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THESIS ABSTRACT 

Background 

There is no clear guidance on how best to support women to achieve healthy gestational 

weight gain. The dominant physiological approach of energy in / energy out for weight 

management, such as diet and exercise interventions, has demonstrated moderate 

effectiveness at best for optimising gestational weight gain. Increasingly, routine 

antenatal weighing is being used to monitor women against gestational weight gain 

targets. However, to optimise pregnancy weight gain, broader socio-ecological 

approaches to physical and mental health in pregnancy are required.  

Objectives 

The primary objectives of this thesis are twofold; 1) To investigate the effectiveness of 

antenatal weight-monitoring as a health promotion strategy for optimising pregnancy 

weight gain; and 2) To explore the psychosocial factors associated with weight gain in 

pregnancy.  

Methods 

A thesis by publication inclusive of a series of six distinct but complementary 

publications, using a variety of research designs and methodologies were devised to 

address specific research aims as follows.  

Aim 1: Perform a systematic review of the literature to ascertain the effectiveness of 

routine antenatal weighing as a stand-alone intervention to reduce excessive pregnancy 

weight gain. 

Aim 2: Conduct a narrative review and evidence synthesise in response to the Australian 

Department of Health, Pregnancy Care Guidelines, recommending the re-introduction of 

routine antenatal weighing.  

Aim 3: Perform a revalidation of the Weight-Related Behaviours Questionnaire, 

originally designed and tested in a pregnancy cohort in the United States, within an 

Australian pregnancy cohort.   
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Aim 4: Identify and describe the demographic and psychosocial factors predictive of 

excessive gestational weight gain, within an Australian pregnancy cohort. 

Aim 5: Develop a short-form, psychosocial assessment tool for the detection of women 

at risk of excessive gestational weight gain. 

Aim 6: Perform a qualitative analysis of the experience and perspectives of pregnant 

women who participated in a pilot weight management randomised controlled trial.  

Conclusion 

Overall, this program of work concludes existing evidence does not support weight-

monitoring as a weight management strategy, with effects on maternal psychology largely 

unknown. To optimise gestational weight gain, broad socio-ecological approaches to 

health promotion are required, considering factors like self-efficacy and body image 

during antenatal care. 
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CHAPTER 1 

INTRODUCTION 

1.1  Chapter Overview 

This chapter provides an introduction to the thesis topic, providing the necessary background 

information and context informing all subsequent thesis chapters. Gestational weight gain (GWG) 

is defined and discussed in section 1.2. The problem of excessive gestational weight gain 

(EGWG) and associated short and long-term adverse health outcomes are explored in section 1.3. 

Section 1.4 provides an overview of interventions designed to reduce EGWG. This includes a 

discussion of diet, physical activity and antenatal weight-monitoring interventions, describing 

their efficacy and limitations. Section 1.5 provides a definition and discussion of social-ecological 

factors that may impact women’s ability to achieve healthy weight gain in pregnancy. A summary 

of the thesis aims concludes the chapter (section 1.6). 

1.2  Gestational Weight Gain 

Weight gain is fundamentally characteristic of pregnancy and a well-recognised determinant of 

fetal growth and pregnancy progression (1). Research conducted by Hytten and colleagues 

throughout the 1950s and 60s, described the mean gestational weight gain for primiparous women 

with good pregnancy outcomes to be approximately 12.5 kilograms (kgs) (2). The physiological 

components that contributed to total GWG were compartmentalised into the following: 1) 

products of conception; fetus, placenta and amniotic fluid (roughly 6 kgs); 2) maternal tissue 

accretion; uterine tissue, breast tissue, blood and plasma volume expansion (roughly 3.5 kgs); and 

3) fat accumulation (roughly 3 kgs) (2). Fat accumulation was suggested as necessary to support 

the increased energy demands required for lactation (2, 3). 

Since the time of Hytten’s research, wide variations in mean GWG with good pregnancy 

outcomes have been observed, leading to confusion surrounding the definition of what constitutes 

appropriate GWG (3, 4). In an effort to provide clarity and a definition of “appropriate GWG”, 

the American Institute of Medicine (IOM) undertook a review of the literature, devising reference 

ranges for weight gain in pregnancy (3). The IOM Nutrition During Pregnancy guidelines were 

first released in 1990. These guidelines had a public health focus on preventing infant mortality 
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associated with low-birth-weight infants, a health priority at the time (3), prior to the current 

obesity epidemic and when smoking was more prevalent (3). The weight gain ranges released 

within the IOM guidelines were largely informed by available published weight gain data from 

the United States of America (USA). Body Mass Index (BMI) values and categories were derived 

from American metropolitan lifestyle insurance data (3). The original 1990 IOM weight gain 

ranges are presented in Table 1.1. 

Table 1.1 American Institute of Medicine Gestational Weight Gain Ranges 1990 

 

Since the emergence of the global obesity epidemic during the 1990’s, widespread debate and 

criticism of the IOM 1990 weight gain guidelines has ensued (5, 6). The weight gain targets were 

argued to be too liberal in the years following their release and were not universally adopted by 

maternity care practitioners (6). Weight gain targets were argued to not improve infant outcomes 

but rather lead to poor perinatal outcomes, particularly large for gestational age infants, caesarean 

section and obese mothers (6). The IOM subsequently undertook a review of the guidelines, 

releasing updated weight gain targets in 2009 (6). 

The revision of the IOM guidelines signified a shift in public health focus, from prevention of 

low-birth-weight infants and maternal undernutrition, to prevention of adverse outcomes 

associated with maternal obesity and GWG (6). The revised weight gain guidelines most notably 

adopted the World Health Organization (WHO) BMI categories (6). Women who are underweight 

at the beginning of pregnancy are recommended to gain more weight than women who entered 

pregnancy in the overweight or obese BMI categories, as per Table 1.2 (6). 

Gestational weight gain is commonly defined using the IOM 2009 weight gain guidelines, where 

EGWG is defined as weight gains above the recommended maximum target value; and inadequate 

gestational weight gain (IGWG) defined as pregnancy weight gains below the minimum target 

reference value (6).  
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Table 1.2 American Institute of Medicine Gestational Weight Gain Ranges 2009 

 

1.3  Excessive Gestational Weight Gain  

Weight gain is a normal part of the childbearing experience and in general a positive marker of 

pregnancy progression and fetal development, except when it is inadequate or excessive. The 

prevalence of women exceeding the IOM weight gain ranges is a global public health concern 

(7). A systematic review and meta–analysis of 23 cohort studies (n= 1,309,136) by Goldstein et 

al. (2017) (7), demonstrated that it is more common for women to gain above the IOM guidelines 

than within or below. Proportionally, 47% of women (n= 621, 004) were observed to gain weight 

above the guidelines (n= 621, 004), 23% of women (n=300,723) gained below, with 30% 

(387,409) gaining within the IOM target ranges, independent of pre pregnancy BMI (7). These 

statistics are of public health concern as EGWG has been independently associated with both 

short and long term adverse maternal and infant health outcomes (7, 8). 

1.4  Adverse Perinatal Health Outcomes  

Gestational weight gain is relevant to pregnancy outcome, including fetal growth. Weight gains 

above the IOM guidelines are associated with large for gestational infants, while weight gains 

below the guidelines are associated with small-for-gestational-age infants (7). Excessive 

gestational weight gain is independently associated with adverse perinatal outcomes including an 

increased odds for caesarean birth (Odds Ratio (OR) 1.30, 95% Confidence Interval (CI) 1.25, 

1.35) (7). Individual studies have found EGWG to be associated with increased risk of pregnancy-

specific conditions such as pre-eclampsia or pregnancy induced hypertension (PIH) (9) and 

gestational diabetes mellitus (GDM) (10). Also of most concern are the long term and 

intergenerational disease risks of EGWG, proposed by emerging research including the 

Developmental Origins of Health and Disease (DOHaD) hypothesis and infant “gut” microbiome 

research (11). 
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1.4.1 Developmental Origins of Health and Disease (DOHaD) 

The Developmental Origins of Health and Disease is a field of research that grew from pivotal 

work by Professor David Barker (12). Barker proposed that adult diseases including 

cardiovascular disease and type 2 diabetes, may arise from environmental adaptions made during 

early life development (12). In particular, Barker hypothesised that early life exposure within the 

intrauterine environment, may determine fetal physiological development and later life health 

outcomes (12). Adverse health consequences are proposed to arise when a mismatch occurs 

between the intrauterine environment and extrauterine environment, post-birth (13). Maternal 

nutrition is hypothesised to play a large role in the development of adult non-communicable 

diseases (14). The adaptions the fetus makes to survive within the intrauterine environment is 

commonly referred to as fetal programming. A maternal intrauterine environment characterised 

by malnutrition (undernutrition) is suggested to detrimentally alter fetal physiology via epigenetic 

pathways leading to the development of disease such as cardiovascular disease and diabetes in 

later life.  

Epigenetic functioning is described as being “above genetics” and is explained as the process 

where endogenous or exogenous stimuli affect gene functioning, without alteration to DNA 

sequence (15, 16). The exact epigenetic mechanisms involved in maternal over nutrition 

characterised by maternal EGWG are not well understood (17). During the course of a normal 

pregnancy, insulin resistance increases to facilitate the transfer of glucose and nutrients from the 

mother to sustain fetal growth and development. It is proposed that an intrauterine environment 

characterised by maternal over nutrition could further increase maternal insulin resistance and 

result in high circulating lipids that could adversely alter fetal physiology (17, 18). An 

environmental mismatch is proposed to occur after birth increasing the offspring’s risk of 

childhood and adult chronic disease such as obesity, diabetes and non- alcoholic fatty liver disease 

(13, 14, 18, 19). 

1.4.2 Infant gut microbiome and mode of birth 

The gastrointestinal “gut” microbiome refers to the diverse populations of micro-organisms that 

inhabit the human gastrointestinal (GI) tract (20-22). The gut microbiome is a dynamic 

physiological ecosystem understood to offer the human host protection against pathogens as well 

as support overall physiological functions such as the processing of nutrients, instigation of 

angiogenesis and fat regulation (22). The human microbiome is influenced by a vast range of 
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nutritional and environmental factors such as diet, health status, antibiotic use, geographical area 

and mode of birth (21). Alterations in the gut microbiome are attributed to the development of a 

diverse range of diseases such as allergies, auto immune disease and obesity (21).  

The establishment of the infant gut microbiome was once thought to only begin following birth. 

The intrauterine environment was viewed as a “sterile” environment. However, a growing body 

of evidence has challenged this view, with the uterus evidenced to be colonised by 

microorganisms (21). This suggests that the establishment of the infant microbiome occurs during 

early life development (20-22). Although not yet fully understood, maternal microbiota play an 

important role in the development of the infant gut microbiome (23). Maternal overweight and 

obesity, early exposure to antibiotics, unbalanced diets and caesarean section have been linked to 

the development of adult non-communicable disease and obesity (23). A recent small study (86 

mother infant pairs) by Garcia-Mantrana et al. (2020) (23), aimed to assess the effects of maternal 

diet on maternal gut microbiota and evaluate the impacts of maternal microbiota on their infants, 

from birth to 18 months of life. The results of this study suggest that maternal diet influences 

maternal gut microbiota, which in turn was statistically associated with infant gut microbiome at 

birth (23). Maternal microbiota was associated with infant BMI at 18 months, whereby infants 

born by caesarean section in this study exhibited higher 18-month BMI scores (23).  

Mode of birth (vaginal birth or caesarean section) is increasingly being linked to the development 

of adult and childhood chronic disease with caesarean section being independently associated 

with increased risk of obesity (24), type 1 diabetes (25) and asthma (26). Important differences in 

the infant gut microbiome have been found between infants born by vaginal birth and those born 

by caesarean section (20-22). During vaginal birth the infant passes through the vaginal tract and 

becomes colonised with maternal perineal and vaginal microbes (21). This event commonly 

referred to as “seeding”, is considered to be a foundational developmental event, responsible for 

the “priming” and ongoing development of the microbiome (20). Infants born by caesarean 

section have been found to have very different gut microbiota to that of infants born vaginally 

(20, 21). Infants born by caesarean section have been found to have microbiota similar to that of 

the skin and are exposed to microbes from the operating theatre environment and antibiotics (20, 

21). When born by caesarean section, infants are thought to miss the foundational seeding event, 

causing gastrointestinal dysbiosis, leading to chronic disease development (20, 21).  

The impacts of maternal diet and mode of birth on the infant gut microbiome are relatively new 

areas of research with short- and long-term effects being largely unknown. However, the potential 
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intergenerational disease risk proposed by maternal overnutrition and EGWG, coupled with an 

associated increased risk of caesarean birth and EGWG is of concern. 

1.5  Addressing Excessive Gestational Weight Gain 

Pregnancy is often described as an opportune time to address and promote positive health related 

behaviours such as smoking cessation and the promotion of a healthy diet (27-29). Women are 

suggested to be emotionally motivated to make positive health behaviour changes during this time 

for the benefit of their infants (30). Antenatal care in Australia and other high income countries, 

consisting of between 7-12 pregnancy care visits for low-risk women, presents an opportunity for 

health promoting interventions to be trialled (31). The regular schedule of visits provides a 

window of opportunity for positive health promotion (physical and psychologically) and health 

behaviour modification (28). Health promotion interventions aimed at addressing EGWG have 

largely employed diet and/ or physical activity interventions and regular maternal weight-

monitoring (28, 29). 

1.5.1 Diet and/or Physical Activity Interventions  

Weight gain in the general population is viewed as a physiological mismatch between energy 

needs (energy in versus energy out) (32). A poor diet and low physical activity levels are linked 

to the development of overweight and obesity with some evidence suggesting that diet and 

physical activity behaviours worsen in pregnancy, perpetuating the problem (32). The 

physiological (energy in / energy out) approach has been widely adopted as a treatment focus with 

diet and physical activity interventions being commonly trialled to reduce EGWG within 

controlled trial studies (32, 33).  

A recent systematic review and meta-analysis of interventions inclusive of a nutrition component 

for the management of GWG and post-partum weight retention, was conducted by Vince et al. 

(2019). In an analysis of 23 randomised controlled trials (RCTs) (n= 5230), an overall reduction 

of 1.25 kg in total GWG was observed (Weighted Mean Difference (WMD); -1.25 kg, 95% CI -

2.10, -0.40), compared to control groups (32). This review did not report on the effects of 

interventions on pregnancy or birth outcomes (32). Walker et al. (2018), conducted a similar 

systematic review of RCTs, identifying 60 diet and/or physical activity trials aimed at reducing 

EGWG (34). An analysis of 16 diet only intervention trials (n=3681), observed an overall average 

weight reduction of 3.37kgs (WMD; -3.37kgs, 95% CI -4.96, -1.58) across studies (34). The 
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analysis of 27 physical activity only intervention studies (n= 5725) revealed a total average weight 

reduction of 1.02kgs (WMD; 1.02kgs, 95% CI -1.56, - 0.49), with an analysis of 33 combined 

diet and physical activity intervention studies (n= 9201), reporting an overall average weight 

reduction of 0.84kgs (WMD; -0.84kgs, 95% CI -1.29, -0.39) (34). Again, this review did not 

report on the effect of the intervention on pregnancy or birth outcomes or other measures of 

maternal physical and psychological health (34).  

The most recent Cochrane review by Muktabhant et al. (2015), identified 65 RCTs of diet and/or 

physical activity interventions. In an analysis of 24 included trials (n= 7096) EGWG was reduced 

on average by 20% (Average Risk Ratio (RR) 0.80, 95% CI: 0.73, 0.87), with no differences 

observed for selected adverse pregnancy and infant outcomes, including pre-eclampsia, infant 

macrosomia (birth weight >90th centile), or caesarean birth (35). Rogozińska et al. (2017) also 

conducted a systematic review of diet and physical activity-based interventions on maternal and 

infant outcomes including GWG (36). In an analysis of 33 studies (n=9320), diet and physical 

activity interventions reduced GWG by an average of 0.70kgs (WMD; -0.70kgs 95% CI -9.2, -

0.48) (36). A subgroup analysis of 24 studies, found that caesarean section was reduced by 9% 

(OR 0.91, 95% CI 0.83, 0.99), with no statistically significant differences observed for PIH, 

GDM, preterm birth, small or large for gestational age infants, between groups (36).  

An umbrella review (review of reviews) investigating the effects of diet and physical activity 

interventions for GWG and post-partum weight retention, identified 15 systematic reviews on the 

topic (33). Of these, 4 investigated the effects of physical activity interventions during pregnancy, 

reporting reductions in GWG ranging between -2.22 kgs and -0.61kgs (WMD) across studies 

(33). Eight reviews investigated the effects of combined diet and physical activity interventions, 

reporting reductions of between -1.40kgs and -0.63kgs (WMD) (33). Nine of the included reviews 

reported on maternal and infant outcomes. One physical activity only review, observed reductions 

in both GDM and large for gestational age infants, with one other review reporting reductions in 

PIH, caesarean section and macrosomia (33). Two combined diet /physical activity reviews 

observed reductions in GDM, four reported reductions with PIH, two reported reductions in 

caesarean section, and two reported reductions in macrosomia. The authors cautioned 

interpretation of these findings, explaining that maternal and infant outcomes were generally 

reported as part of subgroup analyses, derived from low quality levels of evidence (33). 
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1.5.2 Weight-Monitoring  

In pregnancy, weight-monitoring is a complex topic (1); further review and discussion of weight- 

monitoring in pregnancy care is provided in Chapter 3. Weight-monitoring in the field of weight 

management has been found to be successful in aiding non-pregnant adults to achieve weight loss, 

weight maintenance and prevent weight gain (37-40). Regular weight-monitoring is based on self-

regulation, social cognitive theory (SCT), whereby behaviour is influenced by interplay and 

reciprocity between the person, environment and behaviour (41). Engaging in regular weight- 

monitoring is proposed to create awareness of an individual’s weight in relation to their diet and 

physical activity patterns (38, 40). Self-awareness serves the function of providing information 

for goal setting and continual evaluation towards the goal (i.e. target weight) (41). This knowledge 

can be used to incorporate changes in diet and physical activity behaviours (38, 40, 41). Less is 

known about the efficacy of weight-monitoring as a self-regulation weight management strategy 

to reduce EGWG and women’s weight-related self-efficacy during pregnancy (1). Therefore, the 

efficacy of routine antenatal weight-monitoring as a weight management strategy remains 

inconclusive with research addressing this evidence gap provided in Chapter 2. 

1.5.3 Limitations of Interventions 

Diet and /or physical activity interventions have evidenced moderate effectiveness at best for 

reducing EGWG (34). These interventions seem to have worked well for some women under 

research conditions; however, there is no conclusive evidence to support any one intervention for 

translation into real-world clinical practice. In addition, barriers have been identified with the 

upscaling of these interventions into clinical practice (1, 28, 29, 42, 43). Professional and 

organisational / institutional barriers such as lack of health professional knowledge and training, 

institutional time constraints, lack of specialist staff, funding, and referral pathways present 

challenges to their translation into real world maternity care (1, 28, 42, 43). In contrast to diet 

and/or physical activity interventions, antenatal weight-monitoring is reported to be a much less 

resource intensive intervention (44-46), however its effectiveness as a weight management 

strategy in pregnancy is inconclusive (47). 

A systematic review and meta-synthesis conducted by Vanstone et al. (2017) (48), evaluated the 

women’s experience of weight gain in pregnancy, identifying considerable barriers to achieving 

GWG targets (48). A synthesis of 42 qualitative studies found that women’s personal beliefs, 

knowledge, emotions, lifestyle, social and organisational factors were barriers to achieving 
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healthy weight gain. Health professionals were additionally found to influence women’s ability 

to achieve healthy weight gain with women describing weight stigma, humiliation and fear of 

being judged by their health professionals as barriers. Facilitators to achieving healthy weight 

gain were high income and high levels of social support (48). Limitations of diet, physical activity 

and weight-monitoring interventions and women’s qualitative experience of achieving healthy 

GWG, suggest that there are broader factors influencing women’s ability to adhere to GWG 

targets. 

1.6  A Social-Ecological Approach to Addressing Gestational Weight 

Gain  

There are no interventions with demonstrated effectiveness in reducing EGWG that are 

generalisable to large and diverse populations of pregnant women, or able to inform clinical 

practice guidelines (29). One possible explanation is the need for a greater understanding of 

women’s personal social-ecology and the impact and influence of social-ecological factors on 

weight gain in pregnancy (35, 49-54). Social-ecological factors are described as being 

demographic (age, education, income), physical (diet, exercise), psychological (anxiety, 

depression) or psychosocial (attitudes, beliefs, social support, self-efficacy, body image) (1, 27, 

49, 50, 52, 55) in nature. In health behaviour theory, social-ecological factors are considered 

important predisposing, enabling and reinforcing constructs, that can both directly or indirectly 

influence capacity for health behaviour change (54, 56). Predisposing factors are considered 

antecedents to, or motivators for, engagement in particular behaviours (57). Reinforcing factors 

generally are those that either help or hinder motivation and intention for behaviour change, with 

enabling factors the direct precursors that help or hinder goal attainment (53, 57). 

To date the mechanisms by which social-ecological factors influence weight management outside 

of, and during pregnancy, are poorly understood (54, 55). Gaining understanding of a population 

of interest within their own social cultural context is considered an essential element of health 

behaviour theory, necessary for the development of effective behaviour change strategies (56). 

Moreover, there has been limited consideration and understanding of the impact of the transition 

to pregnancy both physically and psychologically. Common pregnancy symptoms such as nausea, 

vomiting, lethargy and anxiety, can make it difficult for some women to modify (i.e. afford and 

sustain) their diet and physical activity behaviours (1, 27, 48). A systematic review of health 

behaviour maintenance theories by Kwasnicka et al. (2016) discussed difficulties arising in the 

self-regulation of behaviour and the influence of an individual’s personal resources such as their 
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physiological and psychosocial circumstances. When these personal resources are depleted such 

as through fatigue, stress, and sickness, a person’s capacity for behavioural regulation is reduced 

(58). This is of concern as women are more at risk of experiencing depression and anxiety due to 

psycho-neurohormonal changes that occur throughout pregnancy (59).  

There is an increasing body of evidence exploring social-ecological factors as antecedents to, and 

moderators (barriers and enablers) of, GWG (49, 51, 52, 56). A systematic review and narrative 

synthesis by Kapadia et al. (2015) (52) investigating psychological and psychosocial factors as 

antecedents to EGWG identified levels of cognitive dietary restraint, perceived barriers to healthy 

eating, negative attitudes towards weight gain, being concerned about weight, high targeted 

weight gain, and inaccurate body perception, as potential risk factors (52). A similar systematic 

review and narrative synthesis by Hartley et al. (2015) (49), evaluating the relationship between 

psychosocial factors and GWG identified depression, body image dissatisfaction, and social 

support as potential risk factors for EGWG. Both reviews identified significant limitations within 

and between studies. In particular significant heterogeneity of study designs and psychosocial 

measurement tools were noted (49, 52). Methodological problems such as this have hindered 

research progress in this area preventing aggregation of data and estimates of effect using meta-

analysis techniques (49, 52). Further research in this area is warranted to identify selected 

psychosocial factors that are predictive of EGWG and measurement tools for use within large and 

diverse populations of pregnant women (49, 52). 

