015). The FIGO Nutrition Checklist was created in 2015 after a two-day round-table 

discussion with members of the FIGO initiative on Adolescent, Preconception and Maternal 

Nutrition. It is a one-page questionnaire that captures information on special diets (e.g., 

vegetarian, vegan and other food avoidances or allergies), height and weight for calculation 

of BMI, diet quality (six simple ‘yes’ or ‘no’ questions on key food groups) and micronutrients 

(vitamin D, iron, and folic acid). The checklist has 12 questions in total, with six of these 

focused on diet quality (Killeen et al., 2020a). The back of the checklist includes evidence-

based information for the HCP, including nutritional guidance from the FIGO “Think Nutrition 

First” guidelines and the US Institute of Medicine recommendations for GWG (IOM, 2009). 

The limited available evidence suggests that the FIGO Nutrition Checklist is effective in 

identifying potential nutritional issues and therefore could  be used as a nutritional risk 

screening tool.  

1.9 Cardiometabolic health  

Levels of cardiovascular risk factors change during pregnancy, with higher prevalence of 

hypercholesterolaemia, hypertriglyceridemia and decreased high-density lipoprotein (Saliu 

et al., 2021). Cardiometabolic changes experienced by most women throughout gestation, 

including increased total cholesterol, LDL cholesterol and triglycerides and reduced HDL 

cholesterol (Roland et al., 2020). Higher circulating levels of triglycerides and cholesterol 

are developed during pregnancy to support the growth of the developing fetus (Zeng et al., 

2017, Herrera, 2002). Some data suggest that increases in cholesterol compared to pre-

pregnancy values occur from the second trimester onwards, while others have found higher 

median cholesterol in all trimesters compared to pre-pregnancy values (Darmady and 

Postle, 1982, Bartels et al., 2012, Potter and Nestel, 1979). Although increases in 

cardiometabolic factors are expected in pregnancy, reaching high values may increase the 

risk of postpartum dyslipidaemia. In women with a history of GDM, LDL cholesterol >3.56 

mmol/L in the second trimester has been associated with increased risk of dyslipidaemia 

six to 12 weeks post-delivery (Pei et al., 2020). The work of Darmady and Postle suggest 

that cholesterol levels may remain elevated up to 36 weeks postpartum (Darmady and 

Postle, 1982). The degree of change experienced may also influence the associations with 

outcomes. In a prospective study of 575 women, Bever et al. found a 0.11 mmol/L increase 

in triglycerides from preconception to 28 weeks was associated with increased odds of LGA 

and a 0.11 mmol/L decrease was associated with reduced odds of SGA and LGA (Bever 

et al., 2020). Women who experience pregnancy complications such as gestational 

hypertension, pre‐eclampsia and gestational diabetes may have increased risk of 
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cardiovascular disease postpartum (Grandi et al., 2019). Metabolic markers are commonly 

used to predict pregnancy outcomes such as gestational diabetes and pre-eclampsia 

(Harville et al., 2011, Baumfeld et al., 2015, Grieger et al., 2018). Wu et al. found that 

second trimester lipid profiles predicted pregnancy complications including pregnancy-

induced hypertension in an age-dependent manner (Wu et al., 2019). Cardiometabolic 

markers and outcomes in pregnancy are also linked with later maternal cardiometabolic 

health, suggesting early identification, monitoring and treatment are important (Grieger et 

al., 2021). On this basis, more research on the extent of cardiometabolic changes 

experienced in pregnancy is warranted. 

Higher maternal BMI and greater weight gain is a risk factor for adverse cardiometabolic 

profiles during and outside of pregnancy (Catov et al., 2020, Soria-Contreras et al., 2020, 

Wahabi et al., 2019, Ferreira et al., 2017, Barden et al., 2013). Given the increasing 

prevalence of obesity in women of reproductive age, the importance of this for clinical 

practice is likely to increase overtime. While useful as an indicator of risk, BMI does not 

provide insight into body composition, an important predictor of health outcomes, or the 

impact of excess adiposity on markers of health (Gill et al., 2003, Ross et al., 2020, Myung 

et al., 2019). Adiposity-associated cardiometabolic risk also does not always increase in 

proportion to BMI (Ogassavara et al., 2020). This is illustrated by Swaleh and colleagues 

who, using data from electronic healthcare records in Canada, found similar proportions of 

cardiovascular risk categories among BMI obesity classes (Swaleh et al., 2021). Metabolic 

phenotypes have been studied widely in the literature but there remains a paucity of 

evidence in pregnancy (Pétursdóttir Maack et al., 2020). The definitions of metabolically 

healthy and unhealthy obesity also vary significantly and this limits applicability in the clinical 

setting (Phillips, 2017). The American Association of Clinical Endocrinologists recommend 

the use of complication-based schema to inform obesity management (Ejima et al., 2020, 

Garvey et al., 2016). The Edmonton Obesity Staging System (EOSS) (Fig 1.4) and the 

Cardiometabolic Disease Staging System (Fig. 1.5) are two clinical scoring systems that 

consider metabolic health in determining obesity severity (Ejima et al., 2020).  
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Fig. 1.4  The Edmonton Obesity Staging System  (EOSS) (Sharma and Kushner, 2009) 

 

The EOSS was proposed by Sharma and Kushner in 2009. It considers the global impact 

of obesity on health including mental, metabolic and functional parameters (Sharma and 

Kushner, 2009). The purpose is to determine appropriate treatment plans for people with 

obesity (Vigna et al., 2018). A score of zero is given when the individual has no signs of 

obesity-related risk factors. Scores of one or more are given in the presence of adiposity-

associated complications (Fig 1.4). The tool was compared by its developers to the “tumour, 

node, metastasis” system (Padwal et al., 2011, Sharma and Kushner, 2009). Measurement 

of wide range of health outcomes may reduce weight stigma as it advocates for formal 

assessment of weight-related complications rather than assumptions based on BMI. In 

Australia, use of EOSS-related clinical assessment materials has recently been reported to 

support general practitioners in having non-stigmatising discussions on weight and health 

risks with people in obesity (Atlantis et al., 2021). Increased EOSS scores, indicating 

greater obesity severity, have been associated with increased risk of postoperative 

complications and mortality after bariatric surgery (Skulsky et al., 2020, Chiappetta et al., 

2019). A recent review suggests that EOSS scores may better predict health service usage, 

polypharmacy and treatment outcomes compared to BMI (Atlantis et al., 2020b, Atlantis et 

al., 2020a). The CMDS, however, considers only metabolic health in determining risk 

scores (Guo et al., 2014). In women undergoing fertility treatments, the EOSS has been 
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shown to predict pregnancy rates in women with raise BMI, compared to BMI category 

(Paterson et al., 2016). The EOSS and CMDS have never been compared in women of 

reproductive age specifically, and the EOSS has been applied only once in pregnancy, in 

women at risk for induction of labour (Demsky et al., 2020). The use of the EOSS to formally 

assess weight-related complications and guide treatment is increasing in several areas, 

including adults of different ages and paediatrics (Seifu et al., 2021, Atlantis et al., 2020b, 

Kakon et al., 2019, Hadjiyannakis et al., 2019, Cha et al., 2015). As interest in this staging 

system continues to grow, it is important to conduct research to inform whether obesity 

staging may be useful to determine  in women of reproductive age, especially given the risk 

of weight-stigma in this population and life-course impact of maternal obesity-associated 

cardiometabolic complications (Incollingo Rodriguez and Nagpal, 2021, Crino et al., 2019, 

Harville et al., 2022, Rice et al., 2018, Tan et al., 2015, Gaillard et al., 2014). Although 

promising, application of the clinical staging systems in pregnancy needs to be assessed 

before they can be recommended for practice as they are based on circulating lipids that 

undergo physiological changes during pregnancy. Understanding how the physiological 

changes in pregnancy impact risk categorisation will be of value in delineating risk and 

informing appropriate clinical cut-offs for pregnancy.  
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Fig. 1.5  The Cardiometabolic Disease Staging System (Guo et al., 2014) 
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1.10 Inflammation  

As the relationship between higher obesity and adverse maternal and fetal outcomes is 

mediated through inflammation, inflammatory markers may also serve as potential risk 

markers in women with obesity (Sureshchandra et al., 2018, Polonsky and Greenland, 

2012, Ursini and Abenavoli, 2018, Agostinis-Sobrinho et al., 2018, Moreno-Navarrete and 

Fernández-Real, 2019, Hertle et al., 2014, Witteveen et al., 2020). In non-pregnant 

populations, increased inflammation has been associated with metabolic complications 

including dyslipidemia, diabetes, and the metabolic syndrome (Jeong et al., 2019). There 

is a large body of evidence implicating C Reactive protein (CRP) in cardiovascular disease 

(Futterman and Lemberg, 2002b). Outside of pregnancy, elevated C3, or CRP are risk 

factors for adverse cardiometabolic health (Fig 1.6) (Kassi et al., 2011, Liu et al., 2016, 

Futterman and Lemberg, 2002a, Copenhaver et al.). C3 complement  protein (C3) is  a 

marker that is associated with  BMI and gaining interest as a potential marker of chronic 

inflammation  and insulin resistance (Al-Domi and Al Haj Ahmad, 2017, Dehdashtihaghighat 

et al., 2013). C3 has been implicated in atherosclerosis through relationships with HDL 

cholesterol and other immune, inflammatory, and metabolic processes (Parra et al., 2012, 

Hertle et al., 2014). C3 is  released by the liver in response to  adipose-associated cytokines 

but is also activated by macrophages and adipocytes (Copenhaver et al., 2019, Coppack, 

2001). C3 levels are associated with BMI and body fat percentage, even in those with 

healthy BMI (Copenhaver et al., 2020). Both systematic low-grade inflammation and insulin 

resistance are two pathways by which increased body fat may lead to increased C3 (Wlazlo 

et al., 2012). Higher levels of C3 have been found in  patients with obesity, showing  

improvements after bariatric surgery (Gómez-Abril et al., 2016).  In  women  with  a  healthy  

BMI,  levels of C3 have been  shown  to  rise gradually throughout pregnancy (mean of 93.5 

mg/dL in the first trimester, 102.8 mg/L at 13–19 weeks and 119.9 mg/dL at 36 weeks) (He 

et al., 2020). In  a recent  analysis of women with raised BMI, levels of C3 were higher at 

over 150mg/dl (Kennelly et al., 2021). Use of more than one marker to monitor inflammation 

in pregnancy is indicated given the complex inflammatory milieu experienced during 

gestation. It has been suggested that raised CRP in the absence of other inflammatory 

markers may signal tissue repair and anti-inflammatory processes in pregnancy (Jarmund 

et al., 2021). This justifies further exploration of the potential of C3 as a marker of risk in 

pregnancy.  

While pregnancy is associated with a slight increase in inflammatory markers such as CRP 

and C3, greater increases can be damaging in pregnancy (Witteveen et al., 2020, He et al., 

2020, Jarmund et al., 2021, Gallery et al., 1981). In a study of 100 healthy pregnant women, 

CRP increased from a median of 2.39mg/L in the first trimester to a median of 4.12mg/L in 
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the third (Wirestam et al., 2021). Recent evidence suggests that CRP levels may peak 

during the second trimester of pregnancy, during which, levels of other inflammatory 

markers may be lower, but this has not been found in all studies (Jarmund et al., 2021, 

Wirestam et al., 2021). Early pregnancy studies suggest an upper limit of around 20mg/L, 

but outside of pregnancy cardiovascular risk may be increased from values as low as 1mg/L 

(Romem and Artal, 1985, Nielsen et al., 1990, Pearson et al., 2003). A level of 15mg/L has 

been suggested as an indicator for low-dose aspirin for the prevention of pre-eclampsia 

(Hamadeh et al., 2021). Additional adverse outcomes associated with increased CRP 

include GDM, hypertensive disorders, growth restriction and SGA delivery (Witteveen et al., 

2020, Ernst et al., 2011, Bullen et al., 2013, de Jonge et al., 2011). Women with GDM have 

been found to have higher C3 complement protein (Ramanjaneya et al., 2021). Both 

increased C3 and CRP have been associated with preterm birth (Huang et al., 2020). 

Recently, data from our group highlighted the potential role for maternal CRP and C3 levels 

in pregnancy for prediction of pregnancy outcomes (Kennelly et al., 2021). Levels of C3 in 

pregnancy has also been associated with pregnancy-related venous thrombosis, 

suggesting the importance of this marker may extend to the postpartum period (Dahm et 

al., 2019). Obesity-associated inflammation may also increase the risk of maternal iron-

deficiency anaemia, highlighting the importance of inflammation in the context of overall 

nutritional care of women (Wawer et al., 2021). It is plausible that adipose tissue-derived 

complement proteins such as C3 may play a role in the development of pre-eclampsia 

(Olson et al., 2019). Lynch et al. found in sample of 1013 women, those with obesity and 

raised C3a in early pregnancy had an 8.8 times increased risk of developing pre-eclampsia 

compared to their reference group (Lynch et al., 2012). There is also some evidence to 

suggest that C3 may play a role in miscarriage (Sugiura-Ogasawara et al., 2006).  
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Fig.1.6 Proposed relationship between C3 Complement protein and cardiometabolic health 

outcomes. Reprinted with permission from Bentham Science (Ursini and Abenavoli, 2018) 

 

1.11 Measurement of core outcomes  

More systematic reviews and meta-analyses are needed in maternal nutrition to consolidate 

findings from multiple studies (Summerbell et al., 2005). The potential for these evidence 

syntheses is limited however, as there is large variability in the outcomes that are reported 

in pregnancy nutrition research. Rogozińska and colleagues in the International Weight 

management In Pregnancy (I-WIP) network reviewed the outcomes reported in lifestyle 

interventions for weight management of obesity in pregnancy. They found a total of 142 

unique outcomes and 72 (50.7%) of these were reported only once (Rogozińska et al., 

2017). Food intake and weight were reported in only 13 of 78 studies and energy were 

reported four times (Rogozińska et al., 2017). The lack of consistency in outcome reporting 

leads to significant research waste, potential bias towards specific outcomes, and a deficit 

of high-quality evidence for nutrition interventions (Williamson et al., 2017). The need for 

consistency was highlighted by Stoody et al. in the United States Department of 

Agriculture’s Pregnancy and Birth to 24 Months Project. In their review of the literature, the 
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evidence did not support conclusions in relation to pregnancy nutrition across a range of 

outcomes of public health importance (Stoody et al., 2019). In the systematic review by 

Beulen et al., a lack of inclusion of outcomes related to healthy dietary intake in pregnancy 

was identified as an important gap in the literature (Beulen et al., 2020).  

Evidence suggests that outcomes that are important to patients tend to be 

underrepresented in the literature (van 't Hooft et al., 2018). Many clinical practice 

guidelines on pregnancy nutrition also lack patient involvement and are largely based on 

the outcomes for which high quality evidence exists (Grammatikopoulou et al., 2020). This 

has been shown for example in work by Dadouch et al. as part of their development of a 

core outcome set (COS) for studies on obesity in pregnant patients (COSSOPP). They 

found a lack of focus on neonatal outcomes and measures related to life impact such as 

physical or social functioning, well-being, or quality of life, (Dadouch et al., 2019a). To 

address this issue, over 50 journals collaborated to launch the CROWN (CoRe Outcomes 

in WomeN's health) Initiative in 2014. The aim was to encourage researchers in the area of 

obstetrics and gynaecology to develop COS (Khan and Romero, 2014). A COS is a list of 

outcomes that are critically important for a subject area (Williamson et al., 2017). There are 

now over 80 women’s health journals that encourage the development and use of COS, but 

no COS exists for pregnancy nutrition research  (van 't Hooft et al., 2018) 

1.12 Rationale for current research  

In Ireland, half of women enter pregnancy with overweight or obesity (Reynolds et al., 

2019). The association between raised BMI and maternal or fetal complications is mediated 

through inflammation. Pre-pregnancy and pregnancy metabolic markers have been shown 

to predict pregnancy outcomes, suggesting these factors may be of clinical importance in 

determining pregnancy-related risks. In addition, the progression of obesity as a disease 

affects women differently resulting in a variety of cardiometabolic phenotypes. Clinical risk 

categorisation schema such as the EOSS or the CMDS, show promise to inform treatment 

prioritisation in the general population, but there is limited evidence in women of 

reproductive age. Studies in this area in the preconception period are limited by issues with 

recruitment and retention of women of reproductive age outside of pregnancy. More data 

on the health priorities and preferences of women at this time in the life-course, are 

therefore needed. Targeting C3 or CRP reduction may help slow down the progression of 

cardiometabolic disease but their relationship to cardiometabolic phenotypes in women of 

reproductive age have not been explored (Shim et al., 2020). More research is also needed 

on the DII In pregnancy, as diets with high inflammatory potential and lower diet quality, 

may influence these risk factors. Due to the growing body of evidence on the relationship 

between dietary inflammatory potential and pregnancy outcomes, strategies to reduce this 
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in pregnancy are of great interest. To date, no studies have investigated the impact of 

antenatal interventions on DII in pregnancy.  

The FIGO Nutrition Checklist is an available clinical practice tool to address these issues 

but its’ use in routine antenatal care has never been assessed. Although dietary 

interventions have been shown to improve some outcomes for which enough evidence 

exists to allow for meta-analysis, there is no consensus on which outcomes are most 

important for pregnancy nutrition interventions, with little consideration for the ‘patient voice’ 

in what is evaluated. A COS for pregnancy nutrition research could support advancement 

of antenatal nutrition by identifying critical nutrition-related outcomes from the perspective 

key stakeholders. This would support outcome standardisation in dietary studies in 

pregnancy, facilitate high-quality evidence synthesis and justify the need to address 

nutrition with women during pregnancy but no such COS exists.  
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1.13 Research hypotheses  

Obesity as a cardiometabolic disease, influences maternal and child outcomes differently 

based on modifiable factors that are can be addressed in clinical research and practice, 

before and during pregnancy (Fig. 1.7).  

1.1.4 Research aims  

The aims of this thesis are to investigate the potential of pre-existing clinical practice 

resources to address cardiometabolic health and nutrition in women of reproductive age 

and identify the priority outcomes for intervention from the perspective of key stakeholders, 

including women.  

 

 

 

Fig 1.7 Diagrammatic representation of the central research theme and research questions 

under investigation  
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1.15 Research objectives  

1. Describe the cardiometabolic phenotypes of women with overweight or obesity, using 

the EOSS and CMDS and investigate relationships with inflammation (CRP and C3). 

2. Explore the experiences and opinions of women participating in a preconception trial 

and identify recommendations to improve success in preconception research.  

3. Determine the severity and change in EOSS scores in pregnant women and explore 

potential relationships between EOSS and pregnancy outcomes. 

4. Investigate the effect of an antenatal lifestyle intervention (low-glycaemic index (GI) 

diet and physical activity) on E-DII in women with overweight or obesity and explore 

the relationships between E-DII and maternal and child outcomes. 

5. Investigate the feasibility and acceptability of the FIGO Nutrition Checklist and identify 

the self-reported level of nutritional risk as assessed by the FIGO Nutrition Checklist 

will also be collected. 

6. Develop of a core outcome set for pregnancy nutrition research (PRENCOS).
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2.1 The GetGutsy Study 

2.1.1 Introduction  

The GetGutsy study was a double-blinded, 12-week, randomised control trial (RCT) of a 

probiotic versus placebo capsule in non-pregnant women with abdominal obesity and an 

atherogenic lipid profile. The aim was to determine the effect of a probiotic intervention on 

high-sensitivity C-Reactive protein (hsCRP) in women at risk of chronic low-grade 

inflammation. Obesity is considered a low-grade systemic inflammatory disease (Gregor and 

Hotamisligil, 2011). Dietary and lifestyle optimisation remains the first-line treatment for people 

with obesity (McAuliffe et al., 2020). Given the high prevalence of obesity in women of 

reproductive age and the potential complications, novel adjunct therapies for treatment are 

warranted (Poston et al., 2016). Evidence suggests the gut microbiota plays a role in obesity 

development, and that modulation may aid in the treatment of this disease (Álvarez-Arraño 

and Martín-Peláez, 2021).  

2.1.2 Study overview 

The GetGutsy study (ISRCTN11295995) was a double-blind RCT of a probiotic versus 

placebo capsule in non-pregnant women with abdominal obesity and an atherogenic lipid 

profile. The intervention was a probiotic capsule containing Bifidobacterium longum 1362 or a 

placebo capsule for 12 weeks (Fig 2.1). The primary aim of the trial was the impact of a 

probiotic on hsCRP in women with abdominal obesity and a deranged lipid profile, but no 

established cardiometabolic disease. Secondary outcomes included differences between 

groups in body weight and body fat change, visceral adiposity, inflammation, insulin 

resistance, lipids, and bacterial transit through gut. All study products were manufactured 

under good manufacturing practice conditions. Trial products were provided as identical white 

capsules packaged in an extruded aluminium tube. Each tube contained 30 capsules. 

Participants in the intervention group take capsules daily for the duration of the study (12 

weeks), while making no other changes to their normal lifestyle and dietary habits.  Those 

allocated to the control arm of the study receive a placebo capsule, identical to the probiotic 

capsule but without probiotic present. Participants in the control group took the placebo 

capsules daily for the duration of the study (12 weeks), while making no other changes to their 

normal lifestyle and dietary habits (Fig. 2.1).  

The study components can be seen in Fig. 2.2. After an initial screen against the eligibility 

criteria, including age and BMI, the triglyceride levels of potentially eligible participants were 

measured. Originally the triglyceride screen was completed using a point-of-care finger-prick 

test. However, due to concern around the validity of the testing for the purpose of study 
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eligibility, a venous blood sample was taken for triglyceride testing until study cessation. The 

proposed data for collection in GetGutsy trial is detailed in Fig. 2.3.  

Fig 2.1 GetGutsy study overview  

 

Fig. 2.2 GetGutsy flow diagram and target sample size 

 

Recruitment for the GetGutsy trial was stopped because an insufficient number of women who 

met all the inclusion criteria for the study and resided within a reasonable distance of this 

single-center trial, were identified within the funded study period. Due to the breadth of 

valuable data collected as part of the screening process, this thesis shares the data as a cross-

sectional analysis. We supplemented the screening visit data with a mixed-methods, 

explanatory quan-QUAL Study Within A Trial (SWAT) (Fig. 2.3). The study was designed to 
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validate the quantitative findings in qualitative research and as such, integration of the 

methods occurred during data collection and interpretation (Ivankova et al., 2006). The 

quantitative aspect of the SWAT was an electronic survey, and the qualitative aspect included 

semi-structured focus groups (FGs), informed by the quantitative research. The quantitative 

survey was circulated electronically in November-December 2019, with a reminder sent out in 

March 2020 (Treweek et al., 2018). The FGs took place online via Zoom (Zoom Video 

Communications Inc., California, United States of America) at the end of April 2020 and start 

of May 2020. All data included in the cross-sectional study is pre-randomisation and includes 

women with and without an atherogenic lipid profile (Fig.2.3). The quantitative aspect of the 

SWAT was completed with women who expressed an interest in taking part in the RCT but 

may have not met the inclusion criteria. The qualitative component of the SWAT involved 

women who completed a full screening visit and blood draw only. 

2.1.3 Project oversight  

This was a single-center study carried out from September 2018 to January 2020 at the 

University College Dublin (UCD) Perinatal Research Centre. The center is affiliated with the 

National Maternity Hospital, a tertiary University Hospital for maternity services in Dublin and 

University College Dublin, Ireland.  

2.1.4 Ethics approval, funding, and trial registration  

The GetGutsy study was registered with the ISRCTN at ISRCTN11295995. The study was 

conducted according to the guidelines of the Declaration of Helsinki (WMA, 2013). It was 

approved by the Institutional Review Board of UCD and the National Maternity Hospital in 

2017 (EC 28.2017) and updated in 2019 (EC 28.2017) (Appendix 2). Funding for this study 

was provided by Science Foundation Ireland and Precision Biotics Ltd, as part of a Science 

Foundation Ireland fixed spoke award (grant numbers 12/RC/2273 and 16/SP/3827). Written 

informed consent was obtained from participants to participate in the study (Appendix 3). 
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Fig 2.3. Data collected in the GetGutsy study for the current thesis 

  

The sample size for the cross-sectional study includes 64 women for which sufficient serum was available.
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2.1.5 Participant selection  

2.1.5.1 Inclusion criteria  

The details for the original GetGutsy study can be found in Table 2.1. General eligibility was 

assessed through self-reported data received by phone or email. Potentially eligible women 

were invited to an in-person screening visit, at which, self-reported data were confirmed. 

Women were eligible for inclusion in the trial if they were aged 18-65 years, English 

speaking, not pregnant, lactating or planning a pregnancy in the next three months, had a 

body mass index (BMI) ≥28 kg/m2, and were not planning to lose weight or change their 

lifestyle in the next 3 months. The latter criteria were chosen so that the unique effect of the 

probiotic on inflammation could be assessed. A BMI of 28kg/m2 was selected for the 

GetGutsy study. This was considered a good marker to facilitate identification of a waist 

circumference in the at-risk category (>80cm) for metabolic syndrome, according to the 

World Health Organisation (WHO) (Nishida et al., 2010). In addition, pregnancy induces 

potentially adverse changes to cardiometabolic markers compared to pre-pregnancy levels, 

and is associated with weight gain, resulting in higher post-pregnancy BMI (Sheiner et al., 

2019, Daly et al., 2021, Nagpal et al., 2022). A lower BMI was therefore considered 

appropriate for a pre-pregnancy analysis on obesity and cardiometabolic health. There is 

also evidence suggesting that most women with overweight or obesity may underestimate 

their BMI, indicating a cut-off lower than 30kg/m2 is advisable to capture this criteria 

(Macleod et al., 2013). Participants who met these criteria provided a fasting blood sample 

to assess lipid profiles, taken by a trained phlebotomist. Women were randomised to 

receive the probiotic only if they had an atherogenic lipid profile using criteria of the 

American College of Cardiology (high density lipoprotein (HDL) cholesterol <1.29 mmol/L 

and/or triglyceride ≥1.7 mmol/L) (Arnett et al., 2019) (Fig. 2.2). This is based on the 

expected mechanism of action of the probiotic which preliminary data suggest may be 

related to lipid metabolism. Women were eligible to take part in the SWAT survey if they 

underwent initial basic screening for the GetGutsy trial (height, weight, and age) and 

consented to future contact (Fig.2.3). Women were eligible to take in the SWAT FG if they 

underwent full screening for the trial (basic screening and fasting blood sample).  

Table 2.1 GetGutsy PICO 

P Healthy, non-pregnant women between 18-65 years with raised BMI, abdominal 
obesity and an atherogenic lipid profile (triglyceride >1.7mmol/L OR HDL 
cholesterol <1.29mmol/L) but no established cardiovascular disease 

I Probiotic capsule (Bifidobacterium Longum 1362), once a day for 12 weeks 
C Placebo capsule, once a day for 12 weeks 
O High-sensitivity C-Reactive Protein (hsCRP) 

P = population, I = Intervention, C = Control, O = Outcome 
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2.1.5.2 Exclusion criteria 

Women not eligible for inclusion in the trial if they were pregnant or planning on becoming 

pregnant during the study period or had inadequate English to provide informed consent to 

the study. They were also excluded if they had a medical condition or were taking 

medication or dietary supplements that the investigators believed would interfere with the 

objectives of the study. This included cardiovascular disease, type 2 diabetes mellitus 

(T2DM); concurrent systemic disease or laboratory abnormalities that may influence study 

outcomes; significant acute or chronic coexisting illness, active malignant disease or any 

concomitant end-stage organ disease, history of co-existing gastrointestinal, gynecological, 

urologic pathology and inflammatory disorders, psoriasis, rheumatoid arthritis, and 

osteoarthritis. Women who were immunocompromised (HIV positive, transplant patient, on 

antirejection medications, on a steroid for 30 days, or chemotherapy or radiotherapy within 

the last year) were not eligible. Additionally, women who had prior gastrointestinal surgery 

(apart from appendectomy), major surgery in the last month, previous cholecystectomy, or 

history of active cancer in the last 5 years (other than localised basal cell, squamous cell 

skin cancer or cancer in situ that has been resected) were not eligible. A history of drug or 

alcohol abuse at the time of enrolment was an exclusion criterion. Finally, women were 

excluded if they had used antibiotics during the past month; were part of a weight-loss 

program, were planning on substantially changing their lifestyle or did not wish to refrain 

from probiotic or fermented foods during the study period. 

2.1.5.3 Recruitment  

Participants self-identified to the research team in response to traditional and digital 

recruitment strategies. Trial recruitment involved a mix of active and passive strategies. 

Traditional recruitment strategies (posters, flyers, and recruitment drives, a radio 

appearance) were employed in UCD, several local hospitals in Dublin, local businesses, 

and corporate wellness events. These were  supplemented by digital recruitment strategies 

including direct email through employers or professional organisation mailing lists, social 

media posts, and blog posts. Women were encouraged to share the study information with 

their peers. In the quantitative survey, women who registered an interest in participating in 

the study were contacted via email and invited to participate. In the FGs, participants who 

completed a full screening visit were recruited via email or telephone.  

The potential outreach of the study can only be estimated based on social media and other 

efforts. The UCD centre twitter has over 1,000 followers with a further reach via re-tweets 

and endorsements. Additional reach was achieved through activities including emails to 

staff in hospitals and business, posters, and flyers on noticeboards. Finally, recruitment was 

facilitated by a radio interview on Dublin City FM. A recent survey of their listenership found 
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n=125,000 people reported they ‘listened yesterday’ to Dublin City FM in the Dublin 

Metropolitan Area. A rough estimate of 5% of individuals who heard about the study would 

give approximately n=11,000 people.  

2.1.5.4 Sample size  

The original sample size for the RCT was calculated by a research statistician using pilot 

data based on a previous probiotic strain. In this study, the expected difference in hsCRP 

observed due to the treatment effect ranged from a 40-70 percent decrease, compared to 

the placebo. That results in a range of group differences in log-transformed hsCRP from 

0.3 to 0.6. To achieve 80% power at a type I error rate of 0.05, it was calculated that a 

sample size of 80 was required to detect a 0.6 change in log-transformed hsCRP. 

Therefore, to allow for dropouts, we aimed to have 140 women complete the study Fig. 

(2.2). From September 2018 to August 2019, 600 individuals were screened for eligibility 

based on age and BMI. Of these, 105 (17.5%) met the age and BMI criteria and were willing 

to attend a screening visit to provide a blood sample (n = 66 venous blood & n = 39 finger 

prick) for assessment of their circulating lipids (Fig. 2.3). The sample size for the cross-

sectional study includes 64 women for which sufficient serum was available (Fig 2.3).  

2.1.6 Data collection  

2.1.6.1 Participant characteristics 

Participant characteristics were collected through a questionnaire. These included age, 

education, occupation, medical and surgical history and intake of medications, 

supplements, and probiotics usage (Appendix 4).  

2.1.6.2 Anthropometry  

Anthropometric measures taken at the in-person screening visit included height, weight, 

and waist circumference. Height was measured using a free-standing portable stadiometer 

(SECA GmbH & Co Kg, Hamburg, Germany) with the participant in a standing position 

while looking forward, and after a taking and releasing a full breath. Weight was measured 

to the nearest 0.1kg using a portable scales (SECA GmbH & Co Kg, Hamburg, Germany). 

This measure was taken with the participant wearing only light clothing and no shoes, while 

standing upright and looking forward. As weight was taken at the time of the fasting blood 

sample collection, the weight is also fasted. Waist circumference was measured using a 

SECA non-stretch measuring tape (SECA GmbH & Co Kg Germany) that was placed snug 

to the skin while the participant was in a standing position. This is in line with the method of 

the WHO STEPwise approach to surveillance (WHO, 2008). Height and weight were used 

to calculate BMI, by dividing the weight in kilograms by the height in metres squared. 

2.1.6.3 Blood samples 
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Blood samples taken into serum tubes were centrifuged at 3000 rpm for 10 minutes. 

Samples were stored in the vacutainers at 4°C as soon as possible after venipuncture and 

once centrifuged, the aliquots were stored at - 80°C pending analysis.  Serum samples 

were used to measure C3 Complement protein (C3), C Reactive Protein (CRP), glucose, 

total cholesterol, high density lipoprotein (HDL) cholesterol, and triglycerides. Analyses 

were performed on a Roche Cobas 8000 automated chemistry system. Serum 

measurements of insulin and C-peptide were determined using the Cobas Roche e602 

immunoassay system.  Low density lipoprotein (LDL) cholesterol was estimated using the 

equation of Friedewald et al. (Friedewald et al., 1972a). Ethylenediaminetetraacetic acid 

(EDTA) samples were available for 37 participants. Hemoglobin A1c (HbA1c) was analysed 

in whole blood EDTA samples using the Menarini/ARKRAY ADAMS™ A1C HA-8180V 

system.  

2.1.6.4 Cardiometabolic phenotypes  

Cardiometabolic markers were used to classify women as metabolically healthy or 

unhealthy, using the Edmonton Obesity Staging System (EOSS) and the Cardiometabolic 

Disease Staging System (CMDS). For this study, we selected the biochemical cut-offs used 

by Canning et al. 2015 (Canning et al., 2015). Women were given an EOSS score ≥1 if they 

met any of the following criteria: fasting glucose ≥5.6 mmol/L, total cholesterol ≥5.2 mmol/L, 

LDL cholesterol >3.3mmol/L, HDL cholesterol <1.6 mmol/L, and triglyceride ≥1.7mmol/L. 

Higher EOSS score indicates greater metabolic derangement. An EOSS score of zero was 

assigned if all the cardiometabolic markers were within the cutoffs (Table 2.2). We applied 

the CMDS in a similar way to the EOSS, however the CMDS includes fewer markers and 

includes female-specific cut-offs (Guo et al., 2014). We did not apply the high risk or end 

stage criteria (EOSS/CMDS stages 3 and 4) to this cohort. To create metabolically healthy 

and unhealthy groups, dichotomous categorical variables were generated for CMDS (score 

≥1 yes/no) and EOSS (score ≥1 yes/no). Cut-offs from the Centre for Disease Control and 

Prevention and the American Heart Association were used to classify CRP values as 

increased (≥ 1mg/L) and high (≥3 mg/L) risk (Pearson et al., 2003).  
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2.1.7 Study Within A Trial  

2.1.7.1 Quantitative survey 

The first part of the SWAT consisted of cross-sectional, online survey that was developed 

and piloted prior to use. The survey aimed to elicit the general views of women who 

registered an interest in taking part in a health-related trial. The survey consisted of eight 

questions, covering internal and external factors relating to women’s experiences in the trial 

over three main areas, 1) participating, 2) motivations for participation, 3) opinions on future 

study design (Table 2.3) (Ivankova et al., 2006). Questions contained a mix of  free text, 

multiple choice, and Likert scale responses. Demographic data were also collected 

regarding age, height, weight, employment status, highest educational attainment, and 

previous research participation. The survey underwent content validation following review 

by experienced researchers from public health, dietetics, nutrition, obstetrics, and 

midwifery. The survey was circulated via email and completed using Google forms. The 

survey results informed the development of the FG topic guide.

Table 2.2: Biochemical criteria used for categorising metabolically unhealthy obesity 

using the Cardiometabolic Disease Staging System (CMDS) and the Edmonton 

Obesity Staging System (EOSS) 

 

 

CMDS EOSS 

Stage 0  Stage 1  Stage 

2*  

Stage 0 Stage 1 Stage 2 

Glucose (mmol/L) <5.6 <5.6 ≥5.6 <5.6 5.6-6.9 >6.9 

Triglyceride (mmol/L) <1.7 ≥1.7 ≥1.7 <1.7 1.7-

2.26 

>2.3 

Total Cholesterol 

(mmol/L) 

N/A <5.2 5.2-6.1 >6.1 

LDL Cholesterol 

(mmol/L) 

N/A <3.3 ≥3.3 >4.2 

HDL Cholesterol 

(mmol/L) 

≥1.3 <1.3 <1.3 ≥1.6 <1.6 <1.0 

*CMDS Stage 2 is given if the individual has impaired fasting glucose, or metabolic 

syndrome (three out of the four following conditions: low HDL, high triglyceride, raised 

waist circumference or raised blood pressure). The CMDS does not use total and LDL 

cholesterol. The  EOSS score is given if any one of the five criteria under each stage 

is met. CMDS = Cardiometabolic Disease Staging System, HDL = High density 

lipoprotein, LDL = Low density lipoprotein EOSS = Edmonton Obesity Staging System 
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Table 2.3: Questions from the GetGutsy SWAT electronic survey   

Question Responses  

Before the GetGutsy Study, had you interest in 
taking part in a research study before? (Choose all 
that apply) 

Yes or no 
If yes, select the stage of the research study you had completed. 

• Applied to take part 

• Started study 

• Completed study 

How did you hear about the GetGutsy study? 
(Please select all that apply) 

• Heard by email  

• Heard by ezine/newsletter  

• Phone text social media  

• Recruitment stand  

• Told by friend or relative  

• Told by colleague  

• Poster at work 

• Poster outside work  

• Radio 

• Browsing social media  

• Other 
What are the 3 ways you would like to find out about 
research studies? (Choose three from) 

• By direct email 

• By ezine or e-newsletter 

• By social media (such as twitter, Facebook, Instagram) 

• By speaking to the researchers at a recruitment stand (at work or university 

• By speaking to the researchers at a recruitment stand (in a public place) 

• By reading a poster or leaflet on a notice board 

• By hearing about it from a friend or relative  

• By hearing about it from a work colleague 

• Other  
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Table 2.3: Questions from the GetGutsy SWAT electronic survey (continued) 

Question Responses  
 

What motivated you to contact the research team 
about the study? (Choose one) 
 

• I was interested in the health screen 

• I was interested in getting the probiotic  

• I wanted to support health research  

• I wanted to be more healthy  

• All the above  

Out of the following options, which 3 interest you the 
most? (Choose three) 

• Free blood test  

• Feedback on my dietary habits  

• Feedback on my lifestyle habits  

• Knowledge of my height, weight & body composition 

• Trying a new probiotic intervention   

• Helping to support health research  

• Other  
At what point did you contact the researchers after 
first hearing about the study? (Choose one) 

• Same day 

• A day or two later 

• One week later 

• Two weeks later 

• Greater than two weeks later 
A weight criterion would: (Likert scale for each 
option (Strongly disagree to strongly agree) 
 

• Stop me from sharing this study with work colleagues  

• Stop me from sharing this study with my friends or family  

• Makes me less likely to contact the researchers about taking part 

Would the following options make you more or less 
likely to take part in a research study? (Likert scale 
for each option (Strongly disagree to strongly agree) 

• Having a 50% chance of receiving a placebo instead of a probiotic  

• Required to give a blood sample  

• Required to give a stool sample  

• Travelling to UCD for a study appointment  

• Travelling to the National Maternity Hospital for a study appointment  

• Attending a study appointment Monday to Friday (during work hours)  

• My work colleagues knowing I am taking part in the study  

Demographic questions are not included  
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2.1.7.2 Focus groups 

The second phase of the study was a qualitative analysis using data collected through FGs. 