1.7  Thesis Aims and Structure 

The primary aims guiding this thesis are to contribute to the evidence base and improve maternal 

and infant health by: 1) Investigating the effectiveness of antenatal weight-monitoring as a health 

promotion strategy for optimising pregnancy weight gain; and 2) To explore the psychosocial 

factors associated with weight gain in pregnancy. To address these overarching aims, a body of 

research was undertaken and reported through a series of six, independent but complementary 

publications. The six research aims guiding the project and linked publications are as follows. 

Aim 1: To perform a systematic review and meta-analysis of the literature to ascertain the efficacy 

of routine antenatal weighing as a stand- alone intervention to reduce pregnancy weight gain, in 

particular prevent excessive gestational weight gain (Chapter 2). 
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Aim 2: To conduct a narrative review and synthesise of evidence in response to the Australian 

Department of Health, Pregnancy Care Guidelines recommendation for the re-introduction of 

routine antenatal weight-monitoring (Chapter 3).  

Aim 3: To perform a revalidation of the Weight-Related Behaviours Questionnaire (WRB-Q), 

originally designed and tested in a pregnancy cohort in the United States of America (USA), 

within an Australian pregnancy cohort. (Chapter 4). 

Aim 4: To identify and describe the demographic and psychosocial factors predictive of excessive 

gestational weight gain, within an Australian pregnancy cohort (Chapter 5). 

Aim 5: To develop a short-form, psychosocial assessment tool for the detection of women at risk 

of excessive gestational weight gain (Chapter 6). 

Aim 6: To perform a qualitative analysis of the experience and perspectives of pregnant women 

who participated in a pilot weight management randomised controlled trial (Chapter 7).  

This thesis concludes with a final discussion (chapter 8) providing a summary of findings from 

each individual study chapter (chapter 2 – 7) and a discussion of the overall findings taken 

together. Strengths and limitations of the program of work are recognised with recommendations 

for clinical practice and research put forward.  
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CHAPTER 2 

WEIGHING AS A STAND -ALONE INTERVENTION 

DOES NOT REDUCE EXCESSIVE GESTATIONAL 

WEIGHT GAIN COMPARED TO ROUTINE ANTENATAL 

CARE: A SYSTEMATIC REVIEW AND META- 

ANALYSIS 

2.1 Chapter Overview  

Weighing pregnant women during antenatal care may be a feasible intervention to reduce EGWG 

however, the risks and benefits of routinely weighing pregnant women are unclear. This chapter 

presents the first publication undertaken as part of this PhD thesis and addresses Thesis Aim 1; 

To systematically review the literature and ascertain the effectiveness of routine antenatal 

weighing as a stand-alone intervention to reduce pregnancy weight gain, in particular, prevent 

EGWG. A structured systematic review research methodology with fixed effects meta-analysis 

techniques were employed. The systematic review was conducted following the Preferred 

Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA). This chapter contains 

the final version of the article which is published in the open access journal BMC pregnancy and 

childbirth (Appendix A1). 

Citation  

Fealy, S., Taylor, R.M., Foureur, M., Attia, J., Ebert, L., Bisquera, A., & Hure, A. J. (2017). 

Weighing as a stand-alone intervention does not reduce excessive gestational weight gain 

compared to routine antenatal care: a systematic review and meta-analysis of randomised 

controlled trials. BMC pregnancy and childbirth, 17(1), 36. doi.org/10.1186/s12884-016-1207-2 

https://bmcpregnancychildbirth.biomedcentral.com/articles/10.1186/s12884-016-1207-2
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2.2. Abstract  

Background  

Excessive gestational weight gain is associated with short and long-term adverse maternal and 

infant health outcomes, independent of pre pregnancy body mass index. Weighing pregnant 

women as a stand-alone intervention during antenatal visits is suggested to reduce pregnancy 

weight gain. In the absence of effective interventions to reduce excessive gestational gain within 

the real-world setting, this study aims to test if routine weighing as a stand-alone intervention can 

reduce total pregnancy weight gain and, in particular, excessive gestational weight gain. 

Methods 

A systematic review and meta–analysis of randomised controlled trials (RCTs) was conducted 

between November 2014 and January 2016 and reported using the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses. Seven databases were searched. A priori eligibility 

criteria were applied to published literature by at least two independent reviewers. Studies 

considered methodologically rigorous, as per the Academy of Nutrition and Dietetics Quality 

Criteria Checklist for Primary Research, were included. Meta-analysis was conducted using 

fixed-effects models. 

Results  

A total of 5223 (non-duplicated) records were screened, resulting in two RCTs that were pooled 

for meta-analysis (n=1068 randomised participants; n=538 intervention, n=534 control). No 

difference in total weight gain per week was observed between intervention and control groups 

(weighted mean difference (WMD) -0.00 kg/week, 95% confidence interval (CI) -0.03 to 0.02). 

There was also no reduction in excessive gestational weight gain between intervention and 

control, according to pre-pregnancy body mass index (BMI). However, total weight gain was 

lower in underweight women (n=23, BMI<18.5kg/m2) in the intervention compared to control 

group (-0.12 kg/week, 95% CI -0.23 to -0.01). No significant differences were observed for other 

pregnancy, birth and infant outcomes. 

Conclusion  
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Weighing as a stand-alone intervention is not worse nor better at reducing excessive gestational 

weight gain than routine antenatal care.  
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2.3. Introduction 

Obesity has dramatic effects on reproductive health with complications during pregnancy and at 

birth all the more prevalent in those carrying excess weight (60). Globally obesity is more 

prevalent than undernutrition (61). The World Health Organization (WHO) estimates that over 

1.9 billion adults (≥ 18 years) are overweight and 600 million obese (62). In Australia, 63% of 

adult women (≥ 18 years) are reported to have a body mass index (BMI) in the overweight (25.0-

29.9kg/m2) or obese (≥30.0kg/m2) categories (63). For women who gave birth in Australia, the 

most recent Mothers and Babies report (2013) shows that one-fifth (19%) of pregnant woman 

were classified as obese at the beginning of pregnancy with one quarter (24%) overweight (64). 

The risks of entering pregnancy obese are well documented (60, 65). Excessive gestational weight 

gain (EGWG) as defined by the American Academy of Sciences Institute of Medicine (IOM) is 

also an independent predictor of adverse pregnancy and birth outcomes (65, 66).The IOM weight 

gain guidelines devised in 1990 and revised in 2009 are the most widely cited guidelines for 

gestational weight gain (GWG) (3, 6). In the absence of Australian-based GWG guidelines, the 

IOM guidelines have been largely adopted as the standard reference (67, 68). These guidelines 

recommend that women who are underweight at the beginning of pregnancy gain more weight 

than women who are overweight or obese (6). 

Weight gain in excess of the IOM guidelines has been associated with both short and long term 

health risks, including pre-eclampsia, gestational diabetes, caesarean section, large for gestational 

age infants, postpartum weight retention and childhood obesity (8, 69, 70). Evidence suggests that 

it is more common for women to gain weight above the IOM guidelines than within or below. In 

a large retrospective cohort study in the United States (n=20,456), Stotland et al. (2006) observed 

that more women gained above the IOM guidelines (43%) compared to those that gained within 

(37%) or below (20%) (70). An Australian prospective cohort study of pregnancy weight gain 

(n= 664) similarly found 38% of women gained in excess of the IOM weight gain ranges (71). 

Fifty-six percent of women who were overweight and obese (BMI ≥25kg/m2) had EGWG 

compared to 30% of women with a BMI <25kg/m2 (71). Furthermore, in the majority of studies 

included in a recent systematic review, 47-72% of obese women had EGWG according to the 

IOM ranges (72).  

Addressing EGWG has become a public health priority. Intervention studies have primarily 

focused on diet and physical activity either alone or in combination (35). The most recent 
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Cochrane review identified 65 randomised controlled trials (RCTs) of diet and/or exercise 

interventions. In an analysis of 24 included trials (n=7096) diet, exercise or both in combination 

reduced EGWG on average by 20% (average risk ratio (RR) 0.80, 95% confidence intervals (CI) 

0.73 to 0.87). However no differences were observed for the adverse outcomes of pre-eclampsia, 

infant macrosomia (birth weight >90th centile) or caesarean birth (35). 

In the real world setting there are substantial barriers to upscaling diet and exercise interventions 

at the population level. These include limited access to specialist staff, time constraints, financial 

implications and motivation to engage in such interventions as part of clinical practice (42).  

One gestational weight gain intervention that is feasible at a population level (i.e. low cost and 

easy to administer) is weighing during routine antenatal care. The schedule of antenatal care 

appointments consisting of 7 – 12 regular visits for low-risk women with maternal health care 

providers, presents an opportunity for health promotion interventions to be trialled. The visits 

additionally provide a window of opportunity for potential behaviour change and lifestyle 

modification (73, 74). A recent pilot study evaluating the feasibility of regular weighing in the 

context of routine antenatal care reported that weighing took on average 1-2 minutes of a 

midwife’s time, was simple to do, and did not significantly add to midwives existing workloads 

(46). A qualitative analysis of pregnant women’s experience of routine weighing reported that 

weighing during antenatal appointments was an acceptable intervention that when introduced did 

not cause distress or anxiety (45). 

The stand-alone practice of weighing in the field of weight management has been successful in 

aiding non-pregnant adults achieve weight loss, weight maintenance and prevent weight gain as 

a self-monitoring/ self-regulation strategy (37, 39, 40). However, this has not been demonstrated 

in pregnancy. Weighing was originally introduced during the 1940’s as a vital sign of pregnancy, 

considered useful for the detection of low-birth-weight infants and pre-eclampsia (44). Weighing 

declined in practice during the 1990’s and ceased to be recommended as a sign for adverse 

pregnancy outcomes by the British National Institute of Health and Care Excellence (NICE) in 

2003, due to a deficit in evidence that it was an effective screening tool (4, 44, 75, 76).  

The practice of weighing is limited to the first antenatal visit in Australia and the United Kingdom 

for the purposes of calculating an early pregnancy BMI (68, 77). The risks and prevalence of 

women entering pregnancy obese and exceeding the IOM gestational weight gain guidelines have 
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caused health care providers necessary concern and led to the development antenatal care 

pathways, recommending a return to weighing during all antenatal care visits (65, 78).  

Therefore, this systematic review aimed to summarise the body of high-quality evidence and 

determine any effect of routine antenatal weighing as a stand-alone intervention to reduce 

pregnancy weight gain and, in particular, prevent EGWG. 

2.4. Methods 

This review follows the Preferred Reporting Items for Systematic Reviews and Meta-Analysis 

(PRISMA) (79) (Appendix. A2). 

2.4.1. Search Strategy  

An a priori review protocol and eligibility criteria were devised, with consideration given to the 

research question, study design, population, intervention and outcomes (Appendix. A3).  

An electronic search of seven databases was conducted, including Medline, Embase, Maternal 

and Infant Care (via Ovid; http://www.ovid.com/), Cumulative Index to Nursing and Allied 

Health Literature (CINAHL) (via EBSCO http://www.ebsco.com/cinahl), Scopus (via 

http://www.scopus.com), Web of science (http://apps.webofknowledge.com) and the Cochrane 

library (via  http://www.cochranelibrary.com). 

The initial search was conducted in November 2014 with the assistance of a research librarian 

(DB) using the following keywords and Boolean operators: “pregnant” OR “pregnancy” AND 

“weight gain” OR “weighing” AND “randomised controlled trial” OR “clinical trial” OR 

“random*” (Appendix. A4). All searches were limited to English language and to human studies. 

No date limits were applied. The Cochrane Library was searched separately to identify any 

previously conducted systematic reviews in the area (Appendix. A4). The search was updated in 

January 2016 to ensure recent evidence was captured (Appendix. A5). The database search results 

were exported into reference management software. 

2.4.2. Study Selection 

In the first round, publication titles and abstracts were screened independently by at least two 

reviewers (SMF, RMT, AJH) according to inclusion and exclusion criteria outlined in Table 2.1 
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Articles not meeting the eligibility criteria were screened out in the order of (i) study design, (ii) 

population, (iii) intervention, and (iv) outcome. Articles that met the eligibility criteria were 

retrieved as full texts and further reviewed by SMF and RMT. Any disagreements in the selection 

of studies were discussed with consensus achieved. The reference lists of retrieved studies and 

relevant Cochrane systematic reviews were hand searched for any relevant article not detected by 

the primary electronic search strategy. 

Table 2.1 Inclusion/ Exclusion Criteria 

 

2.4.3.  Quality Assessment  

Articles considered eligible for inclusion were assessed for methodological quality using the 

Academy of Nutrition and Dietetics Quality Criteria Checklist for Primary Research (80). 

Cochrane suggests, it is preferable to use simple approaches for assessing validity that can be 

fully reported (i.e. how each trial was rated on each criterion) (81). Similar to the Cochrane 

Collaboration’s tool for assessing risk of bias in each included study, the Academy of Nutrition 

and Dietetics Quality Criteria Checklist for Primary Research tool requires judgement about risk 

of bias to be made within each domain and support for the judgement with sufficient detail for 

potential sources of bias (81). Two independent reviewers (SMF, RMT) undertook the 

assessments with a third reviewer (AJH) mentoring the reviewers through the process. 

The quality checklist for primary research includes ten ‘scientific validity’ questions; four of 

which must be satisfactory to gain a positive rating (Q2 - bias, Q3 –comparable groups, Q6 - 

intervention, Q7 - outcomes) (80). Answers were supplied as either “YES meeting the criteria”, 

“NO not meeting the criteria”, or “Unclear” if the criteria were not clearly described. Articles 
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were rated as positive (+) if the validity questions 2, 3, 6, 7, and at least one additional question 

were answered as “YES”; negative (-) if “NO” was answered for 6 or more of the validity 

questions; or neutral (�) if answers to questions 2, 3, 6, or 7 did not indicate that the study was 

exceptionally strong (80). Quality assessments of included studies are presented in the results. 

2.4.4.  Data Extraction 

Relevant data were extracted by two reviewers (SMF, AJH) and entered into a Microsoft Excel 

spreadsheet. Data included: authors, year of publication, sample size, population characteristics, 

intervention and duration of the study, measures of compliance and outcomes. Weight gain 

outcomes included: total gestational weight gain (kg), gestational weight gain by pre-pregnancy 

BMI (kg/wk), and EGWG according to IOM guidelines. Pregnancy, infant and birth outcomes 

included: infant birth weight, macrosomia (>90th centile), intrauterine growth restriction (<10th 

centile), instrumental birth, caesarean birth, combined pregnancy induced hypertension (PIH) and 

pre-eclampsia (PE), gestational diabetes mellitus (GDM), infant hypoglycaemia, and Apgar <7 at 

5 minutes. 

2.4.5. Statistical Analysis 

Meta-analysis was conducted using the mean and standard deviation for continuous outcomes and 

counts for categorical outcomes. A fixed-effects model using inverse variance weights was 

conducted. Fixed-effect models weight studies according to the amount of information they 

contribute, whereas random-effects models incorporate an estimate of between-study variation 

(heterogeneity) in the weighting. The fixed-effect assumption is that the true treatment effect is 

the same in each study, despite any differences in study protocols (82). We believe a fixed effect 

model is appropriate as larger studies should be given more weight than smaller ones, and as there 

are few studies used in our meta-analysis, using a random effects model would provide poor 

estimates of the distribution of the intervention effects. 

Forest plots with unstandardised effect size are reported for continuous variables using weighted 

mean difference (WMD) and 95% confidence intervals. Categorical outcomes are reported as 

odds ratios (OR). BMI outcomes were combined across studies to form a single outcome. Test of 

significance were set at the p<0.05 level with all statistical analyses programmed using STATA 

14.0 Statistical Software. 
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2.5.  Results  
2.5.1. Search Results 

A flowchart detailing the screening and selection of studies is shown in Figure 2.1 The broad 

search identified 6465 articles (n=5223 after removal of duplicates). Initial screening of the title 

and abstract excluded 4067 articles. Two full text papers were then assessed, and both were 

eligible for quality checking and meta-analysis. Hand searching did not identify any further 

articles for assessment.  

2.5.2. Study Characteristics 

The characteristics of studies included in this review are outlined in Table 2.2. Briefly, both 

studies were conducted in Australia. The study populations were women of any parity with 

singleton pregnancies enrolled during early pregnancy. Two types of weighing interventions were 

trialled. Jefferies et al. (2009) used a self-weighing regime where women were instructed to record 

and document their own weight at 16, 20, 24, 28, 30, 32 and 36 week’s gestation. The control 

group were weighed at recruitment (≤14 week’s gestation) and at 36 week’s gestation. Both 

groups received standard antenatal care (83). The second study by Brownfoot et al. (2016) trialled 

the intervention of clinician weighing of pregnant women during scheduled antenatal care visits. 

The control group were weighed at the time of recruitment into the study (<21 weeks gestation) 

and again at 36 weeks gestation only (84). Both groups received standard antenatal care following 

the participating hospitals guidelines. Both studies used an intention-to-treat analysis but had low 

loss to follow-up (< 9%) (84).  
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Figure 2.1 Study Selection Flow Chart 
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Table 2.2 Characteristics of Included Studies 
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2.5.3. Study Quality 

A summary of the quality assessment is presented below in Table 2.3. Both studies answered 

“Yes” to all relevance questions. Of the four validity questions, the study by Jefferies et al. (2009) 

received a “NO” for question 6, with reviewers questioning participant compliance with the 

intervention and validity of instruments within the intervention group. The corresponding author 

of the paper was contacted seeking additional information and clarification; however, no further 

information could be provided. This paper received a neutral quality rating with a score of 9 out 

of a possible 10.  

The second study conducted by Brownfoot et al. (2016) reported sufficient information within 

their publication receiving a “YES” for all scientific validity questions. The paper gained a total 

score of 10 and received a positive quality rating. 

Table 2.3 Quality Assessment Summary 

 

2.5.4. Analysis results 

Meta-analysis of continuous outcomes is displayed in Figure 2.2 There was no difference in total 

GWG between the intervention (n =494) and control groups (n= 483). In the sub-group analysis 

of weight gain by BMI category a statistically significant difference was found for underweight 
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women. The amount of weight gained in underweight women was 0.12 kg/week (n=23, p=0.040) 

less in the intervention group compared to control. There were no differences in the total 

proportion of women exceeding the IOM weight gain ranges between intervention (n= 290) and 

control (n= 230): OR 1.10 (95%CI, 0.81 to 1.50). Data on EGWG by BMI category are presented 

in Figure 2.3 and show no differences in the intervention and control groups. For all secondary 

pregnancy and birth outcomes (including birth weight on Figure 2.2) no significant differences 

were found between intervention and control as per Figure 2.4. 

We performed a post-hoc power calculation to determine the minimum detectable difference in 

total gestational weight gain for the pooled total of 977 participants, distributed approximately 

evenly between intervention and control groups. The minimum detectable difference was 

approximately 735g in total gestational weight gain (~20g per week), with 80% power, α=0.05, 

and SD ± 4.1kg. 
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Figure 2.2 Results for Continuous Variables and Tests of Significance 
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Figure 2.3 Proportion of Weight Gain Exceeding the IOM ranges and Tests of Significance 
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Figure 2.4 Pregnancy and Birth Outcomes and Tests of Significance 
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2.6. Discussion 

This systematic review of RCTs aimed to determine the evidence base for weighing as a stand-

alone intervention to reduce pregnancy weight gain and prevent EGWG. Two RCTs were 

retrieved and meta-analysed. Together they suggest that weighing, as a stand-alone intervention 

during routine antenatal care, is no better at reducing total pregnancy weight gain or preventing 

weight gain in excess of the IOM weight gain ranges than routine antenatal care. 

A statistically significant lower rate of gain (kg/wk) was observed in women in the underweight 

BMI category between intervention and control. This finding should be interpreted with caution 

as it was derived from a BMI group that only included 23 women and due to multiple comparisons 

across BMI sub-groups could be due to random chance alone. However, it is also plausible that 

underweight women may be more sensitive to weighing and this practice may have an impact on 

their rate of weight gain. Nohr et al. (2008), in a large Danish birth cohort study (n = 60,892), 

determined that women who were categorised as underweight at the beginning of pregnancy (BMI 

<18.5kg/m2) who had lower rates of GWG (<10kgs) were found to be more at risk of giving birth 

to small-for-gestational-age infants (OR 1.9, 95%CI 1.7 to 2.1) (85). Based on the existing 

evidence the IOM in 2009 recommended that underweight women should gain towards the upper 

limits of the weight gain ranges specifically to prevent small-for-gestational-age infants (6).  

It is extremely interesting that only two recent trials contributed data for this review, given the 

increased prevalence of obesity and EGWG and changes in practice over time. Additionally, 

weight gain is characteristic of pregnancy progression and a well-recognised determinant of fetal 

growth. There is convincing evidence that GWG is associated with infant birth weight: lower 

GWG is associated with low-birth-weight and greater GWG is associated with large for 

gestational age infants (8). In light of this evidence, it is difficult to reasonably explain why 

antenatal guidelines restrict the practice of routine antenatal weighing and not consider it as an 

important predictor of pregnancy outcomes, similar to serial measures of blood pressure. 

Restricting routine weighing is in direct contrast to the IOM (2009) weight gain guidelines that 

specifically advise for pregnant women to be weighed at the initial and all subsequent antenatal 

visits to detect abnormal patterns of pregnancy weight gain (6). The guidelines recommend that 

health care providers work in partnership with women to set individual weight gain targets 

according to their BMI and for weight gains to be graphically documented to enable women to be 
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aware of their weight gains and educate them on the importance of appropriate pregnancy weight 

gain (6). 

Dimperio et al. (1992) in response to recommendations that routine weighing should be 

abandoned, argued that weighing was more than just a stand-alone pregnancy intervention and 

rather presented health care practitioners with the opportunity to counsel women before weight 

gains became extreme, advocating that weighing is a valuable screening tool rather than a 

diagnostic tool for adverse pregnancy outcomes (86). 

Weighing as a stand-alone intervention may not be effective for reducing pregnancy weight gain 

and EGWG under controlled conditions however given the prevalence and risks associated with 

weight gains outside of the IOM guidelines it is negligent of maternity care providers not to 

address weight gain in pregnancy. Maternity care providers need to be working in partnership 

with women to achieve the IOM weight gain in pregnancy targets, monitoring their progress and 

providing feedback on that progress. Therefore, we recommend further research be undertaken 

into the impacts and acceptability of this intervention within various health care settings and 

models of pregnancy care, using both experimental and qualitative research methods. 

2.6.1. Strengths 

We have conducted a methodically rigorous and contemporary search to determine if weighing 

as a stand-alone intervention can reduce EGWG. All available experimental evidence has been 

assessed and reported in accordance with the PRISMA guidelines (79) and an appropriate 

methodological quality checklist (80). 

2.6.2. Limitations 

Although the included RCTs were deemed good quality, with neutral and positive quality ratings, 

the following limitations need to be considered. Giving benefit of the doubt, blinding within both 

studies was rated as adequate, even though neither the participant nor clinicians/researchers (who 

were also the outcome assessors) were blinded to the intervention. This is because the quality 

check question is phrased with the qualifier “as appropriate”. Jefferies et al. (2009) reported that 

participants were blinded to the purpose of the study, however, discussed that researchers 

conducting the study were not blinded to treatment groups. No participant blinding was used in 

the study by Brownfoot et al. (2009) because of the nature of the intervention, and this was 
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acknowledged in their limitations. Reviewers gave consideration to each study’s methods and 

concluded that true blinding would be extremely difficult.  

Secondary outcomes within both studies including, proportion of women gaining weight above 

the IOM recommendations, pregnancy birth and neonatal outcomes were not pre specified within 

each study’s statistical analysis plan. These outcomes were not adequately powered to detect a 

difference between intervention and control limiting the generalisability of these findings. The 

decision to exclude studies published in a language other than English was made a priori, for 

pragmatic reasons. Authors acknowledge that there is potential for this exclusion to have 

contributed to the low number of included studies. 

2.7. Conclusion 

This systematic review and meta-analysis conclude that weighing, as a stand-alone intervention 

is neither worse nor better at reducing excessive gestational weight gain than routine antenatal 

care alone. In light of the presented evidence, we recommend that where antenatal guidelines 

advise women to gain weight within the IOM weight gain ranges that they be enacted in their 

entirety recommending that women be weighed at the first and all subsequent antenatal visits. We 

additionally recommend that further research studies be conducted to assess the impact and 

acceptability of weighing in pregnancy.  
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CHAPTER 3 

THE RETURN OF WEIGHING IN PREGNANCY: A 

DISCUSSION OF EVIDENCE AND PRACTICE 

3.1. Chapter Overview  

The Australian Department of Health, National Health and Medical Research Council (NHMRC) 

updated their Pregnancy Care Guidelines in 2018. These guidelines recommended a return to the 

practice of routine antenatal weighing as part of Australian maternity care. This chapter provides 

further review and context of the practice of weight-monitoring in pregnancy and considers 

psycho–ecological factors as being potential predictors of GWG. Specifically, this chapter 

addresses thesis aim 2; To conduct a narrative review and evidence synthesis in response to the 

Australian Department of Health, Pregnancy Care Guidelines recommending the re-introduction 

of routine antenatal weighing. This chapter contains the final version of the article which is 

published in the international journal, Women & Birth (Appendix A6). 
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3.2 Abstract 

Background 

Inadequate or excessive gestational weight gain is associated with both short and long-term 

adverse maternal and infant health outcomes. The practice of routine maternal weight-monitoring 

has been suggested as an effective health promotion intervention, both as a screening tool for 

adverse maternal and infant outcomes and as a weight management strategy for addressing 

gestational weight gain.  

Discussion 

The effectiveness of routine maternal weighing as part of maternity care has been debated for 

more than 30 years. The National Health and Medical Research Council of Australia have recently 

revised their pregnancy care clinical practice guidelines recommending maternal weight-

monitoring (clinician and/or self-weighing) be reintroduced into clinical practice. This paper 

presents a timely discussion of the topic that will contribute new insights to the debate. 

Conclusion 

Weight gain in pregnancy is complex. Evaluation of the translation, implementation, acceptability 

and uptake of the newly revised guidelines is warranted, given that evidence on the practice 

remains inconclusive. Future research exploring social-ecological interventions to assist pregnant 

women achieve optimal gestational weight gains are suggested to expand the evidence base. 
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3.3 Introduction 

Globally there is no consensus regarding the practice of maternal weight-monitoring as a weight 

management strategy or as a screening tool for the detection of adverse maternal and infant 

outcomes (34). It is well known that inadequate or excessive gestational weight gain defined as 

weight gains above or below the American Institute of Medicine weight gain in pregnancy 

guidelines are associated with both short - and long-term adverse maternal and infant health 

outcomes (6, 34, 66, 70, 87, 88). These include gestational diabetes, caesarean birth, fetal growth 

restriction, fetal macrosomia, pre-term birth, nutrient deficiencies, and may contribute to the 

development of non-communicable diseases into adulthood (6, 87, 89). 

In Australia, the National Health and Medical Research Council (NHMRC) have recently revised 

their pregnancy care clinical practice guidelines, recommending that weighing (clinician and/or 

self-weighing) be reintroduced as part of antenatal care (31). What is not clear is whether this 

consensus-based recommendation (i.e. formulated in the absence of quality evidence), is being 

presented as a weight management strategy, or as a screening tool for adverse pregnancy and 

infant outcomes (31). The practice of weighing pregnant women has been the subject of a long 

standing debate within midwifery and obstetrics spanning the last 30 years (44). During this time, 

evidence has been presented for and against weighing in pregnancy, as a weight management 

strategy, (44, 46, 47, 65, 83, 84, 90) and as a screening tool for adverse pregnancy outcomes (4, 

44, 90, 91) . The most recent recommendations will no doubt reignite debate and require ongoing 

evaluation of their application within clinical practice. It is thus timely to provide a discussion of 

evidence on the practice of weighing in pregnancy. 

3.3.1 Background 

The practice of weighing pregnant women was initially introduced as far back as the 1940s as a 

composite measure of overall maternal nutrition (44). The practice also became a widely used 

antenatal screening tool for the detection of pre-eclampsia and low-birth-weight infants.in the 

subsequent decades (44, 90) . The clinical utility of routine maternal weighing as a screening tool 

was first brought into question during the 1980s when it was revealed that maternal weight- 

monitoring had little predictive value for the detection of preeclampsia, and ceased to be 

recommended for this purpose (91).  
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During the 1990s, the practice of maternal weight-monitoring was subject to further critique 

following the publication of a seminal, retrospective observational study by Dawes & 

Grudzinskas conducted in the United Kingdom (UK) (4, 75, 76). The authors presented their 

findings across two separate publications (4, 76). The first described wide variations in patterns 

of weight gain in 988 pregnant women with healthy pregnancy outcomes, suggesting that 

weighing as a screening tool for low-birth-weight infants was not supported (4). Maternal booking 

weight obtained at first antenatal contact was found to be a more sensitive predictor of low-birth 

-weight infants, which was a maternal and infant health priority at the time (4).  

The usefulness of weighing as a screening tool was further questioned in a second publication 

from this same study, which revealed that maternal weight-monitoring had little predictive value 

for adverse pregnancy and birth outcomes (76). A follow up discussion paper by Dawes, Green 

and Ashurst suggested routine weighing caused unnecessary maternal anxiety, however no 

evidence was presented to support this claim (75). 

This series of publications from the early 1990s essentially initiated the contemporary debate 

surrounding the practice of weighing pregnant women (44), suggesting that the practice be 

abandoned (44, 75). A professor of obstetrics and gynaecology (D. Hawkins) published a 

commentary in response to these suggestions, cautioning that the evidence presented by Dawes 

and Grudzinkas was not adequate to support the abandonment of weight-monitoring, particularly 

given the increase in obese women entering pregnancy (92). Dimperio and colleagues also 

cautioned against the abandonment of maternal weight-monitoring until quality studies could be 

conducted conclusively showing it was of no value (86). These authors additionally explained 

that low and high weight gains were a possible predictor of adverse pregnancy outcomes, noting 

that women who had low weight gain were at risk of pre term birth and intrauterine growth 

restriction, and those who gained excessively were at risk of birth complications such as caesarean 

birth (86). Overtime however, and without quality evidence in the form of randomised controlled 

trials or large prospective observational studies, the practice of weighing declined within the UK 

and Australia (44).  

In the UK, weighing ceased to be recommended as a pregnancy screening tool by the National 

Institute of Clinical Excellence (NICE) antenatal care guidelines in 2003 (44, 93). In Australia, a 

decline in weighing was reported by L. Mollart in 1999, who evaluated the impact of weighing 

cessation in a selected New South Wales antenatal clinic (94). This paper described that ceasing 
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the long standing practice of routine weighing was well received by women and clinicians, with 

most supporting the abandonment of the practice (94) . 

3.4  Routine weighing and gestational weight gain 

Weight gain is a well-recognised determinant of fetal growth and pregnancy progression. The 

physiological components that contribute to total gestational weight gain are compartmentalised 

into products of conception: fetus, placenta and amniotic fluid; and maternal tissue accretion: 

uterine tissue, breast tissue, blood and plasma volume expansion, and fat (2). Research conducted 

by Hytten and colleagues throughout the 1950s and 60s described the mean weight gain for 

primiparous women with good pregnancy outcomes to be approximately 12.5 kgs, which included 

roughly 3 kgs of fat accumulation, suggested to support the increased energy demands for 

lactation (2, 3). 

During the early 1990s the American Institute of Medicine, undertook a literature review of 

maternal weight gain patterns (3). The review included 12 heterogeneous observational studies 

published between 1934 and 1986, that again revealed wide variations in mean total gestational 

weight gain with healthy pregnancy outcomes (7kg– 18kgs, 15th and 85th percentile respectively) 

(3). Given the lack of consensus of what constitutes appropriate gestational weight gain the 

Institute of Medicine devised the first edition of the nutrition in pregnancy guidelines supporting 

the continued practice of maternal weight-monitoring as part of routine pregnancy care (3, 76).  

The Institute of Medicine guidelines first released in 1990, were primarily focused on addressing 

maternal undernutrition and the prevention of infant mortality associated with low-birth-weight 

(3). The original weight gain guidelines are displayed in Table 3.1. 

Table 3.1 American Institute of Medicine (1990) weight gain in pregnancy guidelines 
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These guidelines were applied in combination with weight for height or Body Mass Index (BMI) 

measures. BMI was considered a better measure of overall maternal nutrition than weight alone 

(3). BMI categories were classified according to weight for height cut-off points from 

metropolitan lifestyle insurance data widely used within the United States of America (USA) at 

the time (3).  

A systematic review published in the American Journal of Clinical Nutrition (90), expressed 

concerns at the deficit in research for the continued use of maternal weight-monitoring in obstetric 

clinical practice 10 years after the release of the Institute of Medicine 1990 guidelines (90). The 

publication pointed out that no studies (experimental or observational) were available that 

assessed the predictive value of pregnancy weight gain as a screening tool for maternal or fetal 

wellbeing (90). In contrast to the UK and Australia, the publication concluded that there was no 

conclusive evidence to support the discontinuation of maternal weight-monitoring in clinical 

practice (90). 

In the wider public health arena during the 1990s there was a growing concern regarding weight, 

with the emergence of a global obesity epidemic (6). During the early 2000s the Institute of 

Medicine felt pressure to review their long-standing guidelines, releasing revised weight gain in 

pregnancy guidelines in 2009 (5, 6). The new guidelines acknowledged a shift in public health 

focus from the prevention of maternal undernutrition and low-birth-weight infants, to the 

prevention of adverse outcomes associated with maternal obesity and excessive gestational 

weight gain (6). The new weight gain ranges most notably differed from the original version (3), 

with the adoption of the World Health Organization BMI categories, recommending that women 

who are underweight (BMI <18.5 kg/m2) at the beginning of pregnancy gain more weight than 

women who are overweight (25-29.9 kg/m2) or obese (≥ 30 kg/m2) as per Table 3.2 (6). 

Table 3.2 American Institute of Medicine (2009) weight gain in pregnancy guidelines 
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The guidelines highlighted that weight gain outside the recommended ranges was associated with 

adverse outcomes compared to women who gained within the weight gain ranges (5, 6). These 

guidelines have consistently supported the practice of routine maternal weight-monitoring (6).  

3.5 Evidence for routine weighing in pregnancy 

A recent systematic review published in 2017 conducted by Fealy and colleagues, (47) is the first 

to evaluate the practice of routine maternal weighing as a stand-alone intervention to reduce 

pregnancy weight gain and prevent excessive gestational weight gain, compared to routine 

antenatal care (47). In contrast to diet and exercise interventions, routine maternal weighing is 

considered a feasible intervention easily incorporated into clinical practice (95). Surprisingly, 

despite weighing being a long-standing practice the merits of which has been consistently 

challenged, the review only found two randomised controlled trials, both conducted within 

Australia, by Brownfoot and colleagues published in 2016 (84) and Jefferies and colleagues 

published in 2009 (83). The paper authored by Jefferies and colleagues evaluated the effectiveness 

of maternal self-weighing,(83) with the study conducted by Brownfoot and colleagues evaluating 

the effectiveness of clinician weighing compared to usual antenatal care (83, 84). The pooling of 

these studies (n= 977) in a meta-analysis observed no differences in total gestational weight gain 

(kg/ per week) between intervention and control groups (Weighted Mean Difference, - 0.00 kg 

95% Confidence Interval (CI), -0.03 to 0.02) (47). Additionally, no differences were reported in 

the total proportion of women exceeding the Institute of Medicine weight gain ranges between 

intervention and control groups (Odds Ratio 1.10, 95% CI, 0.81 to 1.50) (47).  

Following the publication of the review by Fealy and colleagues (47), Daley and colleagues (46) 

published their findings from a small pilot feasibility trial (n= 76) evaluating regular antenatal 

weighing by community midwives (46). The results were not statistically powered for 

effectiveness, but add support to the findings of the systematic review, showing no difference in 

gestational weight gain between intervention and control (95). 

The revised Australian pregnancy care guidelines (2018) pooled the results from the Daley 

publication (46) with the results of the study conducted by Brownfoot (84). From a population of 

n=711, the analysis again revealed no differences in excessive gestational weight gain (Relative 

Risk 1.05, 95% CI 0.95 to 1.16) or for mean weekly weight gain (0.01 kg per week, 95%CI –0.03 

to 0.05) (31). This evidence reveals that routine maternal weighing as a standalone intervention 
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is no more effective than routine antenatal care without weighing in supporting adequate 

gestational weight gain (31). 

3.6  Pregnancy weight gain guidelines 

The revised Australian National Health and Medical Research Council guidelines now advise 

health care providers to assess height and weight at the first antenatal appointment for the 

calculation of a BMI, discuss weight and weight gain in pregnancy, and offer women the 

opportunity to be weighed and encourage self-monitoring of weight gain at every antenatal visit 

(31). Health care providers are also advised to discuss weight gain, diet and physical activity (31). 

In the absence of Australian specific pregnancy weight gain guidelines, the American Institute of 

Medicine 2009, weight gain in pregnancy ranges have been adopted (31). The revised Australian 

guidelines however caution maternity care providers, recommending that the ranges are a 

suggestion only, rather than being goal specific, weight gain targets (31). 

The Institute of Medicine nutrition in pregnancy guidelines (6) recommend that women be 

routinely weighed during antenatal care, not as a stand-alone intervention but as a package of care 

where health professionals work with women to engage in conversation, provide education and 

counsel women on the importance of nutrition and appropriate gestational weight gain (6). 

Weighing essentially becomes part of a health promotion package of care, used within this context 

as a screening tool to detect abnormal patterns of pregnancy weight gain (6). This is reasonable 

given that gestational weight gain is associated with infant birth weight; low gestational weight 

gain is associated with low-birth-weight and, greater gestational weight gain is associated with 

large for gestational age infants (3, 8, 47, 83).  

The revised Australian pregnancy care guidelines are now somewhat more reflective of 

recommendations from the USA and Canada that support the Institute of Medicine weight gain 

in pregnancy guidelines as a comprehensive health promoting package of care (6, 96). However, 

it is unclear if the amendments to weight-monitoring recommendations are moving towards 

maternal weight-monitoring used as a screening tool for adverse pregnancy outcomes or as a 

weight management strategy.  
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3.7  Discussion 

The debate for routine weighing in pregnancy has been ongoing for over 30 years. Current 

evidence suggests that routine maternal weight-monitoring as a stand-alone intervention is 

ineffective for some women as a weight management strategy for achieving optimal gestational 

weight gain (46, 47, 83, 84). 

Weighing practices within the USA have been consistent overtime, largely due to the widespread 

adoption of the Institute of Medicine weight gain in pregnancy guidelines (3, 6). This is in contrast 

to the changing antenatal weighing practices observed within the UK and Australia (6, 31, 68, 77, 

93). Regardless of country and independent of routine maternal weight-monitoring practices, 

women have continued to gain excessive weight during pregnancy (5-8, 70, 97). Excessive 

gestational weight gain, defined as gains over the Institute of Medicine weight gain in pregnancy 

guidelines have been associated with increases in maternal and fetal morbidity including higher 

rates of pre-eclampsia, caesarean birth (66), postpartum weight retention (87), low 5 minute 

APGAR scores, neonatal hypoglycaemia, seizures (70), and large for gestational age infants (66, 

87). Therefore, having information on weight gain in pregnancy is clinically relevant to pregnancy 

outcome. 

Pregnancy is described as an opportune time to intervene with health promoting behaviours (3, 

27, 29, 65, 73, 74). Health promotion interventions to reduce excessive gestational weight gain 

have largely focused on diet and exercise interventions (34, 35). A recent systematic review 

published in 2018 conducted by Walker and colleagues revealed, in a meta-analysis of 60 trials, 

that diet and physical activity interventions alone, or in combination, can be effective at reducing 

gestational weight gain, when compared to usual antenatal care (34). This finding is similar to 

other published systematic reviews, that also found moderate decreases in gestational weight gain 

when diet and lifestyle interventions are incorporated as part of antenatal care (35, 36). The review 

by Walker and colleagues additionally is one of the first systematic reviews to include the 

available evidence on mobile health (mhealth) interventions, such as smartphone applications 

(34). Findings from the meta-analysis of mhealth interventions suggest that they are not effective 

in reducing gestational weight gain, with more studies needed to be conducted in this area (34). 

These outcomes, while significant and positive in research trial conditions, have substantial 

barriers in upscaling at the population level. Such barriers include limited access to specialist 

staff, time constraints placed on clinicians, institutional financial implications, skills and 
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knowledge and, individual motivation of health providers and consumers to engage in such 

interventions as part of antenatal care (29, 42). 

It has been suggested that the ineffectiveness of interventions at the population level (given the 

rising trend in excessive gestational weight gain), may be related to a lack of understanding of the 

broader psychosocial and psychological factors and gap in knowledge of how these impact on 

weight gain in pregnancy (35, 49-53).  

Less is known about a woman’s capacity for actual weight-related behaviour change during 

pregnancy (27, 48). Olander  and colleagues (27) discuss that it is largely assumed women are 

motivated by pregnancy alone to change health related behaviour, and that pregnancy is an 

opportune time for interventions to be trialled (27). However, weight gain in pregnancy is 

complex. Diet and exercise modification can be interrupted by physical pregnancy symptoms 

such as nausea and vomiting, as well as social determinates of health such as socio economic 

status and social support, making it difficult for women to afford or sustain these types of 

interventions (27, 48).  

A systematic review and qualitative synthesis of the barriers and facilitators to appropriate 

gestational weight gain found compelling evidence that, the biomedical approach of limiting 

weight gain using the energy input and output approach, with diet and exercise interventions, is 

insufficient during pregnancy (48). Women, whilst motivated to achieve healthy weight gain in 

pregnancy, could not do so due to reported significant barriers. These included personal beliefs, 

knowledge, emotion, logistics, practice, social and structural factors (48). Facilitators for 

achieving healthy weight gain were, high income and good social support (48). These findings 

are similar to a recent umbrella review of the qualitative barriers and enablers to smoking 

cessation for pregnant smokers (98). This review found that although smoking campaigns have 

assisted to reduce the overall rates of smoking in pregnancy, women who continued to smoke 

were generally of low socio economic status, and were aware of the risks of smoking but 

continued, because they felt it had positive outcomes for their overall lifestyle and mental health 

(98). Additionally, low socio economic status is a major contributing factor for maternal and fetal 

undernutrition, underweight, and obesity (89). In low to middle-income countries in Africa and 

Asia, maternal and neonatal undernutrition account for approximately 3.1 million child deaths 

annually, pointing to the need for more research in this area (89).  
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The findings of this discussion indicate that weight gain in pregnancy is a complex phenomenon 

that has implications that go beyond the debate on routine weighing in pregnancy. Routine 

maternal weight-monitoring may play a role in assisting women to achieve adequate weight gain, 

as a package of care, but this needs to be considered within a broader, social-ecological model of 

woman’s health.  

3.8  Conclusion 

Weight gain in pregnancy is a multifactorial and complex phenomenon. The debate on routine 

weighing in pregnancy is ongoing. The revision of the Australian pregnancy care guidelines 

provides scope for differences in clinical practice moving beyond a ‘one size fits all’ approach, 

to one that is women focused, opening up conversation and the ‘opportunity’ for weighing to be 

integrated into a woman’s pregnancy care. It is unclear if the newly revised pregnancy care 

guidelines have recommended this practice as a screening tool for adverse pregnancy outcomes 

such as low, or high, infant birth weight, or if it is being employed as a weight management 

strategy. Ongoing evaluation of these guidelines is needed to assess their clinical translation, 

acceptability and uptake. Weight gain in pregnancy is determined by more than just diet and 

exercise. Future research is needed to explore the effect of interventions that embrace a social-

ecological view of health. 
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CHAPTER 4 

A REVALIDATION OF THE WEIGHT-RELATED 

BEHAVIOURS QUESTIONNAIRE WITHIN AN 

AUSTRALIAN PREGNANCY COHORT 

4.1.  Chapter Overview 

Relationships between broad socio-ecological factors and maternal and infant health outcomes 

are increasingly being considered within the published literature. In particular, there is a growing 

body of evidence exploring the associations between psychosocial factors and GWG. One 

significant limitation hindering research progress in this area is the diversity of psychosocial 

factors and measurement tools employed throughout studies. There is a need to identify selected 

psychosocial factors and tools of measurement that may best predict GWG, that allow for pooling 

of results via meta-analysis techniques. Therefore, the aim of this chapter was to perform a 

revalidation of the Weight-Related Behaviours Questionnaire (WRB-Q), originally designed and 

tested in a pregnancy cohort in the United States of America (USA), within an Australian 

pregnancy cohort. This chapter contains the final version of the article published within the 

Journal of Midwifery (Appendix A7). 
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4.2.  Abstract  

Problem 

Studies investigating the direct and indirect relationships between psychosocial factors (i.e. 

attitudes, beliefs and values), health related behaviour (diet and physical activity) and gestational 

weight gain are increasing. To date heterogeneity of psychosocial measurement tools has limited 

research progress in this area, preventing measurement of effects by meta-analysis techniques. 