The FGs aimed to extend the results of the quantitative survey in a smaller group of women 

with overweight or obesity and explore their lived experience of taking part in research. The 

FGs were therefore restricted to women who were screened for the GetGutsy study, 

including provision of a blood sample. All women who took part in the FGs therefore had a 

BMI ≥28kg/m2. The data were reported in line with the COnsolidated criteria for REporting 

Qualitative research (COREQ) checklist (Tong et al., 2007). The focus groups (n=2) used 

a pragmatic epistemological approach (Cornish and Gillespie, 2009). A semi-structured 

topic guide was developed (Table 2.4). This was piloted with members of the research team 

for content validation and clarity. The topic guide included questions on the experience of 

taking part in the GetGutsy study. This included their motivations for volunteering and their 

experiences of recruitment, data collection, and communication with the researchers. 

Specific aspects of trial design were also explored such as using BMI as an inclusion 

criterion. All women invited were provided with an information sheet prior to participating. 

The interviewers in the FG were involved in running the trial and had met the participants 

(n=9) in-person at their screening visit prior to the FGs. The first FG lasted two hours while 

the second was 95 minutes. The FG interviewers were aware that their internal biases could 

have been influenced by their experience of running the trial. To mitigate this effect, the 

topic guide was developed and utilised alongside awareness raising discussion at all stages 

of analysis with a researcher external to the project (SOR). The focus groups were digitally 

recorded via Zoom (Zoom Video Communications Inc., California, United States of 

America). The digital audio recordings were transcribed verbatim, each participant was 

given an anonymous participant identification number and any identifying information was 

removed prior to analysis. Transcripts were not returned to participants and minor stylistic 

edits were made to some verbatim quotes to aid in reader comprehension. This included 

removal of redundant words and verbal utterances (Thorne, 2020).  Field notes were also 

reviewed as part of the analysis. Initially transcripts were read several times to allow for 

data familiarisation (Braun and Clarke, 2006).
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Table 2.4: Semi-structured topic guide for GetGutsy SWAT Focus Groups  

Main questions  Prompts / related questions  

How did you get involved with 

the GetGutsy study? 

- How did you find out about the study? 

- How did you get in contact with the researchers?  

What was it like to take part 

in the GetGutsy study? 

- How was it communicating with the researchers / 

attending study visits? 

- What interested you about the study offering? 

- How did it compare to expectations? 

What was the motivation 

behind wanting to take part? 

- Were there any benefits to taking part? 

What do you think about the 

things you got measured as 

part of the study?  

- What did you think of the information you received 

/ measures included? 

- Was there anything missing? What would you 

measure in the future? 

- How do you feel about including body mass index 

as an inclusion criterion in the GetGutsy study? 

- What do you think about weight as a marker of 

health? 

- How did this affect your comfort with sharing the 

study with others? 

- How can we best measure health? 

- How to define health and a healthy person? 

- What aspects of health are most important? 

 

2.1.8 Outcomes  

2.1.8.1 Cross-sectional study  

The primary outcome in this study was the cardiometabolic phenotype of women, using the 

EOSS and the CMDS. Secondary outcomes included the relationships between individual 

cardiometabolic markers, cardiometabolic phenotype and inflammatory markers C3 and C-

CRP. 

2.1.8.2 Study Within A Trial (SWAT) 

The primary outcome of the SWAT was the attitudes and experiences of women with 

obesity on engaging with the GetGutsy study. The secondary outcomes were the most 

successful recruitment strategies, preferences, and opinions of women of reproductive age 

on aspects of the GetGutsy study design. 

2.1.9 Data management  

Upon enrolment in each study, each participant was assigned a participant ID to ensure 

confidentiality. This unique identifier was used for all data entry. All data were entered 

through purposively designed google forms. Entered data were stored in excel files that 

were encrypted with password protection and saved on a password protected computer. 
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Only the research team had access to the passwords. Hardcopies of data files were stored 

in locked cabinets in the research office. The research offices were kept locked when 

vacant. Entered data were checked for accuracy through double entering. This was 

reviewed by separate members of the research team. Prior to analysis, all files were 

cleaned and reviewed for errors including abnormal values or issues with coding. The data 

were managed by a professional database manager within UCD.  

2.1.10 Statistical analysis  

2.1.10.1 Chapter 3  

Categorical variables were presented as number and frequency (%). Continuous variables 

were assessed for normality through visual inspection of histograms, the Shapiro-Wilk test 

for normality, and inspection of descriptive data. All skewed data were log10 transformed 

prior to analysis. Continuous variables were presented as mean (standard deviation) or 

median and interquartile range (25th, 75th centile). Comparison statistics were generated 

for the entire group and based on gravidity, through independent sample t-tests. Chi-square 

(χ2) tests were used to compare categorical variables. Fishers exact was used when 

expected values in the 2x2 table were <5. Bivariate associations were tested using 

Pearson’s product-moment correlations between both C3 and CRP with cardiometabolic 

markers. Single variable binary logistic regression was completed for C3, CRP and potential 

confounders, predicting CMDS score. Multiple logistic regression was used to identify the 

predictive value of C3 and CRP with metabolic obesity phenotype, while controlling for 

confounders (age, BMI, ethnicity (White yes/no) and smoking (current smoker yes/no)). 

Variables were included in the regression if the Wald statistic p value was <0.25. Statistical 

analysis was performed using IBM SPSS software for Windows, version 24.0 (SPSS Inc, 

Chicago IL). Significance was determined at p <0.05. All analyses were done with pairwise 

deletion of missing variables. PS: Power and Sample Size Calculation version 3.1.6 was 

used retrospectively to determine the power to detect a difference in mean C3 between 

metabolically healthy (CMDS 0) and unhealthy (CMDS ≥1), following the method of Dupont 

and Plummer (Dupont and Plummer, 1990).  

2.1.10.2 Chapter 4 

Data were entered into an excel file. Statistical analysis was performed using IBM SPSS 

software for Windows, version 26.0 (SPSS Inc, Chicago IL). Chi-square tests were used to 

compare categorical variables. Significance was determined at p <0.05.  

2.1.11 Qualitative analysis  

Transcripts were analysed independently by two researchers using inductive thematic 

analysis. In this approach, unique coding was applied to the data and candidate themes 
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and subthemes identified. One researcher (registered dietitian and PhD student) coded 

manually, while the other (research assistant with MSc Public Health) used NVivo 12 to 

facilitate sharing (QSR International Pty Ltd, 2020). Findings were reviewed by two 

additional members of research team, including a registered dietitian and associate 

professor with extensive experience with qualitative research in women’s health and a 

nutritional scientist with experience in women’s health research and qualitative analysis. 

Researcher triangulation, peer debriefing and team consensus on themes were key 

activities during the theme definition and refining stages. Content analysis was also applied 

to the FGs to assess specific participant details, such as how they found out about the study 

and their motivations for taking part (Hsieh and Shannon, 2005).  

2.2 The Pregnancy Exercise And nutrition Research Study (PEARS) 

2.2.1 Introduction 

The PEARS study was conducted between March 2013 and August 2016 at the National 

Maternity Hospital in Dublin, Ireland. The PEARS study was a randomised controlled trial 

of a mobile-health behavioural lifestyle intervention with smartphone application support to 

prevent gestational diabetes mellitus (GDM) in pregnant women with overweight and 

obesity. Secondary outcomes included dietary glycaemic index (GI), gestational weight gain 

(GWG), infant anthropometry and body composition and physical activity. Details of the 

study protocol and results have been published previously (Kennelly et al., 2016b, Kennelly 

et al., 2018b). 

2.2.2 Ethical approval, funding, and trial registration  

The study had institutional ethical approval from the National Maternity Hospital in October 

2012 (see Appendix 5) and informed written consent was received from participants 

(Appendix 6). This study received funding from the National Maternity Hospital Medical 

Fund and further laboratory analysis was funding by a seed funding grant from University 

College Dublin. The PEARS study is registered on ISRCTN registry, 

https://www.isrctn.com/ (accessed 13/08/21), ISRCTN29316280).  

2.2.3 Study design  

In the original PEARS study, women were allocated into intervention or control (usual care) 

groups using computer-generated allocations in a ratio of 1:1. Randomised participants 

were stratified by BMI to allow or equal numbers of women with overweight or obesity in 

each study group. Women allocated to receive usual care were managed according to local 

and national guidelines; however, this does not include consistent nutritional, physical 

activity, or targeted gestational weight gain advice as standard (Kennelly et al., 2016b). The 

participants and researchers were not blinded to the allocation group however the midwives 
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and obstetricians caring for the participants did not know their group allocation. The 

intervention involved a single education session at the start of their randomisation visit (14-

16 weeks gestation). A follow up took place at 28 weeks and delivery (Fig 2.4).  

This thesis includes two secondary analyses of participants recruited as part of the PEARS 

study. The first secondary analysis uses biochemical and clinical data from early and late 

pregnancy to measure cardiometabolic phenotypes, and their relationship with pregnancy 

outcomes at delivery. The secondary analysis uses dietary data from early and late 

pregnancy to determine the change energy-adjusted dietary inflammatory index (E-DII) , an 

explore relationships with pregnancy outcomes at delivery.  

2.2.4 PEARS intervention 

The intervention involved of a once-off education session at the start of their randomisation 

visit. The education was delivered by a research dietitian or nutritionist. The dietary 

information centred around achieving a low-glycaemic index (GI) diet and included 

additional content on portion sizes of carbohydrates and general healthy eating for 

pregnancy recommendations. Healthy eating advice included the Irish food pyramid, calorie 

requirements for pregnancy and advice that aligns with a low-glycaemic index diet 

(Appendix 7). The education did not aim to reduce calorie intake or promote weight loss, 

rather to reduce the GI and glycaemic load (GL) of the diet. The low-GI advice included 

swapping high GI foods for a lower GI alternative, guidance on portion sizes for 

carbohydrate containing foods such as fruit and to limit intakes of free sugars during 

pregnancy and to reduce total dietary glycaemic load. An exercise prescription of 30 

minutes of moderate intensity physical activity for five days a week was also given by an 

obstetrician. This was based on the American College of Obstetricians and Gynaecology 

(ACOG) exercise guidance (ACOG, 2002). Moderate intensity exercise was defined as 

being active to the point of sweating and some shortness of breath while having the ability 

to continue a conversation (Artal and O'Toole, 2003). This information was re-enforced 

through a specifically designed smart-phone app, fortnightly emails and two face-to-face 

study visits, all underpinned by behaviour change theory. 



 

48 

 

U
s
u
a
l c

a
re

A
c
c
e
s
s
 t
o
 t
h
e
 P

E
A

R
S

 m
o
b
ile

 a
p
p
 a

n
d
 f

o
rt

h
n
ig

h
tl
y
 e

m
a
ils

 f
ro

m
 t
h
e
 

re
s
e
a
rc

h
 t
e
a
m

Fig 2.4 Flow diagram of data collected in the PEARS study 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Delivery

Intervention 

•Neonatal anthropometry 

•Placental weight

•Mode of delivery

•Maternal complications

• Infant complications

Control

•Neonatal anthropometry 

•Placental weight

•Mode of delivery

•Maternal complications

• Infant complications

28 week follow up 

Intervention 

•Glucose tolerance test

•Fasting blood sample

•Anthropometry 

•Three day food diary

•Physical activity questionnaire (IPAQ)

•Reinforcement of advice

Control

•Glucose tolerance test

•Fasting blood sample 

•Anthropometry 

•Three day food diary

•Physical activity questionnaire (IPAQ)

If eligible: randomisation vist 

Intervention 

•Anthropometry

•Three day food diary 

•Phsyical activity questionnaire (IPAQ)

•Fasting blood sample

•PEARS Intervention (Low-glycaemic 
index diet, exercise prescription and 
access to the PEARS mobile app)

Control

•Anthropometry 

•Three day food diary

•Physical activity questionnaire (IPAQ)

•Fasting blood sample

Assessed for eligibility at first booking visit 
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2.2.5 Participant selection  

2.2.5.1 Recruitment  

Pregnant women (both nulliparous and multiparous) were invited to take part in the study 

at their first antenatal visit. Women were screened for eligibility using data collected at their 

booking visit and from their medical notes. Eligible women were approached in the 

outpatient department and given information on the study, including a participant 

information sheet and a written consent form (Appendix 6). Once participants confirmed 

their interest and comprehension of the study, they signed the consent form including 

permission to contact them to schedule their randomisation visit.  

2.2.5.2 Inclusion criteria  

Women were eligible if they were aged between 18–45 years, were between 10–15-weeks’ 

gestation and had a BMI of ≥25 kg/m2–39.9 kg/m2, a singleton pregnancy, absence of 

previous GDM or any other medical illness requiring treatment (Table 2.5). They also 

needed to own a smart phone. 

Table 2.5 PEARS PICO 

P Healthy pregnant women with overweight or obesity  

I A lifestyle intervention of an exercise prescription of 30 minutes physical activity for 

five days a week and dietary advice on a low-GI diet and general healthy eating in 

early pregnancy  

C Routine antenatal care (no standardised or consistent exercise or dietary advice) 

O Primary outcome: GDM at 28 weeks  

Secondary outcomes: GI at 28 weeks, maternal physical activity levels, GWG gain, 

infant anthropometry, and maternal and infant complications. 

GDM = Gestational diabetes mellitus, GI = Glycaemic index, GWG = Gestational weight 

gain, PEARS = Pregnancy Exercise And nutrition Research Study, P = population, I = 

Intervention, C = Control, O = Outcome 

 

2.2.5.3 Exclusion criteria 

Subjects were excluded if they did not own a smartphone, had a multiple pregnancy, were 

aged <18 or >45 years, were >15 weeks gestation at time of booking, had a medical 

disorder requiring treatment, a history of GDM in a previous pregnancy, or previous poor 

obstetric outcome, or had an early pregnancy BMI of 39.9 kg/m2.  

2.2.6 Sample size  

A total of 18 (9 in the intervention and 9 in the control) out of the 565 women included in the 

original trial did not attend their first study visit (Kennelly et al., 2018b). Of the remaining, 

data were available for baseline blood pressure (n=447), fasting lipids (n=505) and fasting 

glucose (n=485). 
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2.2.6.1 Chapter 5  

The sample in this secondary analysis (n=348) represents those women for whom data in 

early pregnancy on all cardiometabolic markers needed for EOSS classification (n=350), 

excluding one twin pregnancy (n=2 mother-child pairs) in the intervention group (Fig. 2.5) 

were available. 

2.2.6.1 Chapter 6  

This study used data from 434 out of the total 565 women who took part in the PEARS trial. 

This sample represents those who had dietary data in early pregnancy from which to 

calculate their E-DII scores (Fig. 2.5). 
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Fig. 2.5 Data available and sample sizes in each secondary analysis of the PEARS study  

 

Assessed for eligibility (n= 1,856) inc. singleton pregnancy, <16 weeks 

gestation and BMI assessment (25 – 39.9 kg/m2).  

Excluded (n= 1,293) 

 

Chapter 5:  

Early pregnancy Edmonton Obesity Staging System:  

• Metabolic data (n=171)   

• Metabolic + Wellbeing data (n=146) 

Late pregnancy Edmonton Obesity Staging System:  

• Metabolic data (n=139)   

• Metabolic + Wellbeing data (n=109) 

 

Chapter 6:  

• Early pregnancy energy-adjusted dietary 

inflammatory index (E-DII) (n=224)  

• Late pregnancy E-DII (n=147)  

 

Attended late visit at 28 weeks (n=241) inc. 

blood draw 

Allocated to intervention (n= 278) 

Baseline visit (inc. blood draw) 

Standard antenatal care  

Once-off “healthy lifestyle package” 

 Healthy eating and low- glycemic index 

diet education 

 Exercise prescription  

Fortnightly email and mHealth app support 

Attended late visit at 28 weeks (n=257) inc. 

blood draw 

Allocated to control (n= 287) 

Baseline visit (inc. blood draw) 

Standard antenatal care (no consistent advice 

on diet, exercise, and weight gain). 
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Late pregnancy Edmonton Obesity Staging System:  

• Metabolic data (n=143)   

• Metabolic + Wellbeing data (n=114) 

 

Chapter 6: 

• Early pregnancy energy-adjusted dietary 

inflammatory index (E-DII) (n=210)  

• Late pregnancy E-DII (n=143)  
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Follow-Up at delivery (n=498) 
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placental weight (n=235) 
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2.2.7 Power calculation   

The original power calculation was based on the primary outcome of GDM. A reduction in 

the incidence of GDM from 15 to 7.2% was considered achievable, resulting in a sample 

size of 506 women. The sample sizes for each secondary analysis were fixed based on the 

data available for each research question.   

2.2.8 Data collection  

2.2.8.1 Baseline characteristics  

Participants’ baseline visit took place approximately two weeks after their first antenatal 

visit. Demographic information collected at their first antenatal (baseline) visit included 

maternal age, ethnicity, parity, and smoking status (Appendix 8). Economic advantage was 

assessed using the Pobal Haase-Pratschke (HP Pobal) Deprivation Index, a 

neighbourhood deprivation score based on Irish census data which considers the relative 

advantage or disadvantage of the mothers’ location of residence (O'Brien, 2017, Haase T, 

2012). 

2.2.8.2 Clinical measurements 

Data on blood pressure were extracted from antenatal medical records. Average systolic 

and diastolic blood pressure values in early pregnancy (10–16 weeks’ gestation) were 

calculated. This took place during 2019 after request of the medical charts. The purpose of 

this additional data collection was to provide blood pressure data for the purpose of EOSS 

classification.  

2.2.8.3 Biological samples 

Maternal blood samples were taken by a trained phlebotomist in early and late pregnancy. 

Cord blood samples were collected at delivery. At the shortest possible interval post 

venepuncture, blood serum samples were centrifuged at 3000 rpm for 10 min, and aliquots 

were stored at −80 °C pending analysis. Glucose was analysed using the AU680 Chemistry 

analyser (Beckman Coulter Inc., High Wycomb, UK) and the hexokinase method. Insulin 

and c-peptide were quantified by automated immune-assay (Roche Cobas 602; Roche 

Diagnostics, Basel, Switzerland). Total cholesterol, high density lipoprotein (HDL) 

cholesterol and triglycerides were analysed on a Roche Cobas 702 analyser (Roche 

Diagnostics). Low density lipoprotein (LDL) cholesterol was estimated using the Friedewald 

equation (Friedewald et al., 1972b). Concentrations of C3 were analysed according to the 

immunoturbidimetric assay for serum C3 (Rx Daytona; Randox Laboratories, Antrim, UK). 

Concentrations of CRP were analysed using a biochip array (Evidence Investigator™ 

Metabolic Syndrome Array II, Randox Laboratories, Antrim, UK). 



 

53 

 

2.2.8.4 Physical activity  

Maternal physical activity in early and late pregnancy were self-reported using a health and 

lifestyle questionnaire based on the  SLÁN Survey of Lifestyles, Attitudes and Nutrition 

(SLAN) 2007 questionnaire. This includes questions on physical activity in line with the 

International Physical Activity Questionnaire (IPAQ) questionnaire (Appendix 8). This has 

been validated in an Irish adult and pregnant population (Walsh et al., 2012). Reported data 

were used to calculate early and late pregnancy metabolic equivalent of tasks.  

2.2.8.5 Dietary intakes 

Maternal dietary intakes were assessed in early pregnancy (10-18 weeks) and late 

pregnancy (28-35 weeks) through 3-day food diaries (Appendix 9), including one weekend 

day. This is a gold-standard method of dietary data collection (Shim et al., 2014). Women 

were asked to record all food and beverages consumed in their 3-day food diaries including 

the types and amount of food consumed. Volumes could be given in household measures 

(e.g., teaspoons, tablespoons) or actual weights. If the portion size was not recorded, it was 

estimated using the average portion sizes book by the food standards agency (Food 

Standards Agency, 2002a). Data were entered into Nutritics Professional Nutrition Analysis 

Software, version 4.267, Research Edition (Nutritics, Dublin, Ireland, www.nutritics.com 

(accessed 13/08/21)) by trained research nutritionists. Participants’ mean daily nutrient 

intakes, including macronutrients as percentages of total energy, were calculated at each 

time point using validated food composition databases (Public Health England, 2015, Food 

Standards Agency, 2002b). 

2.2.8.6 Maternal well-being 

Maternal well-being was assessed in early (14-16 weeks) and late (28 weeks) pregnancy 

using the WHO 5 well-being index (Topp et al., 2015). The World Health Organisation 5-

Item Well-being index (WHO-5 index) is a validated tool in pregnant and non-pregnant 

populations that has been translated into many languages (Topp et al., 2015). Participants 

were asked to answer five distinct questions on their well-being in the previous two weeks. 

The questions ask how frequently the participant (1) ‘felt cheerful and in good spirits’, (2) 

‘felt calm and relaxed’, (3) ‘felt active and vigorous’, (4) ‘woke up feeling fresh and rested’ 

and (5) ‘felt their daily life has been filled with things that interest’ them. There were six 

possible answers on the Likert scale, gaining from 0-5 points per question (Table 2.6). The 

highest scoring response is “all of the time” which gains five points, followed in descending 

order by “most of the time”, “more than half the time”, “less than half the time”, “some of the 

time” and “at no time”. The scores for each question were added together, resulting in a 

total score that could range from 0 (lowest possible well-being) to 25 (highest possible well-

http://www.nutritics.com/
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being). A score below 28 suggests reduced well-being while a score  <13 suggests the level 

of well-being seen in those diagnosed with depression (Bech et al., 2003, Omani-Samani 

et al., 2019, Löwe et al., 2004).  

Table 2.6 WHO-5 Well-being Index  

Criteria  Scoring  

In the last two weeks: All 

the 

time 

Most 

of the 

time 

> half 

of the 

time 

< half 

of the 

time 

Some 

of the 

time 

At 

no 

time 

1. I felt cheerful and in good spirits  5 4 3 2 1 0 

2. I felt calm and relaxed 5 4 3 2 1 0 

3. I felt active and vigorous 5 4 3 2 1 0 

4. I woke up feeling fresh and 

rested 

5 4 3 2 1 0 

5. My daily life has been filled with 

things that interest me 

5 4 3 2 1 0 

Identify the score from 0-5 for each of the 5 assessment criteria. Add individual scores 

together to get a total well-being score from 0-25. This can be multiplied by 4 to get a 

percentage score (Topp et al., 2015). 

 

2.2.8.7 Anthropometry  

All women had their height and weight measured by a relevant HCP at their first antenatal 

visit, which took place in early pregnancy at approximately 10–16 weeks’ gestation. Weight 

was measured to the nearest 0.1 kg in light clothing using a SECA weighing scale (SECA 

GmbH & co. kg. Hamburg, Germany). Height was measured to the nearest 0.1 cm using a 

wall-mounted stadiometer after removal of footwear. This was used to calculate BMI, an 

inclusion criterion for the study. Weight was collected from medical notes at 36 weeks and 

used to calculate GWG by subtracting the early pregnancy weight. This was compared to 

the institute of medicine (IOM) gestational weight gain (GWG) guidelines (IOM, 2009).  

2.2.8.8 Maternal complications  

Maternal complications include incidence of GDM pre-eclampsia, pregnancy-induced 

hypertension, and caesarean delivery. Diagnosis of GDM was identified at 28–30 weeks’ 

gestation using the criteria of the international association of Diabetes in Pregnancy Study 

(Kennelly et al., 2016b). Pregnancy-induced hypertension or pe-eclampsia was identified 

from medical records.  
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2.2.8.9 Infant complications  

Data on neonatal outcomes were retrieved from medical records. Neonatal and birth 

outcomes include pre-term delivery using <37 and <34 weeks, small for gestational age 

(SGA) (birthweight <10th centile), large for gestational age (LGA) (birthweight >90th 

centile), macrosomia (birthweight >4000 g), low birth weight (<2500 g) and ponderal index. 

The Gestation Network’s Bulk Calculator 6.2.3 UK was used to calculate birth weight 

centiles (Kennelly et al., 2018b). The ponderal/Rohrer index is a measure of leanness of a 

person as a relationship between mass and height. It is calculated by dividing weight in 

grams by height in cm3 (Peterson et al., 2017). 

2.2.9 Exposures  

2.2.9.1 Edmonton Obesity Staging System  

Cardiometabolic markers were used to classify women into no risk (stage 0), some risk 

(stage 1) and higher risk (stage 2) (Table 2.7). Different cut-offs have been used for the 

individual cardiometabolic markers in the EOSS, as detailed in the recent review by Atlantis 

et al. 2020 (Atlantis et al., 2020b). In the only study to apply the EOSS in pregnancy, women 

were classified as having an EOSS score of 1 in the presence of subclinical cardiometabolic 

risk factors associated with obesity, namely borderline hypertension not requiring medical 

therapy, impaired glucose tolerance or abnormal GDM screen, however no specific cut-offs 

were provided (Demsky et al., 2020). As pregnancy or female-specific cut-offs are yet to be 

established in the context of the EOSS, we selected the biochemical cut-offs used by 

Canning et al. 2015 (Canning et al., 2015, Atlantis et al., 2020b) (Table 2.7). An EOSS 

score of 0 was assigned if all the cardiometabolic markers were within the cut-offs. We did 

not apply high risk or end stage criteria (EOSS stages 3 and 4) to this cohort as the 

presence of known conditions such as angina pectoris, myocardial infarction, heart failure 

or T2DM were exclusion criteria for trial (Canning et al., 2015, Guo et al., 2014). Women 

with a well-being score <13 were given an EOSS score of 1 and those with <7 were given 

a score of 2 (Table 2.6). In late pregnancy, the same criteria were used except an oral 

glucose tolerance test was measured at this time so a diagnosis of GDM was included in 

the scoring in place of fasting glucose (Kennelly et al., 2018b). A diagnosis of pregnancy-

induced hypertension or pre-eclampsia also resulted in a late pregnancy stage 2 EOSS 

score, as described by Demsky et al. (Demsky et al., 2020). We did not have data available 

on obesity-associated functional complications or other conditions such as kidney disease, 

so these were not included in the scoring. 
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2.2.9.2 Dietary Inflammatory Index  

The E-DII was calculated by researchers at the University of South Carolina for early and 

late pregnancy using data on 27 macro and micronutrients for each participant, adjusted 

for energy intake (Table 2.8). These are carbohydrate, protein, fat, alcohol, fibre, 

cholesterol, saturated fatty acids, mono-unsaturated fatty acids, poly-unsaturated fatty 

acids, omega-3 fatty acids, omega–6 fatty acids, trans-fat, niacin, thiamine, riboflavin, 

vitamin B-12, vitamin B-6, iron, magnesium, zinc, selenium, vitamin A, vitamin C, vitamin 

D, vitamin E, folic acid, and β-carotene (Shivappa et al., 2014). In brief, a z score is 

developed for each energy-adjusted nutrient intake (per 1,000kcal) compared to an energy-

adjusted global reference dataset  (Hébert et al., 2019). These z scores are converted to 

proportions, which are centred on zero by doubling and subtracting one. Each value is then 

multiplied by the inflammatory effect score. This is the unique cumulative score provided to 

that nutrient based on the inflammatory potential identified in the literature. The results for 

each nutrient are combined to get an overall score reflecting the inflammatory potential of 

the diet (Shivappa et al., 2014). Lower E-DII values indicate a more anti-inflammatory diet 

while higher values indicate a more pro-inflammatory diet. The inflammatory potential of the 

diet therefore decreases with decreasing E-DII scores (Shivappa et al., 2019). Early 

pregnancy E-DII scores were generated for 434 women. Of those, 290 women had late 

pregnancy E-DII scores calculated. 

 

 

 

 

Table 2.7: Individual criteria used for application of the Edmonton Obesity Staging System 
(EOSS)  

 Stage 0 Stage 1 Stage 2* 
Glucose (mmol/L) <5.6 5.6-6.9 >6.9 
Triglyceride (mmol/L) <1.7 1.7-2.26 >2.3 
Total Cholesterol (mmol/L) <5.2 5.2-6.1 >6.1 
LDL Cholesterol (mmol/L) <3.3 ≥3.3 >4.2 
HDL Cholesterol (mmol/L) ≥1.6 <1.6 <1.0 
Systolic blood pressure (mmHg) <130 130-140 >140 
Diastolic blood pressure (mmHg) <85 85-90 >90 
WHO 5 Well-being score ≥13  <13  <7  

EOSS Stage 1 or 2 is given if the individual has any one or more criteria in line with the 
corresponding cut offs. Early pregnancy EOSS scores used all variables in the table while late 
pregnancy EOSS included triglyceride concentrations, total cholesterol, LDL cholesterol, HDL 
cholesterol, systolic blood pressure, diastolic blood pressure and WHO 5 Well-being score only. 
* A diagnosis of PIH, PET or GDM also resulted in a stage 2 EOSS score in late pregnancy.  
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Table 2.8 Inflammatory effect of nutrients in the energy-adjusted dietary inflammatory 
index  

Pro-inflammatory Anti-inflammatory  

Vitamin B12, Carbohydrate, Cholesterol, 
Total Fat, Iron, Protein, Trans-fatty acids. 

Alcohol, Vitamin B6, B-Carotene, Caffeine, 
Fibre, Folic acid, Magnesium, 
Monounsaturated fatty acids, Niacin, Omega 
3 fatty acids, Omega 6 fatty acids, 
Polyunsaturated fatty acids, Riboflavin, 
Selenium, Thiamine, Vitamin A, Vitamin C, 
Vitamin D, Vitamin E, and Zinc. 

This table is adapted from Shivappa N et al, 2014 (Shivappa et al., 2014) 

2.2.10 Outcomes   

In chapter 5, the primary outcome in this study was EOSS scores in early and late 

pregnancy. Secondary outcomes included gestational weight gain, mode of delivery,  

birthweight, birth length, head circumference and categorical outcomes including pre-term 

delivery (<37 weeks gestation), small for gestational age (SGA) (birthweight <10th centile), 

large for gestational age (LGA) (birthweight >90th centile), macrosomia (birthweight 

>4000g) and low birth weight (<2500g). In chapter 6, the primary outcome was the change 

in E-DII from early to late pregnancy by study group. Secondary outcomes included the 

relationship between E-DII and pregnancy outcomes.   

2.2.11 Data management  

Upon enrolment in each study, each participant was assigned a participant ID to ensure 

confidentiality. This unique identifier was used for all data entry. All data were entered into 

excel spreadsheets that were encrypted with password protection and saved on a password 

protected computer. Only the research team had access passwords. Hardcopies of data 

files were stored in locked cabinets in the research office. The research offices are also 

kept locked when vacant. Entered data were checked for accuracy through double entering 

and review by separate members of the research team. Prior to analysis, all files were 

cleaned and reviewed for errors including abnormal values or issues with coding. The data 

were managed by a professional database manager within UCD.  

2.2.12 Statistical analysis  

2.2.12.1 Chapter 5  

Categorical variables were presented as number and frequency (%). Continuous variables 

were assessed for normality and all non-normally distributed data were log10 transformed 

prior to regression analysis. Normally distributed continuous variables were presented as 

mean (standard deviation) or median and interquartile range (25th, 75th centile) for skewed 

data. Comparison statistics were generated through independent sample t-tests. Chi-

square (χ2) tests were used to compare categorical variables. Pearson’s correlations and 
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multiple logistic regression was used to assess relationships between EOSS and outcomes. 

The first regression model was single variable, the second model included maternal age, 

maternal baseline BMI (≥30kg/m2 yes/no), and study group (intervention yes/no) as 

confounders and the third additionally included parity (one or more previous pregnancies 

yes/no), ethnicity (White yes/no), smoking in early pregnancy (current smoker yes/no) and 

maternal socioeconomic status (composite score based on education and economic 

advantage). Statistical analysis was performed using IBM Statistical Package for Social 

Sciences software for Windows, version 26.0 (SPSS Inc, Chicago IL). We applied the 

Benjamini-Hochberg correction for multiple testing with a false discovery rate of 0.20.  

2.2.12.2 Chapter 6  

Categorical variables were presented as number and frequency (%). Continuous variables 

were assessed for normality through visual inspection of histograms, the Kolmogorov-

Smirnov test for normality, and inspection of descriptive data including the mean and 

median. Continuous variables are presented as mean (standard deviation) or median and 

interquartile range (25th, 75th centile). All non-normally distributed data were log10 

transformed prior to analysis. In the correlation analysis, Pearson’s correlations were used 

for normally distributed data, and Spearman’s correlations were used for non-normally 

distributed data. For comparison, Pearson’s’ correlations were also run for log-transformed 

variables. Comparison statistics were generated through independent sample or paired-

sample t-tests (with data split by study group). Chi-square (χ2) tests were used to compare 

categorical variables. Any analysis that was suggestive of an association (p<0.05) was 

investigated in multiple regression models. The relationship between early pregnancy E-DII 

and maternal and fetal outcomes was assessed using multiple linear and logistic regression 

with a forced entry approach for known potential confounders. The confounders were 

chosen a priori and included maternal age, maternal baseline BMI (≥30 kg/m2 yes/no), 

ethnicity (White yes/no), smoking (current smoker yes/no), maternal education (completed 

some third level), and study group (intervention/control). Variables were included to 

investigate the interaction effect of BMI and infant sex on the relationships between centred 

E-DII and outcomes. In the case of a significant sex interaction effect, the analysis was run 

for males and females separately. In the case of a significant interaction effect of BMI, the 

analyses were run for women with overweight or obesity separately. We applied the 

Benjamini-Hochberg correction for multiple testing with a false discovery rate of 0.20, which 

is appropriate to support hypothesis generation. At first, p values < 0.05 were considered 

statistically significant. Values were then compared to their corresponding q value to 

determine significance. Statistical analysis was performed using IBM Statistical Package 



 

59 

 

for Social Sciences software for Windows, version 26.0 (SPSS Inc, Chicago, IL, USA). All 

analyses were performed with pairwise deletion of missing variables. 

2.3 The International Federation of Gynaecology and Obstetrics (FIGO) Nutrition 

Checklist Study 

2.3.1 Introduction  

This was a prospective mixed-methods acceptability and feasibility study of the FIGO 

Nutrition Checklist in routine antenatal care. The FIGO Nutrition Checklist is a short, paper 

based, clinical practice tool designed to facilitate nutrition assessment and guide nutrition 

counselling in routine antenatal care. Determining the acceptability and feasibility of an 

intervention is essential before it can be rolled out on a larger scale (Sekhon et al., 2017, 

Eldridge et al., 2016). The perspectives of pregnant women (receivers of care) on the 

clinical practice tool will be assessed through qualitative and quantitative methods. 

Acceptability and feasibility of the tool from the perspective of Obstetricians will be assessed 

via a purposively designed questionnaire.  

2.3.2 Ethical approval and consent  

Full ethical approval was obtained from the hospital ethics committee (EC202019) in May 

2019 (Appendix 10). All participants provided informed, written consent before participation 

(Appendix 11).  

2.3.3 Study design  

This was a prospective acceptability and feasibility study, with quantitative and qualitative 

components and a descriptive design. After informed consent, women were asked to 

complete a FIGO Nutrition Checklist while waiting for their appointment. Women were 

encouraged to discuss the FIGO Nutrition Checklist with their HCP during their routine 

appointment. After this appointment, women completed an acceptability questionnaire and 

returned their completed FIGO Nutrition Checklist. Approximately eight weeks after 

completing the FIGO Nutrition Checklist, pregnant women who reported that they discussed 

the tool during their clinical visit were invited to complete a semi-structured interview. 

2.3.4 Patient selection  

The study employs a convenience sample of women attending non-specialist antenatal 

clinics at the outpatient department of the National Maternity Hospital for their routine 

antenatal care at specific non-specialist clinics. All women who were in the waiting room at 

the time of the researchers were eligible to take part and approached. Approximately eight 

weeks after completing the FIGO Nutrition Checklist, pregnant women who reported that 
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they discussed the tool during their clinic visit were invited to complete a semi-structured 

interview 

2.3.4.1 Recruitment  

Women were approached in the waiting room of the outpatient department and given 

information on the study, including a participant information sheet and a written consent 

form (Appendix 11).  

2.3.4.2 Inclusion criteria  

Women of any gestation or age attending routine antenatal clinics were eligible to take part. 

All women interested in the qualitative interviews provided their telephone details on the 

consent form. Out of this group, women were eligible to take part in the interviews if they 

were English-speaking and reported that they discussed the FIGO Nutrition Checklist 

during their routine appointment. The clinics were chosen based on agreement with the 

individual consultants, staff availability, and the number of women booked into the clinic. 

2.3.4.3 Exclusion criteria  

Women attending specialist outpatient clinics such as the GDM or maternal-fetal medicine 

clinics were not approached. Women were not included if they did not speak English or 

were called in for their appointment prior to the researcher attending the outpatient 

department.   

2.3.5 The FIGO Nutrition Checklist 

The FIGO Nutrition Checklist (Appendix 12) was created in 2015 by members of the FIGO 

initiative on Adolescent, Preconception and Maternal Nutrition. It was designed to be a brief 

nutritional assessment tool suitable for use in the clinical setting. The content of the FIGO 

Nutrition Checklist is evidenced based, informed by the FIGO “Think Nutrition First” 

guidelines and the IOM guidelines for gestational weight gain (IOM, 2009). Specifically, the 

FIGO Nutrition Checklist captures information on special diets (e.g., vegetarian or vegan), 

maternal BMI, diet quality and micronutrients (Killeen et al., 2020a). The aspects of diet 

quality assessed include intake or meat or chicken, fish, dairy, wholegrain carbohydrates, 

fruit and vegetables and packaged snacks, confectionary, or sugar-sweetened beverages 

(Killeen et al., 2020a). These food groups cover a variety of nutrients include protein, 

vitamin B12, iron, calcium, iodine, and fibre (Hanson et al., 2015). The back of the checklist 

provides evidence-based information for the healthcare provider (FIGO, 2021b). It has been 

validated in pregnancy (Tsoi et al., 2020).   