Aim 

To conduct a revalidation analysis of a Weight-Related Behaviours Questionnaire, originally 

developed by Kendall, Olson and Frangelico within the United States of America and assess its 

performance for use within the Australian context.  

Methods  

A revalidation study using Exploratory Factor Analysis was undertaken to assess the factor 

structure and internal consistency of the six psychosocial scales of the Weight-Related Behaviours 

Questionnaire, within the Woman and Their Children’s Health (WATCH), pregnancy cohort. The 

questionnaire was self-completed between 18 – 20weeks gestation. Psychosocial factors included; 

Weight locus of control; Self-efficacy; Attitudes towards weight gain; Body image; Feelings 

about the motherhood role; and Career orientation.  

Findings  

Weight locus of control, Self-efficacy and Body image, retained the same factor structure as the 

original analysis. The remaining psychosocial factors observed a different factor structure in terms 

of loadings or number of factors. Deleted items modelling suggests the questionnaire could be 

strengthened and shortened. 

Conclusion 

Weight Locus of control, Self-efficacy and Body image were observed as consistent, valid and 

reliable psychosocial measures for use within the Australian context. Further research is needed 

to confirm the model and investigate the potential for combining these scales into a shorter 

psychosocial measurement tool.  
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4.3.  Introduction 

Weight gain in pregnancy is a complex phenomenon (1). Weight gain in pregnancy is expected 

and in general is a positive physiological characteristic of fetal growth and pregnancy progression 

(3). However, since the release of the revised American Academy of Sciences, Institute of 

Medicine (IOM), nutrition in pregnancy guidelines in 2009, obesity and gestational weight gain 

(GWG) have become a primary focus of antenatal care, signifying a shift in focus from the 

management of maternal underweight to overweight and obesity risk management (6, 28).  

The Institute of Medicine weight gain in pregnancy guidelines recommend weight gains 

according to World Health Organisation (WHO) body mass index categories (BMI) (6). Women 

with a BMI classified as underweight are recommended to gain more than women classified in 

the overweight and obese categories as follows; Underweight (BMI <18.5) 12.5 kilograms (kgs) 

- 18kgs, Normal weight (BMI 18.5 -24.9) 11.5 – 16.0kgs, Overweight (BMI 25.0 – 29.9) 7kgs – 

11.5 kgs and Obese (BMI ≥ 30.0) 5kgs – 9kgs. Excessive gestational weight gain (EGWG) is 

therefore defined as total pregnancy weight gain exceeding the IOM weight gain ranges (6). Since 

the development of the guidelines women have continued to gain in excess of the IOM 

recommendations (7), increasing their risks of experiencing adverse childbearing outcomes such 

as large or small-for-gestational-age infants (7, 8), caesarean birth (7, 99), gestational diabetes 

(10), pre-eclampsia (9) and postpartum weight retention (99). Of concern are the long term and 

intergenerational disease risks of EGWG proposed by the Developmental Origins of Health and 

Disease (DOHaD) hypothesis (11). Early life exposure to intrauterine environments characterised 

by EGWG (over nutrition) have been proposed to increase an infant’s susceptibility for childhood 

overweight, obesity, non-alcoholic fatty liver disease and type 2 diabetes, increasing the global 

burden of disease (11, 17). 

There are no interventions effective at reducing EGWG that are generalisable to large and diverse 

populations of pregnant women, to inform clinical practice guidelines (29). Intervention studies 

to date have primarily targeted health behaviour change techniques such as diet and/or physical 

activity and implementing self-regulation strategies such as routine self-weighing or clinician 

weighing (32, 34, 35, 47). While healthy eating and physical activity are important for overall 

maternal and fetal health, diet and physical activity strategies employed during pregnancy have 

reported moderate effectiveness in decreasing EGWG. These strategies only working for some 

women, with weight-monitoring during pregnancy no more effective at reducing EGWG than 

standard antenatal care (32, 34, 35). Additionally, these interventions have reported difficulties 
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with upscaling at the population level and have demonstrated minimal effectiveness for reducing 

the adverse maternal and infant outcomes associated with EGWG (1, 28). 

Less is known of the complex interactions and relationships of a woman’s physical (i.e. nausea 

and vomiting), psychological (i.e. anxiety and depression) and psychosocial health (i.e. attitudes, 

beliefs, age, education level), on health-related behaviour (i.e. diet and physical activity) and 

weight gain during pregnancy (1). There is an increasing body of evidence exploring the myriad 

of exiting psychosocial factors and their associated direct and indirect relationships with health 

behaviour and their influence on EGWG (49, 52, 54). Psychosocial factors such as: age, level of 

education, depression, anxiety, attitudes, beliefs, self-efficacy, body image and social support, are 

known antecedents to and moderators (barriers and enablers) of health behaviour, potentially 

influencing (positively or negatively) GWG (49, 52, 56, 100).  

A systematic review and narrative synthesis by Kapadia et al. (2015) (52), investigating 

psychological and psychosocial factors as antecedents to EGWG, identified levels of cognitive 

dietary restraint, perceived barriers to healthy eating, negative attitudes towards weight gain, 

being concerned about weight, high targeted weight gain and inaccurate body perception, as 

potential predictors of EGWG (52). A similar systematic review and narrative synthesis by 

Hartley et al. (2015) (49), identified depression, body image dissatisfaction and social support as 

potential predictors of EGWG. While both reviews have examined these important relationships, 

limitations within and between studies have hindered research progress in this area preventing 

aggregation of data and estimates of effect using meta-analysis techniques (49, 52). One 

significant limitation is the current heterogeneity of measurement tools used to examine the 

relationships between psychosocial factors and EGWG. Further research is warranted to guide 

the development of pregnancy specific psychosocial measurement tools for use within large and 

diverse populations of pregnant women and progress research in this area (49, 52). 

Kendall, Ohlson and Frangillo (2001) (51), developed the Weight-Related Behaviours 

Questionnaire (WRB-Q), to assist with the identification of psychosocial factors that influence 

weight-related behaviour and test their relationships with pregnancy related health behaviour and 

GWG (51). The development of the WRB-Q was underpinned by the theoretical framework for 

health promotion by Green and Kreuter (1991) (101), called the Predisposing, Reinforcing, and 

Enabling Constructs in Educational and Environmental Diagnosis and Evaluation (PRECEDE) / 

Policy, Regulatory and Organisational Constructs in Educational Environmental Development 

(PROCEED) model (57, 101). Kendall et al. (2001) additionally applied health behaviour theory 
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during the development process, primarily social cognitive theory conceptualised by Bandura 

(1991), to guide the identification of psychosocial factors that may moderate health behaviour 

during pregnancy (41, 51).  

Drawing on measurement tools from the available weight management literature (102-104) and 

qualitative study findings (105, 106), Kendall et al. (2001) developed the WRB-Q, consisting of 

49 individual questionnaire items with 6 psychosocial factors and scales of measurement. Since 

its development the WRB-Q has been used to explore the potential relationships and interactions 

between health behaviours (such as diet and physical activity), GWG and postpartum weight 

retention, primarily within American and Canadian pregnancy cohorts (107-110). To our 

knowledge the WRB-Q has not been validated for use within an Australian pregnancy cohort. 

Therefore, to progress research and address current gaps in the evidence base, including 

heterogeneity of measurement tools, the aim of this study was to conduct a revalidation of the 

WRB-Q within the Australian Women And Their Children’s Health (WATCH) pregnancy cohort 

and ascertain its performance and suitability as a psychosocial measurement tool for use within 

the Australian context. 

4.4.  Methods 
4.4.1.  The Weight-Related Behaviours Questionnaire 

The Weight-Related Behaviours Questionnaire was originally tested and validated within a large 

(n= 622) prospective cohort study of American pregnant women (Bassett Mothers Health Cohort), 

recruited between November 1994 and November 1996. The detailed study paper outlining this 

analysis has been previously published (51). 

The entire WRB-Q is comprised of 49 items measuring 6 psychosocial factors. These include: 1) 

Weight locus of control (WLOC) scale (4 items); 2) Self-efficacy (SE) scale, related to diet, 

weight control, and exercise (8 items); 3) Attitudes towards weight gain (AtWG) scale (13 items); 

4) Body image (BI) scale (4 items); 5) Feelings about the motherhood role (FaMH) scale (7 

items); and 6) Career orientation (CO) scale (13 items) (51). Each of the 49 items were measured 

using Likert scales with responses ranging from ‘strongly agree’ to ‘strongly disagree’, from ‘very 

sure’ to ‘very unsure’, from ‘too heavy’ to ‘too light’, and from ‘very satisfied’ to ‘not at all 

satisfied’(51).  
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The Weight locus of control items measure perceived personal control over weight gain (internal 

locus of control), or if weight is perceived as outside of personal control (external locus of control) 

(51).The Self-efficacy items measure perceived confidence for behaviour change in relation to 

diet, weight control and exercise. The Attitudes towards weight gain items measure positive 

attitudes towards pregnancy weight gain, or weight gain avoidance during pregnancy (51). The 

Body image items measure personal satisfaction with own weight and personal perception of body 

weight. The Feelings about the motherhood role items measure positive and negative perceptions 

of motherhood and the Career orientation items indicate a preference towards career or family 

(51). 

4.4.2.  Population 

The Women And Their Children’s Health (WATCH) study was a small (n= 180 women and 

n=182 children) but detailed longitudinal pregnancy cohort study conducted in New South Wales, 

Australia. Participants were recruited between June 2006 and December 2007 (111). The majority 

of women in this study (60%) were recruited to participate during early pregnancy (<18weeks) 

by research midwives at one large tertiary hospital antenatal clinic with a small number of women 

recruited via word of mouth and local media coverage (111). Women were eligible to participate 

if they were < 18weeks gestation and planned to birth at the respective tertiary hospital, as outlined 

in the detailed WATCH study protocol previously published (111).  

The first study visit occurred when women were approximately 18–20 weeks pregnant with 

follow-up visits conducted at 24, 30 and 36 weeks of pregnancy. Postnatal follow-up was 

conducted at 3, 6, 9 and 12 months and at 2, 3 and 4 year time points (111). The Weight-Related 

Behaviours Questionnaire was self-completed by participants at the first study visit occurring 

between 18–20 weeks’ gestation (111). Pregnancy and birth data were collected from the health 

institution’s electronic database. Pre-pregnancy weight was self-reported by women on 

recruitment to the study with all follow up weights measured by researchers. Total GWG was 

calculated by subtracting the last recorded pregnancy weight reading at approximately 36 weeks, 

from the self-reported pre-pregnancy weight reference (111).  

The research protocol for the WATCH study was approved by the Hunter New England Human 

Research Ethics Committee (approval number 06/05/24/5.06) and approval was registered with 

the University of Newcastle (111). 
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4.4.3.  Data Analysis 

This was an instrument revalidation study using Exploratory factor analysis (EFA) of the WRB-

Q within the WATCH pregnancy cohort. Exploratory Factor Analysis was performed on 

statistical analysis software (SAS v9.4) using ‘proc factor’, and varimax rotation. Questionnaire 

item responses were found to be non-normally distributed so Principal Axis Factoring (PAF) 

methods, suitable for non-normal distributed data were used. When different questionnaire factor 

structures were compared to the original validation within the Bassett Mothers Health cohort, the 

Cronbach’s alpha (α) coefficients were calculated according to the original factor structure not 

the ‘new’ factor structure, to enable direct comparison between the two cohorts. Cronbach’s 

Alpha (α) coefficients are presented as a value between 0 – 1, with values between 0.70 and 0.90 

generally indicating acceptable internal consistency (112, 113). The strength of individual 

questionnaire items was analysed using Spearman's rank correlation coefficient with two–sided p 

values (<0.05). All items were further subjected to additional deleted items modelling to assess if 

the deletion of individual items could improve the internal consistency (α) of each psychosocial 

scale.  

Confirmatory Factor Analysis (CFA) could not be performed to assess the factor structure within 

the WATCH cohort, as this generally requires larger samples of 200-400 participants (114). As 

the questionnaire had already been validated within a large population of pregnant women during 

the original analysis by Kendall et al. (2001) (51), EFA was considered a sound statistical 

methodology. Exploratory Factor Analysis was applied to each of the 6 psychosocial scales to 

determine factor structure (in terms of factor number and loading) and Cronbach’s alphas (overall 

and within factor) for comparison with the original analysis performed by Kendall et al. (2001) 

(51). Factor analysis techniques (i.e., EFA and / or CFA) require complete sets of data, so to 

ensure as many possible observations were retained, mean substitution was utilised to fill in 

missing data. However, this was only conducted when the number of missing items within each 

of the 6 psychosocial scales were fewer than 30%. Ignoring missing items can lead to reduced 

sample size and loss of power, and so in the absence of specific instructions regarding how to 

handle missing items within the WRB-Q scales, we utilised person mean imputation for missing 

items within each scale (115). Bell et al. (2016) (115), explain there are no clear guidelines for 

handling missing items however, person mean imputation can be performed relatively well when 

at least 50% of the scale had been answered. For our analysis missing questionnaire items were 

replaced with the mean of the answered items in the subscale only when there were less than 30% 

per person, so no values were mean imputed if >30% of scale data was missing, a similar process 
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to that reported by Hübner et al. (2016) (116). The majority of missing responses were from the 

career orientation scale (n=19), with 14 values mean imputed and 5 values excluded from the 

analysis. WATCH cohort characteristics were analysed using descriptive statistics (mean, SD and 

percentages) using statistical software (SAS v9.4). 

4.5.  Results 

Of the WATCH study participants (n=180), n=159 returned the WRB-Q resulting in an 88% 

response rate. Of these 73% (n=132) returned complete responses across all 6 psychosocial scales. 

The total population sample analysed for each of the psychosocial scales were as follows: N = 

159 for the WLOC and AtWG scales; N = 158 for the SE scale; N = 157 for the FaMH scale, and 

n = 154 for both the BI and CO scales. 

A comparison of characteristics between the original Bassett Mothers Health cohort (USA) and 

the WATCH cohort (Australia), are presented in Table 4.1 Participants in the Bassett Mothers 

Health cohort were recruited between 1994 and 1996. Participants in the WATCH cohort were 

recruited between 2006 and 2007. The cohorts were similar in terms of age, marital status, parity 

and mean GWG, however were different in terms of level of education. 
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Table 4.1 Cohort Characteristics 
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The entire WRB-Q and results of the EFA are displayed in Table 4.2. Weight locus of control, 

SE and BI were observed to retain the same item factor structure as the original Bassett Mothers 

Health cohort analysis, conducted by Kendall et al. (2001) (51). The remaining psychosocial 

scales exhibited different factor structures, either in terms of loadings or number of item factors.  

The analysis within the WATCH pregnancy cohort found the same two-item factor solution across 

the four WLOC items. Cronbach’s alphas were higher in the current analysis for factor 1, but 

lower for factor 2, and lower overall compared to the Bassett Mothers Health cohort (α = 0.49 

versus 0.73). 

For the SE items, the original Bassett Mothers Health cohort analysis found a three-item factor 

solution, with the first three items loading on factor 1, the next three items on factor 2, and the 

final two items on factor 3. The current analysis of WATCH cohort data also found a three-item 

factor solution with factors 2 and 3 but different item factor loadings to the original analysis for 

factor 1. Cronbach’s alpha coefficients were calculated for the three factors (using the same items 

as were included in the original Cronbach’s calculations) and were higher for factor 2 (α = 0.82) 

and 3 (α = 0.82), but lower for factor 1 (α = 0.65). The overall Cronbach’s alpha was lower for 

this scale amongst the WATCH cohort compared to the original analysis (α = 0.76 versus 0.85).  

For the BI items, the original Bassett Mothers Health analysis found a 2-item factor solution 

across the 4 items, with 2 items loading on each factor. The current WATCH analysis found the 

same 2-factor solution, with the same items loading on each factors. The overall scale alpha 

coefficient performed as well in the WATCH cohort as in the original Bassett Mothers Health 

analysis (α = 0.91 versus 0.89, respectively).  

The questionnaire item correlations for the WLOC, SE and BI categories are presented in Table 

4.3. To summarise these results, item correlations for the WLOC scale were observed to be the 

strongest for items within the same factor. For the SE scale, item correlations were again strongest 

for items loading within the same factor with the exception of item Q5 - “How sure are you that 

you can fit into your regular clothes, which did not load strongly on any factor within the WATCH 

cohort analysis. All BI items were found to be highly correlated.  
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Table 4.2 Weight-Related Behaviours Questionnaire: Exploratory Factor Analysis and 

Cohort Comparisons of Factor Structure
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Table 4.3 Scale Item Correlations 
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Deleted items modelling carried out on the WLOC, SE and BI scales are presented in Table 4.4. 

The results of this analysis indicated that the overall Cronbach’s alpha coefficient for the WLOC 

scale improved slightly after deleting item Q3 - “Being the right weight is mainly good luck” (α 

= 0.56 verses α = 0.49), suggesting that this scale may be improved with the removal of this item. 

When applied to the SE scale, modelling indicated that the removal of item Q5 - “Fit into your 

regular clothes”, could improve the Cronbach’s alpha coefficient of this scale (α = 0.79 verses α 

= 0.76). For the BI items all Cronbach’s alphas decreased with the deletion of each item indicating 

that no items need omitting.  

Table 4.4 Deleted Items Modelling 
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4.6.  Discussion 

This analysis has retested the validity and reliability of the WRB-Q within an Australian 

pregnancy cohort. The main findings indicate that the WRB-Q as being partly suitable for 

measuring psychosocial factors in the Australian context. Of the 6 psychosocial scales we 

observed that the WLOC, SE and BI scales retain the same factor structure as the original Bassett 

Mothers Cohort analysis conducted by Kendall et al. (2001) (51). The shared factor structure of 

these 3 psychosocial scales indicates consistent construct validity across time. These results 

additionally suggest that there is potential for the combination of these 3 scales into a shortened 

psychosocial measurement tool. The Attitudes towards weight gain, FaMH, and CO scales 

returned a different factor structure to the original Bassett Mothers Cohort analysis. These results 

suggest that they may not be suitable as psychosocial measures for use within the Australian 

context. The scales however demonstrated acceptable internal consistency suggesting that they 

may be useful as stand-alone, single psychosocial scales. 

Moreover, all 6 psychosocial scales were observed to have acceptable internal consistency when 

retested within the WATCH cohort with the exception of the WLOC scale, demonstrating a lower 

overall internal consistency in comparison to the original analysis. Explanations for the lower 

reliability of this scale (α <0.50) could be due to the lower number of items within the scale or 

due to poor correlation between scale items (112, 113, 117). The results of the current analysis 

suggest that poor correlation between scale items as the most likely explanation. Item correlations 

for the WLOC scale were higher for the items loading on the same factor and lower for items 

loading across the different factors (i.e. items Q1 and Q3, Q1 and Q4). Tavakol and Denick (2011) 

(117), explain that when the internal consistency is due to poor item correlation, that this may 

indicate the presence of redundant items, advising revision of items to see if any can be discarded. 

In the current WATCH analysis novel deleted items modelling was performed for each of the 6 

psychosocial scales. For the WLOC scale deleted items modelling indicated that the internal 

consistency can be strengthen to an acceptable level (>0.50) by the removal of item Q3 - “Being 

the right weight is mainly good luck”. When applied to the SE scale deleted items modelling 

indicted that the internal consistency of this scale can be improved by the deletion of item Q5 - 

“How sure are you that you can fit into your regular clothes?”. The internal consistency of the 

BI items tested within the WATCH cohort, performed better overall and better in comparison to 

the original Bassett Mothers cohort analysis. All BI items in the WATCH analysis were observed 

to be highly correlated with deleted items modelling suggesting that no items should be removed 

from this scale.  
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Possible explanations for the inconsistency of the factor structure for the AtWG, FaMH, and CO 

scales could be due to difference in, and changes to public health messages regarding weight gain 

in pregnancy experienced between the cohorts over time (1). Most notable is the shift in public 

health focus (mostly within high income countries) over the last two decades, from the prevention 

of undernutrition and low-birth-weight, to obesity prevention, GWG and diabetes management 

(1, 3, 6). The differing factor structure for the FaMH and CO scales may also be explained by 

changing social roles experienced overtime and may not reflect the cultural attitudes of 

participants within this Australian pregnancy cohort (118).  

The Feelings about the motherhood role items, were originally derived from previously published 

works by Devine and colleagues, suggesting that first time mothers anxious about taking on the 

motherhood role were more likely to retain weight after birth, with women found to have a strong 

career orientation more likely to return to work early and lose their pregnancy weight (105, 106). 

It is possible that these items were more oriented towards first time mothers and may explain 

some of the missing responses and differing factor loadings, as 55% (n=80) of the WATCH 

population were identified as multiparous. The Career orientation items were adopted from 

previously published works by Hemmelgarn (1990) (119), for use amongst employed mothers. It 

is possible that WATCH participants not in active employment may have perceived some of the 

items as not applicable to their circumstances, choosing to omit their responses. One other 

explanation could be attributed to the difference in education levels with 71% of WATCH 

participants indicating that they were high school educated or above compared to 92% of 

participants in the Bassett Mothers Health Cohort. Given that lower education levels are 

associated with unemployment this may also assist in explaining why these particular scale items 

recorded the majority of missing responses (120). Future research investigating the direct and 

indirect relationship between psychosocial and demographic factors (i.e. education level) in 

combination with GWG would be useful to provide further insight into the complex mechanisms 

of EGWG.  

This revalidation analysis has identified that the WLOC, SE and BI scales from the WRB-Q as 

valid and reliable psychosocial measures for use within Australian context. Investigating the 

relationships between these psychosocial scales as predictors of EGWG within larger diverse 

cohorts of Australian pregnant women is warranted. Further research such as conducting 

instrument short-form analysis, may be useful to confirm if these scales and individual 

questionnaire items can be developed into a short pregnancy specific, psychosocial measurement 

tool. 
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4.6.1.  Strengths 

To our knowledge this is the first time the entire WRB-Q has been tested within an Australian 

population of pregnant women. We additionally performed novel deleted item modelling to 

identify potential redundant items for removal and overall scale improvement. The results suggest 

that these scales (WLOC, SE and BI) may be candidates for combining into a short-form 

questionnaire, potentially reducing participant burden and increasing the questionnaire’s appeal 

for broader clinical research application.  

4.6.2.  Limitations 

Due to the small sample size, the current analysis was an EFA rather than a CFA and as such 

interpretation of findings needs caution. For instance, changes in Cronbach’s alpha values for 

each of the psychosocial scales may represent natural variation in the behaviour of the scale, or 

actual improvement in the performance of the scale. Therefore, further analysis using CFA on a 

larger sample of pregnant women is needed to confirm the factor structure of the WRB-Q as 

proposed by the current EFA. Further investigation into the external validity of the performance 

of the factors is also required to determine whether the improvement in alpha scores correlated to 

improved prediction of the psychosocial construct being measured. The large number of items 

mean imputed for the CO scale may distort the observed results. While increasing the sample size 

for this analysis, the mean imputation of values is not reflective of the actual participant responses 

further undermining the validity of this scale.  

4.7.  Conclusion 

The revalidation of the WRB-Q within an Australian pregnancy cohort suggests that the WLOC, 

SE and BI scales are consistent, valid and reliable psychosocial measures for use within the 

Australian context. Findings additionally suggest these scales may be candidates for combining 

into a short-form questionnaire. Further research is required to confirm the factor structure and 

internal consistency of these measures on a more diverse and larger sample of Australian pregnant 

women. Additional testing of these scales as predictors of EGWG is required.
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CHAPTER 5  

DEMOGRAPHIC AND SOCIAL COGNITIVE FACTORS 

ASSOCIATED WITH GESTATIONAL WEIGHT GAIN IN 

AN AUSTRALIAN PREGNANCY COHORT 

5.1  Chapter Overview  

Psychosocial factors are considered important mediators (barriers and enablers) of health 

behaviour change. However, less is known about the relationships between psychosocial factors 

weight-related behaviour and GWG. Therefore, to contribute to the evidence base the aim of this 

chapter was to identify and describe the demographic and psychosocial factors predictive of 

EGWG, within an Australian pregnancy cohort. This chapter contains the final version of the 

article published in the Journal of Eating Behaviors (Appendix A8). Of note is that the journal 

editors preferred the term social–cognitive factors to psychosocial factors, with the term social-

cognitive factors used in place of psychosocial factors within this chapter.  

Citation 
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gain in an Australian pregnancy cohort. Eating Behaviors, (39). 
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5.2 Abstract 

Aim  

To identify and describe the demographic and social-cognitive factors associated with excessive 

gestational weight gain using the Weight-Related Behaviours Questionnaire, within an Australian 

pregnancy cohort. 

Background  

Supporting women to achieve optimal weight gain in pregnancy is complex. Social-cognitive 

factors are recognised antecedents to, and mediators of, weight-related behaviour change. Less is 

known about their role during pregnancy. 

Methods  

159 women enrolled in a pregnancy cohort study completed the Weight-Related Behaviours 

Questionnaire (WRB-Q) at approximately 19 weeks gestation, and total gestational weight gain 

was later measured at 36 weeks. Summary scores were reported descriptively. Multivariable 

logistic regression was used to test demographic (maternal age, pre pregnancy body mass index, 

parity, smoking status, marital status, education) and social-cognitive factors (weight locus of 

control, self-efficacy, attitudes towards weight gain, body image, feelings about motherhood, 

career orientation) as predictors of excessive gestational weight gain. 

Findings  

Maternal age was the sole demographic factor predictive of excessive gestational weight gain. 

Older participants (34-41yrs) were less likely to gain excessive weight when compare to younger 

participants (18-24 yrs): Odds Ratio 0.20, 95% Confidence Interval 0.05, 0.82. Body image 

(measured as personal satisfaction and perception of own weight) was the sole social-cognitive 

factor associated with excessive gestational weight gain. For every one unit improvement in body 

image score, there was a 33% decreased odds of excessive gestational weight gain (OR 0.67, 95% 

CI 0.53, 0.85). 

Conclusion  
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This study suggests that younger maternal age and lower perceived body image are 

predictive of excessive gestational weight gain. 
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5.3 Introduction 

Supporting women to achieve healthy weight gain in pregnancy is complex (1, 54). Weight gain 

is a normal part of the childbearing experience and in general a positive marker of fetal growth 

and pregnancy progression (3, 6). In contrast, the global prevalence of women experiencing 

excessive gestational weight gain (EGWG), defined as weight gains above the American Institute 

of Medicine (IOM) Weight Gain in Pregnancy Guidelines (2009) (6), is a public health concern. 

A systematic review of 23 cohort studies (n= 1, 309 136) by Goldstein et al. (2017) (7) has 

demonstrated that it is more common for women to gain weight above the IOM guidelines (47%, 

n= 621 004), compared to those gaining below (23%, n=300, 723) or within (30%, 387, 409), 

independent of pre pregnancy body mass index (BMI) (7).  

Excessive gestational weight gain is associated with adverse perinatal and intergenerational health 

outcomes. These include, an increased odds of having a large for gestational age infant (birth 

weight >90th centile) (Odds Ratio (OR) 1.85, 95% Confidence Interval (CI) 1.76, 1.95), and an 

increased odds for caesarean birth (OR 1.30, 95% CI 1.25, 1.35) (7). Individual studies have found 

EGWG to be associated with increased risk of pregnancy- specific disease such as hypertensive 

disorders and gestational diabetes (8, 66, 69, 70). Long term and intergenerational health impacts 

of gestational weight gain (GWG) are explained by the Developmental Origins of Health and 

Disease (DOHaD) hypothesis, whereby fetal programming occurs via epigenetic pathways, 

increasing the offspring’s risk of non-communicable diseases over the lifespan (14). An in-utero 

environment characterised by maternal malnutrition, causing maternal overweight, is further 

suggested to lead to childhood chronic disease risk such as obesity, diabetes and non-alcoholic 

fatty liver disease (13, 14, 18, 19). 

The experience of weight gain during pregnancy is multifactorial, influenced by a multitude of 

social-ecological factors. These are described as demographic (age, education, income), physical 

(diet, exercise), psychological (anxiety, depression) and social-cognitive factors (attitudes, 

beliefs, social support, self-efficacy, body image) (1, 27, 49, 50, 52, 55). These social-ecological 

factors are considered important predisposing, enabling and reinforcing constructs within health 

behaviour theory, that can directly or indirectly influence personal health related behaviours such 

as diet and exercise (54, 56). To date however, the mechanisms by which social-ecological factors 

influence weight management outside of, and during pregnancy, is poorly understood (54, 55).  
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Social-ecological factors have largely been neglected in the design of health promoting 

interventions aimed at reducing EGWG. Individual studies have primarily focused on modifying 

the nutrition and physical activity behaviours of pregnant women (32, 34, 35). Collectively, these 

interventions have been found to be moderately successful for some women, with significant 

barriers identified in the upscaling and translating of these interventions into real world maternity 

care settings (29, 42, 47). Moreover, there is limited consideration and understanding of a 

pregnant woman’s capacity for diet and exercise behaviour modification outside of research 

conditions (27, 32, 34, 35). Common pregnancy symptoms such as nausea, vomiting, lethargy 

and anxiety, as well as social determinates of health, including socioeconomic status and social 

support, can make it difficult for some women to modify (i.e. afford and sustain) their diet and 

physical activity behaviours (1, 27, 48). 

Demographic and social-cognitive factors such as age, educational attainment, attitudes, beliefs, 

self-efficacy, body image and social support are recognised antecedents to, and mediators 

(barriers and enablers) of, health behaviour change (49, 52, 121). A systematic review and 

narrative synthesis of thirty-five studies (25 cohort, 8 cross-sectional and 2 case–control) by 

Kapadia et al. (2015) (52), investigating psychosocial and psychological factors as antecedents of 

EGWG, considered levels of cognitive dietary restraint, perceived barriers to healthy eating, 

negative attitudes towards weight gain, negative body image, being concerned about weight gain, 

high targeted weight gain and inaccurate body perceptions, as potential risk factors for EGWG 

(52). Hartley et al. (2015) (49) conducted a similar systematic review and narrative synthesis 

exploring psychosocial risk factors associated with EGWG. In a synthesis of twelve studies (2 

randomised controlled trials, 8 longitudinal, 2 cross-sectional), this review identified depression, 

body image dissatisfaction, and social support, as potential psychosocial factors associated with 

EGWG. Of the 47 studies reported in these two systematic reviews, 9 were identified as being 

duplicated across both review articles. Both studies highlight the need for further research, 

specifically research that is replicable using valid and reliable measurement tools, to reduce 

between study heterogeneity and work towards a consensus of social-cognitive factors that 

influence weight gain during pregnancy (49, 52).  

To better understand the influence of social-cognitive factors on weight gain in pregnancy, 

Kendall, Olson and Frongillo (2001) (51) developed the Weight-Related Behaviours 

Questionnaire (WRB-Q), to assist with identifying and understanding the mechanisms by which, 

social-cognitive factors mediate GWG amongst populations of pregnant women (51). Due to the 

multitude of social-cognitive factors evidenced to exhibit relationships with GWG, the WRB-Q 
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provides a valid and reliable consensus of factors for investigation (49, 51, 52). Therefore, the 

purpose of this study was to identify and describe the demographic and social-cognitive factors 

predictive of EGWG, within the Australian Women and Their Children’s Health (WATCH) 

cohort study. 

5.4  Methods 
5.4.1 Weight-Related Behaviours Questionnaire  

The Weight-Related Behaviours Questionnaire measures 6 social-cognitive factors across 49 

individual question items. The social-cognitive factor categories included within the WRB-Q are: 

1) Weight locus of control (WLOC) (4 questions), measuring the degree to which a person feels 

that behaviour change is within personal control (internal locus of control), or outside of personal 

control (external locus of control) (51, 104); 2) Self-efficacy (SE) (8 questions), measuring 

confidence for behaviour change related to diet, weight control and exercise; 3) Attitudes towards 

weight gain (AtWG) (13 questions), measuring attitudes towards gaining weight or weight gain 

avoidance; 4) Body image (BI) (4 questions, 2 measured as personal satisfaction with own weight 

and 2 measured as personal perception of own weight); 5) Feelings about the motherhood role 

(FaMH) (7 questions), measuring positive and negative aspects of motherhood; 6) Career 

orientation (CO) (13 questions), measuring preference towards career or family orientation (51). 

Each social-cognitive factor was measured using a Likert scale with responses ranging from 

strongly agree to strongly disagree (factors 1,3,5,6), from very sure to very unsure (factor 2), from 

too heavy to too light (factor 4), and from very satisfied to not at all satisfied (factor 4) (51).  

The questionnaire was originally tested for reliability and validity amongst a large cohort of 

pregnant women (n= 622) in the United States of America (USA), between March 1995 and 

December 1996, as reported in the Kendall et al. (2001) study paper (51). The questionnaire has 

been used in seminal works, mainly within USA, to examine factors that influence GWG and 

postpartum weight retention (107-110). The internal consistency for each of the 6 social cognitive 

factor scales, demonstrated acceptable internal consistency when retested within the WATCH 

pregnancy cohort, with the exception of the weight locus of control scale as follows; 1) Weight 

locus of control (α 0.49); 2) Self-efficacy (α 0.76); 3) Attitudes towards weight gain (α 0.75); 4) 

Body image (α 0.91); 5) Feelings about the motherhood role (α 0.71); 6) Career orientation (α 

0.74).  
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5.4.2 Population 

The Women And Their Children’s Health (WATCH) study was a detailed prospective Australian 

longitudinal cohort study. Women were recruited (between June 2006 and December 2007) to 

participate in the study during early pregnancy (<18weeks), with follow up to 4 years post birth 

(n= 180 women and n=182 children) (111). The detailed WATCH study protocol has been 

previously published (111). Demographic and birth data were extracted from electronic hospital 

birth records. The Weight-Related Behaviours Questionnaire was administered to participants at 

the first study visit occurring between 18–20 weeks gestation. The research protocol for the 

WATCH study was ethically approved (approval number 06/05/24/5.06) (111). 

5.4.3 Weight and height measures 

Maternal weight and height measurements were obtained at each study visit using the same set of 

annually calibrated scales and wall mounted stadiometer, by an accredited practising dietitian 

with level 1 anthropometry training (111). Maternal height and weight were taken in clothing with 

no shoes. Height was measured on two consecutive appointments to the nearest 1mm, with an 

average of the two measures used. Where both height measures varied more than 1.5% a third 

measure was taken, and the median used as the maternal height reference (111). Maternal pre-

pregnancy weight (kilograms) was self-reported at the first study visit, with all subsequent 

weights measured by researchers at study visits. Pre-pregnancy BMI was calculated using pre-

pregnancy weight and the recorded maternal height reference. Total GWG was calculated by 

subtracting the last recorded pregnancy weight reading at approximately 36 weeks from the self-

reported pre-pregnancy weight reference (111). 

Pre-pregnancy BMI was classified into World Health Organization (WHO) categories. Guidelines 

for GWG were based on the American IOM 2009 Nutrition in Pregnancy Guidelines (6). The 

outcome of interest, EGWG was defined as weight gain greater than the maximum recommended 

weight gain, according to pre-pregnancy BMI category recorded at the last pregnancy 

appointment at approximately 36 weeks gestation.  

5.4.4 Statistical analysis 

Demographic, pregnancy and birth characteristics of the WATCH cohort were analysed using 

descriptive statistics (mean, SD, numbers and percentages). Individual questionnaire items were 

additionally analysed using descriptive statistics (numbers and percentages). The participant 
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questionnaire scores were summarised (trichotomised or dichotomised) for presentation purposes 

as per (Appendix A10). 

Multivariable logistic regression modelling was then performed to test the association between 

demographic and social-cognitive variables and EGWG. Prior to this analysis, 29 items were 

reverse coded so that higher scale scores were representative of a higher level of social-cognitive 

factor being measured. 

Multivariable logistic regression model diagnostics indicated that leaving maternal age as a 

continuous predictor violated the assumption of linearity, and as a result maternal age was 

categorised into quintiles. A further six logistic regression models were then performed for each 

of the 6 social-cognitive factors. Each model was subject to covariate adjustment (Area Under the 

Curve - AUC) for each of the listed demographic factors, and each was compared to determine 

whether the addition of these factors improved the accuracy of the model. Assessment of model 

diagnostics for this analysis again indicated that the linearity assumption was violated for all 

social-cognitive factors except for body image, and these were categorised into quintiles. The 

criterion for statistical significance was set at p<0.05 (two tailed). Demographic and multivariable 

logistic regression were programmed using SAS v9.4 (SAS Institute, Cary, North Carolina, USA). 

Descriptive questionnaire data were calculated using STATA/IC v13.0 (StataCorp, Texas, USA) 

and Microsoft Excel v16.24. 

5.5 Results 

Of the WATCH study participants 88% (n=159) returned the WRB-Q, with 73% (n= 132) 

returning complete responses across all six social-cognitive factor categories. The entire WRB-

Q, social-cognitive factors and missing data are presented in Appendix 10. The Weight locus of 

control and AtWG categories returned the highest range of complete responses, with the CO 

category returning the most incomplete responses (3-5% missing responses across all 13 items). 

Population demographics of the WATCH sample are summarised in Table 5.1. 

The majority of participants were born in Australia, identified as being married, were high school 

and above educated, non-smokers and experiencing a subsequent pregnancy (i.e. multiparous). 

Birth data indicated that the majority of participants experienced a vaginal birth, with only 20% 

experiencing a caesarean birth. The proportion of participants diagnosed with gestational 

diabetes, gestational hypertension / pre-eclampsia were representative of wider state based 
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maternal and infant data trends, for the years in which pregnancy and birth data were collected 

for the WATCH study (122). Maternal weight characteristics are shown in Table 5.2, with the 

mean pre-pregnancy weight and the stratification of participants by pre-pregnancy BMI category.  
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Table 5.1 WATCH cohort demographic, pregnancy and birth characteristics 
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Table 5.2 WATCH maternal weight characteristics 
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In total, 41% of participants had already exhibited EGWG by approximately 36 weeks gestation, 

independent of pre-pregnancy BMI. When stratified by BMI, participants in the underweight and 

overweight categories proportionally exhibited greater gains than those in the normal weight or 

obese BMI categories. 

To summarise the descriptive results presented in Appendix A10, the cohort generally possessed 

high internal levels of Weight locus of control and Self-efficacy. Most women had positive 

Attitudes towards gaining weight during pregnancy and were satisfied with their Body image. 

There were generally positive Feelings towards the role of motherhood and the women were 

oriented to family rather than Career orientated. Of these social-cognitive factors, there was a 

proportion of women whose item responses indicated that weight gain as outside personal control, 

low levels of Self- efficacy, preference towards weight gain avoidance, dissatisfaction with /or 

negative Body image and negative Feelings towards the role of motherhood. It is these women 

that we hypothesise require better linkage with health services and greater support to optimise 

weight gain in pregnancy. 

The results of the multivariate logistic regression on cohort demographic factors are presented in 

Table 5.3. Maternal age was found to be the single demographic factor inversely associated with 

EGWG. When compared to the youngest participants in quintile 1 (18–24 yrs), older participants 

in the fifth quintile (34–41yrs) were less likely to experience EGWG (OR 0.20, 95% CI 0.05, 

0.82, p 0.0146). When the 6 social-cognitive factors from the WRB-Q were tested as predictors 

of EGWG (Table 5.4), Body image was the only social-cognitive factor found to be statistically 

associated with EGWG. For every one unit increase in Body image score (i.e. more positive about 

their body), there was 33% decreased odds of experiencing EGWG (OR 0.67, 95% CI 0.53, 0.85, 

p 0.0008). 

The AUC (adjusted for maternal age, pre-pregnancy BMI category, parity, smoking status, marital 

status, and education) improved to the greatest extent after the addition of Body image but did not 

improve significantly with the addition of the other social-cognitive factors (FaMH, CO, AtWG, 

and WLOC or SE).  
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Table 5.3 Multivariable logistic regression of demographic factors 
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Table 5.4 Multivariable logistic regression of social-cognitive factors  
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5.6  Discussion 

The current study has explored the associated relationships between selected demographic and 

social-cognitive factors and EGWG, in a cohort of Australian pregnant women. The results 

suggest a temporal relationship exists between age and body image and EGWG within this cohort.  

Age is a known predictor of GWG, however the relationship between these variables has been 

inconsistent. The original IOM (1990) guidelines, in a review of 9 studies (published between 

1977 – 1989), reported that women of a younger age were more susceptible to lower GWG. The 

revised IOM guidelines (2009) in an updated review (14 studies, published between 1977 – 2006), 

suggested that older women (≥34ys) were entering pregnancy with higher BMI’s, but exhibiting 

lower GWG compared to younger childbearing women (<25ys) (6). A large Danish cohort study 

(n= 60,892 pregnancies) conducted by Nohr et al. (2008) (85), similarly observed that older 

women (≥34ys) exhibited lower GWG (15.2% gaining >20kgs) compared to younger women 

(<25ys, 31% gaining >20kgs. In this study older women (≥34ys, 6.9%) were less likely to be 

classified as obese according to pre-pregnancy BMI compared to younger women (<25years 

10.1%) (85). A more recent cross-sectional study investigating dietary patterns, socio 

demographic factors and GWG in a cohort of Polish women (n=458), did not find age to be 

associated with GWG. Within this study, a higher pregnancy BMI (>25.0kg/m2, OR 6.44, 95% 

CI 2.87, 14.42) and smoking cessation after conception (OR 9.01, 95% CI 1.20, 41.23) were 

associated with EGWG (≥ IOM weight gain in pregnancy guidelines) (123).  

The current WATCH analysis did not identify a relationship between any other demographic 

factors and EGWG. This analysis observed that women most at risk of EGWG were of a younger 

age with a negative body image, identified by mid-pregnancy.  

Body image refers to the internal representation a person has towards their external appearance 

and is often separated into two measures: body satisfaction and body attitudes (thoughts and 

beliefs) (124-127). In non-pregnant populations body image dissatisfaction is reported as a 

constant norm across the lifespan (128, 129). Runfola et al. (2013) (129) combined data from two 

cross-sectional studies of American women (n=5868) aged between 25–89 years and observed 

that 91% of participants were dissatisfied with their body image. In this study age was found to 

mediate body dissatisfaction, with women aged 35–44 years reporting the highest levels of body 

dissatisfaction. Women aged 65–74 years recorded the lowest levels of body dissatisfaction, with 

women in the 25–34-year age group also reporting high body dissatisfaction scores (129). These 
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findings outside of pregnancy, are in contrast to the body image scores observed within the 

WATCH pregnancy cohort. The majority of women in the WATCH study indicated overall 

satisfaction with their body image when assessed during mid pregnancy.  

Consistent with our findings, systematic reviews by Kapadia et al. (2015) (52) and Hartley et al. 

(2015) (49), exploring the relationships between psychological and social-cognitive factors as 

predicators of EGWG, collectively identified 7 individual studies investigating body image 

dissatisfaction in pregnant women. Of these studies, 4 observed significant associations between 

body dissatisfaction and EGWG (49, 52). A recent study by Roomruangwong et al. (2017) (126), 

investigated the relationships between body dissatisfaction, anxiety, depression, BMI and GWG, 

in a small population (n=126) of Thai pregnant women. Findings indicated that body image 

dissatisfaction was increased in women with a mean age of 27.3 years and was lower in women 

with a mean age of 30.3 years. Participants reporting body image dissatisfaction were of a higher 

pre-pregnancy BMI (mean 23.8 SD 4.1) and exhibited higher GWG (mean 13.8 kgs SD 4.9), 

compared to those who were satisfied with their body image (126). In addition body image 

dissatisfaction during the perinatal period was found to be associated with increased depression 

and anxiety scores (Hamilton Depression Rating Scale, Edinburgh Postnatal Depression Scale, 

Beck depression Inventory), antenatal depression diagnosis, depression, mood disorders and 

postnatal depression (126). 

There is a growing body of evidence exploring the potential direct and indirect relationships 

between maternal psychology (depression and anxiety) body image and EGWG (124-127). Hill 

et al. (2013) (50), presented a conceptual model to theoretically explain the potential relationship 

and pathways between psychosocial, psychological, demographic factors and GWG. This model 

theorised that maternal psychological, psychosocial and demographic factors as preceding 

mediators of body image and self-efficacy. Satisfaction with body image and self-efficacy are 

suggested to indirectly influence (positively or negatively) motivation for behaviour change (i.e. 

diet and physical activity), affecting GWG outcomes (50).  