2.3.6 Strategies to support implementation  
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Midwives and obstetricians working in the study clinics were approached prior to the study 

for the purpose of familiarisation with the FIGO Nutrition Checklist. This included education 

on the questions in the FIGO Nutrition Checklist, review of the evidence and rationale for 

the study. This is in line with best practice for implementation research (Pearson et al., 

2020). 

2.3.7 Data collection  

2.3.7.1 Participant characteristics  

Participant characteristics collected included age and gestation, these were included in the 

acceptability and feasibility questionnaire (Appendix 13). 

2.3.7.2 Dietary intakes  

Women completed the FIGO Nutrition Checklist autonomously, before their clinical visit. 

Dietary data were collected from completed FIGO Nutrition Checklist. Main variables of 

interest included self-reported “special diets” (question 1 in the checklist) and diet quality, 

as determined by six “Yes” or “No” questions on typical food groups (questions 3i to 3vi in 

the FIGO Nutrition Checklist). The dietary practices reported in question 1 were free text.  

2.3.7.3 Acceptability 

Acceptability of the FIGO Nutrition Checklist was assessed using two distinct, specifically 

designed, self-administered questionnaires for pregnant women and HCPs respectively. 

The aspects of acceptability assessed in this study were informed by the theoretical 

framework of Sekhon et al 2017 (Sekhon et al., 2017). These included affective attitude, 

burden, self-effiacy, perceived effectiveness and intervention coherence.  Expert validation 

of the questionnaires was conducted with a multi-disciplinary group including dietitians, 

midwives, obstetricians and public health practitioners. For pregnant women, the 

acceptability of completing the FIGO Nutrition Checklist autonomously was assessed using 

six questions, graded with a Likert scale. Women were also asked whether they discussed 

the FIGO Nutrition Checklist with their doctor and to provide feedback on this if applicable, 

again with specifically designed questions using a Likert scale. The questionnaire for HCPs 

also assessed acceptability using a Likert scale, however these questions were focused on 

how the FIGO Nutrition Checklist affected their practice. Additional data collected included 

medical title, number of years’ clinical experience and whether they used the nutrition FIGO 

Nutrition Checklist during the clinic. Acceptability was further explored during the qualitative 

interviews (Table 2.9). 

2.3.7.4 Feasibility 
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A feasibility study is defined as a study that asks “whether something can be done, should 

we proceed with it, and if so, how?”, that is largely qualitative (Eldridge et al., 2016). The 

factors associated with feasibility such as perceived time burden of the tool and ease of 

competition and use in clinic were assessed using the quantitative questionnaires 

(Appendix 13). These were explored further in the qualitative interviews (Table 2.9). 

2.3.8 Qualitative interviews   

A pragmatic epistemological approach was taken, and a descriptive phenomenological 

methodology was employed (Neubauer et al., 2019, Cornish and Gillespie, 2009).This is 

appropriate to understand the lived experiences of women during pregnancy and consider 

how this applies to the use of the FIGO Nutrition Checklist in the “real-world” clinical setting. 

The phenomenon under investigation was the experiences of women receiving antenatal 

nutritional care and the real or hypothesised impact of the FIGO Nutrition Checklist. Data 

were analysed through content analysis to allow for the exploration of data in relation to 

predefined themes (Hsieh and Shannon, 2005). This method was chosen to understand 

what it is like to receive maternity care in Ireland, as it is experienced by the women, without 

consideration of varying social, political, or other contexts. Both researchers analysing the 

data were involved in quantitative survey of the FIGO Nutrition Checklist, from which these 

women were sampled. Both researchers have professional backgrounds of relevance 

(registered dietitian and registered midwife) but neither had a clinical relationship with the 

women they interviewed. Details of the study are reported in accordance with the COREQ 

checklist for qualitative interview reporting.18  A semi-structured topic guide with broad and 

open-ended questions (Table 2.9) was created and piloted with members of the wider 

research team who have extensive experience conducting quantitative and qualitative 

research with the target group. Before the interview, participants were informed of the 

interviewer’s background and the reasons for the research. Interview questions were asked 

with an open-ended design; however, subsequent prompts and more direct questioning 

were employed if there was a misunderstanding of questions or further clarification was 

needed on a particular topic. Interviews were conducted approximately eight weeks after 

participation in the pilot study in the antenatal clinic. The qualitative interviews were audio 

recorded and field notes were created during and after the interviews to supplement the 

analysis. The duration of the interviews ranged from 11–30 minutes. The research team 

created a transcription notation system, and the audio recordings were transcribed verbatim 

into anonymised written orthographic transcripts. 
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Table 2.9: Topic guide for The FIGO Nutrition Checklist qualitative interview  

Theme 1: Nutrition, Weight, and Health Could you give me an idea of what you think 
about food and how it effects your health? 
Now you’re pregnant, are your thoughts 
different?  

Theme 2: Nutrition Messages What type of messages or information have 
you gotten about these areas during your 
pregnancy? Where and how do you get 
these? What motivates you to seek this 
information? 

Theme 3: Perception of the FIGO 
Nutrition Checklist in practice 

What do you think about the checklist? 

How did you find talking about the checklist? 

What is your opinion on using the checklist 
for all pregnant women? 

 

2.3.9 Outcomes 

The primary outcome was the acceptability and feasibility of the tool from the perspective 

of pregnant women. Secondary outcomes include the baseline practices and opinions 

around nutrition (e.g., whether they discuss nutrition as standard and confidence discussing 

nutrition). Additional outcomes included the acceptability of the FIGO Nutrition Checklist to 

obstetricians and the nutritional intakes of women completing the FIGO Nutrition Checklist, 

including BMI and diet quality.  

2.3.10 Sample size 

The analysis did not include statistical testing of hypotheses and so, a power calculation 

was not performed. A convenient sample of women in the waiting room of the antenatal 

clinics was obtained. The women in our study however are similar in age and BMI to 

participants who took part in previous larger randomised controlled trials completed by our 

research group(Walsh et al., 2012). Women are included from all trimesters of pregnancy 

(11-40 weeks gestation) and is therefore likely representative of the women usually 

attending these antenatal services. 

2.3.11 Data analysis    

2.3.11.1 Quantitative analysis 

Descriptive statistical analysis (mean, median and frequencies) was carried out using SPSS 

Statistics 24 (IBM, SPSS Statistics for Windows, Version 20.0, 2011). All variables were 

assessed for distribution of normality through a visual analysis of histograms and normality 

tests. Independent T-tests were used to compare means of variables that are normally 
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distributed while Mann Whitney-U tests were performed to assess differences in non-

parametric data. The main outcome measures are all categorical variables and are reported 

as numbers and frequencies.   

2.3.11.2 Qualitative analysis  

Qualitative interviews were analysed using content analysis by two researchers (Hsieh and 

Shannon, 2005). All transcripts were manually coded line-by-line independently by each 

researcher. Themes were predefined based on the questions in the topic guide and, after 

initial coding, subthemes emerged within these concepts through data analysis. Themes 

were later compared, and agreement was reached through discussion. Transcripts or 

findings were not returned to participants although clarification of concepts and ideas was 

obtained during the interview through direct questioning, paraphrasing, and reflection. 

2.4 The PREgnancy Nutrition Core Outcome Set (PRENCOS) Study  

2.4.1 Introduction 

The aim of this study was to develop a core outcome set (COS) for pregnancy nutrition 

research (PRENCOS), co-developed by HCPs, researchers, and women with experience 

of pregnancy. This was a general COS that will be relevant across a wide range of dietary 

studies in pregnancy. It was predominantly designed for clinical research, however; the 

findings will inform outcome measurement in antenatal clinical practice. The aim was to 

support agreement and standardisation of outcome reporting in pregnancy nutrition 

research. The results can be used to ensure consistent outcome measurement and 

reporting in future dietary interventions in pregnancy. The health condition addressed by 

this COS is pregnancy and the intervention or exposure is maternal dietary intakes during 

pregnancy. This included interventions aiming to influence dietary intake of foods or 

macronutrients such as the provision of food-based or macronutrient supplementation 

directly. It also included dietary advice/behavioural change techniques designed to 

influence food choice. This is the first diet-specific COS in women’s health.  

2.4.2 Project overview, registration, and ethical approval 

A project steering committee was set up to undertake and oversee the group. This core 

outcome set study was prospectively registered with the Core Outcome Measures in 

Effectiveness Trials (COMET) initiative registry, available at: https://www.comet-

initiative.org/Studies/Details/1273 (accessed 05/11/2021). The systematic review was 

prospectively registered with the International prospective register of systematic reviews 

(PROSPERO) in April 2020 (CRD42020135052). All processes are in line with the Core 

Outcome Set-STAndards for Development (COS-STAD) recommendations (Kirkham et al., 

2017). This is a mixed-methods study, employing qualitative and quantitative approaches 

https://www.comet-initiative.org/Studies/Details/1273
https://www.comet-initiative.org/Studies/Details/1273


 

65 

 

(Fig. 2.6) (Killeen et al., 2019b). The study consisted of a systematic review of observational 

and interventional studies on diet in pregnancy, a qualitative study with women with 

experience of pregnancy, a modified-Delphi survey, and a consensus meeting. The studies 

included in the systematic review were conducted in both low-middle- and high-income 

countries, while participants in the qualitative interviews and survey were explicitly selected 

from a variety of countries across all continents to ensure widespread global representation. 

The study had institutional ethical approval from the National Maternity Hospital, Dublin 

(EC24. 2019) (Appendix 14). Informed consent was obtained from all participants 

(Appendix 15). Women with experience of pregnancy were given a specific information 

sheet in plain language before the qualitative interviews (Appendix 15) and the Delphi 

survey (Appendix 16). Healthcare professionals and researchers were provided with an 

information sheet before the Delphi survey (Appendix 17).  

Fig 2.6 PRENCOS study design 

  

2.4.3 Public and patient involvement (PPI) 

This study also involved PPI. Prior to the interviews, study materials were presented to an 

advisory group of women with experience of pregnancy and feedback was obtained on 

aspects such as clarity and relevance to the intended population. Advisory group members 

did not take part in the study. Details on this advisory group have been published (Walsh 

et al., 2020).  

2.4.4 Participants 

Three main stakeholders were included in the COS development process, which  were 

healthcare professionals (HCPs), researchers and women with personal experience of 

pregnancy who were not HCPs or researchers. The latter group included women who were 

currently, or had previously been, pregnant. Participants were explicitly selected from a 

variety of countries to ensure global representation. 

2.4.4.1 Recruitment  
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As a result of restrictions on in-person activities due to the COVID-19 pandemic, participant 

recruitment took place almost exclusively online via social media (e.g., Twitter). This was 

supplemented through snowballing referrals from personal contacts, professional networks, 

and participants. 

2.4.4.2 Inclusion criteria  

Women with experience of pregnancy were eligible for inclusion if they were currently or 

had previously been pregnant, HCPs were eligible if they had experience providing care for 

women during pregnancy. Researchers were eligible if they had experience conducting 

nutritional research (observational or intervention) with pregnant women.  

2.4.4.3 Exclusion criteria  

Women with experience of pregnancy who were also a HCP or nutrition researcher were 

excluded from the qualitative interviews, but eligible to take part as their professional 

stakeholder group in the Delphi survey. If HCPs did not have experience working with 

women during pregnancy or researchers who did not have experience with pregnancy 

nutrition research, they were excluded. 

2.4.5 Outcome identification  

2.4.5.1 Systematic review  

The systematic review took place on 27th February 2020. Results are reported according to 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 

guidelines (Page et al., 2021). The protocol was published apriori (Killeen et al., 2019b) 

(Appendix 1). To date some work has been done to identify the outcomes reported in dietary 

studies in pregnancy in the context of weight management but no systematic review on 

outcome reporting in general pregnancy nutrition studies exists (Rogozińska et al., 2017). 

Studies were eligible for inclusion if they addressed a dietary intake during pregnancy 

(Table 2.10). This included interventions aiming to influence dietary intake of foods or 

macronutrients (e.g., dietary advice, food-based supplements, or behavioural change 

techniques), or observations between dietary indices (e.g., food intakes, diet quality, 

macronutrient intake) and outcomes (Killeen et al., 2019b). The details of the search varied 

with each database but included variations of the terms “pregnancy” and “dietary intakes” 

(Table 2.11).  
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Table 2.10 PRENCOS systematic review inclusion criteria  

P Pregnant women, any gestation, any age, any disease condition  
I Any change dietary intake e.g., behaviour change counselling, direct change in food 

provision, face to face or electronic dietary advice/counselling etc. Multicomponent 
interventions where diet is combined with another lifestyle or physical activity 
intervention will also be included.  
This is limited to foods, indices related to foods or macronutrients – not 
micronutrients  

C None  
O Any  

PRENCOS = pregnancy nutrition core outcome set, P = population, I = Intervention, C = 
Control, O = Outcome 

 

Table 2.11 PRENCOS Search terms  

Concept PubMed Embase CINAHL clinicaltrials.
gov 

Cochran
e Library 

Diet  diet therapy[MeSH 
Terms] OR 
diet[Title/Abstract])  
OR 
dietary[Title/Abstract]
) OR 
diet[MeSH Terms] 

'diet 
therapy'/exp  
OR 'diet'/exp  
OR diet:ab,ti  
OR dietary:ab,ti  
 

MH Diet+ 
OR 
MH Diet 
Therapy
+ OR  
AB Diet 
OR 
AB 
Dietary  

"diet 
therapy" OR 
"diet" OR 
"dietary" 

diet OR 
"diet 
therapy" 
Or 
dietary 
in Title 
Abstract 
Keyword  

Pregna
ncy  

pregnancy[MeSH 
Terms]) OR 
pregnan*[Title/Abstra
ct]) OR 
antenatal[Title/Abstr
act]) OR 
prenatal[Title/Abstra
ct]) OR 
antepartum[Title/Abs
tract])  

'pregnancy'/exp 
OR pregnan*:a
b,ti 
OR antenatal:a
b,ti 
OR prenatal:ab
,ti 
OR antepartum
:ab,ti 

MH 
Pregnan
cy+ OR  
AB 
Pregnan* 
OR AB 
Antepart
um 
OR AB 
Antenata
l OR AB 
Prenatal 

pregnant 
OR 
pregnancy 
OR 
antenatal 
OR prenatal 
OR 
antepartum 
OR 
antenatal 

pregnan
* OR 
antenata
l OR 
prenatal 
OR 
antepart
um in 
Title 
Abstract 
Keyword 

Variations to the terms were made as needed for each database.  

 

No limits were added to the search, including no limits on the date of publication. Articles 

were excluded if the intervention or exposure was outside of the scope of the research 

question (e.g., micronutrient intakes or descriptive), had an ineligible study design (case 

reports, case series, case-control studies, commentaries, letters to the editor, narrative 

reviews or expert opinions), the unique relationships of the dietary variables were not 

possible to identify during pregnancy, or the article was not written in English (Killeen et al., 

2019b). Search terms were reviewed by a librarian at UCD and approved by the 
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researchers. Included databases comprised of  PubMed, Embase, Cumulative Index to 

Nursing and Allied Health Literature (CINAHL) and the Cochrane library were all searched 

simultaneously. Clinicaltrials.org was also reviewed to ensure inclusion of all relevant 

pregnancy dietary intervention studies. Given the volume of studies expected in the search 

and the planned qualitative interviews, grey literature was not reviewed. After the removal 

of duplicates, screening of titles, followed by abstracts, was completed independently by 

two reviewers. Any disagreement was discussed between the reviewers and if not clarified, 

escalated to a third researcher. Only the full text of articles published in English were 

obtained. Data extraction was divided between the two reviewers, with each reviewing and 

manually extracting data independently from assigned studies (Killeen et al., 2019b). The 

data were extracted manually from studies into a purposively designed data extraction tool. 

Information collected included title, author, year of publication, study design (intervention, 

observational or systematic review and subtypes of these), study cohort name, sample size, 

population characteristics, type of nutrition intervention or exposure, details of nutrition 

intervention or exposure, duration and timing of intervention or exposure, outcome, and 

timing of outcome measurement. The reviewers cross-checked 10% of studies for 

accuracy.  

2.4.5.2 Qualitative interviews 

Details of the qualitative interviews were reported according to the COREQ checklist for 

qualitative interview reporting (Tong et al., 2007). A pragmatic epistemological approach 

was employed to study the phenomenon of the lived experiences of women during 

pregnancy (Cornish and Gillespie, 2009). A semi-structured topic guide was developed by 

the PRENCOS project steering committee, who are experienced qualitative researchers,  

and it was piloted with members of the research team (Table 2.12).  

Table 2.12: Semi-structured topic guide for PRENCOS qualitative interviews  

Main questions  Prompts / related questions  

What is  your experience of pregnancy? How many pregnancies and children did you 
have? 
What were those experiences like? 

How did diet affect your pregnancy?  What effect did your diet have during 
pregnancy? 
Were you trying to achieve anything when 
making dietary changes/deciding what to eat 
or drink? 

What outcomes do you think are related to 
diet in pregnancy?  

Which of these should we measure?  

These are the outcomes we have found so 
far (show list) 

What do you think of these? 
Is there anything missing? 

PRENCOS = Pregnancy nutrition core outcome set.  
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The one-to-one interviews were conducted by one researcher (female registered dietitian 

and  PhD student). They had no prior relationship with any participant. Participating women 

were provided with an information sheet and a short explanatory video summary prior to 

the interview. Informed written consent was received (Appendix 15). The interviews took 

place between December 2020 and January 2021 via Zoom (Zoom Video Communications 

Inc., California, United States of America) and lasted 30-60 minutes. No repeat interviews 

were carried out. Summarisation and checking were employed to ensure participant were 

understood appropriately. Understanding of the Delphi survey process and lay definitions 

for candidate outcomes were tested during the interviews (Killeen et al., 2019b). Feedback 

was incorporated into the remaining study activities. The interviews were digitally recorded 

and transcribed verbatim. Participant IDs were assigned and identifying information was 

removed from the transcripts. Field notes were taken by SLK and reviewed as part of the 

analysis. The demographic data collected were limited to the woman’s experience of 

pregnancy and location.  

2.4.6 Outcome refinement   

All eligible outcomes from the interviews were brought forward to the Delphi survey. This 

was supplemented with outcomes that were identified from the systematic review. Clinically 

similar outcomes were grouped together into overarching outcomes (Young et al., 2019, 

Remus et al., 2021). All outcomes were categorised using the COMET initiative taxonomy 

and outcomes were grouped under the appropriate outcome domains (Dodd et al., 2018). 

2.4.7 Delphi survey 

A modified two round Delphi survey was conducted using the web-based DelphiManagerTM 

system (Hasson et al., 2000). Participants were sent an information sheet and informative 

video prior to participation, informed by previous research (Biggane et al., 2019, Hall et al., 

2018). Biggane et al. found their participants, who all had previously taken part in a COS 

Delphi survey, reported issues around understanding the purpose of the COS and aspects 

of the survey, as well as lack of clarity around their role in a stakeholder group (Biggane et 

al., 2019). These factors were addressed in the information sheet and video. Participants 

in our Delphi survey were not provided with a glossary of outcome terminology prior to the 

Delphi as plain language definitions were provided for all outcomes as part of the Delphi 

set up. The ideal number of participants for a Delphi survey has yet to be determined and 

studies on COS development have large variation in sample size ranging from less than 

ten to several hundred participants (Gargon et al., 2019). Evidence suggests that higher 

numbers of participants result in lower engagement with the Delphi survey, so we set a 

pragmatic target of 60 participants to complete both rounds (Killeen et al., 2019b, Gargon 
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et al., 2019). When compared with the literature, this was considered by the PRENCOS 

steering committee as a sufficiently large number to ensure representation of all 

stakeholder groups but small enough to minimise the impact of increased sample sizes on 

Delphi engagement (Killeen et al., 2019b). The survey took place from May-August 2021. 

For round one, participants were given six weeks to rank each outcome using nine-point as 

recommended by the Grading of Recommendations Assessment, Development and 

Evaluation (GRADE) (Guyatt et al., 2011). Participants could select 1–3 or “not essential” 

for inclusion, 4–6 or “important but not critical”, 7–9 or “critically important for inclusion” or 

“unable to score” (Killeen et al., 2019b). Participants received two reminder emails, spaced 

two weeks apart to encourage completion. Participants were provided with their scores from 

round one and the median score per stakeholder group for each outcome. Participants were 

given six weeks to complete round 2, but due to lower response rates, a deviation from the 

protocol was employed including a final reminder and an additional two weeks to respond.  

2.4.7.1 Definition of consensus  

An outcome was included in the Delphi survey if ≥70% of participants selected “critical for 

inclusion” (score 7-9). In this case, the outcome was considered to have reached 

“consensus in”. Alternatively, “consensus out” was achieved if ≥70% of participants 

selected “not essential” (score 1-3), All other outcomes were reviewed at the consensus 

meeting.  

2.4.8 Consensus meeting  

The  consensus meeting was conducted on 15th September 2020 date via Zoom (Zoom 

Video Communications Inc., California, United States of America) and moderated by an 

independent chair. Nine expert HCPs or researchers attended, with experience in 

pregnancy nutrition from medicine, midwifery, dietetics, and nutrition backgrounds. The 

geographical spread covered Ireland, Australia, Switzerland, the United Kingdom, 

Malaysia, and Taiwan. All attendees had at least 1-3 years’ experience with pregnancy 

nutrition research and six attendees had over ten years’ experience. Each of the nine 

attendees completed both rounds of the Delphi survey. The PRENCOS steering committee 

also attended. Prior to the consensus meeting, the panel were sent their individual scoring 

for each round of the Delphi Survey. Following presentation of round two Delphi results 

during the meeting, the panel discussed the outcomes that did not reach “consensus in”. 

Participants were asked to vote anonymously on whether the outcome was “critical for 

inclusion” using Poll Everywhere (Shon and Smith, 2011). Attendees (n = 12) had a single 

vote, and votes were treated equally. A lower threshold for inclusion of  ≥50% among the 

panel was set where women with experience of pregnancy ranked an outcome as critical 
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for inclusion. The panel considered this important as women with experience of pregnancy 

were not included in the consensus meeting. This protocol deviation was endorsed at the 

meeting.  

2.4.9 Qualitative data analysis  

EndNote was utilised for the systematic review data management and data were exported 

to Microsoft Excel files for the purpose of systematic review and data extraction (Killeen et 

al., 2019b, The EndNote Team, 2013). Interview transcripts were analysed using inductive 

thematic analysis (Braun and Clarke, 2006). The coding was completed using NVivo12 

(QSR International Pty Ltd, 2020). Unique coding was applied to the data in response to all 

identified outcomes. 

2.4.10 Statistical analysis 

The results of the Delphi survey were managed through the DelphiManagerTM platform and 

analysed using IBM SPSS software for Windows, version 26.0 (SPSS Inc, Chicago IL). 
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CHAPTER 3 

Higher C3 Complement protein is associated with cardiometabolic phenotype and 

biochemical health in women with obesity 
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3.1 Abstract  

Background:  In pregnancy, a raised body mass index (BMI) is associated with increased 

risk of adverse maternal and child outcomes. This association is thought to be mediated 

through inflammation. Rather than use BMI, other clinical markers could identify risk. Pre-

pregnancy metabolic markers have been shown to predict pregnancy outcomes and 

evidence suggests a role for inflammatory markers including C-Reactive protein (CRP) and 

C3 Complement protein (C3). We sought to describe the cardiometabolic phenotypes of 

women with overweight or obesity using novel staging tools and investigate relationships 

with inflammation.  

Methods:  In a cross-sectional study of data from the screening visit of the GetGutsy 

randomized controlled trial (ISRCTN11295995) from September 2018 to January 2020, we 

collected fasting blood samples from sixty-four females with BMI ≥28 Kg/m2. Fasting C3, 

CRP, glucose, insulin, C-peptide, Haemoglobin A1c (HbA1c), and lipids were measured. 

Fasting glucose and lipids were used to classify women as metabolically healthy or 

unhealthy using the Cardiometabolic Disease Staging System (CMDS) and Edmonton 

Obesity Staging System (EOSS). Data were analysed using independent sample t-tests, 

chi-square statistics, Pearson’s correlations, and multiple logistic regression. 

Results:  Mean (standard deviation) age was 40.16 (9.31) years with median (interquartile 

range) BMI 31.82 (30.27-35.74) Kg/m2. The prevalence of metabolically unhealthy obesity 

according to the EOSS was 81.3% while 46.9% were classified as metabolically unhealthy 

using the CMDS. The most common metabolic risk factor was reduced high density 

lipoprotein (HDL) as 18 (26.9%) had HDL cholesterol levels <1.29 mmol/L and 44 (68.8%) 

had <1.6 mmol/L. This was followed by total cholesterol (16, 25.0%), low density lipoprotein 

(LDL) cholesterol (15, 23.4%), triglyceride concentrations ≥1.7mmol/L (13, 20.3%) and 8 

(12.5%) had a glucose concentration ≥5.6 mmol/L. Regarding inflammation, 67.2% (n = 43) 

had a CRP value above 1 mg/L and 40.6% (n = 28) had a CRP above 3 mg/L. C3 correlated 

with insulin (r = 0.52, p <0.001), HbA1c (r = 0.37, p = 0.025), triglyceride concentrations (r 

= 0.433, p <0.001) glucose (r = 0.339, p = 0.003) and C-peptide (r = 0.57, p <0.001). C3 

levels above the median (>1.23 g/L) increased odds of raised CMDS scores, when 

controlled for age, BMI, ethnicity, and smoking (Exp (B) = 6.56, 95%CI 1.63, 26.47, p = 

0.008).  

Conclusions: The CMDS may be of greater clinical value in stratifying obesity-associated 

risk compared to the EOSS. C3 was a significant driver of variance in cardiometabolic and 

glycaemic measures, suggesting it may be a useful clinical biomarker or a treatment target 

in this population.
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3.2 Introduction  

Pre-pregnancy metabolic markers have been shown to predict pregnancy outcomes such as 

gestational diabetes mellitus and preeclampsia (Harville et al., 2011, Baumfeld et al., 2015, 

Grieger et al., 2018). Clinical staging systems using metabolic complications therefore warrant 

investigation in women of reproductive age. Two such clinical staging systems include the 

Edmonton Obesity Staging System (EOSS) and the Cardiometabolic Disease Staging System 

(CMDS) (Guo et al., 2014). The EOSS considers the global impact of obesity on health 

including mental, metabolic and functional parameters (Sharma and Kushner, 2009). The 

CMDS, however, considers only metabolic health in determining risk scores (Guo et al., 2014). 

Application of obesity staging using tools such as the CMDS or EOSS may help in decision 

making around care plans for those with obesity across a range of settings (Atlantis et al., 

2020b). A score of 0 is given when the individual has no measurable derangement of obesity-

related risk factors while higher scores indicate progression of the disease (Ejima et al., 2020). 

Increased EOSS scores for example, have been associated with a higher risk of postoperative 

complications and mortality after bariatric surgery (Skulsky et al., 2020).  

Novel inflammatory risk factors such as C3 Complement protein (C3) or C-Reactive protein 

(CRP) have also been proposed to identify potential cardiometabolic risk (Polonsky and 

Greenland, 2012, Ursini and Abenavoli, 2018, Agostinis-Sobrinho et al., 2018). In an Irish 

study of men and women aged 45-74 years, lower C3 increased the odds of metabolically 

healthy obesity (Phillips and Perry, 2013). Karelis et al. found that postmenopausal women 

with metabolically healthy obesity had lower CRP than those with metabolically unhealthy 

obesity (Karelis et al., 2005). Recently, a relationship between maternal levels of C3 and CRP 

and pregnancy outcomes were identified in women with overweight or obesity (Kennelly et al., 

2021). 

The application of the CMDS and EOSS has never been compared in women with obesity 

who are of child-bearing age. It is also unclear if there is a relationship between inflammatory 

markers C3 and CRP with cardiometabolic phenotype in women with obesity. The aim of this 

study is to determine the metabolic obesity phenotypes of women of reproductive age using 

the CMDS and EOSS and explore associations with inflammation (C3 and CRP). 

3.3 Methods  

This is a cross sectional analysis of baseline information collected from women as part of the 

screening visit for the GetGutsy study (ISRCTN11295995). For a full description of the 

methods, refer to chapter 2. In brief, the screening visit involved data collection on height, 

weight, body mass index (BMI), and a fasting blood sample. The sample  (n=64) represents 
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those women for whom screening data were available on all markers needed for 

cardiometabolic phenotyping and who consented to the cross-sectional analysis. The primary 

outcome of this study was cardiometabolic phenotype using the EOSS and CMDS. 

Cardiometabolic markers were used to classify women into no risk, or metabolically healthy 

obesity (EOSS or CMDS stage 0) or some risk (EOSS or CMDS stage 1 or higher), also 

referred to as metabolically unhealthy obesity. To determine EOSS scores, fasting glucose, 

total cholesterol, high density lipoprotein (HDL) cholesterol, low density lipoprotein (LDL) 

cholesterol and triglyceride concentrations were reviewed (see Chapter 2 for more details). 

While the traditional EOSS considers metabolic, mental, and functional health, this study used 

only the metabolic component. The CMDS was applied in the same way, however it uses only 

HDL cholesterol, triglyceride concentrations and glucose. The CMDS also includes a female-

specific cut-off for HDL (<1.29 mmol/L). The secondary outcomes included the associations 

between anthropometric measures, cardiometabolic markers and inflammation, specifically  

C3 and CRP.  

3.3.1 Statistical analysis  

Categorical variables are presented as number and frequency (%). Continuous variables were 

assessed for normality and all non-normally distributed data were log10 transformed for 

regression analysis. Normally distributed continuous variables are presented as mean 

(standard deviation(SD)) or median and interquartile range (25th, 75th centile) for skewed data. 

Comparison statistics were generated through independent sample t-tests. Chi-square (χ2) 

tests were used to compare categorical variables. Bivariate associations were tested using 

Pearson’s product-moment correlations between both C3 and CRP with cardiometabolic and 

anthropometric measures. Single variable binary logistic regression was completed for C3, 

CRP and potential confounders, predicting CMDS score. Multiple logistic regression was used 

to identify the predictive value of C3 and CRP with metabolic obesity phenotype, while 

controlling for confounders. The following covariates were considered: age, BMI, ethnicity 

(White yes/no), smoking (current smoker yes/no). Variables were included in the regression 

analysis if the Wald statistic p value <0.25. Results are reported as odds ratio (OR) and 95% 

Confidence Interval (95% CI). Significance was determined at p <0.05. Statistical analysis was 

performed using IBM Statistical Package for Social Sciences software for Windows, version 

26.0 (SPSS Inc, Chicago IL). All analyses were performed with pairwise deletion of missing 

variables. The PS: Power and Sample Size Calculation version 3.1.6 was used retrospectively 

to determine the power to detect a difference in mean C3 between metabolically healthy 

(CMDS 0) and unhealthy (CMDS ≥1), following the method of Dupont and Plummer (Dupont 

and Plummer, 1990).  
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3.4 Results  

3.4.1 General characteristics  

General characteristics are presented in Table 3.1. Mean age was 40.16 (9.31) years. Over a 

quarter (29.7%) of women were below 35 years of age. Nearly all women (95.1%) had 

completed some third level education (Table 3.1). Data on gravidity were available for 36 

women. Over half (63.9%) had been pregnant before and there was no difference in C3 (1.14 

(0.15) vs 1.23 (0.16) g/L, p = 0.099) or CRP (2.32 (2.75) vs 3.59 (3.36) mg/L, p = 0.165) 

between women who had never versus had been pregnant before. In Chi-square tests, the 

proportion of women meeting metabolically unhealthy obesity criteria using CMDS or EOSS, 

did not differ based on pregnancy history (p>0.05). There were no differences in BMI between 

metabolically unhealthy obesity and healthy groups using either the CMDS (p =  0.158) or 

EOSS (p = 0.925). C3 was lower in the metabolically healthy group using CMDS cutoffs (1.18 

(0.15) vs 1.34 (0.20), p = 0.001, 1-β = 94.6%) (Fig. 3. 1).  

Fig. 3.1 C3 Complement Protein concentrations the GetGutsy study by Cardiometabolic 

Disease (CMDS) score 

 

 

 

 

 

 

 

 

 

 

* p = 0.001 
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Table 3.1: General characteristics by cardiometabolic obesity phenotype  

 Total  CMDS EOSS 

 n  CMDS 0 
(n=34) 

CDMS ≥1 
(n=30) 

 
p  

EOSS 0 
(n=12) 

EOSS ≥1 
(n=52) 

 
p  

Demographics         

Age (years)  63 40.16 (9.31) 41.44 (9.43) 38.66 (9.11) 0.240 41.42 (9.49) 39.86 (9.34) 0.607 
Body Mass Index (Kg/m2)  64 31.82 

(30.27-
35.74) 

31.56 (30.98, 
34.99) 

33.02 (29.92, 
38.08) 

0.133 32.71 (31.32, 
36.13) 

31.68 (29.68, 
35.74) 

0.766 

Ethnicity (n, %) White) 64 58 (90.6) 33 (97.1) 25 (83.3) 0.090 12 (100) 48 (88.5) 0.584 
Education (n, % completed 
some third level) 

61 58 (95.1) 32 (94.1) 26 (96.3) >0.999 12 (100) 46 (93.9) >0.999 

Smoking (n, %) current)  64 9 (14.1) 3 (8.8) 6 (20.0) 0.285 2 (16.7) 7 (13.5) 0.672 

Health markers         

C3 Complement Protein (g/L) 64 1.25 (0.19) 1.18 (0.15) 1.34 (0.20) 0.001 1.17 (0.16) 1.27 (0.20) 0.083 
C Reactive Protein (mg/L)a 64 2.44 (0.90, 

4.50) 
1.39 (0.74, 
3.60) 

2.89 (1.31, 
7.61) 

0.034 2.68 (0.90, 
4.66) 

2.44 0.89, 
4.50) 

0.832 

Insulin (mU/L)a 64 11.99 (8.74, 
17.58) 

10.88 (8.15, 
14.41) 

14.93 (10.63, 
22.30) 

0.007 9.31 (6.66, 
13.29) 

12.69 (9.11, 
18.12) 

0.037 

C-peptide (µg/L)a 64 2.63 (2.05, 
3.26) 

2.23 (1.80, 
2.70) 

2.96 (2.53, 
3.68) 

<0.001 1.93 (1.77, 
2.87) 

2.68 (2.18, 
3.53) 

0.010 

HbA1c (mmol/mol)a 37 34.22 (2.78) 33.15 (1.75) 35.47 (3.26) 0.015 32.75 (1.40) 34.62 (2.95) 0.092 

Values are presented as mean (standard deviation) for parametric data or median (interquartile range 25th,75th) for non-parametric variables. 
p values from standard t tests or fishers exact test in a 2x2 table. adenotes log transformed data were used in comparison statistic. bHbA1c 
available for n=37 women, BMI= body mass index, CMDS = Cardiometabolic Disease Staging System, CRP = C Reactive Protein, C3 = C3 
complement protein, EOSS = Edmonton Obesity Staging System, HbA1c = Haemoglobin A1c, HDL= high density lipoprotein , LDL = low 
density lipoprotein, MUAC = Mid-upper Arm Circumference, WC = Waist Circumference, BF= Body fat. 
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3.4.2 Cardiometabolic phenotypes  

Just under half (46.9%) of women were classified as metabolically unhealthy using the CMDS 

criteria. The majority (81.3%) were classified as metabolically unhealthy using EOSS (Table 

3.1). Taking each cardiometabolic marker separately, 8 (12.5%) had a glucose concentration 

≥5.6 mmol/L. In relation to HDL, 18 (26.9%) levels <1.29 mmol/L and 44 (68.8%) had levels 

<1.6 mmol/L. Increased LDL cholesterol (>3.3 mmol/L) was found in 15 (23.4%). Increased 

total cholesterol (≥5.2 mmol/L) was found in 16 (25.0%). 13 (20.3%) had a triglyceride level ≥ 

1.7mmol/L.  

3.4.3 Inflammation and cardiometabolic phenotypes   

Regarding inflammation, 67.2% (n = 43) had a CRP value above 1 mg/L and 40.6% (n = 28) 

had a CRP above 3 mg/L. In relation to cardiometabolic phenotype, the proportion of women 

with a CRP level above the median was not different based on EOSS (χ2 (1, n = 64) = 0.58, 

p = 1.00) or CMDS (χ2 (1, n = 64) = 0.95, p = 0.452). The proportion of women with a C3 level 

above the median, however, was greater in metabolically unhealthy groups using both EOSS 

(χ2 (1, n = 64) = 5.41, p = 0.020) or CMDS (χ2 (1, n =64) = 8.88, p = 0.003). There were 

significant associations between C3 and CRP with markers of lipid metabolism, and glycaemic 

control (Table 3.2). Where both C3 and CRP were significantly associated with health markers, 

r2 values were higher for C3 in all cases, explaining 26.5% of the variance in insulin and 33.2% 

c-peptide. As a result, we developed a model in multiple logistic regression to determine the 

relationship between C3, CRP and CMDS phenotype. In the final model, which was controlled 

for age, BMI, ethnicity, and smoking, having a C3 value above the median resulted in 

increased odds of metabolically unhealthy obesity using CMDS (odds ratio (95%CI) = 6.56 

(1.63, 26.47), p = .008) while value for CRP was non-significant (p = 0.797) (Table 3.3). 