Indirectly, consistent temporal relationships have been demonstrated between body image 

dissatisfaction and maternal depressed mood, with depression preceding body image 

dissatisfaction (130). A recent prospective cohort study (n=253) by Riquin et al. (2019) (131), 

found a significant relationship between body image dissatisfaction and perinatal depression. The 

risk of perinatal depression was found to be 3 times greater in women with body image 

dissatisfaction (OR 3.7, 95% CI 1.9 – 7.2) compared with women who were satisfied with their 
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body image (131). These studies suggest the existence of a bidirectional relationship between 

body image dissatisfaction and depression (i.e. body image dissatisfaction increases the risks of 

depression and depression increasing the risks of body dissatisfaction) (131).  

A more recent review and discussion of maternal body image dissatisfaction by Bergmeier et al. 

(2020) (121), suggests direct theoretical relationships may exist between body image 

dissatisfaction, the development of antenatal depression and anxiety affecting eating behaviour 

and EGWG (121).  

While further research is needed to model these relationships, it is possible that the 

interrelationship between body image dissatisfaction and maternal depressive symptoms are both 

directly and indirectly associated with EGWG. Analysis techniques such as mediation analysis 

may be a pragmatic next step in the research process (132) and intervention studies trialling 

support strategies could also help in determining causation.  

The remaining social-cognitive factors, WLOC, SE, AtWG, FaMH and CO, were not associated 

with EGWG in this cohort. A similar study conducted by De Jersey et al. (2017) (54), 

investigating the relationship between psychosocial heath cognitions and EGWG (at 36 weeks), 

found a relationship between healthy weight women (BMI <25.0) and weight locus of control, 

assessed in early pregnancy. In this study a higher perceived weight locus of control was 

associated with lower risk (adjusted odds ratio 0.6) for EGWG (54). Similar to our findings and 

using a larger population sample, the study did not find a statistical relationship between self-

efficacy and EGWG (54). This is in contrast to findings outside of pregnancy that have 

consistently associated self-efficacy with weight loss and weight maintenance success (51, 54).  

The current WATCH analysis provides further insight into the complex nature of GWG and 

contributes to the accumulating evidence suggesting a shift in focus from diet and exercise 

interventions for optimising GWG, to acknowledging the moderating role of social-cognitive and 

demographic factors, on weight gain in pregnancy. We have highlighted that “one size fits all” 

approaches such as addressing the physiological components of diet and exercise, whilst working 

for some women, are not enough to address the complexities of weight gain in pregnancy. This is 

consistent with findings outside of pregnancy (133). We suggest, future research work towards 

developing a consensus of social-cognitive factors that are predictive of EGWG, with greater 

consideration given to demographic factors such as age and social-cognitive factors, such as body 

image, when designing interventions to improve adherence to GWG targets. 
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5.6.1 Strengths 

To our knowledge this is the first description of the WRB-Q in an Australian cohort of pregnant 

women. This study has been conducted using a previously validated questionnaire for the 

identification of social-cognitive factors amongst pregnant women and a combination of self-

reported (pre-pregnancy) and objectively measured weight. 

5.6.2 Limitations 

We are not able to determine from our analyses whether the observed association is causal, non-

causal association or consequence. However, in our prospective cohort study the relationship is 

temporal in that the WRB-Q was administered at roughly 19 weeks gestation, it is possible that 

early pregnancy weight gain had already affected body image by the time the questionnaire was 

administered. Prospective studies that assess body image prior to pregnancy would help elucidate 

this role. The measurement for total GWG was taken at approximately 36 weeks and may not 

reflect the total weight gain prior to giving birth. While the sample size for this study was limited, 

we were able to detect significant associations for those predictors with a particularly large effect 

size. We have not undertaken a post-hoc power analysis as it is generally accepted as 

inappropriate and misleading (134, 135). The low internal consistency observed for the WLOC 

scale (α 0.49) does undermine the reliability of results observed for this scale and suggest that 

these findings be interpreted with caution. The majority of participants within this study were 

born in Australia, high school educated and above and married or partnered. Therefore, this cohort 

is not representative of vulnerable populations, for example migrant women, those with lower 

education, or women with limited social support.  

5.7  Conclusion 

This study provides further insight into the complex nature of GWG. This study suggests that a 

temporal relationship exists between body image dissatisfaction in mid pregnancy and EGWG. 

Future research is needed to ascertain the causal pathways between social-cognitive factors 

particularly age and body image, when assessing a woman’s capacity for weight-related behaviour 

change during pregnancy amongst large and diverse cohorts of pregnant women.
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CHAPTER 6 

TRANSLATION OF THE WEIGHT-RELATED 

BEHAVIOURS QUESTIONNAIRE INTO A SHORT-FORM 

PSYCHOSOCIAL ASSESSMENT TOOL FOR THE 

DETECTION OF WOMEN AT RISK OF EXCESSIVE 

GESTATIONAL WEIGHT GAIN 

6.1. Chapter Overview  

Methodological limitations including a wide variety of psychosocial factors and measurement 

tools, have been identified as hindering the progress of research exploring the relationships 

between psychosocial factors and GWG. There is an increasing need to develop pregnancy 

specific psychosocial measurement tools that are predictive of GWG with broad research 

relevance and with possible clinical practice applications. Informed by the studies conducted 

within Chapters 4 and 5, the specific aim of this chapter was to develop a short-form, 

psychosocial assessment tool for the detection of women at risk of EGWG. This chapter contains 

the final version of the manuscript currently under review with the journal Appetite.  

Citation (under peer review) 

Fealy, S., Leigh, L., Hazelton, M., Attia, J., Foureur, M., Oldmeadow, C., Collins, C.E., Smith, 

R., Hure, A. (submitted to Appetite journal 4th February 2021). Translation of the Weight-Related 

Behaviours Questionnaire into a short-form psychosocial assessment tool for the detection of 

women at risk of excessive gestational weight gain. 
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6.2. Abstract 

Background 

The identification and measurement of psychosocial factors that are specific to pregnancy and 

relevant to gestational weight gain is a challenging task. Given the general lack of availability of 

pregnancy specific psychosocial assessment instruments, the aim of this study was to develop a 

short-form psychosocial assessment tool for the detection of women at risk of excessive 

gestational weight gain with research and clinical practice applications.  

Methods 

A staged scale reduction analysis of the weight-related behaviours questionnaire was conducted 

amongst a sample of 159 Australian pregnant women participating in the Women And Their 

Children’s Health (WATCH) pregnancy cohort study. Exploratory factor analysis, univariate 

logistic regression, and item response theory techniques were used to derive the minimum and 

most predictive questions for inclusion in the short-form assessment tool. 

Results 

11 questionnaire items from the body image, attitudes towards weight gain and self-efficacy 

psychosocial scales were the strongest predictors of excessive gestational weight gain, deemed 

suitable for combination into the short-form. 

Conclusion 

The short-form questionnaire may assist with the development of tailored health promotion 

interventions that support women psychologically and physiologically to optimise their 

pregnancy weight gain and address methodological limitations currently hindering research 

progress in this area. 
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6.3. Introduction 

Globally there has been a renewed focus on prioritising and promoting a healthy start to life, 

including appropriate weight gain in pregnancy (136). In Australia, the revised Australian 

Department of Health Pregnancy Care Guidelines, released in 2018, have expanded their clinical 

assessment recommendations beyond overweight and obesity management (i.e. calculation of 

body mass index (BMI) and diet and physical activity advice), to highlighting the risks of 

excessive gestational weight gain (EGWG) at any pre-pregnancy BMI (31). The revised 

guidelines now include consensus based recommendations advising pregnant women to gain 

weight within the American Institute of Medicine (IOM) 2009 weight gain in pregnancy ranges, 

combined with routine antenatal weighing (1, 6, 31). While the antenatal period provides a 

window of opportunity to promote positive heath behaviours, such as a nutritious diet that meets 

pregnancy nutrient reference values (137), and being physically active (28), less is known about 

women’s psychosocial capacity for weight-related behaviour change during pregnancy (1).  

The pregnancy experience, including weight gain, is highly variable, and influenced by a complex 

interplay between physiological, psychological, and sociological factors (138). Psychosocial 

factors include body image, self-efficacy, locus of control, attitudes, beliefs, values, social 

support, depression and anxiety (49, 52). There is a growing body of research exploring the direct 

and indirect relationships between these psychosocial factors and heath behaviours (121, 139), 

including their role in gestational weight gain (GWG) (49, 52, 54). Although no cause and effect 

relationships have been established, cohort studies to date suggest that temporal relationships 

exist between psychosocial factors such as body image dissatisfaction, depression, weight gain 

attitudes, social support and EGWG (49, 52, 130, 138). The majority of studies to date have 

employed observational designs such as cohort and cross-sectional (49, 52). Across studies, a 

variety of psychosocial constructs and measurement tools have been identified and evaluated for 

their relationships with EGWG (49, 52). A systematic review and narrative synthesis of 35 studies 

evaluating psychosocial and psychological antecedents of EGWG by Kapadia et al. (2015) (52) 

identified 20 different constructs as exposure variables. The number of identified constructs and 

variety of measurement tools was a limitation of the review, with authors unable to pool studies 

using meta–analysis techniques (52).  

There is a need to develop a consensus in regard to psychosocial factors and scales of 

measurement that are predictive of EGWG (49, 52). A single tool that is quick to complete and 

relevant to clinical outcomes, similar to the Edinburgh Postnatal Depression Scale, may help with 
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knowledge gains about weight gain in pregnancy (140). The current focus for preventing EGWG 

is on lifestyle behaviours including diet and physical activity (32, 35). However, these targets for 

health behaviour change have yielded modest results at best (32, 35), questioning their role. 

Therefore, there is a need to develop pregnancy specific psychosocial measurement tools with 

broad research relevance and potential clinical application. A single psychosocial assessment tool 

may offer new opportunities for health promotion and research during pregnancy. 

6.3.1. The Weight-Related Behaviours Questionnaire 

Kendall et al. (2001) (51), developed and validated the Weight-Related Behaviours Questionnaire 

(WRB-Q), to assist with the identification of pregnancy specific psychosocial factors affecting 

GWG and postpartum weight retention. The authors further sought to explain the mechanisms by 

which psychosocial factors affect weight-related health behaviours (i.e. diet and physical activity) 

over the childbearing continuum. The complete WRB-Q consists of 49 individual items 

measuring 6 psychosocial factors (subscales), using Likert scale responses (51). The WRB-Q was 

developed without a global score or subscale scoring system. 

The original WRB-Q was designed by combining existing psychosocial measurement tools from 

the available health behaviour literature (102-104) with qualitative study findings (105, 106). The 

WRB-Q was then tested and validated within the Bassett Mothers Health Cohort, a large (n= 622) 

prospective pregnant cohort study in the United States of America (51). The WRB-Q subscales 

have been used to examine the relationships between psychosocial factors and outcomes such as 

GWG (excessive or inadequate) (141-143). Hinton and Olson (2001) (107, 144) have explored 

the WRB-Q as a predictor of pregnancy and postpartum health behaviour including food intake 

and exercise frequency (107, 144) and post-partum weight retention (108), primarily within one 

large American pregnancy cohort (Bassett mothers cohort, n=622). Other studies utilising the 

WRB-Q subscales have been cross-sectional in nature conducted within Canadian (n=330) (142) 

and Dutch samples of pregnant women (n=258) (143). It is unclear why the entire pregnancy 

specific WRB-Q has not been used for research purposes more broadly. However, the exclusive 

use of individual subscales suggests that length of the complete questionnaire may not be practical 

for use even in a research setting, with further time-constraints, as perceived by maternity care 

providers, potential barriers to implementation in real-world clinical practice (145). A study 

conducted by Ockenden et al. (2016) (146) additionally suggested that psychosocial measurement 

tools developed prior to the release of the updated IOM 2009 nutrition in pregnancy guidelines 

such as the WRB-Q could be perceived as outdated, limiting its use within the published literature. 
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Therefore, the primary aim of the present study was to determine which of the WRB-Q items are 

most suited for inclusion into a short-form pregnancy-specific psychosocial assessment tool.  

6.4. Materials and Methods 
6.4.1. Study design  

This was a scale reduction analysis using exploratory factor analysis (EFA), univariate logistic 

regression and item response theory (IRT) techniques. Weight gain and WRB-Q data were 

collected from participants within the Women And Their Children’s Health (WATCH) pregnancy 

cohort study (111). A pragmatic staged-design approach was undertaken as displayed in Figure 

6.1. The scale reduction process was guided by the pragmatic research paradigm applied widely 

within social science research, whereby practical problem-solving techniques are employed (147). 

All analyses were performed using STATA 14.0 and SAS V9.4, by a statistician who was blinded 

to the original data collection. 

Figure 6.1 Scale reduction study design for a short-form questionnaire 

 

6.4.2. Population sample and data collection 

The sample for the analysis was drawn from the WATCH study. The WATCH study was a small 

(n= 180 women and n=182 children) Australian prospective longitudinal study, where women 

were recruited during early pregnancy (<18weeks), with follow-up occurring until 4 years post 

birth (111). Women were recruited to the cohort between June 2006 and December 2007. 

Pregnancy and weight data were collected during antenatal care visits by researchers at 
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approximately 19, 24, 30 and 36 weeks gestation. The 49 item WRB-Q was self-administered to 

participants at the first study visit where participants were approximately 19 weeks gestation. The 

questionnaire response rate was 88%, completed by n=159 WATCH participants. Maternal pre-

pregnancy weight (kilograms) was self-reported at the first study visit only. All subsequent weight 

measurements were conducted by researchers, who held Level I anthropometry qualifications 

(111). Total GWG was calculated by subtracting the last recorded pregnancy weight at 

approximately 36 weeks gestation, from the self-reported pre-pregnancy weight measurement as 

per the detailed study paper (111). The research protocol for the WATCH study was approved by 

the Hunter New England health human research ethics committee (approval number 

06/05/24/5.06).  

6.4.3. WRB-Q items and scales of measurement 

The 6 psychosocial subscales are: 

1) Weight locus of control (WLOC) - (4 questionnaire items, Likert scale ‘strongly agree to 

strongly disagree’) indicating whether a woman feels she has control over her body weight 

(internal WLOC) or if body weight is something a woman feels she has little control over (external 

WLOC);  

2) Self-efficacy (SE) - 8 questionnaire items, Likert scale ‘very sure to very unsure’, indicating 

levels of confidence for diet, exercise and post-partum weight loss behaviour change;  

3) Attitudes towards weight gain (AtWG) - 13 questionnaire items, Likert scale ‘strongly agree 

to strongly disagree’, indicating personal attitudes towards gaining weight during pregnancy or 

weight gain avoidance;  

4) Body image (BI) - 4 questionnaire items, Likert scale too heavy to too light, indicating personal 

satisfaction with body weight and shape and perception of body weight and shape;  

5) Feelings about the motherhood role (FaMR) - 7 questionnaire items, Likert scale ‘strongly 

agree to strongly disagree’, indicating positive and negative perceptions of motherhood; and 

6) Career orientation - 13 questionnaire items, Likert scale ‘strongly agree to strongly disagree’, 

indicating preference towards career or family (51). 
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6.4.4. Scale reduction analysis 

Stage 1  

Exploratory factor analysis with principal axis factoring and varimax rotation was performed for 

all WRB-Q items listed under the 6 psychosocial subscales, to examine their overall performance 

(i.e. construct validity and internal consistency) within the WATCH cohort. Results from this 

analysis have been reported elsewhere (148). Briefly, the EFA conducted amongst the WATCH 

sample indicated that the weight locus of control, self-efficacy and body image subscales 

demonstrated consistent construct validity, retaining the same item factor structure to the original 

analysis conducted by Kendall et al. (2001) (51). All 6 psychosocial subscales demonstrated 

acceptable internal consistency (Cronbach’s alphas α > 0.70), when tested amongst the WATCH 

cohort with the exception of the weight locus of control scale (Cronbach’s α 0.49) (148). 

In the current analysis EFA was a necessary step in the scale reduction process, accounting for 

the assumption of unidimensionality (i.e. checking that the data is appropriate for the model), for 

the application of further analysis techniques such as IRT (149). During the EFA, strength of scale 

item correlations were examined using Spearman’s rho coefficient and p values (<0.05), 

indicating the presence of probable redundant items (117). To detect these redundant items, 

further deleted items modelling analysis was performed on each of the 6 psychosocial scales 

(148). Where the deletion of scale items improved the internal consistency (Cronbach’s alphas α) 

of each individual scale, these were considered as redundant items as displayed in figure 6.2. 

These results were the precursor for reducing the WRB-Q into a short-form.  

Stage 2 

Univariate logistic regression was conducted to examine the relationship between each of the 

individual WRB-Q items and EGWG (measured at approximately 36 weeks gestation). The 

strength of associations was assessed via the magnitude of the Odds Ratios (OR) and statistical 

significance (p-values <0.05). Four individual questionnaire items (items 7, 8, 9, 10 and 36) 

violated the assumption of linearity (between the predictor and outcome) and were examined and 

reported using categorical analysis techniques. Due to multiple hypothesis testing, Hochberg 

False Discovery Rate (FDR) procedures was applied to account for type 1 error (150).  
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Stage 3 

Item response theory (IRT) is a collection of techniques that is increasingly being applied to the 

development of questionnaire instruments or shortening of existing instruments as part of scale 

reduction (149). Item response theory can evaluate the relationship between a person’s response 

to a particular questionnaire item and the level of construct being measured (149). In this analysis, 

IRT was used for the purpose of scale reduction to test the strength of associations between the 

WATCH cohort questionnaire responses (measured by Likert scales) and the respective 

psychosocial subscale (latent trait).  

Of the available models of IRT, the graded response model (GRM), suitable for polytomous 

responses rather than dichotomous, was deemed the most appropriate due to all WRB-Q items 

being ordered, categorical Likert scale items (149). The GRM utilises cumulative logistic 

regression to relate each questionnaire item to its respective psychosocial scale, essentially 

modelling the probability of a lower item response versus a higher item response (e.g. scoring a 

1 versus a 2, 3, 4, or 5 or scoring 1 or 2 versus a 3, 4 or 5, or scoring a 1, 2 or 3 versus a 4 or 5, 

etc). A participant’s response to each item depends on both their ‘ability’ (i.e. their level of 

psychosocial construct - specific to each person), as well as the difficulty (b parameter) and 

discrimination (a parameter) of the item.  

The model produces a trace line called the item characteristic curve (ICC) defined by the location 

(a parameter) and the slope (b parameter) and provides a visual representation and value statistic 

(denoted as θ) (149). Generally, more discriminating items (steeper slope and higher value 

statistic) are considered better items whereas non discriminating items exhibit flatter curves and 

lower item information function (IIF) value statistics (149). Item information functions for each 

of the 6 psychosocial subscales were produced. Item information function value statistics are a 

function of theta (θ) providing a statistic of how much information a questionnaire item provides 

to the respective psychosocial subscale; higher values are considered better, more discriminating 

items (149).  

The standard GRM (in which a unique discrimination parameter is estimated for each item) did 

not converge for the Body Image scale. To address this, an alternative constrained GRM was 

performed in which the discrimination parameters of items 26 and 27 were constrained to be 

equal, and items 28 and 29 were constrained to be equal.  This was performed in SAS rather than 

STATA (due to the absence of ‘constraint’ options in STATA v 14.0). 
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Stage 4  

In this stage, all analyses were considered in unison, with only the best performing items, that 

performed well across all analyses, considered as candidates for inclusion within the GWG 

psychosocial assessment tool.  

6.5. Results 

Demographic characteristics of the WATCH sample have been previously published (138, 148). 

Briefly, the mean age of participants was 28.9 years (SD 5.64), 71% had an education level at or 

above completing high school, 61% were married, and 55% were multiparous. The majority of 

participants (51%) recorded a pre-pregnancy BMI in the normal range (≥18.5 – 24.9 kg/m2), with 

41% of participants gaining excessive weight by 36 weeks gestation. Proportionally, women in 

the underweight pre-pregnancy BMI category (<18.5 kg/m2) gained excessively compared to 

women classified as obese (obese ≥ 30 kg/m2), 62.5 % versus 36.7% respectively. 

6.5.1. Stage 1  

Results of the deleted items modelling (Cronbach’s alpha (α)) conducted as part of the EFA are 

presented in Figure 6.2. Deleted items modelling revealed that the internal consistency of the 

psychosocial scales could be improved with the deletion of selected items. Where the deletion of 

items strengthened the internal consistency of a psychosocial subscale these were labelled as 

“DROP” items, with all other well performing items labelled as “KEEP” items.  

6.5.2.  Stage 2 

Univariate regression identified 13 individual items across four psychosocial subscales as 

predictors of EGWG (p<0.05) as displayed in Figure 6.2. These include all Body image scale 

items (items 26 – 29, p. <0.01); four Self-efficacy items (Items 8,9,10, and 12, p<0.05); four items 

from the Attitudes towards weight gain scale (items 13-16, p <0.05); and one item from the Career 

orientation scale (Item 44, p <0.05). Following false discovery rate adjustments none of the 

questionnaire items demonstrated a statistically significant relationship with EGWG. As the 

determination of this relationship was not the primary objective of the study, the unadjusted 

univariate results were used to guide item selection. Only items exhibiting high probability 

relationships with EGWG (p <0.05) were considered for inclusion in the assessment tool.  
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6.5.3.  Stage 3 

The graphical item information function results are presented in Appendix A9. Item information 

function value statistics (θ), for all WRB-Q items ranged between -0.11 to 8.80, as displayed in 

Figure 6.2. A description of the IIFs for each psychosocial scale are as follows. For the weight 

locus of control scale, item 2 contributed the greatest amount of information having the highest 

estimated discrimination value statistic (4.12). Item 1 provided some information (1.72), with 

items 3 and 4 contributing very little information (exhibiting flat curves) with low value statistics.  

Of the self-efficacy scale, item 10 contributed the most information exhibiting the highest value 

statistic (2.77), followed by item 9 (2.49) and item 8 (2.38). For the attitudes towards weight gain 

scale, item 13 contributed the most information (3.44), followed by items 15 (3.17), 14 (3.08) and 

16 (2.84). All body image scale items exhibited high discrimination values, with the highest value 

observed for items 26 and 27 (8.80), followed by items 28 and 29 (3.31). As the discrimination 

was constrained to be equal, the IIF plots for items 26 and 27 and items 28 and 29 are identical as 

per Appendix A9. For the feelings about the motherhood role scale, item 33 (2.46) exhibited the 

highest discrimination value followed by item 32 (2.34) and item 31 (1.43). For the career 

orientation scale, item 38 exhibited the highest discrimination value (1.87) followed by item 40 

(1.60) and item 39 (1.56). 

6.5.4. Stage 4 

As per Figure 6.2, when the EFA, univariate analysis and IRT were taken together a total of 11 

items across three psychosocial subscales (self-efficacy, attitudes towards weight gain, body 

image) were determined as best candidates (i.e. performing well across all stages of analysis) for 

inclusion in a short-form assessment tool. As displayed in Table 6.1, three self-efficacy items 

(items 8, 9,10), exhibited high probability for predicting EGWG (p<0.05). These same items were 

all highly correlated with each other (i.e. loading on the same factor) and contributed the most 

information to the scale (i.e. high IIF value statistics). Four items from the Attitudes towards 

weight gain scale (items 13, 14, 15, 16), exhibited high probability for predicting EGWG 

(p<0.05). These same items were again highly correlated with each other and had high 

discrimination value statistics. All body image scale items were predictive of EGWG (p<0.01), 

highly correlated with each other and exhibited high IIF value statistics. 
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Figure 6.2 Full model of results from the scale reduction analysis 
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Table 6.1 Gestational Weight Gain Psychosocial Risk Assessment Tool  
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6.6. Discussion 

The current study evaluated results of a scale reduction analysis of the WRB-Q originally 

developed by Kendell et al. (2001) (51). Our analysis has furthered this body of work identifying 

11 questionnaire items as best candidates for combination into a short-form assessment tool to 

predict EGWG. Shortening the WRB-Q from 49 items across six psychosocial subscales to 11 

items across three subscales with high predictive value for EGWG, may increase the 

questionnaire’s utility for both research and clinical application. This new analysis was conducted 

within a contemporary Australian pregnancy cohort (111), using the IOM 2009 weight gain 

ranges, ensuring that only those psychosocial factors relevant to current public health guidance 

have been identified. 

Of the 11 questionnaire items selected out from the full WRB-Q, 8 items were specifically related 

to weight stigma and/or body image dissatisfaction. The unadjusted univariate analysis results 

indicated that higher body image scores, indicating greater satisfaction with body image, were 

associated with a decreased odds of experiencing EGWG. The questions related to weight stigma 

(items 13-16), indicating attitudes towards weight gain avoidance, were also associated with 

greater odds of EGWG. These results suggest that some women might benefit from tailored care 

approaches that seek to reduce weight stigma and embarrassment and improve body image 

satisfaction during pregnancy.  

The remaining questionnaire items with high probability for predicting EGWG were derived from 

the self-efficacy scale (items 8–10). These items specifically addressed perceived confidence 

towards diet and food intake, with higher perceived self-efficacy scores towards eating food that 

is ‘good for you’ and avoiding foods that are not good for you, associated with a lower odds of 

EGWG. These results suggest that some women may need and benefit from more support in 

eating a more balanced diet, particularly those with a busy family / work life, with further research 

needed to evaluate the outcomes of a psychosocial risk-based approach to diet. These findings are 

of particular interest given that current weight management guidance in Australia aims to prevent 

EGWG with a physiological focus, through healthy eating and physical activity advice and 

weight-monitoring (31), without much emphasis on the cause of EGWG. 

Body image dissatisfaction among women is highly prevalent across the lifespan (128, 129). A 

recent review and discussion of maternal body image dissatisfaction in childbearing and early 

childhood suggests, that body image is an important but often overlooked psychosocial factor that 
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mediates (barrier/enabler) weight gain in pregnancy (121). Dryer et al. (2020) (59), assert that 

given the rapid physiological changes to body shape, weight and size that occur during pregnancy, 

health professionals need to evaluate body image to increase their awareness and responsiveness 

to women’s psychosocial needs, so as to not exacerbate or contribute to the development of 

pregnancy specific anxiety, depression or disordered eating, particularly given that weight stigma 

is still prevalent amongst health professionals (59, 151).  

Pregnant women have described their experiences of gestational weight gain with health care 

professionals as stressful, confusing and judgmental (48, 152). This, coupled with a lack of 

clinical guidance, appropriately qualified health professionals and focus on diet, exercise, and 

weight gain, may contribute to negative health behaviours such as disordered eating, low self-

esteem and social exclusion (33, 151). A systematic review and qualitative synthesis by Vanstone 

et al. (2017) (48), discussed that when women received nutritional and physical activity advice 

from health care providers, it rarely considered their individual circumstances. Women 

consistently reported significant social and economic disadvantage as barriers to healthy eating/ 

and physical activity, with authors arguing that it is unethical to directly target the physiological 

aspects of weight gain alone (48).  

By evaluating the psychosocial factors from this WRB-Q short-form, like body image and 

attitudes towards weight gain, early in pregnancy, researchers and health care professionals may 

better understand the motivation, readiness and capacity for health behaviour change (153). 

Health promotion approaches delivered by appropriately qualified health professionals, that are 

considerate of a woman’s psychosocial factors, that aim to reduce weight stigma, improve body 

image satisfaction and improve eating habits, could increase adherence to GWG targets, improve 

health professional engagement and increase women’s satisfaction with this aspect of maternity 

care.  

Confirmatory factor analysis amongst a large independent pregnancy cohort is now needed to 

assess the construct validity and internal constancy of the short-form assessment tool. It is hoped 

that by reducing the WRB-Q into a short-form, specifically for the detection of women at risk of 

EGWG, may increase research in this area and allow for the eventual pooling of results by meta-

analysis techniques to confirm these relationships; the eventual translation of the assessment tool 

into real world maternity care practice could genuinely support women to achieve healthy weight 

gain during pregnancy.  
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6.6.1. Strengths 

This paper proposes a short-form WRB-Q to assess psychosocial factors that may be useful in 

predicting EGWG. Further testing is now needed to confirm the performance (reliability and 

validly) of the short-form within larger and diverse cohorts of pregnant women. The short-form 

WRB-Q may go some way to reduce the burden of time for participants and researchers and may 

be more practical for use in both clinical research and practice settings than the original WRB-Q.  

6.6.2. Limitations 

Due to the small sample size, multi-dimensional IRT, which would also take into account the 

multi-factor structure within each subscale, was not performed. IRT generally requires large 

sample sizes (n=100s to 1000s) for adequate analysis. However, Edelen et al. (2007) (149) argue 

that parameters can be adequately tested within samples of between 200 – 500 subjects, and that 

questionnaire properties can be assessed with sample sizes as small as <100 subjects. Given these 

limitations we have attempted to reduce the potential bias due to the smaller sample by using three 

sets of results (EFA, individual item regressions, and IRT).  

6.7. Conclusion 

These analyses have produced a short-form psychosocial assessment tool that may be used to 

screen for and detect women at risk of experiencing EGWG. Collectively assessing these 

psychosocial factors using the newly developed assessment tool, may go some way to assist with 

the design and development of tailored health promotion interventions that support women 

psychologically and physiologically to optimise their pregnancy weight gain. Further testing of 

the short-form questionnaire by confirmatory factor analysis is now needed to progress research 

in this area. 
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CHAPTER 7 

PREGNANCY WEIGHT A BALANCING ACT: THE 

EXPERIENCE AND PERSPECTIVES OF WOMEN 

PARTICIPATING IN A PILOT RANDOMISED 

CONTROLLED TRIAL 

7.1.  Chapter Overview 

Weight gain in pregnancy is directly and indirectly affected by a woman’s individual pregnancy 

experience and her wider psychosocial context. Pregnant women are additionally the recipients 

of health promotion strategies, resulting from guideline developments, and as such it is important 

to monitor current practice and ascertain if current health promotion guidance is meeting the needs 

of pregnant women. Therefore, the aim of this chapter was to perform a qualitative analysis of the 

experience and perspectives of pregnant women who participated in a pilot weight management 

randomised control trial. This chapter includes the final version of the manuscript currently under 

peer review with The Qualitative Report journal.  

Citation (under peer review) 

Fealy, S., Jones, D., Davis, D., Hazelton, M., Foureur, M., Attia, J., Hure, A. (submitted to The 

Qualitative Report, 22nd January 2020). Pregnancy weight a balancing act: The experience and 

perspectives of women participating in a pilot randomised controlled trial.  
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7.2.  Abstract 

Aim  

Supporting women to achieve healthy gestational weight gain is a global health challenge. Less 

is known of the perceptions and experience of women motivated to participate in pregnancy 

weight management intervention trials. The aim of this study was to describe the experience and 

perspectives of gestational weight gain of women participating in an Australian pilot weight 

management randomised controlled trial.  

Methods 

A qualitative descriptive methodology and inductive thematic analysis was applied. Five women 

from regional New South Wales, enrolled in the Eating 4 Two trial, participated in semi-structured 

interviews during the post-natal period. Interviews were conducted during the trial period between 

July 2017 – February 2019. 

Results 

Two main themes emerged: 1) Addressing weight gain in pregnancy; and 2) Pregnancy weight 

the balancing act. Women identified weight gain as an important topic, the need for improvements 

within maternity services, responsive feedback and realistic support strategies. Women identified 

pregnancy symptoms, occurring during early and late pregnancy as barriers to achieving healthy 

weight gain.  

Conclusion  

Further investigation into the effects of pregnancy symptoms on eating and physical activity 

patterns across pregnancy is warranted. Both qualitative and quantitative research is needed to 

monitor the translation of guideline recommendations into clinical practice.  
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7.3.  Introduction 

Optimising gestational weight gain (GWG) in maternity care is a global health challenge (28, 43, 

154). Pregnancy weight gains, over (excessive) and under (inadequate) the American Institute of 

Medicine (IOM) gestational weight gain targets (6) are independently associated with short and 

long term adverse maternal and infant health outcomes. These include small and large for 

gestational age infants (7), gestational diabetes, and caesarean section (7, 8). Inadequate and 

excessive gestational weight gain (EGWG) is increasingly attributed to the development of adult 

and childhood non communicable diseases, such as type 2 diabetes and cardiovascular disease as 

explained by the developmental origins of health and adult disease (DOHaD) hypothesis (14). 

This is of concern as more women currently gain weight above the IOM ranges than fall within 

the recommendations, thereby, increasing the intergenerational risk of obesity and associated 

diseases (14, 18). 

In Australia there has been a renewed response towards optimising weight gain in pregnancy (1). 

The Australian Department of Health Pregnancy Care Guidelines updated in 2018, broadened 

their scope from targeting “at risk women”, defined as those with a body mass index (BMI)  

>25kg/m2 (31). One strategy to achieve this was a recommendation to return to the practice of 

routine antenatal weighing in addition to the provision of diet and exercise information (31). It is 

unclear due to a lack of evidence, if this consensus-based recommendation has been employed as 

a weight management strategy or as a screening tool for adverse pregnancy outcomes (i.e. for the 

detection of large or small-for-gestational-age infants) (1). Given that pregnancy weight gain is 

relevant to pregnancy outcome, women who do exhibit weight changes either above or below the 

IOM guidelines are recommended to be referred for specialist care by allied health professionals 

such as dietitians (31).  

Recommendations such as these have been proven to be difficult to scale at the population level 

(1). Institutional and professional barriers including a lack of health professional knowledge and 

training as well as institutional time constraints, lack of specialist staff, funding and referral 

pathways present challenges to the translation of such recommendations into real world clinical 

practice, requiring broad institutional and professional reorganisation to be effective (1, 28, 42, 

43). 

To date evidence suggests that for women, pregnancy symptoms and psychosocial factors directly 

and indirectly influence weight gain in pregnancy (27, 48, 155). Symptoms such as nausea and 
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fatigue as well as psychosocial factors such as body image dissatisfaction, depression, 

socioeconomic status, attitudes beliefs and values, have been suggested as barriers to initiating 

and sustaining positive weight-related behaviour change, such as diet and physical activity 

changes (1, 49, 52, 138). There has been a growing body of evidence suggesting a need to identify 

and address a woman’s individual psychosocial capacity for weight-related behaviour change 

during pregnancy, working towards the development of tailored health promotion strategies (49, 

52, 138).  

Gaining an understanding of a population of interest within their own social cultural context is 

considered an essential element of health behaviour theory, necessary for the development of 

effective behaviour change strategies (56). Qualitative studies to date, aiming to ascertain the 

women’s experience of GWG have been conducted primarily amongst populations of overweight 

or obese women (155). A systematic review and qualitative synthesis of 42 studies (n= 1339), 

evaluating women’s experience of GWG (48), have found that although women were motivated 

to achieve weight gains within the recommended range, however there were significant barriers 

to achieving weight gain targets (48). Barriers included symptoms of pregnancy, health 

professional attitudes towards weight gain, lack of clear guidance, personal knowledge and 

beliefs, lack of support, weight stigma, and lack of time and money (48). All studies were 

conducted on populations of women from high income countries however, interestingly the 

majority of included studies were conducted amongst women of low socio-economic status 

(n=13), or amongst populations of overweight or obese women (n=11) (48).  

Less is known about women’s perceptions and experience of GWG within normal BMI categories 

(155), with even less known about the characteristics, perspectives and experience of women 

motivated to participate in pregnancy weight management intervention trials (156). Women 

participating in research trials are considered to be motivated by the potential therapeutic health 

benefits offered by the particular interventions (157). Given the complexity of factors directly and 

indirectly influencing GWG, further insight into women’s experience and perspectives of 

managing pregnancy weight gain is needed.  

The aim of this study was to describe the experience and perspectives of women participating in 

an Australian based weight management randomised controlled trial. Investigating the experience 

of women motivated to participate in research trials may be useful for understanding the main 

issues for achieving healthy weight gain in pregnancy. 
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7.4.  Methods 
7.4.1.  Study design 

This is a secondary analysis of qualitative data from one arm of an Australian multicentre 

randomised controlled trial (158). The Eating 4 Two trial was a pregnancy weight management 

trial aimed at testing the effectiveness of a mobile health (mhealth), smartphone/tablet application 

(app). The Eating 4 Two application was designed to assist pregnant women (any BMI) to achieve 

a healthy GWG, in comparison to a control group receiving usual antenatal care (158). The Eating 

4 Two application was designed by experts in the field of midwifery, nutrition and dietetics, and 

obstetrics, in conjunction with pregnant women. The app was available for trial participants on 

both Apple iOS and Android platforms.  

The within app content provided women within the intervention group with diet and nutrition 

information, according to the Australian National Health and Medical Research Council’s 

(NHMRC), nutrition in pregnancy reference values (159). This information was combined with a 

weight tracking tool whereby participants were encouraged to plot and track their GWG. The app 

additionally provided women with suggested meal plans and general pregnancy information such 

as common pregnancy symptoms. The control group received standard antenatal care at the 

participating trial sites as per the detailed study protocol paper (158). The trial was registered with 

the Australian and New Zealand Clinical Trials Registry (ACTRN12617000169347). 

7.4.2. Participants 

A purposive sample of consenting women from the regional New South Wales (NSW) arm of the 

Eating 4 Two trial (Region 3), provided individual interviews were included for the current 

analysis (158). Women were recruited by maternity care providers within one regional hospital 

antenatal clinic and via social media advertisement.  

7.4.3.  Data Collection  

Qualitative data were collected via semi-structured telephone interviews with consenting trial 

participants during the postpartum period (between 5 – 13 weeks post birth). A date and time were 

negotiated with each woman to ensure that interviews were conducted at a time that suited their 

individual circumstances. Interviews were conducted by the lead author and Eating 4 Two site 

research midwife (SF).   
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The semi-structured interview questions are displayed in Table 7.1 Interviews were audio 

recorded and then transcribed verbatim by a research transcriber not associated with the trial. 

Table 7.1 Semi Structured Interview Questions 

 

7.4.4.  Data Analysis 

All women participating within the trial provided written informed consent. Ethics approval was 

granted for all participating trial sites by their respective Human Research Ethics Committees 

with approvals additionally registered with participating higher education institutions (H-2017-

0074, HREC/17/ACT/1, SSA/17/NCC/13). 

Qualitative analysis was undertaken using a qualitative descriptive methodology. The qualitative 

descriptive methodology was chosen for its ability to provide factual responses to questions about 

a phenomenon of interest within real world contexts (160). Qualitative descriptive methods follow 

traditional qualitative methods employing purposive sampling techniques, gathering of interviews 

or focus groups data, with analysis performed by an inductive thematic and/or content analysis of 

the data (160, 161).  

In the current analysis transcribed interview data were deidentified and checked for quality against 

the interview recordings using a unique participant identifier, by authors SF and DJ. An inductive 

thematic analysis was applied where data were coded and categorised into themes (160). 

Interview transcripts were imported into qualitative analysis software NVivo12 for coding.  

The analysis was conducted adhering to the Consolidated criteria for Reporting Qualitative 

research (COREQ) checklist (162). To increase validity and reduce researcher bias, initial coding 

and thematic analysis was completed independently by authors SF, and DJ whom was not 

involved with the Eating 4 Two trial. Following the independent coding of themes, authors (SF 

&DJ) met to compare and discuss their coding and then developed agreeable themes and 
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subthemes. Saturation was considered to have been achieved once no new codes or themes 

emerged from the data (163). A third author (MH) not associated with the Eating 4 Two trial, 

reviewed the coding of themes, to further enhance accuracy and objectivity of interpretation.  

7.5.  Results 

Twelve women enrolled in the regional NSW arm of the Eating 4 Two trial during the recruitment 

period. Of these, five women (41%) consented and provided individual interviews. All women 

interviewed were multiparous and aged between 26 – 38 years. All women received antenatal 

care through one hospital based antenatal clinic where care was provided by midwives and 

obstetricians or via a GP shared care clinic model. No midwifery continuity of care models were 

available to women at this trial site. Four women had a pre-pregnancy BMI in the normal weight 

category with one woman having a BMI classified as overweight. Two women were 

representative of the intervention ‘app’ group with three women representative of the control 

(usual care) group. 

Qualitative data were arranged into two distinct main themes, each represented through a series 

of relevant subthemes. Main Theme 1. Addressing weight gain in pregnancy, describes the 

experience and perspectives of women, derived from their encounters with their maternity care 

providers, in relation to the provision of information, guidance and support with GWG. These are 

expressed through the following subthemes: ‘A moot point’, ‘a really important topic’, ‘feedback 

and support’. Main Theme 2. Pregnancy weight the balancing act, describes the women’s 

experience of pregnancy related symptoms and associated impact on personal health behaviour 

and management of pregnancy weight gain. These are expressed through two subthemes ‘early 

and late pregnancy symptoms’ and ‘a sensitive topic’. Women’s attitudes and perspectives 

towards weight gain are also considered within this theme. Due to the small sample size (n=5), 

quotes from all participants were chosen and presented where possible, to ensure a balanced 

narrative. 

7.5.1.  Main Theme 1. Addressing weight gain in pregnancy 

‘A moot point’  

Women identified that weight gain in pregnancy was not a topic that was openly approached or 

discussed by maternity care providers. Women reported having to initiate these conversations 

themselves. Women described their previous pregnancy experiences of GWG and post-partum 
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weight loss, as the main reasons for initiating these conversations with their care providers. 

Women identified that when weight gain was addressed by care providers, the information tended 

to be brief with no clear direction or guidance provided: 

 “I raised it initially, because with my other two I put on a fair bit of weight. And then I had to 

lose it all. And you know, I did that with my first one (gain a fair bit of weight) and I did it with 

my second one and I just knew that the same thing would happen with the third one; that I would 

put on a lot of weight. So, I raised it with them, and they directed me to your study and that was 

pretty much the extent of it” (participant #1). 

 “So, I did bring it up, I didn’t want to gain as much weight. I gained 19 kilos with my first 

pregnancy and I didn’t want to gain that much weight again. And so, we kind of talked about it 

because we talked about the trial and just sort of spoke of usual weight gain in pregnancy” 

(participant #2). 

“In general, yes. They didn’t say I had an issue about only gaining a certain amount of weight, it 

was just be mindful, don’t go crazy just because you’re…you know, some people get that mindset 

eating for two” (participant #3). 

“Yeah, it was, admittedly it wasn’t something I was really worried about. They showed me the 

healthy weight ranges and I was falling in them, so I was very lucky” (participant #4). 

“They did in the first one (appointment) and that’s when they enrolled me into this study and then 

that’s the last, I sort of heard from it” (participant #5). 

‘A really important topic’  

Women identified addressing weight gain in pregnancy as important topic applicable to all 

pregnant women. Drawing once again from their previous pregnancy experiences of GWG and 

postpartum weight loss, women perceived information to be addressed on an ad hoc basis, with 

the information perceived to be largely aimed at women entering pregnancy overweight or obese. 

Women additionally described a lack of clarity with GWG and the nutritional information being 

presented. 

“I think it’s really important to address because it can really…like it just sneaks up on you…...So 

yeah, I think it’s something that should definitely be brought up…And also, you know my eldest 
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is in kindergarten and there’s quite a few quite obese mums and they have 2 or 3 kids. So even if 

it’s not addressed the first time maybe… maybe it wasn’t addressed with them I don’t know, but 

the second time you know, I think it’s really important to be …like healthy” (participant #1). 

“I think maybe making it part of something that’s addressed routinely rather than just adhoc, for 

someone that needs it …I had a really big baby with my first pregnancy, and I was actually on an 

eating trial similar to this one where I saw a dietitian every other week and kept food diaries and 

things. And I still had a really big baby!  So, the second pregnancy I actually treated myself as a 

diabetic and I checked my sugars frequently and I really watched my carbohydrate intake and so 

my second baby was smaller and my third pregnancy I kind of didn’t watch everything as closely, 

I was mindful of it, I probably didn’t watch my carbohydrates as much and it was smaller still, so 

I don’t really know how it all works” (participant #2). 

“I think so for every woman, even the women who are small or any in that healthy weight range. 

I feel like they maybe don’t get it as much. But it’s usually women going in already with a high 

BMI that really get that talk given to them. Everyone just needs to have that talk” (participant #3). 

“Yeah, absolutely without a doubt. I know that I was lucky and that I stayed in the nice healthy 

weight ranges, but I just think it’s really important because the complications that can come with 

gestational diabetes or labour itself or whatever, people just need to be aware of it….I did weigh 

myself probably every two or so weeks out of interest. I was more interested to see that there was 

weight gain happening because that was kind of like my check to know the baby was putting on 

weight. I thought well if I’m putting on weight hopefully, they’re putting on weight so this is a 

good thing” (participant #4). 

“Yes, and I think that’s one of the parts that is skipped over when it comes to their appointments 

and things like that, because there’s so much other things that they need to talk about and that 

sort of thing, that when it comes to the diet, they kind of just do the flick and go…..A lot of the 

girl’s sort of get stuck with what they can and can’t eat and then you know eating, unhealthier 

things, the deep-fried stuff they know is safe to eat, whereas some of the other things, they get 

scared. The rock melon thing, having listeria and therefore they don’t eat fresh fruit and 

vegetables and stuff like that” (participant #5). 
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‘Feedback and support’ 

Women identified that they required realistic support strategies to assist to manage their GWG. 

They identified a need for responsive feedback on their GWG progress from their maternity care 

providers beyond weight-monitoring, identifying the need for collaboration with specialist health 

professionals such as exercise physiologists and dietitians.  