Table 3.2: Correlations between C3 Complement protein (C3), C-Reactive Protein (CRP) and 
cardiometabolic markers in the GetGutsy study (n=64)  

 CRP (mg/L)  C3  (g/L)  

 r                r2 p  r r2 p  

Total Cholesterol (mmol/L)a -0.019 <0.001 0.883 -0.021 <0.001 0.868 
HDL Cholesterol (mmol/L)a -0.081 0.007 0.525 -0.242 0.059 0.054 
LDL Cholesterol (mmol/L) -0.112 0.013 0.376 -0.070 0.005 0.585 
Triglyceride (mmol/L)a 0.379* 0.144 0.002 0.433* 0.188 <0.001 
Glucose (mmol/L) 0.158 0.025 0.213 0.339* 0.115 0.003 
Insulin (mU/L)b 0.285 0.081 0.023 0.515 0.265 <0.001 
C-peptide (µg/L) 0.401 0.161 0.001 0.576 0.332 <0.001 
HbA1c (mmol/mol)b 0.178 0.032 0.299 0.368 0.135 0.025 

Values are Pearson’s correlations. aLog transformed data were used. bn = 38 for HbA1c. C3 – 
C3 Complement protein, CRP = C-Reactive Protein, HbA1c = Haemoglobin A1c, HDL= high 
density lipoprotein , LDL = low density lipoprotein. 
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Table 3.3: Logistic regression of C3 and CRP predicting CMDS score  ≥1 (n=64) 

 Single Multiple 

 Exp (β) 95% CI p  Exp (β) 95% CI p  

C3 above median (>1.23 g/L) 4.80 1.67-13.83 0.004 6.56 1.63-26.47 0.008 
CRP above median (>2.44 mg/L) 1.87 0.69-5.05 0.218 0.84 0.21-3.29 0.797 
Age (years) 0.97 0.92-1.02 0.237 0.99 0.93-1.06 0.992 
BMI (kg/m2)* 1.07 0.98-1.18 0.129 1.07 0.96-1.18 0.243 
Ethnicity (White) 0.15 0.02-1.38 0.094 0.10 0.01-1.43 0.090 
Third level education 1.63 0.14-18.94 0.698 

 
- 

 

Current smoker 2.58 0.59-11.40 0.210 4.08 0.70-23.63 0.117 

CI, confidence interval. Variables were included in multiple regression analysis if the Wald statistic p value <0.25. BMI = Body Mass Index, CRP = 
C-Reactive Protein, C3 = C3 Complement protein, CMDS = Cardiometabolic disease staging system score.  
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3.5 Discussion  

In this cross-sectional analysis of screening bloods from the GetGutsy study, we found that 

most women had metabolically unhealthy obesity using EOSS while under half (46.9%) 

were classified with metabolically unhealthy obesity using the CMDS criteria. Women with 

metabolically unhealthy obesity had higher inflammation and markers of glycaemic control 

compared to those with metabolically healthy obesity. We found that inflammation was a 

significant driver of the variance in cardiometabolic and glycaemic markers. In comparison 

to CRP, C3 contributed a greater proportion of the variance as measured by r2. In addition, 

having a C3 level above the median increased the odds of metabolically unhealthy obesity, 

even when controlled for BMI. 

The Society of Obstetricians and Gynaecologists of Canada recommend baseline 

screening for cholesterol and triglycerides as part of preconception care for women with 

obesity (Gopal et al., 2019, Maxwell, 2019). Like other research, in this study we found low 

HDL was the most common biochemical marker of metabolic risk. There is evidence to 

suggest that low HDL could be the first indicator of future metabolic ill health in younger 

adults (Nolan et al., 2017). The EOSS has a greater number of inclusion criteria and a 

higher cut-off for HDL (1.6 mmol/L versus 1.29 mmol/L in the CMDS). This resulted in a 

larger proportion of women with metabolically unhealthy obesity, potentially limiting the 

utility of this in the clinical setting. The predictive value of the CMDS has been compared to 

the EOSS once before, in relation to mortality in non-pregnant individuals aged 40-75 years. 

Like our study, the authors found more (74.6%) participants had metabolically healthy 

obesity using the EOSS compared to CMDS. They also found the CMDS had greater 

discriminatory value for mortality in those aged 40 to 75 years (Ejima et al., 2020). In further 

support for CMDS, we found that only triglyceride and glucose were associated with C3 and 

CRP.  

Having an awareness of cardiometabolic status may increase the likelihood of engaging in 

healthy behaviours (Gopalan et al., 2015). Using data from the 2011-2014 National Health 

and Nutrition Examination Survey, Tsai et al. found that awareness of cardiometabolic risk 

was low among  those ≥40 years of age, seen only in those CMDS stage 4. This is the 

highest level in the CMDS and represents individuals with diagnosed type 2 diabetes and/or 

cardiovascular disease (Tsai et al., 2017). Our analysis shows just under half of these 

otherwise generally healthy women (46.9%) were considered metabolically unhealthy as 

they had one or more risk factors for the metabolic syndrome as assessed by CMDS. Most 

women had at least one metabolic risk factor from EOSS (81.3%). Testing and treatment 

of asymptomatic individuals for cardiovascular risk factors has been shown to be cost-
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effective in some but not all studies, and more research is needed (Si et al., 2014, 

Uchmanowicz et al., 2020, Dehmer et al., 2017). Regardless, the American Heart 

Association and the European guidelines on cardiovascular disease recommend generally 

healthy people are screened for cardiovascular risk, with the American Heart Association 

suggesting this should start from 20 years of age (Visseren et al., 2021, Arnett et al., 2019). 

In this cross-sectional analysis, we found, C3 was the only marker associated with 

increased odds of metabolically unhealthy obesity. In a study of adolescents, girls with 

metabolically unhealthy obesity had higher C3 than girls metabolically healthy obesity, and 

both groups had higher levels than those with lower BMI. Conversely, CRP was not different 

between groups (González-Gil et al., 2018). Higher levels of C3 have been found in women 

with insulin resistance compared to insulin sensitive controls (Lewis et al., 2021). In 

pregnancy, relationships between increased C3 and insulin resistance and lipid profiles 

have also been reported (Kennelly et al., 2021).  In an elderly population, Muscari et al., 

found that when compared to other inflammatory markers, C3 was most strongly associated 

with insulin resistance, after controlling for confounders (Muscari et al., 2007). There is also 

longitudinal data suggesting the potential role of increased C3 in later cardiometabolic 

disease (Xin et al., 2018).   

3.5.1 Strengths and limitations  

To our knowledge, this is the first study to apply both the CMDS and EOSS to a group of 

women of reproductive age with obesity, outside of pregnancy. A strength of our study is 

the comprehensive biochemical profiling of a relatively homogeneous and well-

characterised group of women with obesity. This contrasts with a recent study that looked 

at similar cardiometabolic and bone factors in both genders (Loureiro et al., 2019). In 

addition, our selection of C3 as a marker of inflammation further adds to the growing 

literature on this protein in relation to health outcomes (Kennelly et al., 2021). The average 

age of women in this study is in the reproductive years, but it is older than the average age 

of women attending maternity services in Ireland in 2019, which was 33.0 years (CSO, 

2019). Recruitment and retention of young women with obesity is an ongoing challenge in 

research and further work is needed on how to optimise trial design for women at this time 

in the life-course (Poobalan, 2010). Most women in our study were White, had third level 

education, and were in full or part time employment. This should be considered when 

generalising results to more diverse cohorts. The sample size is small, and it is possible 

that some of the analyses lacked statistical power.  The analyses are cross-sectional, and 

this limits the ability to draw conclusions from the data. Our study was also susceptible to 

selection bias, and we were limited to convenience samples of women who were willing 
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and available to take part (Wang and Cheng, 2020). More longitudinal research is needed 

to confirm these findings in larger and more diverse populations before the results can be 

generalised for clinical practice.  

3.6 Conclusion  

The proportion of women with obesity who meet metabolically unhealthy criteria depends 

on the staging system applied. Differences in inflammatory and glycaemic markers were 

found between those metabolically healthy and unhealthy obesity. Our data suggest that 

C3 and CRP may be useful clinical biomarkers of risk or treatment targets in women with 

obesity. Future work could explore strategies to reduce C3 in women of reproductive age 

with overweight or obesity and investigate the associated impact on health. 



 

83 
 

 

 

 

Chapter 4 

Recruiting and engaging women of reproductive age with obesity: a mixed-methods Study 

Within A Trial (SWAT) 
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4.1 Abstract:  

Background: Preconception health and weight influences maternal and child outcomes for 

women who experience pregnancy. Engaging women with obesity in health-promoting studies 

during the preconception period is challenging. Limited data exists on factors relating to their 

participation in research. To support improved preconception research, the aim of this study 

was to explore the experiences and opinions of women, particularly women with obesity, on 

aspects of participation in health-related research.  

Methods: This is an explanatory sequential (quan-QUAL) mixed-methods Study Within A Trial  

(SWAT), embedded in the GetGutsy randomised controlled trial (RCT) (ISRCTN11295995). 

Previously screened trial participants were invited to complete an online survey of eight 

questions including single or multiple choice and Likert scale. Topics included recruitment 

strategies, motivation for taking part in research and opinions on study activities including data 

collection. Participants with obesity (body mass index (BMI) ≥30kg/m2 or waist circumference 

≥80cm) were invited to a subsequent semi-structured, online focus group (FG) (n=2, 9 

participants). The FGs were recorded, transcribed verbatim and analysed using inductive 

thematic analysis, with a pragmatic epistemological approach.  

Results: There was a total of 102 survey respondents. The main research participation 

motivations were supporting health research (n = 38, 37.3%) and wanting health screening (n 

= 30, 29.4%). Most participants were recruited via email (n = 35, 34.7%), posters at work (n = 

16, 16.3%) or social media (n = 15, 14.7%). Three themes were identified in the FGs. These 

were “how research makes me feel”, “how research fits into my world” and “understand the 

whole of me”. Convenience, flexibility, and personalisation were identified within these. 

Women with obesity had an expanded view of health and prioritised emotional well-being over 

traditional measures. Weight or cardiometabolic markers were not considered sensitive 

measures in research, but concern was expressed around maternal health outcomes.  

Conclusion: Future preconception trials should highlight the altruistic benefits of participation, 

employ digital recruitment strategies, consider neutral study locations, provide information, 

and prioritise convenience to maximise research uptake.
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4.2 Introduction 

Globally, obesity prevalence in women is rising, and is estimated to be surpass 20% by 2025 

(NCD-RisC, 2016, Devlieger et al., 2016). Despite this, women aged 18-35 years are largely 

underrepresented in obesity research (Gokee-LaRose et al., 2009, Share et al., 2015). 

Reaching the right population group is essential for the efficacy of health interventions (Crino 

et al., 2019, Poston et al., 2016). Systematic reviews of trials in young adults with overweight 

or obesity show small sample sizes that limit statistical power (Poobalan et al., 2010, Oteng-

Ntim et al., 2012). The problem of low recruitment is further exacerbated by low retention rates 

among women of reproductive age (Hutchesson et al., 2013).   

Much of the research on the motivations, barriers, and enablers of study participation in  

women with overweight or obesity has focused on weight loss or maternal health (Poels et al., 

2016, Harden et al., 2017, Simon et al., 2020). This is an issue as weight loss may not be a 

priority for many young women with obesity (Agrawal et al., 2014). In addition, there are 

benefits to making healthier changes even in the absence of weight loss (McAuliffe et al., 

2020). Up to 50% of pregnancies are unplanned, so many young women may not consider 

their reproductive potential in the context of their health  (Arteaga et al., 2019, Poels et al., 

2016, Bearak et al., 2020). It is therefore difficult to engage women in the preconception period 

in health-related programmes (Lawrie et al., 2017). Focusing on improving the health of all 

women of reproductive age could help to avoid these issues and to ensure that women who 

are not consciously preparing for pregnancy are included (Hill et al., 2020a).  

A Study Within A Trial (SWAT) is a self-contained research study embedded in a host trial that 

can be used to explore factors relating to study design (Treweek et al., 2018). The GetGutsy 

study was trial of a probiotic intervention in women with obesity who were not pregnant, 

lactating or planning a pregnancy in the next 3 months. The primary outcome was reduced 

inflammation without weight loss, diet, or lifestyle changes (Killeen et al., 2021b). We designed 

a SWAT, embedded in the GetGutsy study to assess the success of the recruitment strategies 

employed and explore attitudes of participations towards the study design. the aim of this 

study was to explore the experiences and opinions of women, particularly women with obesity, 

on aspects of participation in health-related research. 

4.3 Methods 

This was a mixed-methods explanatory sequential (quan-QUAL) SWAT, embedded in the 

GetGutsy study (ISRCTN11295995). The study took place from November 2019-May 2020. 

The quantitative aspect of the SWAT was an electronic survey sent via email to all women 

who underwent initial screening (height, weight, and age) for the GetGutsy study. The survey 

aimed to elicit the general views of women who registered interest in taking part in a health-
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related trial. The survey consisted of of eight questions, exploring the internal and external 

factors relating to women’s experiences in the trial over three main areas: 1) participating, 2) 

motivations for participation, 3) opinions on future study design. Demographic data were also 

collected regarding age, height, weight, employment status, highest educational attainment, 

and previous research participation The qualitative aspects were semi-structured focus groups 

(FG), informed by the quantitative research. The FGs aimed to explore the results of the 

quantitative survey in a smaller group of women with obesity, gaining confidence from their 

lived experience of taking part in research. The sample for the FGs was limited to women with 

obesity, defined as a body mass index (BMI) ≥30kg/m2 or a waist circumference ≥80cm, and 

women who underwent full screening for the GetGutsy study, including the provision of a 

fasting blood sample. This means all women in the FGs had at least a BMI or 28kg/m2 as this 

was an inclusion criterion in the original GetGutsy study, along with abdominal obesity. A semi-

structured topic guide was developed and piloted. The FGs took place online via Zoom (Zoom 

Video Communications Inc., California, United States of America) and were recorded, 

transcribed verbatim and anonymised. For more information on the sample selection process, 

survey questions, FG topic guide and other details, refer to Chapter 2.1. 

4.3.1 Data analysis   

Data were entered into an excel file. Statistical analysis was performed using IBM SPSS 

software for Windows, version 26.0 (SPSS Inc, Chicago IL). Chi-square tests were used to 

compare categorical variables. Significance was determined at p < 0.05. Transcripts were 

analysed using inductive thematic analysis for key themes and subthemes, using a pragmatic 

epistemological approach. Content analysis was also applied to the FGs to assess specific 

participant details, such as how they found out about the study and their motivations for taking 

part. 

4.4 Results 

4.4.1 Characteristics of the study population. 

Over a hundred (n = 102) answered all survey questions fully and were included in the analysis 

(Table 4.1). Just over a quarter (26.5%, n=27) of survey respondents were below the age of 

35 years and 14 (13.7%) had obesity as defined by BMI ≥30.0 kg/m2. Most women (n = 38, 

37.3%) reported that they wanted to support health research as their motivation for taking part 

(Table 4.2). Out of the 60 invitations sent out via email, 15 women agreed to participate in the 

FGs and nine attended. A total of two FGs were conducted (Table 4.2). Four out of the nine 

women had children. All had completed some third level education and were of a white 

ethnicity. Two women had a BMI between 28-29.9 kg/m2 while the remaining seven had a BMI 

over 30 kg/m2 (Table 4.2).
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Table 4.1: Characteristics of survey respondents in the GetGutsy SWAT (n=102)  

Survey question   n (%)a 

Age (years) 42.0 (5.6) 
BMI (kg/m2) 24.2 (22.3, 28.1) 
Employment  

- Full time work  
- Part time work  
- Student  
- Unemployed  

 
74 (72.5) 
18 (17.6) 
6 (5.9) 
4 (3.9) 

Education (completed third level) 79 (77.5) 
Experience taking part in research before  

- No prior experience   
 
49 (48.5) 

Recruitment into the study  
- Heard by email  
- Heard by ezine/newsletter  
- Phone / messaging application    
- Recruitment stand  
- Told by friend or relative  
- Told by colleague  
- Poster at work 
- Poster outside work  
- Radio 
-    Browsing social media  

 
35 (34.7) 
9 (8.8) 
5 (4.9) 
4 (3.9) 
4 (3.9) 
11 (10.9) 
16 (16.3) 
8 (7.8) 
2 (2.0) 
15 (14.7) 

Response time to recruitment strategy  
- Same day 
- A day or two later 
- One week later 
- Two weeks later 
- Greater than two weeks later 

 
38 (37.1) 
43 (42.2) 
12 (11.8) 
2 (2.0) 
7 (6.9) 

Motivation for taking part  
- I was interested in the health screen 
- I was interested in getting the probiotic  
- I wanted to support health research  
- I wanted to be healthier  
- All the above 

 
30 (29.4) 
8 (7.8) 
38 (37.3) 
21 (20.6) 
5 (2.9) 

aValues are presented as n (%) except for age which is presented as mean (standard 
deviation) and BMI which is presented as median (interquartile range). BMI = Body Mass 
Index, SWAT = Study Within A Trial. 
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Table 4.2: Details of GetGutsy focus group participants   

Focus 
group  

ID  Age  (years) BMI  
Category (kg/m2) 

Ethnicity  Education  
 

Parity Method of recruitment into the study*  

FG1 P1 53  30-35  White  Some third level 2 Email at work  
FG1 P2 40 30-35 White  Completed third level  0 Recruitment stand at work 
FG1 P3 30 28-29.9   White  Completed third level  0 Email at work 
FG1 P4 40 35-40 White  Completed third level 1 Word of mouth – family member (healthcare 

professional) 
FG1 P5 36 35-40  White Completed third level 0 Word of mouth – friend (healthcare professional)  
FG2 P6 36 30-35  White  Completed third level 0 Spoke with member of research team at another study  
FG2 P7 42 30-35 White  Completed third level 2 Responded to poster put up in local hospital   
FG2 P8 42 28-29.9   White  Completed third level 0 Email at work  
FG2 P9 44 35-40 White Completed third level 3 Post on Facebook  

Demographic details were collected as part of the original GetGutsy trial. *Identified through content analysis of transcripts 
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4.4.2  Quantitative results  

Results for how women were recruited to the study and their preferred methods of recruitment 

can be seen in Table 4.1. More women below 35 years put social media in their top 3 methods 

of study recruitment, χ2  = 0.4.58 (df(1), n = 102, p = 0.043), otherwise no differences were 

seen. The most valued benefit to taking part in research was the opportunity to support health 

research, which was selected as one of the top three benefits by 66.7% (n = 68). In relation to 

the time taken to contact the research team after hearing about the study, 79.3% (n = 81) of 

respondents outlined that they contacted the research team within two days. In terms of 

potential barriers to participation, only 14.7% (n = 15) of women said they would be less likely 

to take part if a blood sample was required, 26.5% (n = 27) if there was a 50% chance of 

getting the intervention, 23.5% (n = 24) if their work colleagues knew they were taking part 

and 38.3% (n = 39) if they needed to provide a stool sample. Collectively, 45.1% (n = 46) of 

women agreed or strongly agreed that a weight criterion as part of the eligibility assessment 

would make them less likely to share the study with friends. In addition, 40.2% agreed or 

strongly agreed it would affect their sharing of it at work (n = 41).  

4.4.3 Qualitative results 

Three main themes were identified in the FGs (Fig. 4.1). These were: “how it makes me feel”, 

“how it fits into my world” and “understand the whole of me” with the woman at the centre 

connecting them. 
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Fig. 4.1: Themes and subthemes on research participation and recommendations for clinical trialists~~
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4.4.3.1 Theme 1: How it makes me feel 

This theme relates to the impact of research on the emotions of participants and how it 

resonated with their values. Women who identified with the eligibility criteria and took part 

in the trial reported feelings of altruism as an intrinsic motivation for volunteering in the trial, 

as illustrated by P8.  

P8: when you're looking for a particular cohort of people am..it's so tough sometimes to fill-

-that cohort, so…when I see one that's you know...me...I go right let's, let's take this on so! 

Women of reproductive age valued the novelty of the opportunity to learn more about 

research and to increase the general awareness of women's health issues amongst their 

peers, as illustrated below.  

P3: I was just interested to see how, how studies are done as well; I had never been given 

the offer of taking part in any kind of study before... 

P1: …I think women need talk about a lot more about their health…I'm just so happy to 

share and help with it 

Word of mouth was highlighted several times as a valuable method to promote the study 

and engage women, whilst also advocating for women’s health issues. The appropriateness 

of this, however, may depend on the study design. 

P6: ... ask for that referral, ask people to spread the word 

P2: I think maybe it does depend on what the study is, …. you'd be more willing to share 

something personal with your girlfriends ...you don't necessarily want everybody knowing 

your business ... 

Receiving individualised feedback on their health was another driver of participation as it 

was seen to gain momentum in behaviour changes.  

P3: I found it was just useful to get lots and lots of indicators about different things from the 

bloods and from blood pressure and things like that because like my BMI would be quite 

high… 

P1: ….sometimes you need a bit of a kickstart to get yourselves back on track 

As highlighted by P2, feedback on outcomes that have a financial cost for assessment, or 

outcomes that are more difficult to measure autonomously, were the most appreciated part 

of the trial. Knowledge about current health status was considered valuable to inform 

behaviour changes  

P2: anything that you know gives me a free check-up, I was like sign me up where do I go? 
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Participants in the FG also reported that the host trial and SWAT were minimally invasive, 

and this affected their interest in taking part. Despite this, they acknowledged that there will 

be some individuals who dislike blood tests and would therefore not participate.  

P8: Yeah, I guess in previous studies that I had taken part in, they um, because they needed 

the blood tests and stuff…a good few people in the office who were like, can't deal with 

blood, can't deal with giving blood tests. 

The importance of study location was identified as participants discussed the personal 

impact of attending a maternity hospital for the study. Specifically, concern around 

unsolicited questions about their intentions to conceive or gynaecological health, were 

highlighted. This led to an overall discussion around the sensitivity of women’s health, such 

as hormones or fertility. This contrasts with other health measures such as those included 

in the trial, as illustrated below. 

P7: …. It’s like looking around and you know….I’m going in part of a study, it’s nothing, you 

know, I was a bit like aw I don’t want people to make assumption.  

P8:… I think the levels of things that you’re talking about are em... not the type of things 

that could make things awkward...hormone levels or some other type of a health marker 

that may make things a little bit more of a difficult conversation  

When discussing the impact that the weight criterion for eligibility had on their comfort in 

sharing the trial with their peers, the initial response was positive, and women felt it was 

important to share this as part of the full suite of eligibility criteria. Further discussion 

highlighted that the level of comfort they had depended on the person with whom the trial 

was shared, as shown by P3.  

P3: There's probably some people that if it was a study tracking weight then I wouldn't share 

it with them because I know maybe they're sensitive about their weight or if they've had a 

bad relationship with their weight in the past 

Suggestions included framing the weight criterion in a sensitive nature and providing 

information on why the weight criterion is included as part of the eligibility criteria may 

overcome this barrier.  

P5: I think the use of the phrase non-judgemental would be really important when weight is 

being used and... this isn't necessarily about us looking at you as the subject but looking at 

lots of different women. 

4.4.3.2  Theme 2: How it fits into my world  
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This theme relates to aspects of study design that support participation. The subtheme of 

convenience was evident with women valuing the ease of communicating with the 

researchers and setting up appointments for data collection. Early morning and weekend 

appointments were valued as this supported participation around work and family 

commitments.  

P5: I was able to make appointments ... quite accommodatingly early in the morning 

because then I was able to go to work straight after…I would definitely consider doing 

another study. 

Preferences for email or telephone communication varied depending on the personal 

circumstances of the individuals and their unique personalities.  

P6: you know I've stopped looking at emails at the moment, purely because there's so many 

coming in from the school…I just can't read another email.  

P8: I actually have like a real aversion to picking up the phone at all so I..am a much more 

of an email person so even if it is three or four back and forth...it's easy for me to kind of 

respond during a meeting 

The perceived convenience of study location also impacted the extent to which the women 

promoted the trial among their networks.  

P8: most of kind my friends….live the other side of the city! So…I wouldn't have advertised 

it much around...my peer group. 

Aspects of the intervention, such as the number of study visits, were important in 

determining whether women volunteered and remained in the study. Specific concerns 

around incomplete adherence to the intervention were highlighted as potential barriers to 

participation. Interventions that limit impact on current lifestyles including work, family and 

socialising were most valued.  

P5: It didn't take too much from me you know that I wasn't having to come in on a weekly 

basis or anything like that. 

4.4.3.3 Theme 3: The whole of “me” 

This theme relates to how participants identify with the research and how the study 

considers their needs, preferences, and individuality. The subtheme of the holistic and 

interconnected nature of health emerged when discussing health outcomes included in the 

trial. Women reported a desire to incorporate measures relating to their emotional well-

being as this was considered as important, if not more important than physical or functional 

measures.  
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P9…I think there's too much of a kind of divide between our body and our minds and I think 

you know, a healthy mind will lead to a kind of a healthier body….…it’s kind of like we've 

compartmentalised all of these things … for me, it's about the holistic sense of us, being… 

P4…you sometimes just focus on that BMI number, but it is the more holistic view… like it’s 

not all bad… 

This was relevant to the inclusion of weight as an eligibility criterion for the study as the 

usefulness of BMI as a marker of health was questioned. Rather than using BMI as a 

defining characteristic, consideration of a variety of measures of health were favoured. 

Several women highlighted the aspects of their health that were thriving despite their BMI.  

P8: ... I've got my blood tests and everything and lung function, all of that kind stuff is fine 

but just that BMI figure, is just that little over…and like yourselves, you know, you obviously 

had that as...an entry point to this study! 

Women discussed the variable nature of responses to interventions, particularly in the 

context of body composition. A lack of response to standard interventions or an inability to 

apply general information to their personal circumstances were highlighted as barriers to 

engagement in health behaviours.  

P3: there's just so much information out there…hard to kind of even know what you should 

be doing….it’s kind of bewildering as well. 

The subtheme of personalisation was identified from the data. Interventions that are tailored 

to suit personal health characteristics, likes and dislikes, and previous experience of what 

works for them were highlighted as areas of great interest. Specifically, interventions that 

included time with a coach or clinician were highlighted, as illustrated by P8.  

P8: that personalisation kind of almost that you know, having that consultant time where 

somebody really looks at my life. 

4.5 Discussion 

We found women of reproductive age value research methods that align with their lifestyles 

and maximise convenience. Measures such as blood tests and stool samples were 

acceptable to this population as part of a clinical trial. Learning about health and giving back 

were clear motivations for study participation. In the FGs, women valued the unique 

opportunity to learn about research and themselves, while advancing women’s health. 

Participants had an expanded view of health that considered emotional well-being and 

balance, as well as more traditional physical and functional assessments. They also 

acknowledged the variable nature of lifestyles and of responses to health interventions, 
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valuing a person-centred, flexible approach over traditional, defined interventions. Factors 

that are linked with maternity settings or reproduction were considered more sensitive than 

weight or lipids, highlighting a need to consider neutral locations and language use in 

preconception research.  

Women in our study were recruited by, and preferred, digital methods. This is of benefit to 

clinical trialists. In pregnancy, evidence suggests digital strategies may be more effective 

and lower cost compared to traditional means (Adam et al., 2016). In women planning a 

pregnancy, higher responses to digital strategies have also been reported (Simon et al., 

2020). Our study looked at this phenomenon in women of reproductive age, outside of the 

context of pregnancy. This is important given engagement with health-related material may 

differ in women based on pregnancy history or intention to conceive (Lindqvist et al., 2017, 

Phelan, 2010, Szwajcer et al., 2008). By exploring attitudes towards the use of digital media 

in addition to their efficacy, we address a current gap in the literature (Frampton et al., 

2020). We also provide novel data on the response time of women to recruitment strategies. 

Most women in our study contacted the research team within two days. This finding can be 

used by clinical trialists to evaluate the impact of their recruitment activities. After digital 

media, the next most effective recruitment method was word of mouth. The importance of 

this was identified in the FGs. In the Women, Infants, and Children study, Di Noia et al. 

found benefits to word-of-mouth and suggested that asking mothers to refer other 

participants to aid study recruitment (Di Noia et al., 2019). Our data suggest a combination 

of these factors may prove useful in women of reproductive age (Benham et al., 2021).  

A weight criterion for inclusion may affect the comfort women have in sharing a study with 

some of their peers and family members. Our survey found over 40% of women of      

reproductive age reported they are less likely to share a study with a weight criterion with 

family, friends, and work colleagues. Inviting women to take part in a trial with a weight-

criterion could result in weight-stigma (Mensinger et al., 2016). Weight stigma may reduce 

the desire to engage with a research study as it would require the participant to identify with 

an externally stigmatised population group (Crino et al., 2019, Corrigan et al., 2009). In 

pregnancy, Mills et al. found women with obesity reported a negative experience when their 

weight was avoided by healthcare professionals in their antenatal care (Mills et al., 2013). 

Further discussion of this topic in the FGs identified that while comfort sharing a study with 

a weight criterion may vary depending on the relationship or perceived comfort discussing 

weight or the other party, women with obesity did not see this as a barrier for study 

recruitment. In addressing weight, FG participants highlighted the need for transparency 

and sensitivity in communication with research participants.  
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We found when discussing health in general, women with obesity felt that greater 

importance should be placed on emotional well-being as an influencer of health and 

behaviours, rather than weight. Weight loss has been referred to as a “mental battle” by 

participants with obesity (Scott et al., 2020). The recent qualitative study by Timmermans 

et al. found that women with obesity before, during, or after pregnancy thought mental well-

being should be addressed before lifestyle changes (Timmermans et al., 2020). Even in the 

context of a weight management intervention, Crino et al. found young women with obesity 

prefer a study name that focused on health, fitness, and well-being, rather than weight loss 

(Crino et al., 2020). The work by Ogden et al. suggests a shift towards non-quantified 

outcomes in relation to obesity, such as improved fitness or a change in relationship with 

food, may be of value (Ogden et al., 2020). The desire for consideration of the 

interconnectedness of health found in our study suggests the importance of well-being is 

not limited to weight loss but should be considered in general health-related trials for women 

of reproductive age with obesity.  

To encourage engagement, clinical trialists working with women of reproductive age should 

consider how the research meets the needs of their population and aligns with their 

personal interests. During preconception, a lack of knowledge is commonly identified as a 

barrier to behaviour change (Kandel et al., 2021). In pregnancy research, Murray-Davis et 

al. found the lack of availability of information was a key issue for participating mothers, 

especially after pregnancy (Murray-Davis et al., 2019). Our study builds on this data, 

highlighting women of reproductive age participating in a health-related trial desire more 

information to support behaviour change. We also found women preferred personalised 

and flexible interventions. This is in line with previous research (Scott et al., 2020, Kozica 

et al., 2015b, Timmermans et al., 2020). Hutchesson et al. found young women reported 

an interest in participating in weight loss programs that are specifically designed for them 

(Hutchesson et al., 2016). The need for flexibility of interventions has been found in several 

studies, including a variety of communication options with intervention deliverers, through 

in person and online means (Crino et al., 2020, Clancy et al., 2018). Our study suggests 

that these intervention characteristics are important across a broad range of studies for 

women of reproductive age and are not limited to weight loss or maternity care.  

Finally, we found that the study location is an important factor affecting study participation 

(Harden et al., 2017). Crino et al. reported similar findings whereby location convenience, 

defined by considerations such as access to parking and distance from work, was important 

(Crino et al., 2020). In addition to convenience, the characteristics of the study location may 

be an important consideration. The location of the study, in this case a maternity hospital, 

was identified as a potential barrier to participation as it may invite unsolicited questioning 
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around intention to conceive or gynaecological health. The mixed-methods SWAT by 

Kozica et al., found concern around lack of anonymity and self-consciousness as barriers 

to participation in lifestyle studies (Kozica et al., 2015a). Fear has also been highlighted as 

a psychosocial factor that could influence study participation (Kozica et al., 2015b). Our 

study provides novel insight into the impact that maternal health-related outcomes may 

have on these factors. We found hormones and topics surrounding maternal health were 

considered as more sensitive than weight. In the FGs, the workplace was identified as a 

preferred location for research activities amongst women of reproductive age. The 

workforce could be a neutral and convenient location for preconception research that could 

run in conjunction with employee wellness programs (Hui et al., 2016, Madden et al., 2020, 

WHO and Burton, 2010, Barker et al., 2018).  

4.5.1 Strengths and limitations  

Our study provides novel and pragmatic data on aspects of the attitudes and preferences 

of women of reproductive age in relation to study design with a focus on obesity. Unlike 

previous research, the focus is general women’s health and does not pertain exclusively to 

weight loss or maternal health trials. The integration of qualitative and quantitative data in 

this study supports the translation of findings to the target population (Bowers et al., 2013). 

The approaches used in this study can be applied to other trials (Treweek et al., 2018). This 

study used an explanatory sequential mixed methods approach, which is well suited to 

answer this specific research question (Ivankova et al., 2006). There are also some 

limitations worth noting. Participants in our study were all interested in taking part in health-

related research, so it is not possible to generalise the results to all women. The women in 

our study were all White, had completed at least some third level education and were mostly 

over 35 years. Future trials could consider incorporating a similar SWAT to explore whether 

these factors differ in more heterogeneous populations, including younger women. 

Incorporating this into their recruitment processes could capture factors associated with 

disinterest in participation. Most respondents were in full, or part time employment and the 

findings may, therefore, not be generalisable in other circumstances. Aspects of the survey 

design may have influenced responses including that the survey was circulated online only, 

and that we provided pre-defined options for most questions. It is possible that women 

completing the online survey may prefer this method of communication more than those 

choosing to not engage in the survey, therefore potentially inflating the level of preference. 

Regardless, the findings towards this preference are in line with the literature (Frampton et 

al., 2020). The limitations of susceptibility to observer and interviewer bias for the FG should 

be noted. 

4.6 Conclusions 



 

98 
 

Future preconception trials should consider digital alongside traditional recruitment 

strategies, resonate with the altruistic motivations of this group, and use sensitive language 

to maximise uptake. Conducting research in the workplace may provide a neutral study 

location and enhance convenience of participation. Clinical trialists should consider 

measuring well-being and using language relating to the holistic nature of health to engage 

women of reproductive age with obesity. 
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CHAPTER 5 

Use of the Edmonton Obesity Staging System in pregnancy: a secondary analysis of a 

randomised controlled trial 
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5.1 Abstract  

Background: In pregnancy, a raised body mass index (BMI) is associated with increased 

risk of adverse maternal and child outcomes. The Edmonton Obesity Staging System 

(EOSS) is a proposed clinical practice tool to determine obesity severity and guide 

treatment. The aim of this study was to determine the severity and change in EOSS scores 

in pregnant women and to explore potential relationships between EOSS and pregnancy 

outcomes. 

Methods: This is a secondary analysis of the Pregnancy Exercise and Research Study 

(PEARS) (a mobile-health-supported lifestyle intervention among pregnant women with 

BMI ≥25Kg/m2). In early (14-16 weeks gestation) and late (28 weeks gestation) pregnancy, 

fasting lipids and glucose were measured, blood pressure was extracted from medical 

records and maternal well-being was assessed using the World Health Organisation 

(WHO)-5 Well-being Index. Women were given raised EOSS scores if they had any of the 

following: raised systolic or diastolic blood pressure, fasting glucose, total cholesterol, low 

density lipoprotein (LDL) cholesterol, or triglycerides, low high-density lipoprotein (HDL) 

cholesterol or well-being, or a diagnosis of gestational diabetes mellitus (GDM), pre-

eclampsia, or pregnancy-induced hypertension. Pearson’s correlations, chi-square 

statistics and multiple logistic regression were used to identify relationships. One-way 

analysis of variance was used to compare groups. We applied the Benjamini-Hochberg 

adjustment for multiple comparisons.  

Results: Pregnant women (n = 348) were mean (standard deviation) age 32.44 (4.39) 

years and median (interquartile range) BMI 28.0 (26.57, 29.88) kg/m2. Using metabolic 

criteria only, 81.9% and 98.9% had raised EOSS scores in early and late pregnancy. From 

early to late pregnancy, EOSS scores increased in 60.1%. Of these, 10.5% experienced a 

2-point increase, moving from stage 0 to stage 2 in EOSS. There was no impact of the 

intervention on EOSS score p = 0.604. There was a potential relationship between early 

EOSS and large-for-gestational age χ2 = 6.42 , df(2), p = 0.04, though significance was lost 

when controlled for confounders p = 0.223 and multiple testing. 

Conclusions: Most women with BMI ≥25Kg/m2 had raised EOSS scores, limiting the 

clinical utility of the tool.
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5.2 Introduction  

Obesity is recognised by the World Obesity Federation, the World Health Organisation 

(WHO) and others as a chronic, progressive, relapsing disease (Bray et al., 2017). In 

Ireland, as many as 48.4% of pregnant women have overweight or obesity, suggesting it is 

becoming a prominent presentation in antenatal settings (Reynolds et al., 2019). Women 

with obesity require appropriate and sometimes specialist support to reduce the risk of 

complications in pregnancy and beyond (McAuliffe et al., 2020). While useful on a 

population basis, BMI does not provide insight into body composition, an important predictor 

of health outcomes, or the impact of excess adiposity on markers of health (Gill et al., 2003, 

Ross et al., 2020). In addition, risks associated with obesity may start to increase when BMI 

enters the overweight category (Toma et al., 2017, Najafi et al., 2019). 

The Edmonton Obesity Staging System (EOSS) is intended to provide clinically relevant 

insight into adiposity-related risk for those with raised Body Mass Index (BMI) (Sharma and 

Kushner, 2009). It involves classification of those with obesity into distinct groups based on 

their medical, psychological, and functional health status. Stage 0 is given when the 

individual has no signs of obesity-related risk, stage 1 is given when there are subclinical 

risk factors, and stages 2-4 are given in the presence of established obesity-related 

comorbidities (Sharma and Kushner, 2009). Outside of pregnancy, the EOSS has shown 

some promise in predicting adverse outcomes such as increased mortality and risk of 

postoperative complications after bariatric surgery (Skulsky et al., 2020). A recent review 

of the evidence suggests that EOSS scores may better predict health service usage and 

treatment outcomes compared to BMI (Atlantis et al., 2020b). The use of clinical 

classification schema such as the EOSS may be of value in determining treatment needs 

in the antenatal setting, especially in lower resource settings. 

To date, only one study has been published using the EOSS in a pregnant population. In 

this study of women attending for induction of labour, the rate of caesarean delivery was 

higher in women with a BMI ≥25kg/m2 and stage 3 EOSS scores, compared to those stage 

2 and below (Demsky et al., 2020). In our study, we are the first to apply stage 0-2 EOSS 

to a general pregnancy cohort of women with BMI ≥25kg/m2, recruited as part of a 

randomised controlled trial. The aim of this study was to determine the severity and change 

in EOSS scores in women with overweight or obesity but otherwise healthy pregnancy. As 

a secondary aim, we explore potential relationships between EOSS and pregnancy 

outcomes.  

5.3 Methods  
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This is a secondary analysis of participants recruited as part of the Pregnancy Exercise And 

nutrition Research (PEARS) study. For a full description of the methods, refer to chapter 2. 

In brief, the intervention involved education on low GI diets and an exercise prescription. 

Women in the control group were managed according to standard guidelines. Women were 

screened for eligibility at their first antenatal visit by reviewing their patient chart. Women 

were eligible if they had a BMI between 25.0-39.9 kg/m2, singleton pregnancy, absence of 

previous gestational diabetes mellitus (GDM) and no medical illness requiring treatment. 

The sample in this secondary analysis (n = 348) represents those women for whom data 

were available in early pregnancy on all cardiometabolic markers needed for EOSS 

classification. Cardiometabolic markers were used to classify women into no risk (EOSS 

stage 0), some risk (EOSS stage 1) and higher risk (EOSS stage 2). Women were given 

an EOSS score based on their fasting glucose, total cholesterol, low density lipoprotein 

(LDL) cholesterol, high density lipoprotein (HDL) cholesterol, and triglyceride. Women with 

a well-being score <13 were given an EOSS score of 1 and those with <7 were given a 

score of 2. In late pregnancy, the same criteria were used, except a diagnosis of gestational 

diabetes mellitus (GDM) was used in place of fasting glucose. Additionally, a diagnosis of 

pre-eclampsia or pregnancy-induced hypertension resulted in EOSS stage 2. The primary 

outcome in this study was EOSS score in early and late pregnancy. Secondary outcomes 

included mode of delivery, birthweight, birth length, head circumference and categorical 

outcomes including pre-term delivery (<37 weeks gestation), small for gestational age 

(SGA) (birthweight <10th centile), large for gestational age (LGA) (birthweight >90th centile), 

macrosomia (birthweight >4000g) and low birth weight (<2500g). 

5.3.1 Statistical analysis  

Categorical variables are presented as number and frequency (%). Continuous variables 

were assessed for normality and all non-normally distributed data were log10 transformed 

for regression analysis. Normally distributed continuous variables are presented as mean 

(standard deviation(SD)) or median and interquartile range (25th, 75th centile) for skewed 

data. Comparison statistics were generated through independent sample t-tests. Chi-

square (χ2) tests were used to compare categorical variables. Pearson’s correlations and 

multiple logistic regressions were used to assess relationships between EOSS and 

outcomes. The first regression model was single variable, the second model included 

maternal age, maternal baseline BMI (≥30kg/m2 yes/no), and study group (intervention 

yes/no) as confounders. The third model additionally included parity (one or more previous 

pregnancies yes/no), ethnicity (White yes/no), smoking in early pregnancy (current smoker 

yes/no) and maternal socioeconomic status (composite score based on education and 

economic advantage). Statistical analysis was performed using IBM Statistical Package for 
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Social Sciences software for Windows, version 26.0 (SPSS Inc, Chicago IL). We applied 

the Benjamini-Hochberg correction for multiple testing with a false discovery rate of 0.20. 

For more information, please refer to chapter 2.  

5.4 Results  

5.4.1 Maternal characteristics  

Table 5.1 includes the demographics of the cohort (n = 348). Median (interquartile range) 

BMI was 28.0 (26.57, 29.88) kg/m2 and mean (standard deviation) age was 32.44 (4.39) 

years. Approximately a quarter (24.1%) of the sample had obesity. There was no difference 

in metabolic EOSS scores in early (p = 0.436) or late (p = 0.907) pregnancy between 

women with and without obesity (Fig 5.1). There were also no differences in early (p = 

0.877) or late (p = 0.580) pregnancy when well-being was added to the criteria. 

Table 5.1: Maternal and infant characteristics in the PEARS study (n = 348) 

 n Mean (SD) 

Age (years)  347 32.44 (4.39) 
Body Mass Index (kg/m2)* 348 28.0 (26.57, 29.88) 
Body Mass Index category (n,% obesity) 348 84 (24.1) 
Ethnicity (n, % White) 338 320 (94.7) 
Education (n, % completed third level) 337 208 (61.7) 
Smoking in early pregnancy (n, % current)  300 13 (4.3) 
Parity (n, % 1 or more) 348 163 (46.8) 
Socioeconomic status (n, % above average advantage) 348 250 (71.8) 
Study group (n,% intervention) 338 165 (49.4) 
Early glycaemic index* 275 58.4 (55.3, 62.0) 
Late glycaemic index* 220 57.2 (54.1, 60.2) 
Early glycaemic load* 275 129.0 (109.8, 150.6) 
Late glycaemic load* 220 121.6 (99.3, 142.6) 
Early exercise (Mets)* 301 459.0 (198.0, 787.5) 
Late exercise (Mets)* 233 495.0 (198.0, 699.0) 

Maternal outcomes   

Gestational diabetes (n, %) 317 42 (13.2) 
Pre-eclampsia or pregnancy-induced hypertension (n, %) 314 22 (7.0) 
Mode of delivery (n, % caesarean delivery)  344 92 (26.7) 

Infant outcomes    

Infant sex (% male)  340 84 (24.1) 
Birth weight (g) 344 3640.2 (553.5) 
Low birth weight (% <2500g) 344 9 (2.6) 
Macrosomia (% >4000g) 344 78 (22.7) 
Small for gestational age (n, % <10th centile)  322 24 (7.5) 
Large for gestational age (n, % >90th centile) 322 35 (10.9) 
Placental weight (g) 303 661.1 (143.9) 
Birth length (cm) 317 51.2 (2.4) 
Head circumference (cm)* 312 35.2 (34.3, 36.0) 
Gestational age at delivery (days)* 342 284.0 (275.0, 288.0) 
Preterm birth (n, % <37 weeks) 342 15 (4.4) 

Continuous data are presented as mean  Standard Deviation (SD) unless * which is median 
(interquartile range). Early refers to data collected between 14-16 weeks and late refers to data 
collected at 28 weeks’ gestation. Met = metabolic equivalent of task. 
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Fig 5.1 Edmonton Obesity Staging System (EOSS) score in early and late pregnancy by maternal body mass index  
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5.4.2 Application of the EOSS in early and late pregnancy 

Using the metabolic criteria only, 285 (81.9%) had a raised EOSS score (≥1) in early 

pregnancy, while 273 (98.9%) had an EOSS score ≥1 in late pregnancy (Fig. 5.2). Of these, 

113 (32.5%) had stage 2 EOSS scores in early pregnancy, while 244 (88.4%) had a EOSS 

score of 2 in late pregnancy (Table 5.2). In early and late pregnancy, the most common 

factor resulting in a stage ≥1 score was a total cholesterol level >5.2 mmol/L (Fig 5.2). The 

next most common value resulting in raised EOSS classification was a reduced HDL 

cholesterol (Fig 5.2). Of those with available data, the majority had a high well-being score 

(>13) in early (n = 206/291, 70.8%) and late pregnancy (n = 1984/223, 82.5%). A well-being 

score <13, which is suggestive of potential mental health disorder such as depression, was 

found in eight (2.7%) women in early and six (2.7%) in late pregnancy (Fig 5.3).  

Fig. 5.2 Frequency of cardiometabolic risk factors in the PEARS study in early and late 

pregnancy 

 

 

 

 

 

HDL = High Density Lipoprotein  
LDL = Low Density Lipoprotein 
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Fig. 5.3 Maternal well-being in the PEARS study in early and late pregnancy  
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Table 5.2: Application of the Edmonton Obesity Staging System (EOSS) in the PEARS 
study  

 Early pregnancy  Late pregnancy* 

 n n (%) n n (%) 

EOSS Stage 0 (metabolic only) 348 63 (18.1) 276 3 (1.1) 
EOSS Stage 1 (metabolic only) 348 172 (49.4) 276 29 (10.5) 
EOSS Stage 2 (metabolic only) 348 113 (32.5) 276 244 (88.4) 
EOSS Stage 0 (metabolic and well-being) 291 36 (12.4) 189 2 (1.1) 
EOSS Stage 1 (metabolic and well-being) 291 154 (52.9) 189 21 (11.1) 
EOSS Stage 2 (metabolic and well-being) 291 101 (34.7) 189 166 (87.8) 
Triglyceride <1.7mmol/L 348 276 (79.3)  293 85 (29.0) 
Triglyceride 1.7-2.3mmol/L 348 56 (16.1) 293 114 (38.9) 
Triglyceride >2.3mmol/L 348 16 (4.6) 293 94 (32.1) 
Total cholesterol <5.2mmol/L 348 144 (41.4) 293 22 (7.5) 
Total cholesterol 5.2-6.1 mmol/L 348 128 (36.8) 293 54 (18.4) 
Total cholesterol >6.1 mmol/L 348 76 (21.8) 293 217 (74.1) 
LDL cholesterol <3.3 mmol/L 348 195 (55.5) 293 52 (17.7) 
LDL cholesterol 3.3-4.2 mmol/L 348 110 (31.6) 293 75 (25.6) 
LDL cholesterol >4.2 mmol/L 348 45 (12.9) 293 166 (56.7) 
HDL cholesterol >1.6 mmol/L 348 171 (49.1) 293 107 (36.5) 
HDL cholesterol 1-1.6 mmol/L 348 137 (39.4) 293 114 (28.9) 
HDL cholesterol <1 mmol/L 348 40 (11.5) 293 72 (24.6) 
Systolic blood pressure <130mmHg 348 335 (96.2) 334 315 (94.3) 
Systolic blood pressure 130-140mmHg 348 10 (2.9) 334 19 (5.7) 
Systolic blood pressure >140mmHg 348 3 (0.9) 334 0 (0) 
Diastolic blood pressure <85mmHg 348 334 (98.9) 334 330 (98.8) 
Diastolic blood pressure 85-90mmHg 348 4 (1.1) 334 4 (1.2) 
Diastolic blood pressure >90mmHg 348 0 (0) 334 0 (0) 
Fasting glucose <5.6mmol/L 348 345 (99.1) -  
Fasting glucose 5.6-6.3mmol/L 348 3 (0.9) -  
Fasting glucose >6.3mmol/L 348 0 (0) -  
WHO-5 Well-being score >13 291 206 (70.8) 223 184 (82.5) 
WHO-5 Well-being score 7-13  291 77 (26.5) 223 33 (14.8) 
WHO-5 Well-being score <7  291 8 (2.7) 223 6 (2.7) 

Early pregnancy refers to data collected at 14-16 weeks gestation while late pregnancy 
refers to data collected ta 28 weeks. For each parameter, variables are presented in 
descending order, with criteria for EOSS stage 0 presented first, followed by stage 1, and 
then stage 2. *In late pregnancy, stage 2 was given if gestational diabetes, pregnancy-
induced hypertension, or pre-eclampsia was diagnosed.  
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5.4.3 Change in EOSS throughout gestation  

Out of the 276 women who had metabolic EOSS criteria in early and late pregnancy, two 

women (0.7%) experienced a reduction in their EOSS score over time. Using the metabolic 

criteria, over half (n = 166, 60.1%) experienced an increase in their EOSS score. Most of 

these women (n = 137, 49.6%) experienced a one unit increase while 29 (n = 10.5%) 

women experienced a 2 unit increase in score, moving from stage 0 to stage 2. There were 

no differences in the change in EOSS metabolic (Fishers exact statistics 2.06, p = 0.604), 

or EOSS metabolic and well-being (Fishers exact statistics 1.53, p = 0.782) scores between 

the intervention and control group.  

5.4.4 Pregnancy outcomes according to EOSS score 

In unadjusted, chi-square testing, data were suggestive of a relationship between early 

pregnancy metabolic EOSS scores ≥2 and incidence of LGA (χ2 = 6.42, df(2), p = 0.04, q = 

0.01) (Fig 5.4). As a sub-analysis, the incidence of LGA births were compared in women 

with raised EOSS scores ≥1 (n = 30, 11.3%) versus EOSS scores of 0 (n = 5, 8.8%) and 

no statistically significant differences were seen χ2 = 0.32, df(1), p = 0.575. When women 

with EOSS stage 2 were compared to women with stage ≤1, the proportion of women 

delivering an LGA baby was significantly higher (n = 17, 7.8%), χ2 = 6.33, df(1), p = 0.012 

(Fig. 5.4). The significance of this finding was lost when controlled for multiple comparisons 

(q = 0.003).  

Fig 5.4 Incidence of large for gestational age (LGA) births in women based on their 

Edmonton Obesity Staging System (EOSS) score 
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The relationship between maternal metabolic EOSS scores in early pregnancy and LGA 

was also seen in an unadjusted, singe variable binary logistic regression. Each one unit 

increase in EOSS score was associated with an increased odds ratio (OR) of delivering an 

LGA infant (OR = 1.72, 95% CI 1.00, 2.96, p = 0.049), but this did not survive adjustment 

for multiple comparisons (q = 0.017). The significance of the relationship between EOSS 

score and LGA was lost when controlled for confounders (model 2 p = 0.060, model 3 p = 

0.223). In model 3, the OR for EOSS stage 1 was 0.82 (95% CI 0.24, 2.80, p = 0.821) and 

the OR for stage 2 was 1.74 (95% CI 0.51, 5.94, p = 0.374). There were no other statistically 

significant differences in pregnancy outcomes based on EOSS scores in early pregnancy, 

using either the metabolic only (all p values >0.05) (Table 5.3) or metabolic and well-being 

values (all p values >0.05). In late pregnancy, there were also no additional statistically 

significant relationships with pregnancy outcomes, using both criteria (all p values >0.05).  

Using a categorical variable of EOSS score ≥2, the odds of delivering an LGA infant 

increased when controlled for model 2 confounders (maternal age, study group and BMI) 

(OR = 2.39, 95% CI 1.15, 4.95 p = 0.019). The significance of this was lost when controlled 

for all confounders (model 3) including ethnicity, parity, socioeconomic status, and smoking 

(OR = 2.027, 95% CI 0.90, 4.55, p = 0.087). There was no statistically significant difference 

in the proportion of women delivering an LGA infant across metabolic EOSS groups in late 

pregnancy (Table 5.3). The relationship between early EOSS score and LGA was not 

significant when well-being was included, Fishers exact statistics = 4.23, p = 0.114. 

Grouping women based on early EOSS metabolic and well-being stage 2 (n = 15, 16.0%) 

or below (n = 15, 8.5%) was also not statistically significant χ2 = 3.49, df(1), p = 0.062.  
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Table 5.3: Maternal and fetal outcomes by metabolic Edmonton Obesity Staging System (EOSS) score 

 Early pregnancy (metabolic only) Late pregnancy (metabolic only) 

 EOSS 0 EOSS 1 EOSS ≥2 p 
value 

EOSS 0 EOSS 1 EOSS ≥2 p  
value  n  n  n  n  n  n  

Gestational age at 
delivery (days)* 

59 284.0 
(275.0, 
289.0) 

170 284.0 
(275.0, 
289.0) 

113 283.0 
(274.0, 
287.0) 

0.966 3 269.0 
(266.0, 
269.0) 

29 285.0 
(276.0, 
289.50) 

242 284.0 
(275.0, 
288.0) 

0.082 

Birth weight (g) 60 3558.12 
(623.57) 

171 3652.89 
(522.29) 

113 3664.56 
(561.21) 

0.444 3 3778.33 
(452.94) 

29 3586.72 
(504.70) 

243 3656.41 
(563.59) 

0.936 

Low birth weight 
(<2500g) 

3 5.0 4 2.3 2 1.8 0.534 0 0.0 1 3.4 6 2.5 0.584 

Macrosomia 
(>4000g) 

10 16.7 41 24.0 27 23.9 0.471 1 33.1 3 10.3 64 26.3 0.159 

SGA (<10th centile)  6 10.7 11 6.8 7 6.7 0.592 0 0.0 1 3.4 18 7.5 0.762 
LGA (>90th centile) 5 8.9 12 7.5 18 17.1 0.040 1 33.3 1 3.4 28 11.6 0.191 
Placental weight (g) 50 636.72 

(131.37) 
151 655.07 

(136.54) 
102 681.98 

(158.31) 
0.146 3 631.0 

(37.32) 
28 642.46 

(156.77) 
219 663.72 

(144.06) 
0.891 

Birth length (cm) 53 50.91 
(3.11) 

158 51.21 
(2.24) 

106 51.46 
(51.75) 

0.418 3 50.0 
(1.32) 

28 51.12 
(2.07) 

219 51.23 
(2.52) 

0.581 

Head circumference 
(cm)* 

53 35.0 
(34.0, 
36.0) 

155 35.30 
(34.30, 
36.20) 

104 35.0 
(34.50, 
36.18) 

0.442 3 35.0 
(34.70, 
35.0) 

26 35.35 
(34.03, 
36.0) 

219 35.20 
(34.50, 
36.30) 

0.689 

Mode of delivery 
(caesarean delivery) 

15 25.0 40 23.4 37 32.7 0.207 1 33.3 7 24.1 62 25.2 1.000 

Preterm birth (<37 
weeks) 

3 5.1 10 5.9 2 1.8 0.252 0 0.0 1 3.4 10 4.1 0.924 

Continuous data are presented as mean (standard deviation) unless * which is median (interquartile range of 25th, 75th centile). Categorical variables 
(Low birth weight, macrosomia, ,small for gestational age, large for gestational age, mode of delivery and preterm birth) are reported as n (%) of the 
outcome. p values for continuous variables are generated through analysis of variance while categorical variables were compared using chi-square 
statistics, except in the case of cell numbers below expected count, in which Fischer’s exact statistics are reported. SGA = small for gestational age, 
LGA = large for gestational age.  
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5.5 Discussion  

Most women (81.9%) had adverse cardiometabolic profiles in early pregnancy, resulting in 

raised EOSS scores. Over half (60.1%) experienced an increase in their EOSS scores 

throughout gestation. Of these, 10.5% moved from EOSS stage 0 to 2. In late pregnancy, 

98.9% of women had a score ≥1. Raised EOSS scores were driven mostly by cholesterol. 

Adding well-being to the scoring criteria categorised a greater number of women with higher 

EOSS in early pregnancy (87.6%), but the proportion of women with raised scores in late 

pregnancy was similar (98.9%). There was no impact of the PEARs intervention on EOSS 

values. In early pregnancy, data were suggestive of a relationship between EOSS and LGA, 

but significance was lost when controlled for all confounders, and adjusted for multiple 

comparisons. On sub-analysis, the potential relationship between EOSS and LGA 

appeared to be in EOSS stage 2 scores, however this relationship also did not survive 

adjustment for multiple comparisons. No relationships with pregnancy or birth outcomes 

were found for late pregnancy, using any criteria.  

Using data from individuals with a BMI ≥25kg/m2 in the National Health and Human Nutrition 

Examination Surveys up to 2006, those with EOSS stage 2 had higher mortality compared 

to those with 0 or 1 (Padwal et al., 2011). The impact of higher EOSS scores was also seen 

in the study by Kuk et al., in which they found an increased risk of mortality with stage 2 but 

not stage 1 obesity (Kuk et al., 2011). In some studies, the predictive value appears to be 

greater with increasing EOSS stages (i.e., stages 3 and 4). These are applied when the 

individual has advanced obesity-associated conditions such as established organ damage, 

significant psychopathology or functional impairments (Skulsky et al., 2020) The stronger 

associations between late EOSS stages and adverse outcomes may be due to the high 

prevalence of metabolic derangement in people with obesity, limiting the differences in 

individuals when comparing lower stages. Kuk et al. found that out of 54089 men and 

women with a BMI ≥30kg/m2, only 5.8% had healthy cardiometabolic values using their cut-

offs (Kuk et al., 2018).  

In our study, unadjusted analyses were suggestive of a relationship between raised EOSS 

scores and LGA. Sub-analysis suggested that this was driven by stage 2, but significance 

was lost when controlled for multiple testing. A recent observational study of over 500 

pregnant women found an association between maternal lipids and LGA, independent of 

BMI and GDM (Samsuddin et al., 2020). Only one other study has explored the role of 

EOSS in pregnancy. Demsky et al. applied the EOSS to 345 women attending for induction 

of labour. They found the overall rate of caesarean delivery was 35.8%, 29.9%, 43.2%, and 

90.5% for women assigned an EOSS category 0, 1, 2, and 3, respectively (Demsky et al., 

2020). We did not find an association with caesarean delivery, but like our study, their data 
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suggest the predictive value of EOSS is most evident at later EOSS stages. In the absence 

of data on advanced obesity-associated co-morbidities to allow for stage 3 or 4 

classification, our study suggests EOSS stage 0-2 may not be useful in predicting 

outcomes. 

Pétursdóttir Maack et al. assessed the predictive value of metabolically healthy versus 

unhealthy categorisation on risk of complications in 2,849 women with overweight or obesity 

in pregnancy (Pétursdóttir Maack et al., 2020). Criteria included systolic blood pressure 

>130 mmHg, diastolic blood pressure >85 mmHg, random glucose >6.8 mmol/L or 

apolipoprotein B/apolipoprotein A1 (apo B/apo A1) ratio >0.8 (Pétursdóttir Maack et al., 

2020). The risk of at least one obesity-associated obstetric or perinatal complications (one 

or more of GDM, pre-eclampsia, pregnancy-induced hypertension, preterm birth, 

postpartum haemorrhage, SGA, LGA and asphyxia) was 1.49 times higher (95% CI 1.03-

2.15) in women with metabolically unhealthy versus healthy obesity (Pétursdóttir Maack et 

al., 2020). According to their criteria 181 (33.1%) were classified as metabolically unhealthy. 

This contrasts with the present study, in which 81.9% had raised EOSS scores in early 

pregnancy. The higher proportion of women with metabolically unhealthy obesity in our 

study may explain the limited predictive value found. Of note, the factors considered in the 

metabolic profiling differed to that of the EOSS as there were only four criteria, none of 

which included cholesterol. As they are related to cardiometabolic markers in the EOSS, 

we included GDM, PET and PIH in the scoring criteria rather than assess them as 

pregnancy outcomes in this analysis. 

We found that the main driver of higher EOSS score was total cholesterol and its inclusion 

in the scoring system may have limited its predictive potential. Flanagan et al. completed 

metabolic profiling of women with obesity in pregnancy and compared infant anthropometric 

measures. Although the sample size was small, including only 13 women in the 

metabolically healthy group and nine in the metabolically unhealthy group, they found 

higher birthweight and infant adiposity in the metabolically unhealthy group (Flanagan et 

al., 2021). They classified women as metabolically unhealthy if they had two or more of the 

following: systolic blood pressure >130 mmHg or diastolic blood pressure >85 mmHg, HDL 

cholesterol <1.3 mmol/L, LDL cholesterol ≥2.59 mmol/L, triglycerides ≥1.69 mmol/L mg/dL, 

and glucose ≥5.6 mmol/L. The metabolically healthy group had none of these factors. While 

this study had more scoring criteria including LDL and HDL cholesterol, it did not include 

total cholesterol in their scoring (Flanagan et al., 2021). Potter and Nestel found cholesterol 

levels increased by 50% throughout gestation (Potter and Nestel, 1979). Given the high 

levels of cholesterol expected during pregnancy, future work could consider use of 

alternative scoring tools that do not include total cholesterol. This includes criteria for the 
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metabolic syndrome or the Cardiometabolic Disease Staging System (Ejima et al., 2020, 

Guo et al., 2014, Alberti et al., 2006). This is further supported by evidence suggesting that 

high triglycerides and low-HDL increase LGA (Mahindra et al., 2020). Although, others have 

found that pre-pregnancy BMI and gestational weight gain are greater drivers of this 

relationship compared to cardiometabolic profiles (Retnakaran et al., 2017).  

A recent systematic review found that a low GI or glycaemic load dietary pattern is 

associated with reduced fasting glucose, LDL cholesterol, triglycerides, and systolic blood 

pressure, in adults with type two diabetes mellitus and a raised BMI (Chiavaroli et al., 2021). 

Cha et al. found that adolescents with higher modified-EOSS scores reported lower diet 

quality than those with lower risk factors. In addition, those with a modified-EOSS score of 

0 reported consuming greater percentage energy from protein (Cha et al., 2015, Cha et al., 

2014). While previous studies found that the PEARS intervention group had lower dietary 

glycaemic load and higher protein intake compared to the control group, we did not find a 

difference in EOSS scores in early to late pregnancy based on study group (Kennelly et al., 

2018b, Ainscough et al., 2019). Interventions to promote a more favourable cardiometabolic 

profile in women during preconception may therefore prove more efficacious in ensuring 

healthier levels during pregnancy and postpartum (Jacob et al., 2020, Sheiner et al., 2019, 

Stanhope and Kramer, 2021, Erondu and Dunlop, 2021). 

5.5.1 Strengths and limitations  

Our study takes a novel and pragmatic approach in exploring the cardiometabolic changes 

experienced in pregnancy by comparing women using clinically relevant cut-offs for 

dyslipidaemia, rather than raw values. Pregnancy-specific cut-offs for cardiometabolic 

parameters have not yet been developed (Atlantis et al., 2020b, Demsky et al., 2020). The 

American Heart Association, the American College of Cardiology and others advocate for 

the use of sex-specific considerations in cardiovascular risk assessments (Agarwala et al., 

2020). A relevant core outcome set is the Core Outcome Set for Studies on Obesity in 

Pregnant Patients (COSSOPP), and this project highlighted a need for greater 

measurement of outcomes relating to emotional functioning (Dadouch et al., 2018, 

Dadouch et al., 2020, Dadouch et al., 2019a, Dadouch et al., 2019b). Use of a validated 

and internationally relevant questionnaire to assess well-being in this study allows for 

meaningful comparison with the literature and addresses gaps in studies applying the 

EOSS (Padwal et al., 2011). Use of the Benjamini-Hochberg adjustment for multiple 

comparisons adds statistical rigour to the data (Armstrong, 2014). This study is not without 

limitations. Selection of women with sufficient criteria for EOSS classification may introduce 

selection bias. We did not have sufficient data to allow for application of the functional 

aspect of EOSS, or application of stage 3 or 4. Other studies in non-pregnant individuals 
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have used functional limitation and activities of daily living in their functional assessment. 

Interpretation of this may be difficult in pregnancy due to the associated functional decline 

that may be experienced throughout gestation, especially for those with obesity (Bai et al., 

2018, Hueston and Kasik-Miller, 1998, Padwal et al., 2011). This was an exploratory 

analysis of data collected as part of a randomised controlled trial and it is possible that our 

study did not have statistical power to find differences in pregnancy outcomes. Regardless, 

the spread of EOSS stages in our cohort does not support application in its current format 

for the purpose of treatment prioritisation. 

 

5.6 Conclusion  

Most women with overweight or obesity have raised EOSS scores in early pregnancy and 

EOSS scores did not predict pregnancy outcomes. Efforts to improve cardiometabolic 

health in women with BMI ≥25kg/m2 before pregnancy are warranted.  
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Impact of a mobile-Health lifestyle intervention on dietary inflammatory index in pregnant 

women with overweight and obesity: a secondary analysis 
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6.1 Abstract  

Background: Women with overweight or obesity are at increased risk of inflammation and 

the associated pregnancy complications. The energy-adjusted dietary inflammatory index 

(E-DII) is an assessment of the inflammatory potential of the diet. The E-DII has been 

associated with a variety of adverse pregnancy outcomes, but evidence on strategies to 

reduce it is scarce. The aim of this study was to investigate the effect of an antenatal lifestyle 

intervention of a low-glycaemic index (GI) diet and physical activity on E-DII in women with 

overweight or obesity. A secondary aim was to explore the relationship between E-DII and 

maternal and child health. 

Methods: This is a secondary analysis of mother-child pairs (n = 434) from the Pregnancy 

Exercise and Research Study (PEARS) (a mobile-health-supported lifestyle intervention 

among pregnant women with a body mass index (BMI) ≥25Kg/m2). In early (14-16 weeks 

gestation) and late (28 weeks gestation) pregnancy, fasting lipids and glucose were 

measured. The E-DII was calculated from data from three-day food diaries collected in early 

and late pregnancy. Blood pressure was extracted from medical records. Outcomes 

included lipids, inflammation markers, insulin resistance, mode of delivery, infant size, pre-

eclampsia, and gestational diabetes mellitus (GDM). Pearson’s correlations, chi-square 

statistics and multiple logistic regression were used to identify relationships. We applied the 

Benjamini-Hochberg adjustment for multiple comparisons.  

Results: The mean (standard deviation) age of participants was 32.45 (4.29) years with 

median (interquartile range) BMI 28.25 (26.70, 31.34) kg/m2. There was no change in E-DII 

in the controls (−0.14 (1.19) vs. −0.07 (1.09), p = 0.465) but E-DII reduced after the 

intervention (-0.06 (1.11) vs −0.75 (1.05), p < 0.001). No associations were found between 

early pregnancy E-DII and maternal and child outcomes, except for increased odds of 

adverse cardiometabolic phenotype in women who delivered male infants (OR = 2.29, p = 

0.010), but not in female infants (OR = 0.99, p = 0.960). 

Conclusions: A low-GI antenatal intervention can reduce the inflammatory potential of 

diets. Sex differences should be explored further in future research. 
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6.2 Introduction  

Evidence suggests the association between pre-pregnancy overweight and obesity, and 

adverse maternal and fetal outcomes is mediated through inflammation (Sureshchandra et 

al., 2018). Early pregnancy diet and weight may have implications for inflammation 

throughout pregnancy (Wallace et al., 2021). The dietary inflammatory index (DII) was 

designed to quantify the inflammatory potential of the diet. The total score is calculated 

using data on the effect of individual macronutrients, micronutrients, and flavonoids on 

inflammatory markers including C-Reactive Protein (CRP), Tissue-Necrosis Factor-Alpha 

and Interleukin-6, identified through a literature review (Cavicchia et al., 2009). Although 

the evidence base for this score comes from non-pregnant populations, the DII has been 

validated in pregnancy (Wallace et al., 2021, Sen et al., 2016). Energy-adjusted-DII (E-DII) 

considers the impact of caloric intake and has better predictive ability compared to 

unadjusted DII (Hébert et al., 2019). Pre-pregnancy BMI is positively associated with 

pregnancy DII, and both BMI and DII are associated with inflammation in pregnant women 

with overweight and obesity (Shin et al., 2017, Wallace et al., 2021). In a variety of 

pregnancy cohorts, the DII or E-DII has been associated with outcomes such as maternal 

inflammation, gestational diabetes mellitus, preterm birth, birthweight, and neonatal 

adiposity, particularly in women with overweight and obesity (Zhang et al., 2021, Moore et 

al., 2018, Sen et al., 2016, Yang et al., 2020, Chen et al., 2021b, Ishibashi et al., 2020). 

Furthermore, associations between maternal DII and offspring childhood respiratory issues, 

emotional and behaviour symptoms, BMI trajectories from birth to adolescence have been 

reported (Monthé-Drèze et al., 2021, Polanska et al., 2021, Chen et al., 2020b, Hanson et 

al., 2019a, Chen et al., 2021a, Navarro et al., 2020a).  

In non-pregnant women with overweight and obesity, a diet, or a combined diet and 

exercise intervention aiming to induce weight loss, also reduced E-DII (Duggan et al., 

2021). A multifaceted intervention including diet, exercise, and psychological counselling 

also reduced adiposity and E-DII in adolescents with obesity (Ferreira et al., 2019). In 

relation to dietary patterns, the limited available evidence suggests a plant-based or 

Mediterranean diet may reduce DII scores (Turner-McGrievy et al., 2019, Turner-McGrievy 

et al., 2015, Mayr et al., 2018). There is, however, a paucity of evidence on strategies to 

reduce DII in pregnancy. Of particular interest is the inflammatory impact of recommended 

dietary interventions, such as the low-glycaemic index (GI) diet. To address this gap, we 

aimed to assess the effect of an antenatal lifestyle intervention, including a low-GI diet, on 

E-DII scores in pregnant women with overweight and obesity. As a secondary aim, we 

assessed the relationship between E-DII score and maternal cardiometabolic and 

pregnancy outcomes. 
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6.3  Methods  

This is a secondary analysis of participants recruited as part of the PEARS study. For a full 

description of the methods, refer to chapter 2. In brief, the intervention involved education 

on low GI diets and an exercise prescription. Women in the control group were managed 

according to standard guidelines. Women were screened for eligibility at their first antenatal 

visit by reviewing their patient charts. Women were eligible if they had a BMI of between 

25.0-39.9 kg/m2, singleton pregnancy, absence of previous GDM and no medical illness 

requiring treatment. The sample in this secondary analysis (n = 434) represents those 

women for whom we had dietary data from three-day food diaries in early pregnancy (14-

16 weeks gestation), from which to calculate E-DII. The E-DII is a measure of the cumulative 

inflammatory potential of the diet, calculated based on the unique inflammatory effect of  27 

macro and micronutrients, adjusted for energy. Lower E-DII values indicate a more anti-

inflammatory diet while higher values indicate a more pro-inflammatory diet. More 

information can be found in chapter 2. The primary outcome in this study was the change 

in dietary inflammatory potential, as assessed by the E-DII from early to late pregnancy, 

and between study groups. Secondary outcomes included associations between early and 

late E-DII scores and a variety of outcomes. In relation to biomarkers, these included 

cardiometabolic health, inflammation, and markers of glycaemic control. Additional 

cardiometabolic health was classified as the Edmonton Obesity Staging System (EOSS). 

Pregnancy outcomes included GDM, mode of delivery, birthweight, birth length, head 

circumference, pre-term delivery (<37 weeks gestation), small for gestational age (SGA) 

(birthweight <10th centile), large for gestational age (LGA) (birthweight >90th centile), 

macrosomia (birthweight >4000g) and low birth weight (LBW) (<2500g).  

6.3.1 Statistical analysis  

Categorical variables are presented as number and frequency (%). Continuous variables 

were assessed for normality through visual inspection of histograms, the Kolmogorov-

Smirnov test for normality, and inspection of descriptive data including the mean and 

median. Continuous variables are presented as mean (standard deviation (SD)) or median 

and interquartile range (25th, 75th centile). All non-normally distributed data were log10 

transformed prior to analysis. In the correlation analysis, Pearson’s correlations were used 

for normally distributed data, and Spearman’s correlations were used for non-normally 

distributed data. Additionally, Pearson’s’ correlations were run for log-transformed 

variables. Comparison statistics, including the change in E-DII over time in the intervention 

versus the control group, were generated through independent sample or paired-sample t-

tests (with data split by study group). The difference between intervention and control 
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groups in mean change in E-DII is identified through independent sample t-tests. The 

difference in mean E-DII in early and late pregnancy in each study group is determined 

through paired sample t tests. Chi-square (χ2) tests were used to compare categorical 

variables. Any analysis that was suggestive of an association (p < 0.05) was investigated 

in multiple regression models. The relationship between early pregnancy E-DII and 

maternal and fetal outcomes was assessed using multiple linear and logistic regression, 

with a forced entry approach for known potential confounders. The confounders were 

chosen a priori and included maternal age, maternal baseline BMI (≥30 kg/m2 yes/no), 

ethnicity (White yes/no), smoking (current smoker yes/no), maternal education (completed 

some third level), and study group (intervention/control). Variables to investigate the 

interaction effect of BMI and infant sex on the relationships between centred E-DII and 

outcomes were also included in the models. In the case of a significant sex interaction 

effect, the analysis was run for males and females separately. In the case of a significant 

interaction effect of BMI, the analyses were run for women with overweight and obesity 

separately. As this is a secondary analysis, we applied the Benjamini-Hochberg correction 

for multiple testing with a false discovery rate of 0.20, which is appropriate to support 

hypothesis generation. At first, all p values < 0.05 were considered statistically significant. 

Values were then compared to their corresponding q value to determine significance. 

Statistical analysis was performed using IBM Statistical Package for Social Sciences 

software for Windows, version 26.0 (SPSS Inc, Chicago, IL, USA). All analyses were 

performed with pairwise deletion of missing variables. 

6.4 Results  

6.4.1 Maternal and fetal characteristics  

Table 6.1 includes the demographics of the cohort (n = 434). Median (interquartile range) 

BMI was 28.25 (26.70, 31.34) kg/m2 and mean (SD) age was 32.45 (4.29) years. 

Approximately a quarter (32.5%) of the sample had obesity. Infant characteristics and fetal 

markers can be found in Table 6.2. 
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Table 6.1. Maternal characteristics.   

Baseline data  n Value  

Age (years)  433 32.45 (4.29) 

Body Mass Index (kg/m2) * 434 
28.25 (26.70, 
31.34) 

Body Mass Index category (n, % obesity) 434 141, 32.50 
Ethnicity (n, % White) 421 396, 94.1 
Smoking (n, % current)  434 22, 5.10 
Parity (n, % 1 or more) 434 194, 44.70 
Socioeconomic status (n, % above average advantage) 434 310, 71.40 
Study group (n, % intervention) 434 224, 51.60 
E-DII in early pregnancy 434 −0.10 (1.15) 
E-DII in late pregnancy  290 −0.413 (1.12) 

Gestational age at delivery (days) * 419 
283.00 (276.00, 
289.00) 

Maternal cardiometabolic and inflammatory markers in early pregnancy 

Total cholesterol (mmol/L) 398 5.39 (0.87) 
LDL cholesterol (mmol/L) 398 3.21 (0.86) 
HDL cholesterol (mmol/L) 398 1.52 (0.44) 
Triglycerides (mmol/L) * 398 1.42 (1.07, 1.68) 
Glucose (mmol/L) 382 4.50 (0.34) 

C3 Complement (mg/dl) * 291 
154.40 
(141.59,174.04) 

C-reactive protein (mg/L) * 275 1.39 (0.64, 2.88) 
Insulin (uU/L) * 397 8.52 (6.45, 11.46) 
C-peptide (ng/mL) * 391 1.41 (1.09, 1.75) 

Maternal pregnancy outcomes    

Gestational diabetes (n, %) 394 57, 14.50 
Pre-eclampsia or pregnancy-induced hypertension (n, %) 378 26, 6.90 
Early pregnancy EOSS score ≥1 (n, %) 276 224, 81.20 

Early is 14–16 weeks and late is 28 weeks’ gestation. Continuous data are mean  (standard 
deviation (SD)) unless * which is median (interquartile range). E-DII = energy-adjusted 
dietary inflammatory index. HDL = high density lipoprotein, LDL = low density lipoprotein. 
EOSS = Edmonton Obesity Staging System.   
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6.4.2 Energy-adjusted dietary inflammatory index  

Table 6.3 includes the results for E-DII scores in the intervention and control groups. There 

was no difference in the E-DII at baseline between intervention and control groups (p = 

0.499, q = 0.125). The inflammatory potential of the diet reduced from early to late 

pregnancy in the intervention group (mean change −0.76 (1.15), p < 0.001, q = 0.005), but 

there was no change in the control group (p = 0.465, q = 0.116). After the study period, 

20.4% of the intervention group had a more pro-inflammatory diet (E-DII > 0), while the 

proportion of participants with this classification was over double (46.2%) in the control 

group (p < 0.001, q = 0.001). 

Table 6.2 Infant characteristics, fetal markers, and birth outcome 
Infant characteristics  n Mean (SD) 

Infant sex (n, % male)  411 215, 52.30 
Birth weight (g) 422 3643.93 (526.89) 
Low birth weight (n, % < 2500 g) 422 9, 2.10 
Macrosomia (n, % > 4000 g) 422 99, 23.50 
Small for gestational age (n, % < 10th centile)  395 23, 5.80 
Large for gestational age (n, % > 90th centile) 395 47, 11.90 
Placental weight (g) 363 665.94 (146.69) 
Birth length (cm) 395 51.33 (2.17) 
Ponderal index (cm3) * 399 2.70 (2.50, 2.92) 

Head circumference (cm) * 385 
35.10 (34.30, 
36.00) 

Fetal cardiometabolic and inflammatory markers   

Total cholesterol (mmol/L) * 193 1.76 (1.46, 2.00) 
LDL cholesterol (mmol/L) * 193 0.86 (0.70, 1.08) 
HDL cholesterol (mmol/L) * 193 0.54 (0.45, 0.70) 
Triglycerides (mmol/L) * 193 0.53 (0.42, 0.74) 
Glucose (mmol/L) 30 4.35 (0.86) 
C3 Complement (mg/dl) 158 90.26 (18.11) 
C-reactive Protein (mg/L) * 144 0.03 (0.02, 0.05) 
Insulin (uU/L) * 193 4.97 (2.48, 8.22) 
C-peptide (ng/mL) * 203 0.12 (0.10, 0.59) 

Birth outcomes    

Mode of delivery (% caesarean delivery)  422 112, 26.50 
Preterm birth (n, % < 37 weeks) 419 15, 3.60 

Early is 14–16 weeks and late is 28 weeks’ gestation. Continuous data are mean  
(standard deviation (SD)) unless * which is median (interquartile range). E-DII = energy-
adjusted dietary inflammatory index. HDL = high density lipoprotein, LDL = low density 
lipoprotein. EOSS = Edmonton Obesity Staging System.   
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Table 6.3. E-DII throughout gestation and impact of PEARs lifestyle intervention. 

 
Intervention Control p  

Value 
q  
Value n mean (SD) n mean (SD) 

Early pregnancy E-DII  224 0.06 (1.11) 210 −0.14 (1.19) 0.499 0.125 
Late pregnancy E-DII  147 −0.75 (1.05) 143 −0.07 (1.09) <0.001 0.003 
Mean change E-DII 147 -0.76 (1.15) 143 0.07 (1.21) <0.001 0.005 
Within group 
comparison 

 * p < 0.001 (q = 0.006) * p = 0.465 (q = 0.116) 

Data presented as mean ± standard deviation. p values are derived from independent 
sample t-tests, except for *p values which represent paired-sample t-tests comparing 
early and late E-DII within the intervention and the control groups separately. E-DII is 
energy-adjusted dietary inflammatory index. The E-DII is interpreted as a continuous 
numerical score which can be a negative or positive number, with no units. Positive 
values can be considered more pro-inflammatory and negative values can be 
considered more anti-inflammatory. Early refers to data collected between 14–16 weeks 
and late refers to data collected at 28 weeks’ gestation. q values represent the level of 

significance to which each p value is compared to as part of the Benjamini−Hochberg 
adjustment. 

 

6.4.3 Cardiometabolic markers  

There was a positive association between early E-DII and early maternal concentrations of 

LDL cholesterol (r = 0.13, p = 0.011, q = 0.022), triglycerides (r = 0.11, p = 0.023, q = 0.031), 

insulin (r = 0.14, p = 0.004, q = 0.021), and C3 complement (r = 0.12, p = 0.039, q = 0.039), 

and a negative association with HDL cholesterol (r = −0.10, p = 0.039, q = 0.040) (Table 

6.4). The associations with insulin (r = 0.13, p = 0.015, q = 0.028), triglycerides (r = 0.11, p 

= 0.042, q = 0.043), and HDL (r = −0.16, p = 0.002, q = 0.018) persisted into late pregnancy. 

E-DII was positively associated with cord blood insulin (r = 0.15, p = 0.044, q = 0.046). Table 

6.5 includes the results of multiple linear regression models on the association between 

early E-DII score and cardiometabolic markers. There was no potential interaction effect 

noted for either infant sex or BMI on these relationships (all p values >0.05), except for a 

potential relationship between infant sex and E-DII on insulin in late pregnancy (p = 0.049, 

q = 0.124). When the data were stratified by infant sex no significant associations were 

seen for E-DII in adjusted linear regression (all p >0.05). 
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Table 6.4. Correlations between E-DII in early pregnancy and maternal and cord cardiometabolic markers. 

 Maternal (Early) Maternal (Late) Cord 
 n r p  q  n r p  q  n r p  q  

Total cholesterol (mmol/L) 398 0.01 0.070 0.054 362 0.01 0.872 0.183 193 0.07 0.362 0.099 

LDL cholesterol (mmol/L) 398 0.13 0.011 0.022 362 0.06 0.279 0.082 193 0.07 0.330 0.090 

HDL cholesterol (mmol/L) 398 −0.1 0.039 0.040 362 −0.16 0.002 0.018 193 0.00 0.974 0.200 

Triglycerides (mmol/L) a 398 0.11 0.027 b 0.031 362 0.10 0.055c 0.045 193 −0.03 0.962b 0.143 
Glucose (mmol/L) 382 −0.02 0.656 0.150 -  30 0.19 0.314 0.088 
C3 Complement (mg/dl) 291 0.12 0.039 0.041 294 0.05 0.401 0.106 158 0.03 0.729 0.157 

C-reactive Protein (mg/L) a 275 0.02 0.714 b 0.148 276 −0.11 0.074b 0.138 144 0.01 0.903b 0.185 

Insulin (uU/L) a 397 0.16 0.001b 0.021 364 0.12 0.024b 0.029 193 0.14 0.058b 0.046 
C-peptide (ng/mL) a 391 0.03 0.503b 0.075 364 0.03 0.641 0.142 203 −0.04 0.620b 0.158 

Values are generated from Pearson’s or Spearmansa correlations. bLog-transformed data were used, and no differences were found in 
interpretations. c No association found using log-transformed data (r = 0.10, p = 0.055). HDL = high density lipoprotein, LDL = low density 

lipoprotein. q values represent the level of significance to which each p value is compared to as part of the Benjamini−Hochberg adjustment.  
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Table 6.5. Multiple linear regression models for E-DII and cardiometabolic and inflammatory markers. 

  Single variable Adjusted   

 n B p  q 95% CI B p  q  95% CI R2 Adj Model p Model q 

Early pregnancy             

LDL cholesterol (mmol/L) 398 0.13 0.011 0.024 0.02, 0.17 0.17 0.157 0.067 −0.03, 0.21 0.06 0.011 0.017 
HDL cholesterol (mmol/L) 398 −0.11 0.023 0.042 −0.08, −0.06 −0.08 0.326 0.100 −0.09, 0.03 0.05 0.001 0.009 
Triglycerides (mmol/L) * 398 0.11 0.027 0.060 −0.00, 0.03 −0.02 0.849 0.172 −0.02, 0.02 0.08 <0.001 0.010 
C3 Complement (mg/dl) 291 0.12 0.039 0.037 0.15, 5.68 −0.01 0.901 0.182 −4.40, 3.87 0.11 <0.001 0.012 
Insulin (mmol/L) * 397 0.16 0.001 0.017 0.01, 0.05 0.08 0.333 0.096 −0.01, 0.04 0.15 <0.001 0.013 

Late pregnancy               

HDL cholesterol (mmol/L) 362 −0.16 0.002 0.016 −0.12, −0.03 −0.16 0.066 0.055 −0.15, 0.01 0.04 0.001 0.015 
Triglycerides (mmol/L) 362 0.11 0.042 0.045 0.02, 0.11 0.11 0.194 0.072 −0.03, 0.15 −0.00 0.462 0.106 
Insulin (uU/L) * 364 0.12 0.024 0.030 0.00, 0.04 0.02 0.775 0.164 −0.02, 0.03 0.16 <0.001 0.016 

Cord blood              

Insulin (mmol/L) * 193 0.14 0.058 0.052 −0.00, 0.10 0.10 0.384 0.103 −0.05, 0.12 0.02 0.184 0.049 

CI = confidence interval. Variables included in multiple regression analysis as potential covariates were maternal age at recruitment (years), 
ethnicity (Caucasian yes/no), economic advantage (yes/no), smoking (current yes/no), study group (intervention yes/no), and maternal BMI (over 
30 kg/m2 yes or no). Additionally, the interaction effect of centred E-DII with infant sex or maternal BMI category (over 30 kg/m2 yes or no) was 
included in each of the models. Log transformed data were used for all non-normally distributed values *. Standardised B values are reported. 
HDL = high density lipoprotein, LDL = low density lipoprotein, C3 = C3 Complement protein. q values represent the level of significance to which 

each p value is compared to as part of the Benjamini−Hochberg adjustment. 



 

125 
 

6.4.4 Pregnancy outcomes  

We assessed the relationship between E-DII score and maternal and fetal outcomes. In 

correlation analysis, no association was found between E-DII and birthweight (r = 0.11, p = 

0.816, q = 0.155), birth length (r = 0.50, p = 0.318, q = 0.078), head circumference (r = 

−0.00, p = 0.981, q = 0.193), placental weight (r = 0.03, p = 0.577, q = 0.161), ponderal 

index (r = −0.05, p = 0.310, q = 0.097), or gestational age (r = −0.02, p = 0.753, q = 0.175). 

Chi-square tests suggested a potential relationship between E-DII and metabolic 

phenotype. More women with a pro-inflammatory diet (E-DII >0) were metabolically 

unhealthy according to the EOSS (107, 87.0%) versus women with an E-DII <0 (n=117, 

76.5%), (p = 0.026, q = 0.033). There were no other potentially significant associations 

between a pro-inflammatory diet and categorical variables including: GDM (p = 0.614, q = 

0.314), diagnosis of pre-eclampsia or pregnancy-induced hypertension (p = 0.673, q = 

0.151), macrosomia (p = 0.810, q = 0.182), SGA (p = 0.491, q = 0.118), LGA (p = 0.465, q 

= 0.115), preterm birth (p = 0.323, q = 0.194), or mode of delivery (p = 0.272, q = 0.087).  

Table 6.6 includes the results of multiple logistic regression models on the relationship 

between early E-DII score and maternal and fetal outcomes. In most models, no suggestion 

of an interaction effect was seen for maternal BMI category or infant sex (all p values >0.05). 

A potential interaction was seen for infant sex on the metabolically unhealthy phenotype (p 

= 0.047, q = 0.048). When analysed separately and adjusted for all confounders except 

infant sex, we found each unit increase in early maternal E-DII increased the odds of 

metabolically unhealthy obesity by 2.29 in women with male (n = 137, OR = 2.29, p = 0.010, 

q = 0.025., 95% CI = 1.22, 4.31), but not female infants (n = 114, OR = 0.99, p = 0.960, q 

= 0.196, 95% CI =0.63, 1.56). When stratified by infant sex in chi-square statistics, there 

was also a significant relationship between a pro-inflammatory diet (E-DII > 0) and 

metabolically unhealthy phenotype for male (p = 0.015, q = 0.028), but not female (p = 

0.567, q = 0.066) infants. In this analysis, 79.3% (n = 65) of women with an anti-

inflammatory diet (E-DII < 0) had a metabolically unhealthy phenotype, while a greater 

proportion, 93.7% (n = 59) of those with a pro-inflammatory diet (E-DII > 0), were classified 

as metabolically unhealthy. There was a potential interaction effect of maternal BMI on E-

DII for mode of delivery (p = 0.033, q = 0.034). There was, however, no significant 

relationship between E-DII and mode of delivery when women with overweight (n = 261, 

OR = 0.85, p = 0.239 q = 0.073, 95% CI = 0.60, 1.23) and obesity (n = 122, OR = 0.62, p = 

0.115, q = 0.061, 95% CI = 0.34, 1.12) were analysed separately. In chi-square statistics, 

there were no significant relationships between mode of delivery and E-DII when women 

with overweight (p = 0.747, q = 0.173) and obesity (p = 0.123, q = 0.063) were analysed 

separately. 
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Table 6.6 Multiple logistic regression models for E-DII associations with maternal and fetal outcomes. 

 Single variable Adjusted 

 n OR  p  q  95% CI  OR  p  q  95% CI 

Maternal health           

Gestational diabetes mellitus 355 1.05 0.714 0.154 0.82, 1.34 0.86 0.515 0.122 0.55, 1.35 
EOSS score ≥1  276 1.27 0.086 0.058 0.96, 1.68 0.91 0.707 0.152 0.56, 1.48 
Pre-eclampsia or pregnancy-induced hypertension  378 0.87 0.436 0.113 0.61, 1.24 1.09 0.784 0.169 0.59, 2.03 
Mode of delivery (caesarean delivery) 483 0.90 0.251 0.076 0.74, 1.08 0.89 0.494 0.119 0.64, 1.24 

Neonatal health           

Macrosomia (>4000 g) 383 0.95 0.606 0.139 0.78, 1.16 0.78 0.159 0.069 0.55, 1.10 
Small for gestational age (<10th centile)  359 0.93 0.677 0.145 0.64, 1.34 0.85 0.594 0.131 0.47, 1.54 
Large for gestational age (>90th centile) 359 1.06 0.683 0.146 0.81, 1.38 1.12 0.663 0.142 0.68, 1.82 
Preterm birth (<37 weeks) 381 0.77 0.265 0.079 0.49, 1.22 0.97 0.938 0.191 0.45, 2.11 

Covariates were maternal age at recruitment (years), ethnicity (Caucasian yes/no), economic advantage (yes/no), smoking (current yes/no), 
study group (intervention yes/no), and maternal BMI (over 30 kg/m2 yes or no). Odds ratios (OR) are reported using Exp B values. Metabolic 
phenotype was classified using the Edmonton Obesity Staging System (EOSS ≥1 yes or no). The interaction effect of E-DII and infant sex or 
maternal BMI category was included in each of the models. q values represent the level of significance to which each p value is compared to 

as part of the Benjamini−Hochberg adjustment. CI, confidence interval. 
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6.5 Discussion  

This is the first study to assess the impact of an antenatal diet and exercise intervention on 

E-DII in pregnant women. We found that the PEARS intervention reduced E-DII from early 

to late pregnancy. No change was observed in the control group. As secondary analyses, 

we investigated the association between E-DII score and markers of cardiometabolic health 

and pregnancy outcomes for both the mothers and offspring. The correlation and single-

variable regression suggested a relationship between E-DII and several maternal and fetal 

cardiometabolic health factors including insulin and HDL cholesterol. The associations were 

no longer significant after adjustment for multiple confounders and correction for multiple 

testing. Higher odds of adverse cardiometabolic phenotype were found with increasing E-

DII in women who delivered male infants, even after controlling for confounders and multiple 

testing. 

We found that the PEARS intervention, which included a diet and exercise prescription as 

part of an overall healthy lifestyle package, reduced E-DII in women with raised BMI. The 

PEARS antenatal lifestyle intervention was not designed to reduce inflammation but rather 

to reduce the glycaemic potential of the diet. The intervention included advice on reducing 

GI and glycaemic load (GL) during pregnancy, such as swapping high GI foods for a lower 

GI alternative (Kennelly et al., 2016b). Using dietary data collected from college students in 

Louisiana, USA, Kim et al. found that GI but not GL was associated with the DII (Kim et al., 

2018). The PEARS intervention also advised on healthy eating recommendations for 

pregnancy. In an observational study of young adults, a lower DII was associated with 

healthier scores on other dietary indices including the Healthy Eating Index, Alternative-

Healthy Eating Index, and Dietary Approaches to Stop Hypertension indices. This should 

be an area for future research in pregnancy (Wirth et al., 2016). The PEARS lifestyle 

intervention significantly altered dietary intakes of macro and micronutrients. This included 

a reduction in absolute intakes of carbohydrate, free sugar, fat, saturated fat, sodium, and 

calcium (Ainscough et al., 2019). In this study, E-DII did not change throughout gestation 

in the control group. This suggests that without an intervention, E-DII is relatively stable 

throughout pregnancy. These findings are consistent with the limited available literature. In 

a longitudinal study of 49 women with overweight and obesity by Wallace et al., the E-DII 

did not change from early to late pregnancy (Wallace et al., 2021). 

A study by Turner-McGrievy et al. as part of the Inflammation Management Intervention 

study advised non-pregnant adults to consume a predominantly plant-based diet, made up 

of fruits, vegetables, wholegrains, legumes, and spices (garlic, cumin, etc.), with the aim of 

reducing DII and systemic inflammation (Turner-McGrievy et al., 2019). Three optional 

portions of fish were included in the intervention. Participants were asked to exclude all 
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meat and dairy and avoid refined foods such as sugar, flour, and oils. Over a three-month 

period, the DII reduced in the intervention group compared to the control group (Turner-

McGrievy et al., 2019). The intervention group also saw a significant reduction in CRP and 

circulating lipids, with a dose−response effect (Turner-McGrievy et al., 2019). In other 

studies, individuals consuming a plant-based diet such as a vegan, vegetarian, or 

Mediterranean diet have been shown to have lower DII scores compared to those 

consuming low-fat diets (Turner-McGrievy et al., 2015, Mayr et al., 2018). In a prospective 

cohort study of over 2000 pregnant women in China, those with the highest tertile of DII 

(most pro-inflammatory diets) had higher intakes of red meat and rice-wheat products, and 

lower intakes of nuts, fruits, vegetables, fish, eggs, and beans than those with lower DII 

values (Zhang et al., 2021). Similarly, in an Irish cohort of adults (aged 50–69 years), those 

with a higher E-DII score had lower intakes of fruits and vegetables and higher intakes of 

dairy, meat, fish, poultry, eggs, fats, and sugars (Phillips et al., 2018a). The PEARS 

intervention was different in that it did not involve restriction of foods and food groups other 

than choosing low-GI options when possible and reducing snacks, confectionary, or sugar-

sweetened beverages as is recommended in standard healthy eating advice for pregnancy. 

The fact that this advice was sufficient to reduce the E-DII in women during pregnancy is 

promising, since it suggests benefits may be achieved by following the healthy eating 

recommendations for pregnancy and without the need to follow specific dietary patterns 

e.g., plant-based. The work of Turner McGrievy and other however does highlight the 

important role fruits and vegetables play in healthy eating and reduced inflammation advice 

for women during pregnancy.  

We did not find any significant relationship between early E-DII and pregnancy or birth 

outcomes. In early pregnancy, mean E-DII scores in our cohort were on average negative 

at −0.41 ± 1.1 (with a range of −2.94 to 2.42). It is possible that the absolute values of E-

DII in our study mothers limited the ability to detect associations with some pregnancy 

outcomes. In the study by McCullough et al., the median maternal E-DII (both pre-

pregnancy and pregnancy time points included) was also negative at −1.37, however they 

had a much larger range (−5.00 to 4.96) (McCullough et al., 2017). Like our study, when 

using data from all mothers, they found no association between E-DII values and maternal 

or fetal outcomes, including birthweight, gestational age, SGA, LGA, and mode of delivery 

(McCullough et al., 2017). Additionally, Buxton et al. found that in a study of 1216 pregnant 

women in Mexico, E-DII (range −4.10 to 4.59) was not associated with preterm birth (Buxton 

et al., 2020). McCullough et al. found significant relationships when the data were split by 

maternal BMI. With this approach, they found higher E-DII predicted caesarean delivery in 

women with obesity but not overweight (McCullough et al., 2017). Similarly, we found a 
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potential interaction effect of maternal BMI on the relationship between E-DII and mode of 

delivery, but sub-analysis did not find any significant associations when controlled for all 

confounders. Maternal obesity increases the risk of many pregnancy complications and 

adverse birth outcomes (McAuliffe et al., 2020). Previously published work with data from 

the PEARS study, however, found that women with obesity did not have a significantly 

greater incidence of caesarean delivery compared to women with overweight (Rafferty et 

al., 2020). In a separate analysis, the data from Project VIVA was used measure maternal 

DII rather than E-DII in the second and third trimester. It their study, higher DII values were 

associated with lower birthweight in mothers with obesity but not overweight (Sen et al., 

2016).  

Cardiometabolic health during pregnancy is important due to the longstanding implications 

it may have for the mother postpartum, as well as for the growing fetus (Sheiner et al., 

2019). The negative impact of pro-inflammatory diets on metabolic phenotype was recently 

shown in a non-pregnant population of 300 healthy adults with obesity (Abdurahman et al., 

2019). In correlation analysis, we found relationships between early E-DII and early 

concentrations of LDL cholesterol, HDL cholesterol, triglycerides, insulin, and C3 

Complement protein; however, significance was lost after controlling for multiple 

confounders, including BMI, in the regression analysis. We found an interaction effect of 

infant sex on the relationship between E-DII and metabolic phenotype. In the sub-analysis, 

higher E-DII score increased the odds of being metabolically unhealthy by over two-fold, 

and a greater proportion of women who delivered male infants with a pro-inflammatory E-

DII had metabolically unhealthy phenotype compared to those with an anti-inflammatory 

value (E-DII < 0). Rafferty et al., using data from the PEARS study, did not find a relationship 

between infant sex and maternal early pregnancy cardiometabolic markers alone, 

suggesting a unique interaction in relation to E-DII (Rafferty et al., 2020). In the ALPHABET 

consortium, gender differences were also observed. Specifically, in an analysis with 4199 

mother−infant pairs from two cohorts (Early Postnatal Determinants of Child Health and 

Development Study and the Southampton Women’s Study), higher pre-pregnancy E-DII 

was associated with lower birthweight, head circumference, birth length, and higher risk of 

small-for-gestational-age birth in male, but not female infants (Chen et al., 2021b). Only the 

association with birth length and SGA remained when the E-DII from pregnancy, rather than 

pre-pregnancy, and both sexes were included from all seven pregnancy cohorts (23,993 

mother−child pairs). We did not find an interaction effect for infant sex on these outcomes, 

and our findings are therefore in contrast with this recently published work by Chen et al. 

(Chen et al., 2021b). The average birthweights in some of the cohorts included in that 

individual participant data meta-analysis were greater than in the PEARS study (Chen et 
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al., 2021b). The study also included women of all BMI categories (BMI 23.3 ± 4.2 kg/m2) 

and the mean E-DII was higher than ours at 0.2 ± 1.7.  

6.5.1  Strengths and limitations  

A strength of this study is the homogeneity of the study population, which allows us to 

investigate the relationship between E-DII and outcomes in the context of healthy pregnant 

women with overweight and obesity. Many older studies used DII to assess outcomes. We 

used the E-DII, which represents a refinement compared to the DII. Energy contributes to 

the inflammatory potential of the diet and unadjusted values are influenced by total energy 

intake. In this case, low energy intake may result in a low DII, regardless of the breakdown 

of the diet (Hébert et al., 2019). We applied further criteria to adjust the statistical 

significance for multiple testing. The Benjamini−Hochberg correction for multiple testing is 

a more conservative approach than the Bonferroni method that provides considerable 

adjustment to control for the false discovery rate, appropriate for this study design 

(Armstrong, 2014). The findings have clear clinical implications by providing evidence on 

safe approaches to improve the inflammatory potential of the diet in pregnancy. Limitations 

include the fact that the E-DII in this study was calculated using self-reported data and as 

such, it is subject to error and misreporting (Ortega et al., 2015). The study is a secondary 

analysis of a previous randomised controlled trial and as such, it is likely to be insufficiently 

powered to find significant relationships with maternal and child outcomes. The sample size 

was limited to those which have enough data to calculate E-DII in early pregnancy and is 

smaller than other similar studies in the literature (Chen et al., 2021a, Moore et al., 2018, 

Sen et al., 2016, Shin et al., 2017, Yang et al., 2020).  

6.6 Conclusion  

Previous work highlights the potential role of higher E-DII in the development of adverse 

health outcomes during pregnancy and beyond. Our novel study found that a healthy 

antenatal lifestyle intervention, that included low-GI advice, reduced E-DII in pregnant 

women with overweight or obesity. When using data from the entire cohort, we did not find 

any significant associations between E-DII and maternal or fetal outcomes, after controlling 

for confounders. This suggests that the predictive value of E-DII for adverse outcomes in 

pregnant women with obesity may be of greater importance when compared to lower BMI 

categories, rather than within those with raised BMI. Future research investigating this 

hypothesis in a larger sample size is warranted. We did, however, see increased risk of 

adverse cardiometabolic phenotype in women who delivered male but not female infants. 

This suggests a potential role of infant sex in the relationship that warrants future study. 
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CHAPTER 7 

Addressing nutrition in routine antenatal care: evaluation of the International Federation of 

Gynaecology and Obstetrics (FIGO) Nutrition Checklist 
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7.1 Abstract  

Background: The International Federation of Gynaecology and Obstetrics (FIGO) Nutrition 

Checklist is a brief nutritional assessment tool for antenatal care. The acceptability and 

feasibility of the FIGO Nutrition Checklist in the clinical setting has never been assessed.  

Methods: A convenience sample of women were recruited from the antenatal outpatient 

department at the National Maternity Hospital. Participants completed a FIGO Nutrition 

Checklist before their routine appointment. Obstetricians and women were encouraged to 

discuss the FIGO Nutrition Checklist during the clinical visit. Acceptability was assessed 

through questionnaires. Pregnant women (n=10) were invited to take part in a semi-

structured qualitative interview that was audio-recorded, transcribed, and analysed using 

thematic content analysis.  

Results: A total of 105 women took part in the study. The median (interquartile range) body 

mass index (BMI) was 25.7 kg/m2 (23.0-30.7) and the median (interquartile range) gestation 

was 27.4 (21.0, 36.0) weeks. In the diet quality component of the FIGO Nutrition Checklist, 

80% of women (n = 84) reported at least suboptimal dietary practice that could put them at 

nutritional risk. The proportion of women not meeting the minimum standards for 

consumption of each of the food groups in the FIGO Nutrition Checklist were 7.6% for meat 

or chicken, 18.1% for fruit and vegetables, 41% for fish, 5.7% for dairy, 32.4% for 

wholegrain carbohydrates and 38.1% for packaged snacks, confectionary, and sugar-

sweetened beverages. Most pregnant women found the FIGO Nutrition Checklist quick and 

easy to complete and recommended it’s use. Over a fifth of women (22.4%) reported that 

they discussed the FIGO Nutrition Checklist during their appointment. Obstetricians (n = 

2/3) agreed the checklist encouraged them to address nutrition in circumstances when they 

otherwise would not have, however all (n = 3) agreed that time may be a barrier to 

implementation. The findings of the surveys were confirmed in the qualitative analysis. The 

convenience of having nutrition addressed as part of standard care, rather than a separate 

appointment was also identified.  

Conclusions: The FIGO Nutrition Checklist is acceptable to pregnant women, and it 

facilitated more conversations on nutrition in routine appointments. It therefore holds 

potential to improve how nutrition is addressed in antenatal outpatient care settings.  



 

133 
 

7.2 Introduction  

The World Health Organisation (WHO) recommends that all women receive diet and weight 

counselling during pregnancy (WHO, 2016). Maternity healthcare professionals (HCPs) 

such as obstetricians or midwives can leverage the increased contact that they have with 

women during pregnancy to conduct brief nutrition assessment on key issues for pregnancy 

(Heidkamp et al., 2021). Providing nutrition counselling in clinical practice has been 

suggested as a core competency for medical and midwifery professionals (Lepre et al., 

2021, Touger-Decker et al., 2001). Nutrition education given to pregnant women by trained 

HCPs in antenatal clinics has been shown to improve pregnancy-specific nutrition 

knowledge in women (Teweldemedhin et al., 2021). It has also been shown to improve 

maternal dietary intakes and clinical outcomes, such as maternal anaemia, gestational 

weight gain and birthweight (Girard and Olude, 2012).  

Gathering information on dietary intakes is needed to guide appropriate nutrition 

counselling (Olendzki et al., 2006). The International Federation of Gynaecology and 

Obstetrics (FIGO) Nutrition Checklist is a paper-based, nutrition assessment and 

counselling tool (IOM, 2009). It captures information on special diets (e.g., vegetarian or 

vegan) and intake of food groups (Killeen et al., 2020a). The limited available research 

suggests that simple self-assessment tools based on food groups are sufficiently accurate 

for clinical practice, and have acceptable agreement with more robust measures of dietary 

assessment, such as seven-day weighed records (Little et al., 1999). This was confirmed 

by Tsoi et al. who validated the FIGO Nutrition Checklist against data from food frequency 

questionnaires in pregnant women in China (Tsoi et al., 2020). 

More implementation research on how tools work on the frontline is needed to support 

progress in improving maternal nutrition (Shekar et al., 2021). While the FIGO Nutrition 

Checklist was designed to be completed in conjunction with a HCP, lack of time is a known 

barrier to addressing nutrition in clinical settings, including antenatal care (Adamski et al., 

2018, Crowley et al., 2016, Dumic et al., 2017, Arrish et al., 2017). The potential for the 

FIGO Nutrition Checklist to act as both a self-administered nutritional assessment tool and 

a resource for HCPs warrants exploration. This would allow for the collection of pertinent 

dietary information before clinic appointments, protecting the clinician-facing time for 

nutrition interventions. The aim of this study is to assess how the FIGO Nutrition Checklist 

works in practice, specifically the acceptability and feasibility of the tool. The objectives 

include investigating factors associated with feasibility, such as perceived time burden of 

the tool and ease of use and the acceptability of the tool from the perspective of both HCPs 

(deliverer of care) and pregnant women (receiver of care), through both qualitative and 
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quantitative methods. Self-reported level of nutritional risk as assessed by the FIGO 

Nutrition Checklist will also be collected.  

7.3  Methods  

This is a prospective acceptability and feasibility study with quantitative and qualitative 

components. The study employs a convenience sample of women attending the outpatient 

department for their routine antenatal care at specific non-specialist clinics. All women who 

were in the waiting room at the time of the researchers were eligible to take part and 

approached. For a full description of the methods, refer to chapter 2. In brief, pregnant 

women completed a FIGO Nutrition Checklist in the waiting room. After the appointments, 

completed FIGO Nutrition Checklists were collected, and women were asked to complete 

a purposively designed acceptability and feasibility questionnaire. At the end of the study 

clinic, participating HCPs completed a similar questionnaire (free text and a five-point Likert-

scale from strongly disagree to strongly agree). Approximately eight weeks after completing 

the FIGO Nutrition Checklist, pregnant women who reported that they discussed the tool 

during their clinical visit were invited to complete a semi-structured interview (11-30 

minutes). Interviews were audio-recorded and transcribed verbatim. The topics of the 

interviews were the experience of women receiving antenatal care in the context of diet and 

nutrition and the role of the FIGO Nutrition Checklist. Orthographic transcripts were 

analysed using inductive content analysis (Hsieh and Shannon, 2005, Elo and Kyngäs, 

2008).  

7.3.1 Main outcome measures  

The primary outcome was the acceptability and feasibility of the tool to pregnant women. 

Secondary outcomes include the baseline practices around nutrition of pregnant women 

and HCPs (e.g., whether they discuss nutrition as standard and confidence discussing 

nutrition). Additional outcomes included the acceptability of the FIGO Nutrition Checklist to 

obstetricians and the dietary practices reported in the FIGO Nutrition Checklist, including 

body mass index (BMI) and diet quality.  

7.3.2 Statistical analysis  

The analysis did not include statistical testing of hypotheses, so a power calculation was 

not performed. Descriptive statistical analysis (mean, median and frequencies) was carried 

out using SPSS Statistics 24 (IBM, SPSS Statistics for Windows, Version 20.0, 2011). As 

the main outcome measures are all categorical variables,  the results are reported as 

numbers and frequencies.  

7.4 Results  

7.4.1 Sample characteristics  



 

135 
 

A total of 125 women took part in the study, over the course of eight clinics. Of these, we 

had complete data for 105 women. Age was mean (standard deviation) 33.3 (4.2) years 

and women had a median (interquartile range) gestation of 27.4 (21.0, 36.0) weeks. Of 

those that completed this information (n = 75) on the FIGO Nutrition Checklist, the median 

BMI was 25.7 kg/m2 (23.0, 30.7). Of the ten women that completed a qualitative interview, 

four were in late pregnancy (26–38 weeks of gestation) and six were one–two months 

postnatal, having completed the FIGO Nutrition Checklist study in late pregnancy. Six 

women had or were having their first baby. We surveyed three obstetricians who each used 

the FIGO Nutrition Checklist over the study period. They all had at least two years’ clinical 

experience and saw approximately 25 women per clinic.  

7.4.2 Practices around nutrition  

None of the obstetricians said that they routinely discuss nutrition with their patients. All 

obstetricians agreed that nutrition discussions are important in pregnancy. Two 

obstetricians reported that conversations on nutrition and weight are difficult to initiate in 

routine practice. Only one obstetrician agreed that they felt confident about discussing 

nutrition. This was confirmed in the qualitative assessment (Fig. 7.1). When discussing their 

experiences of receiving nutrition advice for pregnancy to date, women reported limited 

experiences with HCPs and that they received conflicting messages when searching for 

advice from other sources. It was highlighted that in the absence of these nutrition-related 

issues, women received little nutrition information in routine clinical settings. In addition, the 

advice received as part of antenatal classes was considered impersonal with insufficient 

follow-up.  

 

P2: I don’t think in the antenatal clinic there was a specific emphasis on what I’m 

eating…I suppose they were very kind of keen to let me know you should keep up 

your iron levels…but there was no real follow-up to that in my opinion. 

 

P7: After I got pregnant, I was a bit confused as like, do I eat this, do I not eat that, 

who do I ask or what do I do, and people around you give you different opinions, so 

I wasn't sure. 

 

In the survey, most pregnant women, (92.4%) agreed or strongly agreed that they had 

thought about diet for pregnancy before completing the FIGO Nutrition Checklist. In the 

qualitative interviews, there was a clear perceived importance of nutrition and weight for 

maternal health among participants. Maternal benefits discussed included the prevention 

of disease and enhanced well-being. Women attributed greater importance to these factors 



 

136 
 

during pregnancy as they highlighted the links to improved child health outcomes. The 

important role of nutrition in preventing and managing pregnancy-specific issues, such as 

anemia and gestational diabetes, was noted. Other issues, such as cravings and nausea, 

were identified as barriers to healthy eating during pregnancy.  

 

P9: Good food is critical for good health…I think it gives good energy and that it 

keeps you fit. 

P5: I suppose like first few months I was a bit nauseous so you know there was like 

certain foods that…I couldn't really eat…I probably could've eaten better…if it wasn't 

for the cravings. 

 

Fig. 7.1. Insights from pregnant women on addressing nutrition and weight in antenatal 

practice. 

 

7.4.3 Nutritional factors in the FIGO Nutrition Checklist 

In this study, 13.3% of 105 women reported following a special diet. This was mostly a 

vegetarian diet (6.7%) followed by diets with certain restricted foods (e.g., to control allergy 

or intolerance to dairy, nuts, or other foods, or for personal preferences) (2.9%) and diets 

for the management of conditions such as diabetes mellitus, haemochromatosis, or irritable 

bowel syndrome  (3.8%). Fig. 7.2 details the percentage of women who reporting potentially 
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at-risk dietary practices, as defined by answering “No” to one or more of the first five diet 

quality questions, or “Yes” to question six (packaged snacks, confectionary, and sugar-

sweetened beverage consumption) outlined in the FIGO Nutrition Checklist. Of the 105 

women who completed the checklist, 22.4% reported discussing the FIGO Nutrition 

Checklist with their obstetrician or midwife during their routine antenatal visit. Complete 

feedback data were collected from 18 women.  

 

Fig. 7.2. Diet-quality related nutritional risks (answers to questions 3i-3vi) identified with the 

FIGO Nutrition Checklist  

 

7.4.4 Acceptability and feasibility of the FIGO Nutrition Checklist   

Fig 7.4 highlights the feedback from women on completing the FIGO Nutrition Checklist 

autonomously. Fig. 7.5 shows feedback from these women on the experience of discussing 

the FIGO Nutrition Checklist with their HCP, as part of their standard antenatal clinic 

appointment. Fig 7.6 shows a comparison of the feedback on the use of the FIGO Nutrition 

Checklist in routine antenatal practice from HCPs and pregnant women. All stakeholders 

agree it is easy to use and covers important issues for pregnancy. However, although the 

women felt that the FIGO Nutrition Checklist was easy to complete, the HCPs felt that there 

may be insufficient time available to discuss it as part of the standard clinic appointments.  
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Fig. 7.3. Self-reported dietary intakes of food groups in pregnant women  

 

Fig. 7.4. Feedback from pregnant women on completing the FIGO Nutrition Checklist in 

clinic  
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Fig. 7.5. Feedback from pregnant women on discussing the FIGO Nutrition Checklist in 

clinic  

 

Fig. 7.6. Attitudes of pregnant women and HCPs to the FIGO Nutrition Checklist  
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In the qualitative analysis, several subthemes were identified relating to the FIGO Nutrition 

Checklist (Fig. 7.1). The ease of use of the FIGO Nutrition Checklist was identified as a key 

theme during the discussion, with all women stating it was clear, simple, and quick to 

complete. The added value of the FIGO Nutrition Checklist as a resource was also 

identified. Specifically, women stated it provided good information, highlighted potential 

issues, and clarified some misconceptions about nutrition in pregnancy. Women found it 

could be used to initiate conversations and could act as a reminder to ask questions. Using 

the FIGO Nutrition Checklist was identified as a facilitator of behavior change as it enabled 

reflection on current behaviors.  

 

P2: I think it was very easy to understand and very easy to give a view to an extent. 

P8: …having to actually physically answer the questions made me like very much 

aware of what I was doing. 

P9: So, if the doctor had like five ten minutes and filled it out I think it's a good 

idea…if you're left with the questionnaire alone…probably not. 

 

All women welcomed the suggestion of incorporating a tool such as the FIGO Nutrition 

Checklist into a routine part of antenatal care. They acknowledged that women could be 

referred to a dietitian for more in-depth assessment if required. Participants outlined that 

addressing nutrition in this brief format would save time, rather than having to come to a 

separate appointment with a dietitian or other HCP. Concerns around the limited clinical 

time allocated for face-to-face interaction with healthcare professionals was also identified. 

In particular, the need to discuss other concerns or aspects of pregnancy were highlighted 

by most women as the reason for not discussing their responses on the FIGO Nutrition 

Checklist during their appointment. Participants perceived the FIGO Nutrition Checklist to 

be best placed as a tool for early pregnancy, especially for first-time mothers. Some women 

thought that the FIGO Nutrition Checklist could be used in all appointments and adapted as 

appropriate. 

 

P7: …it will be good to include diet and nutrition into the routine assessment or else 

every clinic appointment. 

P6: …it only takes two minutes to ask someone have they got any dietary questions. 

 

7.5 Discussion  

We found over 80% of pregnant women reported at least one potential diet quality nutritional 

risk and 16% reported three or more. Most women found the FIGO Nutrition Checklist easy 
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and quick to complete, recommending it for use. Like previous studies, we found that 

women attending our clinical site do not receive consistent or personalised nutrition advice 

in pregnancy, and that advice received may be limited to specific pregnancy issues such 

as anemia and food safety (Flannery et al., 2020, Lucas et al., 2014). 

We found that four in five women reported at least one undesirable dietary practice during 

pregnancy, a finding that is consistent with the literature (Caut et al., 2020). Areas for 

concern for insufficient intakes included fruit and vegetables, fish, and wholegrains. While 

nearly four in ten reported excessive consumption of packaged snacks, confectionary, and 

sugar-sweetened beverages. Fish, especially oily fish, is an important source of essential 

nutrients for pregnancy. These include iron, omega-3 fatty acids and protein, and deficiency 

of these nutrients may negatively impact maternal health and fetal development (Starling 

et al., 2015). In this group, 32.4% of women reported that they did not consume wholegrain 

carbohydrates at least once a day. Wholegrain carbohydrates are nutritionally superior to 

refined grains and tend to have a low glycaemic index, a characteristic that has been 

associated with healthier gestational weight gain and glycaemic control in pregnancy 

(Walsh et al., 2014). The type and quality of carbohydrates consumed during pregnancy 

has also been associated with dietary micronutrient intakes (Goletzke et al., 2015).  In 

addition, nearly one in five women (18.1%) reported that they did not consume fruits or 

vegetables at least 2-3 times a day. This standard is substantially lower than what is 

typically recommended for health, including during pregnancy (Herforth et al., 2019).  

Our study suggests the FIGO Nutrition Checklist is feasible, as it captured nutritional risks 

that would benefit from brief intervention in the clinical setting. The limited adherence to 

dietary guidelines reported in this study is at odds with our finding that nearly all women 

(92.4%) agreed that they thought about their diet before the study.The qualitative data 

suggesting that women received generic, rather than personalised advice may explain this 

finding. Receiving advice that is not personalised is potentially problematic for improving 

lifestyle behaviours, as previous research suggests women may be less likely to follow 

generic advice (Szwajcer et al., 2009). Recent qualitative evidence suggests that 

generating awareness of dietary issues with pregnant women is a key opportunity to 

support mothers to make healthy dietary changes (Super et al., 2021). In our study, women 

reported that completing the FIGO Nutrition Checklist may support increased awareness of 

dietary issues, providing further support for its’ implementation in the antenatal setting.  

In our study, women reported confusion regarding the appropriate diet for pregnancy and, 

worryingly, they felt they could not ask their doctor for clarification. Inadequate knowledge 

or false beliefs are barriers to women meeting their dietary requirements in pregnancy 
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(Bookari et al., 2017a, Lee et al., 2018). In our study, 83.3% (n = 15) of women who spoke 

with their HCP about the FIGO Nutrition Checklist reported that they had the necessary 

information after this discussion. We found however, only 66.7 (n = 12) felt better prepared 

for behavior change after the consultation. It could be that for some women, motivation for 

behavior change, rather than lack of knowledge, is the barrier. Research has shown that 

motivational interviewing techniques such as “healthy conversation skills” improve self-

efficacy for practitioners and can empower women for behavior change (Lawrence et al., 

2020). The FIGO Nutrition checklist could help with this by providing a starting point to 

initiate healthy conversations.  

 

In a survey in the United Kingdom, 50% of healthcare professionals said that they did not 

provide patients with opportunistic behavior change techniques, even though they 

perceived there was a need to do so (Keyworth et al., 2018). In the same survey, providing 

behavior change interventions took 35.3% of the appointment time (Keyworth et al., 2018). 

Lack of time has been reported as another barrier and we found this in our study (Keyworth 

et al., 2020). Other barriers such as competing priorities during pregnancy assessments, 

and lack of training and resources have been reported by HCPs (Keyworth et al., 2020, 

Heslehurst et al., 2014). The women in our study agreed that the FIGO Nutrition Checklist 

is quick to complete and appropriate for use in the clinical setting. As the women in this 

study completed the FIGO Nutrition Checklist in advance of face-to-face clinic time, using 

the tool in this way may enhance efficiency in the process and reduce burden on HCPs. If 

completed in this way, our data suggest HCPs should still discuss the results during their 

clinical activities. The majority (n=77, 73.4%) of women in our study agreed that the FIGO 

Nutrition Checklist contains useful information, but only 39.0% (n = 41) reported learning 

something new. The FIGO Nutrition Checklist is designed as a nutritional assessment tool 

to inform nutrition counselling and as such, does not appear suitable as an educational tool 

on its’ own. 

 

Understanding the needs and opinions of service users is essential to providing quality 

care, and acceptability is an important consideration for any new clinical intervention 

(Sekhon et al., 2017). We found women had a desire for nutrition to be addressed as “part 

of the process” in antenatal care. The women hypothesised many potential benefits to this, 

including frequent reminders of the need for a healthy diet, and a chance for periodic 

reflection in a convenient manner. This finding is consistent with the literature. Bookari et 

al. found that women had a desire to address nutritional concerns in their usual antenatal 

appointment and were frustrated when referred elsewhere, as referral was associated with 

long wait times (Bookari et al., 2017b). These findings align with previous research showing 



 

143 
 

that pregnant women welcome diet, weight, and nutrition-related discussions (Knight-

Agarwal et al., 2020, Lobo et al., 2020). In relation to this, our study adds novel data to 

suggest that the FIGO Nutrition Checklist is an acceptable tool to address this deficit in care 

in practice. To the best of our knowledge, this is the first study to investigate a simple, free, 

clinical practice tool as a potential solution to initiate conversations related on general 

healthy nutrition and weight in antenatal care.  

7.5.1 Strengths and limitations 

This pragmatic study adds novel data to the growing body of literature on the FIGO Nutrition 

Checklist. The strengths of this study include the in-depth analysis of the value of nutrition 

in pregnancy, and how the FIGO Nutrition Checklist can work in clinical practice from the 

woman’s perspective. The rich data collected from participants, who are service users, may 

inform the implementation of the FIGO Nutrition Checklist in the clinical setting and provide 

justification for use. There are a few limitations that are worth noting. This was a single-

center study with English-speaking women from general antenatal clinics. Due to the nature 

of the study design and aims, we did not collect information on ethnicity, socioeconomic 

status, or medical history, other than parity or related data, such as from blood tests. It is 

therefore unclear how the findings of this study will translate to other clinical situations and 

locations. We had a small sample size of HCPs. This was due to staff changeover and 

limited study clinics, which meant that very few doctors had enough exposure to the FIGO 

Nutrition Checklist to warrant feedback that would inform future implementation. The 

numbers surveyed, however, reflect the typical number of obstetricians that would be 

present at any one clinic in our maternity hospital. Furthermore, we did not survey any 

midwives in this study. Future work could employ varied purposive sampling to explore the 

influence of these considerations. This study uses an opportunistic sample of women that 

were present in the waiting room at the time of the study. The women in our study are 

similar in age and BMI to participants who took part in a previous randomised controlled 

trial, completed by our research group (Walsh et al., 2012). In addition, women were 

included from all trimesters of pregnancy. A key area for future work is to further explore 

the attitudes of a variety of maternity HCPs in relation to using the FIGO Nutrition Checklist. 

This could include an exploration into the issue of time constraints as this may act as a 

barrier to using the Checklist in practice. More studies looking at the relationship between 

answers in the FIGO Nutrition Checklist and relevant health outcomes, as done by Parisi 

et al., would also be of interest to encourage use in practice (Parisi et al., 2020). Outcomes 

of interest include measures of nutritional status, diet quality and gestational weight gain 

throughout pregnancy. 
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7.6 Conclusion  

Pregnant women appear to have a strong preference for nutrition to be addressed by HCPs, 

during routine antenatal care. This study found the FIGO Nutrition Checklist was acceptable 

and feasible for pregnant women to complete. Time may be a barrier to uptake by HCPs. 
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CHAPTER 8 

Development of a core outcome set for pregnancy nutrition research (PRENCOS) 
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8.1  Abstract  

Background: A core outcome set (COS) is a list of the most critical outcomes to report in an 

area of research. Given the role of diet in promoting a healthy pregnancy and the large 

heterogeneity in outcome reporting in this area, a COS for pregnancy nutrition research is 

needed. The aim of this study was to develop a COS for pregnancy nutrition research 

(PRENCOS). 

Methods: This is a mixed-methods COS development study for pregnancy nutrition research. 

Candidate outcomes were identified through a systematic review of intervention and 

observational studies. One-to-one semi-structured interviews with women with experience of 

pregnancy (n=26) were transcribed and analysed using inductive thematic analysis. Outcomes 

were consolidated, organised into domains, and categorised using the Core Outcome 

Measures in Effectiveness Trials taxonomy (COMET). Plain language definitions were 

developed and piloted during the interviews. A two-round, modified Delphi survey (May-

August 2021) invited healthcare professionals (HCPs), researchers, and women to vote on 

the critical importance of each outcome included in the COS, using a nine-point Likert scale. 

All outcomes that did not reach consensus were discussed at a consensus meeting. 

Results: 53,091 papers were identified, and outcomes were extracted from 427. The 

qualitative data yielded 45 outcomes and an additional 24 came solely from the literature. After 

refinement, 30 outcomes were included in the Delphi survey. In round one, 82 participants 

ranked each outcome, nine additional outcomes were suggested, and one was included in 

round two. In the second round, participants (n = 60) voted 12/31 outcomes as critical to 

include (pregnancy complications; anaemia, gestational weight change; maternal vitamin and 

mineral status; mental health; diet quality; nutritional intakes; need for treatments, 

interventions, medications, and supplements; pregnancy loss or perinatal death; birth defects 

or congenital anomalies, neonatal complications, new-born anthropometry and body 

composition). The remaining 20 were discussed at the consensus meeting and two outcomes 

included (maternal well-being and delivery complications). Anaemia was incorporated into 

maternal vitamin and mineral status, resulting in 13 core outcomes. 

Conclusion: Use of this pregnancy nutrition core outcome set (PRENCOS) will support 

standardisation in outcome reporting across dietary studies in pregnancy, and ensure 

researchers measure what matters most from the perspective of key stakeholders. 
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8.2 Introduction  

Antenatal dietary interventions hold potential to promote population health across the life-

course, achieve the United Nations Sustainable Development Goals and break the cycle of 

malnutrition that is passed across generations (Baird et al., 2017, Heidkamp et al., 2020, 

Arlinghaus et al., 2018, Heidkamp et al., 2021, United Nations, 2015, Lopez de Romaña et al., 

2021). Nutrition, including maternal nutrition, is a high priority issue for global health and 

requires urgent action (Grammatikopoulou et al., 2020). Most women do not follow the dietary 

guidelines for pregnancy, and inadequate intakes of macronutrients or micronutrients will 

predispose women to deficiency (Caut et al., 2020, Slater et al., 2020, Bailey et al., 2019, 

James-McAlpine et al., 2020, Killeen et al., 2019a, Hanson et al., 2015, Danielewicz et al., 

2017, Bookari et al., 2017a). Benefits to diet therapy in pregnancy include reduced maternal 

blood pressure, gestational weight gain, gestational diabetes mellitus, birthweight, preterm 

birth, and perinatal death (WHO, 2016, Gresham et al., 2016, Lassi et al., 2020, Ota et al., 

2020, Ota et al., 2015, O'Brien et al., 2016, Kennelly et al., 2018a, McGowan et al., 2013, 

Walsh et al., 2012).  

Antenatal dietary recommendations relate to outcomes for which sufficient quality evidence 

exists (Grammatikopoulou et al., 2020). More systematic reviews and meta-analyses are 

needed in maternal nutrition, however, the variability in outcome reporting limits the number 

of studies that can be compared (Summerbell et al., 2005, Ioannidis, 2016, Pari-Keener et al., 

2020). In a review of outcomes in lifestyle interventions for weight management in pregnancy, 

over 50% were reported only once (Rogozińska et al., 2017). This inconsistency leads to 

research waste, bias towards specific outcomes, and a deficit of evidence for other nutrition-

related outcomes, including outcomes that are important to patients (Williamson et al., 2017, 

van 't Hooft et al., 2018). In pregnancy research, limited reporting of neonatal outcomes and 

measures of life impact has been identified (Dadouch et al., 2019a, Rogozińska et al., 2017, 

WHO, 2016). This contrasts with the preferences of pregnant women, who value measures of 

life impact equally, if not more than, traditional clinical measures (Dadouch et al., 2020, Killeen 

SL. et al., 2021).  

Core outcome sets (COS) can address the growing and critical problem of research waste by 

reducing the inconsistency in outcome reporting across studies (Williamson et al., 2020). A 

COS is a list of outcomes that are considered critically important for a subject area (Williamson 

et al., 2017). The field of obstetrics and gynaecology was one of the first to see the benefit of 

COS development, with the CROWN (CoRe Outcomes in WomeN's health) Initiative (Khan 

and Romero, 2014) having over 80 women’s health journals who encourage the development 

and use of COS (van 't Hooft et al., 2018). In pregnancy and childbirth, 26 COS have been 

published, but despite the critical role antenatal diet plays in promoting a healthy pregnancy, 
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no COS exists for pregnancy nutrition research (WHO, 2016). We aimed to address this gap 

through the development of a core outcome set for pregnancy nutrition research (PRENCOS).  

8.3 Methods 

For full details of the methodology please refer to Chapter 2. In brief, the methods included a 

systematic review, qualitative interviews, a modified-Delphi survey, and a consensus meeting. 

This study also involved public and patient involvement (PPI). Three main stakeholders were 

included, which were healthcare professionals (HCPs), researchers and women with personal 

experience of pregnancy who were not HCPs or researchers. The COVID-19 pandemic 

restrictions on in-person activities resulted in  participant recruitment taking place almost 

exclusively online via social media (e.g., Twitter). Participants were explicitly selected from a 

variety of countries to ensure global representation.  

8.3.1 Outcome identification  

Studies were included in the systematic review if they involved an intervention aiming to 

influence dietary intakes of foods or macronutrients in pregnancy or involved observations 

between dietary indices and outcomes in pregnant women. Four databases were searched 

simultaneously, and grey literature was not reviewed. After removal of duplicates, titles, 

followed by abstracts and full texts were screened. After this, outcomes were extracted. The 

qualitative interviews took place one-to-one with women with experience of pregnancy. The 

discussion was informed by a semi-structured topic guide. Participant IDs were assigned and 

identifying information was removed from the transcripts. Field notes were taken and reviewed 

as part of the analysis. All eligible outcomes from the interviews were brought forward to the 

Delphi survey. This was supplemented with outcomes that were identified from the systematic 

review. Clinically similar outcomes were grouped together into overarching outcomes (Young 

et al., 2019, Remus et al., 2021). All outcomes were categorised using the Core Outcome 

Measures in Effectiveness Trials taxonomy (COMET), and outcomes were grouped under the 

appropriate outcome domains (Dodd et al., 2018). For more details, see chapter 2.  
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Fig. 8.2 PRISMA flow diagram PRENCOS 

8.3.2 Consensus process 

We conducted a modified two round Delphi survey using the web-based DelphiManagerTM 

system (Hasson et al., 2000). For round one, participants were given six weeks to rank each 

outcome using nine points as recommended by the Grading of Recommendations 

Assessment, Development and Evaluation (GRADE) (Guyatt et al., 2011). Participants could 

select 1–3 or “not essential” for inclusion, 4–6 or “important but not critical”, 7–9 or “critically 

important for inclusion” or “unable to score” (Killeen et al., 2019b). Before round two, 

participants were given their scores from round one and the median score per stakeholder 

group for each outcome. If ≥70% of participants in round two selected “critical for inclusion” 
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(score 7-9), the outcome was considered to have reached “consensus in” and was included 

in PRENCOS. Alternatively, “consensus out” was achieved if ≥70% of participants selected 

“not essential” (score 1-3), All other outcomes were reviewed at the consensus meeting. The  

consensus meeting took place via Zoom (Zoom Video Communications Inc., California, United 

States of America). Following presentation of round two Delphi results, the panel discussed 

the outcomes that did not reach “consensus in”. Participants were asked to vote anonymously 

on whether the outcome was “critical for inclusion” using Poll Everywhere (Shon and Smith, 

2011). A lower threshold for inclusion of  ≥ 50% among the panel was set where women with 

experience of pregnancy ranked an outcome as critical for inclusion. Further information can 

be found in chapter 2. 

8.3.3 Data analysis  

Interview transcripts were analysed using inductive thematic analysis (Braun and Clarke, 

2006). The coding was completed using NVivo12 (QSR International Pty Ltd, 2020). Unique 

coding was applied to the data in response to all identified outcomes. The results of the Delphi 

survey were managed through the DelphiManagerTM platform and analysed using IBM SPSS 

software for Windows, version 26.0 (SPSS Inc, Chicago IL).  

8.4 Results  

8.4.1 Outcome identification ` 

The full text of 691 papers were reviewed and outcomes were extracted from 427 eligible 

studies (Fig 8.1) (Appendix 18). Trials made up  35.4% (n=151) of studies and 4.9% (n = 21) 

were secondary analyses of trials. Qualitative interview participants (n = 26) had 1-4 previous 

pregnancies and lived in a variety of countries including Ireland, Denmark, India, Pakistan, 

Australia, and the United States of America (Table 8.1). The total number of unique outcome 

codes identified from the qualitative interviews was 113 but only 45 were relevant. Before 

refinement, 69 outcomes were identified, 45 were in both the qualitative interviews and 

systematic review and 24 came only from the published literature (Table 8.2). This list was 

consolidated after review by the researchers and 30 outcomes were included in the Delphi 

survey. 
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Table 8.1: Characteristics of participants in the PRENCOS qualitative interviews  

ID Location Gravidity   Parity 

P1  Ireland 2 2 
P2 Ireland  2 1 
P3 Ireland  3 2 (+pregnant) 
P4 Ireland 2 2 
P5 Ireland 2 2 
P6 United States of America  3 3 
P7 Ireland 3 2 (+pregnant) 
P8 Australia  2 2 
P9 Australia  1 0 (+pregnant) 
P10 Denmark 4 2 
P11 Ireland 2 2 
P12 Ireland 2 1 (+pregnant) 
P13 Ireland 4 4 
P14 Ireland 2 2 
P15 United States of America 1 1 
P16 Ireland 3 2 
P17 Ireland 1 1 
P18 Ireland 4 1 (+pregnant) 
P19 Australia 1 1 
P20 Ireland  1 0 (+pregnant) 
P21 Ireland 2 1 
P22 Ireland 1 0 (+pregnant) 
P23 Ireland (but pregnancies abroad) 3 3 
P24 Pakistan 3 1 (+pregnant) 
P25 India 2 2 
P26 India 2 1 
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Table 8.2: Outcomes from the qualitative interviews and systematic review before 
refinement (n=69) 

Outcomes Outcome domain 

Qualitative interviews   

Activities of daily living/quality of life (e.g., work and take 
care of children) 

Maternal experience of 
pregnancy  

Anaemia  Maternal complications 
Appetite and satiety Maternal experience of 

pregnancy  
Blood glucose control  Maternal health 
Bowel habits  Maternal experience of 

pregnancy  
Cardiometabolic health  Maternal health 
Concentration  Maternal experience of 

pregnancy  
Delivery complications (neonatal) Infant complications 
Dental health  Maternal health 
Diet quality  Maternal nutrition 
Eating habits/meal pattern  Maternal nutrition 
Epigenetics Maternal health 
Fetal complications Infant health 
Fetal development  Infant health 
Fetal growth Infant nutrition  
Fluid intake  Maternal nutrition 
Gastrointestinal symptoms (e.g., heartburn, regurgitation) Maternal experience of 

pregnancy 
General health of baby Infant health 
Gestational age Infant health 
Gestational weight change Maternal nutrition 
Glycaemic index of diet  Maternal nutrition 
Hair loss  Maternal health 
Infant complications Infant health 
Infant death (miscarriage, stillbirth, infant death) Infant health 
Intakes of foods and food groups Maternal nutrition 
Labour complications (maternal) Maternal complications 
Macronutrient intake Maternal nutrition 
Maternal anthropometry Maternal nutrition 
Maternal blood pressure  Maternal health 
Maternal infections  Maternal health 
Maternal knowledge of pregnancy and nutrition  Maternal knowledge and 

information  
Maternal vitamin and mineral status Maternal nutritional status 
Maternal well-being Maternal experience of 

pregnancy 
Mental health (inc. stress, anxiety, depression) Maternal health 
Micronutrient intake Maternal nutrition 
Musculoskeletal health  Maternal health 
Nausea and vomiting Maternal experience of 

pregnancy 
Need for interventions around birth Resource use  
Need for treatments and medications Resource use  
Neurological health Maternal health 
New-born anthropometry Infant nutrition 
Pregnancy complications (e.g., gestational diabetes, pre-
eclampsia, death) 

Maternal complications 
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Renal health (function, kidney stones) Maternal health  
Skin health (e.g., itchiness, acne) Maternal health 
Sleep Maternal health 

Systematic review  

Cord blood metabolome Infant health 
Cord genotoxicity  Infant health 
Cord glucose  Infant health 
Cord haemostatic markers  Infant health 
Cord hormones Infant health 
Cord inflammation  Infant health 
Cord insulin resistance  Infant health 
Cord lipids Infant health 
Cord micronutrient status  Infant nutrition  
Cord toxicity (pesticides, toxic metals etc) Infant health 
Infant body composition Infant nutrition 
Maternal allergy  Maternal health 
Maternal blood metabolome Maternal health 
Maternal body composition Maternal nutrition 
Maternal haemostatic markers Maternal health 
Maternal hepatobiliary health (LFTs, gallbladder disease) Maternal health 
Maternal hormones Maternal health 
Maternal inflammation  Maternal health 
Maternal insulin resistance Maternal health 
Maternal lipids (fatty acid profile, levels of lipids and 
lipoproteins, particle size) 

Maternal health 

Maternal oxidative stress Maternal health 
Maternal thyroid function  Maternal health 
Maternal toxicity Maternal health 
Microbiome composition and function Maternal health 
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8.4.2 Consensus process  

A total of 138 invitations to take part in the Delphi survey were sent. Of these, 90 individuals 

consented to take part and 82 participants ranked all outcomes in round one (Table 8.3). The 

breakdown of stakeholders was 28% (n = 23) HCPs, 37.8% (n = 31) researchers and 34.2% 

(n = 28) women with experience of pregnancy. Each participant completed all questions. Nine 

additional outcomes were suggested in round one: “Placental Weight”, “Previous pregnancy - 

time since; outcome; weight before; weight after”, “Breastfeeding”, “Sitting time”, “Knowledge 

about food safety in pregnancy e.g. risk of bacterial infection in foods - what to avoid etc”, 

“Autism”, “Long term sequelae in mother (diabetes; obesity; metabolic syndrome) measured 

post pregnancy”, “Development of the infant at 2 years and possibly beyond”, and “Pre-

pregnancy or early pregnancy weight and BMI (needed for GWG categories)”. After review 

against inclusion criteria and other candidate outcomes, “placental weight” was added to round 

two. The second round was completed by  73.2% (n = 60) of round 1 participants. Round two 

stakeholders were 23.3% (n = 14) HCPs, 46.7% (n = 28) researchers and 30% (n = 18) women 

with experience of pregnancy. HCPs had the greatest attrition rate (39.1%). Results for round 

two of the survey are reported for all participants in Table 8.4 and by stakeholder group in 

Table 8.5. After round two, 11 outcomes reached “consensus in” and none reached 

“consensus out” (Table 8.4). Out of the remaining 20, two were voted as critical for inclusion 

in PRENCOS at the consensus meeting. The outcome “delivery complications” was voted in 

by 100% of attendees. While 53% of consensus meeting attendees voted in “maternal well-

being”, 99% of women with experience of pregnancy voted this as critical for inclusion in the 

Delphi. The outcome “anaemia” was incorporated with “maternal vitamin and mineral status” 

based on consensus discussion. The final PRENCOS resulted in 13 outcomes (Fig.8.2).  
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Table 8.3: Demographics of the PRENCOS Delphi Study participants (n=90) 

 n (%) 

Stakeholder group 
- Healthcare professionals 

          - Dietitian / nutritionist  
          - Doctor 
          - Midwife  

- Researchers / academics  
- Women with experience of pregnancy  

          - Currently pregnant  
          - Previous children 
                                        1 
                                        2 
                                        3 
                                        4 - 5 

 
25 (27.8) 
10 (40) 
13 (52) 
2 (8) 
31 (34.4) 
34 (37.8) 
4 (11.8) 
 
12 (35.3) 
13 (38.2) 
7 (20.6) 
2 (5.9) 

Location 
- Australia  
- Africa 
- South America 
- Asia 
- Europe  
- United states of America / Canada 

 
9 (10) 
1 (1.1) 
2 (2.2) 
10 (11.1)  
61 (67.8) 
7 (7.8) 

Experience working in pregnancya 
- Less than a year 
- One to three years 
- Three to five years 
- Five to ten years  
- Greater than ten years  

 
5  
4 
6 
17 
25  

aHealthcare professionals and researchers only  
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Table 8.4: PRENCOS Delphi survey round two scores   

Outcome n n (%) “Not 
important” 

n (%) 
“Critical” 

“Consensus in”    

Pregnancy complications 60 1 (1.7) 60 (100) 
Anemia  60 1 (1.7) 46 (76.7) 
Gestational weight change 60 2 (3.3.) 49 (81.7) 
Maternal vitamin and mineral status  60 0 (0) 47 (78.3) 
Mental health 60 2 (3.3) 42 (70) 
Diet quality 60 1 (1.7) 53 (88.3) 
Nutritional intakes (macronutrients and micronutrients)  60 1 (1.7) 50 (83.3) 
Need for treatments, interventions, medications, and 
nutritional supplements 

60 1 (1.7) 47 (78.3) 

Pregnancy loss or perinatal death 60 0 (0) 56 (93.3) 
Birth defects or congenital anomalies 60 0 (0) 52 (86.7) 
Neonatal complications 60 0 (0) 58 (96.7) 
New-born anthropometry and body composition  60 1 (1.7) 51 (85) 

No consensus     

Delivery complications  60 1 (1.7) 39 (65) 
Maternal well-being  60 0 (0) 39 (65) 
Maternal anthropometry including body composition  60  (5.0) 36 (60) 
Maternal metabolism  60 2 (3.3) 39 (65) 
Eating habits  60 2 (3.3) 41 (68.3) 
Fetal growth and development  60 1 (1.7) 37 (61.7) 
Skin health  59 7 (11.9) 5 (8.5) 
Dental health 60 11 (18.3) 5 (8.3) 
Epigenetics 58 4 (6.9) 9 (15.5) 
Microbiome composition and function 59 6 (10.2) 9 (15.3) 
Musculoskeletal health  60 2 (3.3) 16 (26.7) 
Activities of daily living and quality of life  60 2 (3.3) 27 (45) 
Appetite and satiety 60 6 (10) 15 (25) 
Cord blood markers  60 4 (6.7) 15 (25) 
Gastrointestinal symptoms  60 2 (3.3) 25 (41.7) 
Maternal infections 60 1 (1.7) 20 (33.3) 
Maternal knowledge of pregnancy health and nutrition inc. 
food safety 

60 3 (5.0) 31 (51.7) 

Maternal toxicity  60 6 (10) 21 (35) 
Placental Weight 53 8 (15.1) 21 (39.6) 

“Consensus in” was achieved when ≥70% of participants scored the outcome as critical for 
inclusion and 15% or less scored the same outcome as not important (rank 1-3 on Likert 
scale). All missing values are a result of participants selecting “unable to score” for that 
outcome. All participants therefore completed all questions. The n reported is the number 
scoring the outcome from 1-9.  
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Table 8.5: Scores for outcomes that did not reach consensus in the PRENCOS Delphi survey  

 n (%) “Not important” n (%) “Critical for inclusion” 

 
Healthcare 
professionals  
(n=14) 

Researchers 
(n=28) 

Women 
(n=18) 

Healthcare 
professionals  
(n=14) 

Researchers 
(n=28) 

Women 
(n=18) 

Delivery complications  0 (0) 1 (3.6) 0 (0) 8 (57.1) 18 (64.3) 13 (72.2) 

Maternal well-being  0 (0) 0 (0) 0 (0) 7 (50) 15 (53.6) 17 (94.4) 

Maternal anthropometry including body 
composition (body fat and muscle) 

1 (7.1) 0 (0) 2 (11.1) 10 (71.4) 20 (71.4) 6 (333) 

Maternal metabolism  1 (7.1) 1 (3.6) 0 (0) 11 (78.6) 15 (53.6) 13 (72.2) 

Eating habits  0 (0) 1 (3.6) 1 (5.6) 10 (71.4) 18 (64.3) 13 (72.2( 

Fetal growth and development  0 (0) 0 (0) 1 (5.6) 12 (85.7) 14 (50) 11 (61.1) 

Skin health  1 (7.1) 5 (18.5)a 1 (5.6) 0 (0) 0 (0)a 5 (27.8) 

Dental health 0 (0) 9 (32.1) 2 (11.1) 0 (0) 1 (3.6) 4 (22.2) 

Epigenetics 0 (0) 4 (14.3)a 0 (0) 2 (14.3) 4 (14.3)a 3 (16.7)a 

Microbiome composition and function 0 (0) 4 (14.3) 2 (11.1) 4 (28.6) 1 (3.6) 4 (22.2) 

Musculoskeletal health  0 (0) 2 (7.1) 0 (0) 7 (50.0) 4 (14.3) 5 (27.8) 

Activities of daily living and quality of life  1 (7.1) 1 (3.6) 0 (0) 6 (42.9) 10 (35.7) 11 (61.1) 

Appetite and satiety 2 (14.3) 4 (14.3) 0 (0) 4 (28.6) 6 (21.4) 5 (27.8) 

Cord blood markers  0 (0) 3 (10.7) 1 (5.6) 3 (21.4) 7 (25) 5 (27.8) 

Gastrointestinal symptoms  0 (0) 0 (0) 2 (11.1) 8 (57.1) 7 (25) 10 (55.6) 

Maternal infections 1 (7.1) 5 (18.5) 1 (5.6) 5 (35.7) 6 (21.4) 9 (50) 

Maternal knowledge of pregnancy health and 
nutrition including food safety 

0 (0) 1 (3.6) 0 (0) 9 (64.3) 11 (39.3) 11 (61.1) 

Maternal toxicity  1 (7.1) 4 (14.3) 1 (5.6) 7 (50) 6 (21.4) 8 (44.4) 

Placental Weight 2 (14.3)b 4 (14.3)c 2 (11.1)b 7 (50)b 9 (32.1)c 5 (7.8)b 
aOne participant selected unable to score.  
bTwo participants selected unable to score  
cThree participants selected unable to score 

      

  Women refers to women with experience of pregnancy   
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Fig. 8.2 Outcomes in PRENCOS
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8.5 Discussion  

We identified 13 core outcomes that were considered critical for inclusion in pregnancy 

nutrition research. Most of these outcomes, including pregnancy, delivery or neonatal 

complications,  pregnancy loss or perinatal death, birth defects or congenital anomalies and 

neonatal anthropometry are routinely, but not universally measured, as highlighted by 

Cochrane (Middleton et al., 2018, Peña-Rosas et al., 2015, von Salmuth et al., 2021). 

Including outcomes that are routinely measured may limit the potential burden for clinical 

trialists associated using PRENCOS (WHO, 2016). The endorsement of these routinely 

measured outcomes was expected, given they are clinically relevant to maternity HCPs, 

and significantly impact pregnant women. Their inclusion in PRENCOS will support 

implementation, increase the evidence base for the role of diet in addressing these critical 

outcomes, and address associated gaps in the literature (Middleton et al., 2018). A lack of 

information on neonatal outcomes was found in a systematic review of the effect of lifestyle 

interventions on pregnancy outcomes in women with indicators of metabolic syndrome 

during pregancy (Mohsenzadeh-Ledari et al., 2019).  

We found women with experience of pregnancy favoured maternal well-being as a critical 

outcome. A lack of measurement of “salutogenic” outcomes, defined as outcomes relating 

to positive maternal and neonatal health and well-being, has been identified in maternity 

research (Smith et al., 2014, Lim et al., 2021, Dadouch et al., 2019a). The diet-related WHO 

evidence-base does not include measures of life impact, likely due to a lack of evidence for 

these outcomes (WHO, 2016, Dodd et al., 2018). Recent clinical practice guidelines in 

pregnancy recommend screening for mental health concerns (McAuliffe et al., 2020). Most 

COS in pregnancy and childbirth do not focus on mental health, although the recently 

published COS on postpartum haemorrhage identified maternal sense of well-being as a 

critical outcome for inclusion (Österberg et al., 2021, Meher et al., 2019). Inclusion of both 

maternal mental health and well-being in PRENCOS will help address this research gap 

and inform the role of antenatal dietary intakes in improving the maternal experience of 

pregnancy.  

Generating consistent data on dietary outcomes will help bring dietetics to the frontline of 

pregnancy research (Hanson et al., 2019b, Taylor et al., 2021, Abdollahi et al., 2021). 

Already, evidence on protein or energy intakes and anaemia exists, allowing for systematic 

reviews (WHO, 2016, Keats et al., 2019, Ota et al., 2015, da Silva Lopes et al., 2021, Peña-

Rosas et al., 2015). Greater evidence on maternal diet quality will address the practical 

nutritional issues identified in clinical practice, including a lack of achievement of dietary 

standards (Caut et al., 2020, Slater et al., 2020, Bailey et al., 2019, James-McAlpine et al., 

2020, Killeen et al., 2019a, Hanson et al., 2015, Danielewicz et al., 2017, Bookari et al., 
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2017a, Rajwar et al., 2020, Killeen et al., 2020a, Tsoi et al., 2020). Participants also ranked 

gestational weight change favourably, resulting in its inclusion in the COS. The relationship 

between gestational weight gain and pregnancy outcomes has been illustrated many times, 

across all continents (Goldstein et al., 2018, Zhong et al., 2021, Nagpal et al., 2022). Recent 

evidence reiterates the relationship between interventions to promote healthy weight gain 

in pregnancy and optimal maternal and child outcomes (Cantor et al., 2021). 

Standardisation in reporting will further enhance the quality and certainty of evidence in this 

area (Vincze et al., 2019). With uptake and use of PRENCOS, evidence will build for the 

outcomes that were considered critical for pregnancy nutrition research and enable 

comparison among a large volume of studies. Use and evaluation of PRENCOS in dietary 

studies in pregnancy will support uptake of the COS (Nijagal et al., 2018). This COS is 

designed for clinical research, however; the findings will inform outcome measurement in 

antenatal practice. High quality evidence generation will inform clinical practice guidelines. 

In addition, HCPs will benefit from insight into the priorities of women with experience of 

pregnancy, including prioritising well-being among other routine measures.  

8.5.1 Strengths and limitations 

We conducted a large systematic review with four databases, performed qualitative 

interviews and held a consensus meeting after the Delphi survey (Polanin et al., 2019). Shi 

et al. found only 34.1% of COS in obstetrics and gynaecology, used four or more databases, 

36.4% included a consensus meeting and only three interviewed key stakeholders (Shi et 

al., 2022). Another study found 35% of COS in pregnancy and childbirth did not include, or 

only partly included patients (Österberg et al., 2021). We included women with experience 

of pregnancy in all aspects of the study and conducted PPI with an advisory panel of women 

prior to the study. Use of qualitative methodologies can increase confidence that all relevant 

outcomes have been identified and can encourage appropriate language use in the Delphi 

survey (Keeley et al., 2016). Women with experience of pregnancy took part in the Delphi 

survey and their views on outcomes for discussion were highlighted in the consensus 

meeting, ensuring sufficient weight was given to their preferences. The number of outcomes 

influences usability, uptake, and impact of COS (Österberg et al., 2021). In pregnancy and 

childbirth, the number of outcomes in COS ranges from 6-51, and 35% include over 20 

outcomes (Österberg et al., 2021). We incorporated processes to refine outcomes 

throughout the study, including providing stakeholder-specific results (Hellberg et al., 2021, 

Brookes et al., 2016). The final number of outcomes in our study was 13, the median in all 

obstetric COS. We also employed methods to support study retention, including social 

media campaigns, keeping participants informed on progress and offering personal 

acknowledgement (Hall et al., 2018, Lux and Osborne, 2004). As a result, our attrition rate 
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of 26.8% is in line with the literature which reports rates of up to 48% (Davis et al., 2018, 

D'Souza et al., 2020, Hall et al., 2018).  

The restriction of our systematic review to English studies may have impacted outcome 

identification. Running the study in English may also have influenced the participation of 

individuals from non-English speaking countries (Alkhaffaf et al., 2021). Nevertheless, we 

had representation from English speaking participants from both high and low-middle 

income countries. In our study, 18 women with experience of pregnancy completed both 

rounds of the Delphi survey. This is lower than our target, a challenge experienced by other 

COS developers in maternal and infant health (Matvienko-Sikar et al., 2020). Our numbers, 

however, are higher than several other obstetrics COS. In these studies, “patient” 

participants range from 0-25 in round two of Delphi surveys (Killeen et al., 2019b, D'Souza 

et al., 2020). Due to in-person restrictions associated with the COVID-19 pandemic, our 

recruitment took place mostly online. Future studies could consider care-based recruitment 

strategies to further increase patient participation (Barrington et al., 2021). We used a nine-

point rating scale in the Delphi survey, as this is the suggested scale for Delphi surveys and 

has been shown to produce smaller COS compared to a five-point scale (De Meyer et al., 

2019, Remus et al., 2021). On the other hand, use of a five-point scale may support patient 

participation, since greater numbers of options in a rating scale may limit the respondent’s 

ability to discriminate (Remus et al., 2021, Krosnick and Berent, 1993). The outcomes in 

PRENCOS are a guide for researchers based on consensus, and offer flexibility given their 

broad nature. Study-specific adjustments or deviations may need to be made based on the 

individual study, especially in the context of rare outcomes. The 13 outcomes relate to 

pregnancy or delivery only, but future work could explore expanding into postpartum and 

other timepoints. We do not outline preferred measurement tools for these outcomes. 

Heterogeneity in outcome measurement tools is an area for improvement in research (Ciani 

et al., 2021). Future studies could investigate the preferred measurement tools for each of 

the outcomes in PRENCOS (Prinsen et al., 2016). The suggested format is one 

measurement tool for each outcome, ensuring it has content validity (Gorst et al., 2020). 

8.6 Conclusion  

Clinical trialists investigating dietary interventions in pregnancy should consider measuring 

the 13 outcomes in PRENCOS at a minimum. Future research can consider developing 

standards for the preferred measurement tool for each outcome. 
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9.1 Introduction  

This thesis addresses several gaps relating to the nutrition-related research and care of 

women of reproductive age before or during pregnancy, with a  focus on women with obesity. 

Previously, most of the research on the EOSS, and the basis for recommending its use, had 

been in general and surgical obesity populations only (Atlantis et al., 2020b). There had been 

only one study in pregnancy, but this focussed on women attending for induction of labour 

(Demsky et al., 2020). This thesis addresses the gap in the literature on how useful the early 

stages (0-2) of the EOSS may be in a pregnant population. The application of both the EOSS 

and CMDS in the non-pregnant population of women also addresses the current gap of 

knowledge on how various scoring systems compare in this group. To date these two scoring 

systems had been compared only once before, in relation to mortality (Ejima et al., 2020). 

Understanding how various proposed clinical scoring systems is needed on a practical level 

to guide clinicians in decision making around uptake in practice.  

From a research perspective, this thesis contributes to growing body of literature that aims to 

understand the preferences of women of reproductive age in relation to study participation. 

This is important, as there are many examples to suggest current practices around study 

design for this group are inadequate. This can lead to failure to reach desired samples sizes 

in randomised controlled trials or underrepresentation of women of reproductive age in obesity 

or health research. There are still some aspects that are not known around how best to 

maximise engagement of women before and during pregnancy and these are addressed 

below. There was also a significant gap in the literature on the outcomes that are most 

important for pregnancy nutrition studies to measure. This is addressed in this thesis through 

the development of a core outcome set for pregnancy nutrition research (PRENCOS). As a 

result of PRENCOS, more is known about the preferences of women with experience of 

pregnancy, researchers, and healthcare professionals on outcome measurement in 

pregnancy, and researchers have a framework on which to plan data collection for critical 

outcomes.   

In relation to nutrition, this thesis addressed the current gap in knowledge about the impact of 

lifestyle interventions on dietary factors relating to inflammation and cardiometabolic health 

including the dietary inflammatory index (DII). This is important given the growing recognition 

of the need to promote healthy cardiometabolic profiles and reduce inflammation in women of 

reproductive age for later cardiometabolic health (Sheiner et al., 2019). To do this, healthcare 

professionals need to know the impact of common dietary advice such as the Pregnancy 

Exercise And nutrition Research Study (PEARS) intervention, on the inflammatory potential of 

the diet.  Finally, this thesis helps address a large gap in the research on maternal and child 

health now, characterised by a deficit in implementation research. In this thesis, rich data is 
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provided to inform the translation of pregnancy nutrition research to clinical practice through 

use of the International Federation of Gynaecology and Obstetrics (FIGO) Nutrition Checklist. 

Previously, the opinions of healthcare professionals and women in relation to the role of the 

tool in clinical practice were not known. While more work is needed to expand our knowledge 

of the opinions, barriers, and enablers from the healthcare professional perspective (e.g., 

larger sample sizes and wider range of specialities), this thesis provides insight into the 

opinions of women attending antenatal care in Dublin, Ireland on the tool. This is valuable 

insight that can inform efforts to use the FIGO Nutrition Checklist locally and in other regions. 

Further research on this will provide even further justification for global use.  

9.2 Main Findings  

9.2.1      Cardiometabolic health  

In both preconception and pregnancy, we found adverse cardiometabolic phenotypes are 

common in women of reproductive age with raised body mass index (BMI), ranging from 50-

80% depending on the scoring criteria. In the Pregnancy Exercise and Nutrition Research 

Study (PEARS), 60.1% experienced an increase in cardiometabolic markers that resulted in 

an escalation in risk category according to the Edmonton Obesity Staging System (EOSS). Of 

these, 10% experienced a two-point transition from “no risk” (Stage 0) to “high risk” (Stage 2) 

levels, from early to late pregnancy. Total cholesterol was the contributor to raised EOSS 

scores. Maternal well-being increased during pregnancy and did not add to the predictive 

value of the scoring systems, since most women were classified as “at risk” based on 

metabolic factors alone. Our data suggest that higher inflammation, particularly C3 

Complement protein (C3), is associated with these cardiometabolic phenotypes and individual 

cardiometabolic markers.  

9.2.2 Nutrition  

We found that the PEARS intervention, which involved low-glycaemic index diet and healthy 

eating advice in early pregnancy, was successful in reducing the inflammatory potential of the 

diet, although the change in cardiometabolic profiles in PEARS did not differ by study group. 

The FIGO Nutrition Checklist study highlighted the extent of suboptimal dietary practices in 

women during pregnancy, including factors that could affect the dietary inflammatory potential. 

Specifically, nearly 20% reported they did not consume at least 2-3 portions of fruit and 

vegetables a day, over 40% did not consume wholegrain carbohydrates at least once a day 

and nearly 40% reported that they consumed packaged snacks, confectionary, cakes, and 

sugar-sweetened beverages more than five times a week. We also found the FIGO Nutrition 

Checklist was acceptable and likely feasible, although more work with healthcare 

professionals is needed to support implementation.  
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9.2.3 Priorities of women  

The qualitative components of this thesis highlight the importance of considering how women 

feel in the context of research participation and health. In the GetGutsy study, non-pregnant 

women with obesity had an expanded view of health, prioritising well-being over traditional 

health measures. In relation to study participation, women were motivated to volunteer by a 

desire to advance women’s health research and highlighted the importance of feeling safe in 

research activities through adequate information and sensitivity. In pregnancy, maternal well-

being was considered a critical outcome for inclusion in pregnancy nutrition studies while 

cardiometabolic health, inflammation and other factors were not. Diet quality was also 

considered a core outcome for pregnancy nutrition research. Convenience was identified 

across multiple studies in this thesis as key consideration when working with women of 

reproductive age. In addition to research participation, a desire for nutrition to be addressed 

as standard in antenatal care was identified.  

9.3 Interpretation  

9.3.1 Reducing cardiometabolic risk before and during pregnancy    

We found a high proportion of women with overweight, or obesity had adverse cardiometabolic 

phenotypes during and outside of pregnancy. Pre-pregnancy BMI has been shown to predict 

the trajectory of cardiometabolic changes experienced in pregnancy  (Omaña-Guzmán et al., 

2021). This finding suggests that optimising health in the preconception period holds potential 

to reduce the level of baseline lipids, glucose, and blood pressure in early pregnancy. This 

would influence the baseline levels upon which further physiological changes occur (Omaña-

Guzmán et al., 2021). We found that over 80% of women in the PEARS study had elevated 

cardiometabolic markers in early pregnancy. This is important, given our data suggest over 

half of women experience changes in their cardiometabolic profiles.  

Although efforts to enhance preconception health are warranted, strategies to control serum 

lipids during pregnancy have some potential to minimise risks of associated pregnancy 

complications (Li et al., 2021).  A healthy dietary pattern with a low DII in early pregnancy has 

been associated with reduced risk of gestational diabetes in women with overweight or obesity 

(Pajunen et al., 2021).  There is also data to suggest that diets with low DII may support weight 

management in the postpartum period (Qin et al., 2021). We are the first to find that advising 

on general healthy eating and low-glycaemic index diets in pregnancy reduced energy-

adjusted DII (E-DII) in women with overweight or obesity. In the Project VIVA cohort, 

vegetables, fruit, wholegrains, fish, and eggs were negatively associated with DII score, while 

sugar sweetened beverages were positively associated (Sen et al., 2016). More recent data 

suggest fruits and vegetables are the food group most associated with diet quality and E-DII 

(Imai et al., 2021). This is validated by recent research measuring inflammatory markers in 
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pregnancy. This suggests higher total fat intake is associated with C-Reactive Protein (CRP) 

while dietary fibre and vegetable intake are negatively associated  diet high in fruits, 

vegetables and fish has been associated with increased odds of metabolically healthy obesity 

(Slagter et al., 2018). In addition, higher levels of fruit, wholegrains and overall diet quality 

have been reported in women of reproductive age with metabolically healthy versus unhealthy 

obesity (Slagter et al., 2018, Camhi et al., 2015). We found the FIGO Nutrition checklist which 

addresses intakes of food groups including fruits, vegetables, and wholegrains, was 

acceptable and recommended for use in clinical practice.  

9.3.2 Risk stratification in pregnancy obesity  

A variety of definitions of metabolically healthy obesity have been explored in the literature to 

date (Smith et al., 2019, Liu et al., 2019a). More recently, a combination of clinical, medical, 

and anthropometric factors, based on their associations with cardiovascular and total mortality 

in the National Health Examination Survey (NHANES-III), was proposed. These were systolic 

blood pressure, need for blood pressure-lowering medication, diagnosis of diabetes mellitus 

and waist-to-hip ratio (Zembic et al., 2021). This definition used death as the clinical outcome 

and does not include dyslipidaemia, which is interesting given the high levels of dyslipidaemia 

experienced in pregnancy. Waist to hip ratio could be measured in early pregnancy, although 

evidence suggests it may not add significant predictive value for pregnancy complications 

compared to BMI (Taebi et al., 2015, McDonnold et al., 2016, Basraon et al., 2016).  

The potential role of the EOSS in guiding treatment in women of reproductive age with 

overweight or obesity could be questioned, as it does not greatly differentiate between women 

with raised BMIs. In its current format it suggests there is a high prevalence of weight-related 

cardiometabolic derangement in women with overweight or obesity, particularly in pregnancy. 

The only other study on EOSS in pregnancy found the score helped predict the chance of 

caesarean delivery in a high-risk group of nulliparous women undergoing induction of labour 

at term (Demsky et al., 2020) A separate study found metabolic profiling of women did not 

have additional predictive value for adverse obstetric outcomes compared to BMI (Pétursdóttir 

Maack et al., 2020). As previously discussed, the EOSS does not have female-specific cut-

offs. The cardiometabolic disease staging system (CMDS) is an alternative scheme that could 

be applied to those with obesity (Guo et al., 2014). Compared to EOSS, the CMDS contains 

less criteria, including concentrations of triglycerides, HDL cholesterol and glucose only. It also 

has a female-specific cut-off for reduced HDL (<1.29mmol/L). The American Heart 

Association, the American College of Cardiology and others advocate for the use of sex-

specific considerations in cardiovascular risk assessments (Agarwala et al., 2020).  
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The main driver of increased EOSS scores in pregnancy was raised total cholesterol. This 

limited the clinical utility of the tool, and we did not find any significant associations with 

pregnancy outcomes. although there was a signal with large-for-gestational age. Despite this, 

there is ample evidence that levels of cardiometabolic markers are associated with a myriad 

of maternal and child outcomes during pregnancy and beyond. It is therefore still worthwhile 

to consider cardiometabolic health in this population group. Studying pregnancy-specific 

adaptations to the EOSS may show some promise, or adaptations to the scoring criteria that 

are more in line with other metabolic syndrome-like criteria may enhance the ability of the tool 

to stratify risk groups during pregnancy. The cardiometabolic disease staging system (CMDS) 

uses a lower number of criteria in the scoring system and female specific values for high-

density lipoprotein cholesterol. The CMDS and EOSS have been compared only once before, 

in relation mortality and the CMDS had greater discriminatory value (Ejima et al., 2020). Our 

study therefore addresses this paucity of data and we found when compared to EOSS, the 

CMDS categorised less women as metabolically unhealthy, suggesting it may be of more 

value in clinical practice. It is important to note however that the CMDS was not designed to 

assess obesity severity like the EOSS, and only includes cardiometabolic factors. As a result, 

keeping the EOSS core concept but adapting in line with the cardiometabolic disease staging 

system criteria may prove useful. The EOSS has been adapted before, to use in paediatrics 

(Kakon et al., 2019). An EOSS for pregnancy could be an area for future research.  

Additionally, this thesis aligns with other previous research in finding a relationship between 

C3 and cardiometabolic risk factors and the metabolic syndrome (Copenhaver et al., 2019, 

Onat et al., 2011). It has shown to have additional predictive value to traditional measures 

such as CRP, although some evidence in women only questions the additive predictive ability 

for the metabolic syndrome (Onat et al., 2010). Pre-pregnancy C3 levels already have been 

shown to predict pregnancy outcomes such as preterm birth and postnatal pregnancy-related 

venous thrombosis (Dahm et al., 2019). A C3 level > 1.3g/dl has been suggested as an 

appropriate marker of impaired anti-inflammatory function in women (Onat et al., 2012). While 

recent evidence highlights that pregnancy itself may influence circulating levels of complement 

proteins, average values may still be within this cut-off (He et al., 2020). In their prospective 

study, He et al found that the mean level of C3 at 6-12 weeks pregnancy was 933.5mg/dL, or 

0.09g/L. This suggests C3 may still play a role in predicting adverse outcomes in pregnancy 

but more research before and during pregnancy is needed before it can translate into routine 

clinical practice.   

9.3.3 Well-being as a core outcome  

In this thesis, we sought to study cardiometabolic health and nutrition in women with 

overweight or obesity. The findings, however, suggest well-being is of significant and perhaps 
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greater importance to women of reproductive age, including women with obesity. This is 

important as women with obesity are at increased risk of anxiety and depression with some 

studies suggesting a dose-response relationship with BMI in pregnancy (Steinig et al., 2017, 

Nagl et al., 2015, Molyneaux et al., 2018). The EOSS includes assessment of mental and 

functional health. We did not have data on functional health, but we included well-being as a 

marker of obesity-associated risk in pregnancy. We found it did not add to the predictive value 

of the staging as already the EOSS categorised most women into “at risk” groups based on 

their metabolic markers alone. The concept of considering weight-related impacts on mental 

health is still important, given the consistent high-value placed on this measure by women of 

reproductive age, including those with overweight or obesity. Although well-being did not add 

to the predictive value in the pregnancy study, this does not mean it will not play a role in an 

adapted EOSS with less metabolic criteria. This area warrants further exploration.  

Inflammation plays a role in the pathogenesis and progression of mental health disorders 

(Chen et al., 2021c, Hong et al., 2016, Najjar et al., 2013, Oddy et al., 2018, Bond et al., 2016). 

Levels of high-sensitivity CRP are associated with risk of depression in adults with obesity 

(Delgado et al., 2018). In those with cardiovascular risk factors, more pro-inflammatory diets 

have been shown to increase the risk of mental health disorders (Jorgensen et al., 2018).  

Multiple studies have found that higher DII or E-DII are associated with increased risk of 

depression (Ma et al., 2021, Lassale et al., 2019, Molendijk et al., 2018). Recent evidence 

including a meta-analysis suggests that women with increased dietary inflammatory potential 

have a higher risk of depression (Ghazizadeh et al., 2020, Shakya et al., 2021, Shivappa et 

al., 2018).  

There is growing evidence to suggest that the relationship between pro-inflammatory diets 

and mental health issues may be strongest in those with adverse cardiometabolic health. In a 

10-year follow up of university students, a dose-response relationship between higher DII and 

development of incident depression was found. Interestingly, the association was strongest in 

those with cardiometabolic comorbidities (Sánchez-Villegas et al., 2015).  In a large study of 

2047 middle-aged Irish adults, those with metabolically unhealthy obesity had an increased 

risk of anxiety and depression compared to those with healthy BMI and metabolic health. 

Conversely, the risk was not increased in those with metabolically healthy obesity (Phillips and 

Perry, 2015). This trend has been replicated in other studies (Yosaee et al., 2018, Mehrabi et 

al., 2021).  Although those with metabolically healthy obesity may have reduced health-related 

quality of life compared to metabolically healthy, “normal” weight controls, the data suggest 

they may benefit most from strategies to reduce DII (Phillips et al., 2018b, Lopez-Garcia et al., 

2017).  



 

169 
 

9.3.4      Outcome measures and weight stigma  

Promoting positive well-being and reducing weight stigma have been identified as two areas 

of action needed to support people with obesity (Rand et al., 2017). Experiencing weight 

stigma impacts self-esteem (Christenson et al., 2019, Hayward et al., 2018). Experience of 

such stigmatisation is associated with increased obesity, weight gain, and inflammation and 

mortality (Rubino et al., 2020).There is also data to suggest that perceiving oneself as 

“overweight” may be associated with physiological decline across a range of systems including 

inflammation and metabolic health (Daly et al., 2017). This  pattern creates “obesogenic 

vicious cycles”. This suggests that interventions to promote healthy lifestyles must do so while 

reducing weight stigma (Gmeiner and Warschburger, 2021). Obesity bias and stigma is 

prevalent in the Irish healthcare system (O'Donoghue et al., 2021). Obesity stigma is also 

reported in maternity and reproductive (Christenson et al., 2019, Bombak et al., 2016, Hill and 

Incollingo Rodriguez, 2020)One approach to reduce weight stigma is to measure the potential 

impact of adiposity on health outcomes as done in this thesis, rather than making assumptions 

about health based on the presence of increased adiposity alone. This is in line with the “health 

at every size” approach (Penney and Kirk, 2015, O'Hara et al., 2021). We found women with 

obesity wanted weight addressed as one of many relevant factors, including metabolic, 

physical, and functional markers. This aligns with the approach of the EOSS which considers 

the impact of adiposity on mental, functional, and physical health (Sharma and Kushner, 

2009). Focusing on weight in the absence of the other health measures may perpetuate 

weight-related stigma (Relph et al., 2020, Crino et al., 2019). This is especially important in 

the context of pregnancy which has been identified as a particularly vulnerable time for weight 

stigma (Incollingo Rodriguez and Nagpal, 2021).  

9.4 Recommendations for Clinical Practice and Policy  

9.4.1 Clinical implications  

More research on cardiometabolic phenotypes is needed in maternal health before decisions 

can be made in practice, although this thesis suggests the CMDS may be of most value in risk 

stratification, especially as it does not include total cholesterol as a scoring criterion. 

Consideration of a modified version of the EOSS with updated metabolic values could also be 

useful before ruling out use of the tool in practice. This thesis also highlights the potential of 

C3 as a marker of risk in overweight or obesity, adding to the growing literature on the role of 

novel inflammatory markers to guide treatment prioritisation. In relation to dietary advice in 

antenatal care, this thesis has clear clinical implications by providing evidence on safe 

approaches to improve the inflammatory potential of the diet in pregnancy. We identified that 

women have a desire for nutrition to be addressed as “part of the process” in antenatal care. 

The FIGO Nutrition Checklist may help bridge the gap between dietary guidelines and clinical 
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practice by embedding nutrition assessment into routine antenatal care. Healthcare 

professionals working with pregnant women will benefit from the practical insights from this 

thesis to support implementation. This includes the feasibility of asking women to complete 

the FIGO Nutrition Checklist autonomously in advance of their appointments which may limit 

the burden on clinician time. The results of this thesis also highlight the importance of 

measuring well-being before and during pregnancy. Inclusion of this criterion in clinical 

practice may support person-centred care.  

Although the data in this thesis suggests that EOSS in its’ current format is of limited value in 

predicting pregnancy outcomes, aspects of it could be used as a screening tool as part of a 

general health assessment in pregnancy. Measurement of a wider range of health outcomes 

has been suggested as a method to reduce weight stigma in the clinical setting (Nagpal et al., 

2021). These results justify the approaches used in this thesis to categorise women based on 

cardiometabolic and inflammatory markers, rather than BMI. In the recent Canadian Adult 

Obesity Clinical Practice Guidelines, obesity is defined as the presence of excess adiposity 

that negatively impacts health (Wharton et al., 2020). Using this definition, a raised BMI alone 

is not considered obesity. Applying this definition to metabolic health alone would remove the 

metabolically healthy obesity phenotype, leaving only “healthy” or “obesity”. Some studies, 

however, suggest that there is risk of adverse outcomes in obesity based on BMI even without 

any evidence of metabolic derangement (Telle-Hansen et al., 2020, Caleyachetty et al., 2017, 

Commodore-Mensah et al., 2021). This means that weight-related risk factors would need to 

be assessed in women of reproductive age to identify obesity Others have suggested that 

metabolically healthy obesity is a transient state, during which individuals with obesity based 

on BMI are at increased risk of developing metabolic derangements overtime (Lin et al., 2017, 

Tsatsoulis and Paschou, 2020, Mongraw-Chaffin et al., 2018). Taken together, the data 

suggest that regardless of metabolic status, it is important that people with raised BMI have 

access to treatment should they wish to receive it, especially given that obesity is considered 

a multi-systems and progressive disease (Bray et al., 2017).   

Routine surveillance of weight gain during pregnancy is not conducted in many countries 

(McAuliffe et al., 2020). Implementation of weight management guidelines in pregnancy has 

been highlighted as an area of great challenge in the context of maternal obesity care 

(Heslehurst et al., 2014). The FIGO nutrition checklist collects evidence on weight as part of 

the assessment and thus could support healthcare professionals in starting the conversation. 

Obstetricians and gynaecologists should consider their individual bias toward women with 

obesity and take steps to address this so that they can offer the same respectful clinical care 

that women with lower BMIs receive (ACOG, 2019). Many patients may identify with the 

concept of obesity as a disease process and as such, prefer “people-first language”, as 
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encouraged by the American College of Obstetricians and Gynaecologists (ACOG, 2019). 

Women with raised BMI should receive non-judgmental advice on the health risks associated 

with increased weight and how they can be minimised, although care should be taken to avoid 

making assumptions on their health and physical function based on BMI alone (McAuliffe et 

al., 2020, Cuthbertson and Wilding, 2021). 

Our data suggests that the FIGO Nutrition Checklist could help healthcare professionals start 

the conversation on diet and weight in pregnancy. This research is urgently needed, given a 

recent study found only 50% of healthcare professionals were comfortable initiating health 

behaviour conversations with patients (Bright et al., 2021). Keyworth et al. found healthcare 

professionals described opportunistic behaviour change interventions as “difficult” and 

“complicated” but saw the value in doing so in practice (Keyworth et al., 2019). This research 

suggests there is hope for improving how nutrition is addressed with pregnant women in 

practice if barriers are adequately addressed (Keyworth et al., 2019, Keyworth et al., 2020). 

To incorporate a new resource into routine practice, aspects such as a shared vision, effective 

leadership, a positive organisational culture towards the change and readiness for change are 

needed (Gesme and Wiseman, 2010). Identifying local champions and gaining support from 

senior management members within the organisation could support uptake of the tool 

(Crossland et al., 2019, Gesme and Wiseman, 2010). Fear may underpin resistance amongst 

healthcare professionals for uptake of the tool, including worry over the time available in clinic 

or inadequate training that reduces confidence in addressing these issues (Gesme and 

Wiseman, 2010, Bright et al., 2021, Keyworth et al., 2019). Concern regarding inadequate 

time could be alleviated through evidence highlighting the time required to use the tool in 

practice. The FIGO Pregnancy Obesity and Nutrition Initiative (PONI) team have been 

awarded funds to advance the tool that will support widespread adaptation globally and 

streamline how it is used in practice (FIGO, 2021a).  

9.4.2 Research implications 

The findings and practical recommendations in this thesis can be used to improve how 

preconception studies are designed. Clinical trials may benefit from a focus on wellness in 

addition to traditional health markers, creating a sense of altruism and maximising 

convenience. The exploratory work relating to C3 provides further justification for hypothesis 

testing on the potential of this clinical biomarker in women’s health. The findings related to the 

clinical scoring systems will inform their application in future research. Standardisation in 

outcome reporting achieved through use of PRENCOS in pregnancy nutrition studies will 

further enhance the quality and certainty of evidence in this area (Vincze et al., 2019). Diet 

quality was identified as a core outcome for pregnancy nutrition research, but work is needed 

to identify preferred measurement tools to support implementation into practice (Prinsen et al., 
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2016). Tsoi et al. found that the overall diet quality determined by the FIGO Nutrition Checklist 

correlated with well-established diet quality indices, including the dietary approaches to stop 

hypertension (DASH) and the Mediterranean diet score (Tsoi et al., 2020). Given that the tool 

has been validated against more robust dietary assessment methods, the FIGO checklist 

holds potential to support early identification and intervention on these key dietary issues in 

practice. It may also serve as a simple measure of diet quality for clinical trialists, although 

more research is needed (Tsoi et al., 2020, Prinsen et al., 2016).  

9.4.3 Policy implications  

Building the scientific evidence has been highlighted as a key step needed to elevate the 

position of preconception nutrition on the agenda of policy makers (Vogel et al., 2021). This 

thesis provides new and practical evidence on obesity and suboptimal nutrition in women’s 

health. These topics are of great importance to policy makers given the risks for mothers and 

children, and the potential benefits to overall population health by improving nutrition and 

weight in women of reproductive age (Hanson et al., 2019b, Catalao et al., 2020, Aagaard-

Hansen et al., 2019, Lassi et al., 2013). As pregnancy nutrition influences lifelong disease risk 

in mothers and children, improving the health of mothers holds great potential to reduce the 

global disease burden of disease (Hanson et al., 2019b, Jacob et al., 2019).Specifically, the 

Preconception, Pregnancy and Postpartum (HiPPP) Global Alliance call for pragmatic 

implementation research on a variety of areas including healthy diets and nutrition, screening 

for and managing pregnancy complications and mental health. The work presented in this 

thesis helps to fill these gaps (Hill et al., 2020c). Policy makers have a responsibility to support 

the efforts of healthcare professionals through public health policies for good nutrition. 

Interventions include food fortification, community engagement and increased resource 

provisions to improve dietary habits (Sharma and Ramos Salas, 2018, Hanson et al., 2015).  

 

Greater investment and promotion of preconception care may be of value in reaching women 

with risk factors before pregnancy (Jacob et al., 2020, Shannon et al., 2014). The peri-

conceptual period has been suggested as an ideal time for early identification of risk factors 

through health screening and implementation of preventative strategies, especially in key 

health priorities such as obesity and mental health (Di Renzo and Tosto, 2021, Stephenson et 

al., 2019, Lewis et al., 2014). Maternity costs are higher for women with obesity, and they may 

have greater use of healthcare services (Sheiner et al., 2019, Hill et al., 2020b). This further 

supports the role of preconception care. In relation to pregnancy however, the findings of this 

thesis on risk categorisation and nutrition counselling will inform treatment prioritisation and 

evaluation of risk. This may be particularly useful in lower resource settings.  
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In addition to personal health behaviours, weight and nutritional status are influenced by public 

health policies, and other social or environmental factors (Jacob et al., 2020). Reducing weight 

stigma also involves a multi-systems approach with society and environmental improvements 

(Sharma and Ramos Salas, 2018). This can be informed by the perspectives of women 

identified in this thesis. Additionally, in women with intentions to conceive, it may not be 

welcome to delay this to address pre-gravid health risks (Moholdt and Hawley, 2020). As a 

result, finding  alternative settings and methods to engage women in health promoting 

behaviours outside of maternity services may be more beneficial. This includes opportunistic 

health-promotion by healthcare professionals who engage with women of reproductive age, 

including gynaecologists (Jacob et al., 2020). This would likely have personal and societal 

benefits for women across a range of areas, including maternal health. To facilitate individual 

improvements in preconception health behaviours, policy makers should consider how they 

can incentivise and encourage supportive environments from the top-down (Madden et al., 

2021). Women in our study identified the workplace as a potential location to facilitate 

preconception health research.  

 

9.5 Future directions  

Future work could involve the translation of identified nutritional risks in the FIGO Nutrition 

Checklist to nutritional scores that could predict risk of adverse maternal and child outcomes 

and support the development of treatment algorithms. In the only study on this to date, 

nutritional scores calculated from the FIGO Nutrition Checklist were associated with outcomes 

such as pregnancy associated plasma protein A and placental volume (Parisi et al., 2020). 

The FIGO Nutrition Checklist study was designed to evaluate the acceptability and feasibility 

of the tool for use in routine antenatal care. The feasibility of a tool for nutrition counselling 

depends on factors such as practicality, time and provider characteristics such as motivation, 

skills and knowledge (Beulen et al., 2020). While we designed the questionnaire to determine 

whether the perceived time taken to use the tool was acceptable, we did not measure the time 

involved. Given the disparity between the perceived time associated with the tool from the 

perspective of pregnant women versus healthcare professionals, it would be of value to 

measure the additional time burden resulting from the use of the FIGO Nutrition Checklist in 

practice. We also did not conduct any longitudinal follow-up to see if the nutrition counselling 

received using the FIGO Nutrition Checklist resulted in behaviour changes. The evolution of 

this evidence will support uptake of the FIGO Nutrition Checklist and support the change in 

clinical practice needed to achieve global nutrition and public health targets (Miller et al., 

2020). Already, there is some evidence suggesting that lower diet quality and higher DII in 

pregnancy is associated with increased obesity in childhood through adolescence (Monthé-

Drèze et al., 2021, Chen et al., 2021a). More research on the life course implications of dietary 
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interventions such as use of the FIGO Nutrition Checklist or reducing the E-DII before and 

during pregnancy is needed to support implementation. While we showed that a healthy-eating 

low GI antenatal lifestyle package can reduce E-DII, it is not fully known what level of change 

in E-DII is clinically relevant or would impact health. More on this is needed.  

In addition, longitudinal research is needed to confirm the findings on cardiometabolic health, 

inflammation, and diet in larger and more diverse populations before the results can be 

generalised for clinical practice. This includes a further exploration into other potential 

cardiometabolic scoring systems in pregnancy. In relation to PRENCOS, we did not 

investigate measurement tools for these outcomes and more work is needed to identify these 

(Ciani et al., 2021). A general guideline on how to select appropriate outcome measurement 

tools for COS was published in 2016 by the COnsensus-based Standards for the selection of 

health Measurement INstruments (COSMIN) initiative (Prinsen et al., 2016).  Systematic 

reviews of outcome measurement tools to inform the use of COS have been published in 

several areas include eczema, whiplash, and dementia (Stuart et al., 2021, Griffin et al., 2021, 

Harding et al., 2021). The suggested format from COMET is one preferred outcome 

measurement tool for each outcome included in the COS, ensuring that each included 

measurement tool has sufficient content validity (Gorst et al., 2020).  

9.6 Strengths  

The thesis employs both qualitative and quantitative methods. This supports the translation of 

findings to clinical practice and research (Bowers et al., 2013, Ivankova et al., 2006). This 

thesis takes a novel and pragmatic approach in exploring the cardiometabolic changes 

experienced in pregnancy by tracking women against clinically relevant cut-offs for 

dyslipidaemia, rather than comparing raw values. The finding that well-being is of high 

importance to women of reproductive age was identified through several methods including 

qualitative interviews and focus groups and in different groups of women both before and 

during pregnancy. This gives confidence in the finding, although within each study there are 

some limitations in the generalisability of the samples. Use of the Benjamini-Hochberg 

adjustment for multiple comparisons and backwards power calculations adds statistical rigour 

to the data (Armstrong, 2014, Dupont and Plummer, 1990).  

We included women with experience of pregnancy in all aspects of the study and made efforts 

to incorporate their preferences throughout the thesis. In relation to PRENCOS, we also 

conducted patient and public involvement (PPI) with an advisory panel of women prior to the 

study. The co-creation of verbal or written content between the HCP and the target population 

helps deliver the information relating to study participation (Killeen et al., 2021a). It is 

recommended to involve the health service users to which a core outcome set relates as soon 
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as possible in the development process (Williamson et al., 2017). The impact of this is 

illustrated with the core outcome set for preterm birth which resulted in 13 outcomes, but only 

four of these were frequently reported in the literature prior to the development process (van 

't Hooft et al., 2018). In addition to PPI, we conducted qualitative interviews with women before 

they participated in the Delphi survey. This thesis used people-first language and measured a 

wide array of health outcomes, further advocating for reduced weight-bias and a person-

centred approach in women’s health in research (Sogg et al., 2018).  

9.7 Limitations  

This thesis involved post-hoc secondary analyses of data collected as part of two randomised 

controlled trials, the GetGutsy and PEARS studies. As such, the analyses were limited to those 

women and parameters for which data were available. This affected the ability to apply later 

stage EOSS scores, as complete data on advanced metabolic, mental, or functional 

comorbidities, other than a general medical or surgical history, was not collected. As 

highlighted throughout the thesis, the evidence suggests that both within and outside of 

pregnancy, the value of EOSS as a clinical practice tool for predicting adverse outcomes is 

seen mostly at higher EOSS scores (≥3). This potentially explains the limited associations 

found between EOSS and pregnancy outcomes. We did not have sufficient data to allow for 

the application of the functional aspect of EOSS, or application of stage three or four of any 

aspect of EOSS, influencing comparability with the rest of the literature. The E-DII values in 

our secondary analysis were measured by Shivappa and colleagues using their well-

established method. There has however, recently been suggestions as to how the 

mathematical modelling for E-DII measurement could be improved (Pawlow et al., 2021). It is 

possible that the process may change overtime with advancements in evidence and models 

and this may influence future research. If this takes place, this could affect how our current 

results compare to future studies.  

In the GetGutsy study, the average age of participants is within reproductive years but is older 

than the average age of women attending maternity services in Ireland in 2019, which was 

33.0 years (CSO, 2019). Recruitment and retention of young women with obesity is an ongoing 

challenge in research and further work is needed on how to maximise outcomes for trials 

designed for women at this time in the life- course (Poobalan, 2010). We tried to address this 

in our Study Within A Trial (SWAT), but since the sample was limited to women who took part 

in the GetGutsy study, the potential to recruit younger women was limited. Nevertheless, one 

third of women in the qualitative component of the SWAT were younger than 40 years.  

Additionally, most women providing data for this thesis were White, had third-level education, 

and were in full or part time employment. This should be considered when generalising results 

to more diverse cohorts, especially since maternal obesity is strongly related to social and 
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educational inequalities (Devlieger et al., 2016). Evidence suggests that higher education and 

socioeconomic status is associated with higher well-being in pregnancy (Horan et al., 2014). 

In PRENCOS, we aimed to recruit women from a variety of backgrounds and were successful 

in involving women from a variety of countries. This included several low-middle income 

countries, but they made up a minority of the sample. Future work can consider how to 

maximise recruitment of participants from harder-to-reach population groups, with even 

greater geographical spread through processes such as language translators or multi-centre 

collaboration.  

Due to small sample sizes, it is possible that some of the analyses in this thesis lacked 

statistical power. In relation to the DII for example, the sample size is smaller than other similar 

studies in the literature (Chen et al., 2021a, Moore et al., 2018, Sen et al., 2016, Shin et al., 

2017, Yang et al., 2020). In relation to the FIGO Nutrition Checklist evaluation, we had a small 

number of participating obstetricians and no midwives. This was due to logistical issues in the 

study clinics and limited access to provide staff training and gain buy-in prior to study 

commencement. The use of cross-sectional and post-hoc secondary analyses limits the ability 

to draw conclusions from the data (Wang and Cheng, 2020, Cheng and Phillips, 2014). As 

with all qualitative research, the data collection was susceptible to observer and interviewer 

bias (Frey, 2018, Salazar, 1990). Our studies were also susceptible to selection bias, as for 

each study we were limited to samples of women who were willing and available to take part 

(Wang and Cheng, 2020, Tripepi et al., 2010). In the case of the GetGutsy SWAT, the sample 

was limited to women who already expressed an interest in taking part in research, potentially 

limiting the generalisability of the findings to women without this personal interest. By relying 

on volunteers who wished to attend a health screen, it is possible we had an over-

representation of women with healthier behaviours and health markers (Simundić, 2013). 

Limiting our secondary analyses to women for whom the outcome of interest was available 

may also introduce bias (Cheng and Phillips, 2014). The dietary data used to calculate the E-

DII was self-reported data meaning it is subject to error and misreporting (Ortega et al., 2015). 

 

9.8 Conclusion 

Measurement of a wide range of outcomes may help reduce weight stigma and identify women 

of reproductive age who will benefit most from interventions before and during pregnancy. Use 

of the EOSS in its current format is not recommended based on this thesis, especially without 

data on advanced comorbidities. Our data in non-pregnant women suggests there may be a 

role for the CMDS, or C3 in risk categorisation. The FIGO Nutrition Checklist may support 

healthcare professionals in addressing nutrition and weight as standard in antenatal care, with 

potential benefits for cardiometabolic health. Maternal well-being is an outcome of critical 
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importance to women before and during pregnancy. Consideration of well-being in research 

and in clinical practice may increase engagement of women of reproductive age. Inclusion of 

this outcome in PRENCOS will support evidence generation on the relationship between well-

being and diet that further encourage measurement in practice. 
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