“I think it would have been better if I had like additional support. So, if the GP would say ‘oh you 

know, you’re probably putting on a little bit too much weight.’ Instead of just weighing me and 

recording the number. Or you know, ‘you probably need to put on a bit more weight’ whatever 

the case was, getting a bit of feedback from the number on the scale” (participant #1). 

“I just kind of stopped weighing myself. One I didn’t really want to know and two it probably just 

wasn’t something that I thought to do. It wasn’t motivating it was a bit frightening, Oh God! Look 

how big am I getting!” (participant #2). 

“Refer to a dietitian. I know that they do but it’s usually not for women already in a healthy weight 

range. It’s sort of if they have the risk factors. You never know what can happen when you fall 

pregnant and get cravings for things. ….. Because people do have that mindset you know, I’m 

going to fit into these jeans two weeks after I give birth and then they don’t because they put on 

you know, three extra kilos than what they were expecting, that needs to be spoken about because 

your body’s changing and everyone’s body is different, reacts differently” (participant #3). 

“So maybe suggesting ways when they talk about weight gain and or healthy weight and what 

you’re eating, maybe ways that consider swimming, consider this consider that. Because that was 

never presented to me. And I knew it anyway, but it was never presented, and I thought, if people 

don’t know or if it’s their first kid and they have no idea (which was me with my first kid), maybe 

just those suggestions you know, go to the pool, go and walk. Just those little suggestions and 

people might actually go, I can do that, just make it more realistic” (participant #4). 

“I find it’s (weighing) a good starting point for a conversation. If that makes sense? I don’t feel 

that it’s a great reflection because it doesn’t take into account their whole lifestyle, exercise and 

what’s actually going in their mouth…..And I think that’s just as negative as if they were putting 

on weight but eating a really healthy diet…. Um…look… they don’t …they didn’t even weigh 

me…like I had to prompt…yeah, they didn’t weigh me at all through the pregnancy” (participant 

#5). 
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7.5.2.  Theme 2.  Pregnancy weight the balancing act  

‘Early and late pregnancy symptoms’  

Women identified that symptoms of pregnancy, during the early and late stages of pregnancy, 

required changes in diet and physical activity patterns. Women indicated that they had knowledge 

about maintaining a healthy lifestyle, however symptoms such as nausea and fatigue, impaired 

physical mobility and pelvic discomfort were identified as barriers to maintaining diet and 

physical activity behaviours. Women additionally identified personal lifestyle factors such as 

family commitments as factors influencing their dietary habits.  

“Well, my biggest problem was that I felt sick throughout pregnancy. So, I wasn’t, walking, I 

wasn’t going to the pool for a swim, I wasn’t doing any of those things that if I wasn’t feeling sick 

I would….with me, like I was just… you know, toast every morning for breakfast, big pasta meals 

for tea like it’s definitely the food and not being able to exercise ‘cos I wasn’t feeling up to 

it….Yeah So, I think that’s the biggest challenge,  if you can’t do the exercising you’ve really got 

to watch what you eat. …. I thought ‘oh, I’m definitely going to go to the gym, I’m 7 months 

pregnant and all this type of thing but I felt so sick that I can’t maintain that” (participant #1). 

“I had usual aches and pains and I think I was more tired than I had been in my other pregnancies 

that’s probably because I’m a bit older than I was and a bit busier. I’m more time poor this time 

around having two young children already and I tend to just eat snacks or leftovers and eat 

whatever’s left on their plate because, I’m hungry and eat whatever is going and I’m probably 

not having regular meals …I’m probably having regular meals as well as snacking in between. 

So yeah, I probably ate more than I probably wanted to. Just mindless eating” (participant #2). 

“Tiredness so you’re not as motivated to go the gym or go for a walk and even prepare a healthy 

meal, especially in that first trimester when you’re just exhausted. And then towards then end 

when you can’t really move around as much if you don’t keep up with your fitness” (participant 

#3). 

“I was sick for the first 15 weeks, quite sick. So that’s probably something even with the research 

project to take into consideration because my diet changed, changed dramatically, then I got 

better. So, for the first 15 weeks I just ate whatever would stay in. So, I ended up not exercising 

because it just wasn’t comfortable. And so, for the first 15 weeks I did nothing because I just felt 

so sick and I know you’re meant to when you’re sick, but I was like, I cannot deal with going out 
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right now and then I was really good and then probably during the last 6 or 7 weeks I did nothing, 

because I was just really big and uncomfortable in that groin area, I had a lot of pressure in that 

area” (participant #4). 

“The biggest problem I had was that I had ligament issues and I had a lot of pelvic girdle pain. 

So, I couldn’t exercise, I had to manage what was going in and my hunger and my nausea, because 

I wasn’t exercising, there wasn’t a lot of energy being expended either” (participant #5). 

‘A sensitive topic’ 

Women identified weight gain as a sensitive topic, one that can be difficult to address, and that 

may be perceived as unpleasant. Women identified that well-considered respectful approaches 

were necessary when discussing the topic of GWG with pregnant women.  

“I guess it’s a very sensitive issue. A lot of people get very sensitive about their weight I don’t 

know if it is avoidance of that or what” (participant #1). 

“Talking amongst my friends, when we talk about weight gain… I’ve got another friend who’s 

pregnant at the moment and she thinks there’s too much emphasis placed on weight gain. Whereas 

my experiences, I don’t know that there is too much emphasis and she feels that the BMI is quite 

outdated, and it probably isn’t a good indicator of someone’s general health, the BMI, but it can 

be a bit of a guide. And it is an older way of looking at health but it’s something that we all know, 

and we can use. So, I think it’s difficult” (participant #2). 

“I think it’s a pretty sensitive topic. Like I know women know they’re going to gain some weight 

during pregnancy, but you know, it’s just got to be talked about respectfully, respectful? …...So, 

I think you just need to be a bit careful” (participant #3). 

“So, she (the midwife) approached it in a really, I thought caring, professional way. So that if you 

were a bigger person you wouldn’t be like, you wouldn’t leave the appointment and go, ‘oh man!  

She just called me fat … She did it in a really good way that wouldn’t make me feel bad if I did 

end up putting on 20 kilos” (participant #4). 

“Look I don’t think it’s a very good indicator because you can carry a lot of fluid, which will 

obviously reflect on the scales …and it’s not a pleasant experience I suppose” (participant #5). 
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7.6.  Discussion 

This study has described the unique experience and perspectives of weight gain in pregnancy, 

from a small sample of regional Australian women participating in a weight management 

randomised controlled trial. In this analysis all women were multiparous and identified weight 

gain as an important topic applicable to all pregnant women. Women identified the need for 

improvements with service delivery and dissemination of GWG information, requiring responsive 

feedback on weight gain and clarity of purpose of weight-monitoring, as well as the need for 

realistic support strategies and referrals to specialist health care professionals. Of significance is 

that all women identified pregnancy symptoms, occurring during early and late pregnancy, as 

barriers for healthy lifestyle behaviours in pregnancy. 

Pregnancy is often presented as an opportune time to address and promote positive health related 

behaviours such as smoking cessation and a healthy diet (28, 34). Women are suggested to be 

emotionally motivated to make positive health behaviour change during this time for the benefit 

of their infants (30); however, when it comes to GWG the physiological transition to pregnancy 

and onset of early and late pregnancy symptoms seem to directly impede good intentions. A recent 

and similar qualitative study conducted by White and Davis (2020) (155) amongst a population 

of 15 normal weight pregnant women, participating in an Australian pilot weight management 

randomised controlled trial, identified symptoms of pregnancy as barriers to achieving healthy 

GWG. Women in this study identified that nausea, vomiting, food cravings, food aversions, 

fatigue and physical discomforts, required changes from their usual dietary habits and limited 

their ability to exercise (155).  

Flannery et al. (2020) (30) conducted a thematic analysis of obese and overweight women’s 

(n=30) perceptions of dietary behaviours and weight management. This study identified that 

physiological changes of pregnancy and associated symptoms such as nausea, vomiting and food 

aversion to impacted on their dietary behaviour (30). A systematic review and qualitative 

synthesis of 47 studies (n=7655), investigating pregnant women’s attitudes and barriers to 

physical activity, revealed that the most frequent barriers to physical activity in pregnancy were 

fatigue, lack of time, physical discomforts and pregnancy symptoms including nausea (164). 

These findings are also reflective of a systematic review and meta synthesis of pregnant women’s 

perceptions of gestational weight gain (42 studies, n= 1339) conducted by Vanstone et al. (2017) 

(48). In this meta-synthesis women reported nausea, food aversions and cravings as physical 

barriers to health eating (48).  
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One quantitative study investigating the maternal dietary intake of women in their third trimester 

(mean 31.4 weeks) attending one Australian tertiary hospital antenatal clinic (n=534), found that 

no women met the Australian Guide to Healthy Eating recommendations for pregnancy (137). 

The highest daily dietary adherence was found for the fruit food group with 38% of women 

indicating that they had an intake of 2 serves of fruit per day (137). This is of concern as pregnant 

women were found to be not meeting the minimal nutritional requirements in pregnancy with 

authors further discussing that pregnancy symptoms could further contribute to nutritional deficits 

(137).  

A study by Sui et al. (2013) (165), investigating the physical activity patterns of Australian 

overweight and obese pregnant women (n=305), observed a statistically significant decline 

(p<0.001) in women’s physical activity across pregnancy (165). Physical activity was observed 

to be greatest on study entry when women were between 10–20 weeks gestation. Activity levels 

then declined at the 28-week time point from trial entry, with the lowest recorded activity noted 

at the 36 week time point (165). Women were observed to increase their activity at 4 months post-

partum but at lower levels than observed at trial entry (165). Further investigation into the effects 

of pregnancy symptoms on eating and physical activity patterns across pregnancy is warranted. 

Qualitative evidence suggests that early and late pregnancy symptoms are major factors impairing 

women’s ability to continue with pre-pregnancy diet and exercise regimes. Given this 

information, women who experience early pregnancy symptoms may require early referral to 

specialists such as dietitians for nutritional support throughout the duration of pregnancy. Women 

who experience late pregnancy symptoms such as fatigue and decreased mobility may also need 

specialist nutritional and allied health support (i.e. physiotherapist or exercise physiologists) 

during late pregnancy that continues into the post-partum period. These suggestions are consistent 

with health behaviour theory and behavioural regulation (56, 58). 

A systematic review of health behaviour maintenance theories by Kwasnicka et al. (2016) (58) 

discussed, that self-regulation of behaviour is difficult, being influenced by an individual’s 

personal resources such as their physiological and psychosocial circumstances. When these 

personal resources are depleted such as through fatigue, stress and sickness, a person’s ability for 

behavioural regulation becomes limited (58). Therefore, targeting women who have good 

intentions for weight-related behaviour change, i.e. motivated by pregnancy and the health of their 

babies, and designing interventions that support them through early and late pregnancy symptoms, 

where personal capacity for diet and activity behaviour regulation is being tested, may assist 
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women to meet both nutritional and GWG targets. Further research is needed to test this 

hypothesis.  

In terms of clinical service delivery, women in the current analysis identified the need for service 

improvements in relation to addressing GWG. Although this is taken from one regional maternity 

service provider, the women’s experience is consistent with findings from the wider qualitative 

literature (30, 48, 155). White and Davis (2020) (155) discussed that women from their study 

identified a lack of access to reliable information about nutrition and GWG. Some women 

reported having the topic dismissed by their care providers, with others reporting being provided 

with inconsistent information on the topic or no information at all (155). Women in this study 

additionally reported wanting practical information such as meal plans and ideas to assist them to 

optimise their GWG (155). Vanstone et al. (2016) (48), reported that women across studies 

consistently reported that health providers were unlikely to discuss GWG and reported a lack of 

inconsistent information as barriers to achieving healthy GWG. Flannery et al. (2020) (30), in 

their thematic analysis conducted in a population of overweight and obese women, reported that 

women felt they were not provided with adequate information and described their encounters with 

health professionals when discussing diet and healthy weight gain as brief.  

The evidence is clear, women who gain within the IOM ranges are at a lower risk of experiencing 

adverse maternal, infant and intergenerational health outcomes (7, 8, 14, 34). However, despite 

current evidence and guidance this is not translating into real world clinical practice. Women have 

consistently identified GWG as an important topic acceptable to be addressed during pregnancy 

requiring a respectful approach (48, 155). Women are asking to be provided with support to 

achieve healthy weight gain targets however, are seemingly being let down due to professional 

and institutional barriers (30, 48, 155). Clear guidance, respectful care, including a tailored 

approach for those who may not want to be weighed, and support strategies are suggested to 

overcome current systemic challenges and may go some way to assist women to achieve GWG 

targets. Further qualitative and quantitative research is needed to monitor the progress and uptake 

of current guideline recommendations and their translation into practice. 

7.6.1.  Strengths 

This analysis has been conducted amongst a purposive sample of regionally based Australian 

women participating in a weight management randomised controlled trial. Women in this study 

were all multiparous and mostly of a BMI in the normal weight range, contributing unique 
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population perspectives on GWG to the evidence base. The perspectives of these women were 

found to be consistent with findings from the wider published literature (30, 48, 155, 164). 

7.6.2.  Limitations 

This analysis has been taken from a small sample of women, who were homogenous in terms of 

parity, maternity care and BMI. Although this was intentional, we acknowledge that this is a 

limitation with these findings not being representative of wider more diverse populations. Most 

women from this analysis were from the control group. This may explain why discussion of the 

Eating 4 Two mobile phone application did not come through within the themes. The analysis of 

all qualitative data from all participating Eating 4 Two trial sites may provide broader insight into 

Australian women’s experience and perspective of GWG services, the impact of pregnancy 

symptoms and usability and acceptability of the eating 4 Two smartphone application. 

7.7.  Conclusion 

Assisting women to achieve health gestational weight gain remains a global health challenge. In 

this analysis, a small sample of women from regional Australia identified the need for 

improvements in clinical practice and support services when addressing gestational weight gain. 

Of most significance is that women identified pregnancy symptoms, occurring during early and 

late pregnancy as factors necessitating modifications from their pre pregnancy diet and exercise 

regimes. These findings are consistent with qualitative research on this topic opening up areas for 

future research to assist women to achieve healthy weight gain targets. 
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CHAPTER 8 

THESIS DISCUSSION & CONCLUSIONS 

8.1. Chapter Overview 

This chapter provides a final discussion and synthesis of studies presented within Chapters 2-7. 

A series of six independent but linked papers incorporating various research aims, designs, and 

methodologies have been presented to address the overarching thesis aims: 1) To investigate the 

effectiveness of antenatal weight-monitoring as a health promotion strategy for optimising 

pregnancy weight gain; and 2) To explore the psychosocial factors associated with weight gain in 

pregnancy. Section 8.2 of the chapter provides a summary of findings from each individual study 

inclusive of a discussion of recent evidence, study strengths and limitations. A synthesis of overall 

thesis findings is presented in section 8.3. Overall strengths and limitations are presented in 

section 8.4 with recommendations for future research presented in section 8.5. Concluding thesis 

remarks are presented in section 8.6. 
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8.2. Summary of Findings 
8.2.1. Weighing as a stand-alone intervention does not reduce excessive gestational weight 

gain compared to routine antenatal care: a systematic review and meta-analysis of 

randomised controlled trials. 

The specific aim of Chapter 2 of this thesis was to systematically review the literature and 

ascertain the effectiveness of routine antenatal weighing as a stand-alone intervention to reduce 

pregnancy weight gain, in particular, prevent excessive gestational weight gain (EGWG) (47). 

Systematic reviews and meta-analyses of randomised controlled trials are considered the highest 

levels of evidence (level 1) needed to appropriately inform clinical practice guidelines and the 

provision of evidence-based practice (166). The practice of routine maternal weight-monitoring 

has been long standing in some western countries such as the United States of America (USA) 

and Canada. However, this is not been the case in other countries such as the United Kingdom 

(UK), Ireland and Australia (1, 167). Routine maternal weight-monitoring was not universally 

adopted within these countries largely due to a paucity of evidence to support its efficacy as a 

weight management strategy or as a screening tool for adverse pregnancy outcomes (1). Weighing 

was additionally suggested to cause unnecessary maternal distress resulting in the practice not 

being widely adopted (1, 76, 167).  

Following an extensive search of 7 databases between November 2014 and January 2016 only 

two randomised controlled trials, both conducted within Australia (n= 977), were found. Both 

studies were published from 2009 onwards, suggests that this is a relatively new area of 

experimental research, particularly within Australia. Within the included studies, weighing 

interventions varied slightly (47). The study conducted by Jefferies et al. (2009) (83) employed 

routine “self-weighing” during pregnancy, while the study by Brownfoot et al. (2016) (84), tested 

the effectiveness of routine “clinician weighing”. As displayed in Figure 2.2, when the included 

studies were pooled and meta-analysed, there were no statistical differences observed between 

intervention and control groups for weekly GWG, or GWG above the IOM 2009 weight gain 

ranges. No statistical differences were observed for maternal and infant outcomes between groups 

as per Figure 2.4. A subgroup analysis of GWG by BMI categories revealed a statistically 

significant difference in weight gains for underweight weight women only (Figure 2.3). 

Underweight women (BMI <18.5) in the intervention group were found to have lower gains (0.12 

kgs/week) compared to those receiving usual care (WMD -0.12, 95% CI -0.23, -0.01). Due to the 

small sample (n=23) informing this outcome the significance of this finding is questionable and 

could be attributed to chance alone; caution is thus required when interpreting this finding (47). 
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Since the publication of the review presented in Chapter 2, Daley et al. (2016) (95) published 

their findings from a small pilot/ feasibility RCT (n=76), evaluating the effectiveness of routine 

weighing by community midwives in the UK. Although not powered to test for effectiveness, 

pilot results indicated a slight difference in the proportion of women experiencing EGWG 

between groups (29.4% usual care, n=36 vs 23.5 % intervention, n=40) (95). A meta-analysis 

conducted as part of the revised Australian National Health and Medical Research Council 

(NHMRC) Pregnancy Care Guidelines (31), pooled the results of the Daley et al. (2016) (95) 

feasibility trial with the trial conducted by Brownfoot et al. (2016) (84). Presumably, the rationale 

for this pooling was to establish the effectiveness of clinician weighing. Findings from this 

analysis (n=711) revealed no differences in weekly GWG (0.01 kg, 95% CI, -0.03, 0.05) or 

EGWG (Relative risk 1.05, 95% CI 0.95 – 1.16) between intervention and control groups (31). 

A more recent publication conducted in the UK by Daley et al. (2019) (167) reported findings 

from a large randomised controlled trial (n= 656) investigating routine antenatal weighing by 

clinicians and informed by self-regulation theory. In this study in addition to weighing, clinicians 

tracked participant’s weight, gave feedback on weight and set weight gain goals for subsequent 

antenatal care visits (167). The authors hypothesised that weighing when informed by self-

regulation theory (similar to the use of weighing outside of pregnancy), may increase the 

effectiveness of the intervention in pregnancy (167). However, this trial also observed no 

difference in the proportion of women exceeding the IOM 2009 weight gain targets between 

intervention and control groups (27.6% vs 28.9%, OR 0.84, 95% CI 0.53, 1.33). Subgroup 

analysis of EGWG by BMI category, did not reveal any statistical differences between 

intervention or control groups (167). 

The most recent RCT by Arthur et al. (2020) (168), evaluated daily weighing as an intervention 

to control GWG within a cohort of Australian pregnant women (n=326). Findings from this trial 

revealed no statistically significant difference in weight measures or pregnancy and birth 

outcomes between groups however, the intervention group was found to exhibit lower percentage 

weight gains compared to the control group (mean difference 5.8%, 95% CI-5.4 – 17.0, p 0.31) 

(168). No statistical differences were reported in weekly GWG, weight gain by BMI category, 

gestational diabetes, gestational hypertension, gestational age at birth, mode of birth, blood loss 

at birth, infant birth weight or infant APGAR scores (168). One large limitation of the study was 

that adherence to the daily weighing intervention was not assessed, with no data reporting on daily 

weighing compliance amongst trial participants. The study additionally recorded a 17% loss to 

follow up (168). 
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The systematic review featured within Chapter 2 was the first to combine RCTs to test the 

effectiveness of weighing as a stand-alone intervention to optimise GWG. The review followed 

the Preferred Reporting Items for Systematic Reviews (PRISMA) guidelines and was informed 

by completion of the Joanna Briggs Institute systematic review training program, ensuring 

research competence, rigor, transparency of reporting and replicability of results (47, 79). In 

addition to the limitations reported in Chapter 2, the included studies were both conducted using 

homogenous samples of pregnant women receiving antenatal care in Australia. Therefore, the 

results are not representative of other populations and need to be interpreted with caution (47). 

8.2.2.  The return of weighing in pregnancy: A discussion of evidence and practice  

A narrative review and synthesis of evidence on the topic of routine antenatal weighing within 

Australia was presented in Chapter 3. Following the publication of the systematic review in 

Chapter 2, the Australian Department of Health, National Health and Medical Research Council, 

reviewed and updated the National Pregnancy Care Guidelines in 2018, recommending a return 

to the practice of routine antenatal weighing as part of maternity care (1). Therefore, the aim of 

this chapter was to provide a review of the evidence in response to the Australian Department of 

Health Pregnancy Care Guidelines and discuss the broader social-ecological factors that may 

impact on women’s ability to achieve GWG targets. Moreover, Chapter 3 signified a change in 

research focus from investigating the efficacy of antenatal weighing to considering the potential 

relationships between psychosocial and pregnancy factors as antecedents to, and moderators of, 

EGWG. 

 

The most recent Australian Pregnancy Care Guidelines (31) recommended women be offered the 

opportunity to be weighed and for clinicians to encourage self-monitoring of weight gain at every 

antenatal appointment, regardless of BMI. It was unclear if the consensus-based recommendation 

(i.e. formulated in the absence of quality evidence) was included as a weight management 

strategy, pregnancy screening tool, or to facilitate the collection of country-specific GWG data, 

in the absence of Australian GWG guidelines (1, 155). In addition to weighing, women were 

recommended to gain weight within the IOM 2009 weight gain reference ranges. Maternity care 

providers were urged to exercise caution, with recommendations to use the IOM 2009 weight 

gain ranges as suggestions only, rather than absolute weight gain targets (31) because the IOM 

guidelines were derived from American population data, limiting overt generalisability to 

Australian populations (6).  
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The re-initiation of routine maternal weight-monitoring into Australian pregnancy care is worth 

questioning. In contrast to diet and physical activity interventions, weighing is relatively easy to 

implement at the population level requiring minimal resources and time (43, 95, 154). However, 

there is no evidence to support its efficacy as a weight management strategy (1, 47) or as an 

intervention that improves pregnancy or birth outcomes (47). In the absence of effective 

interventions to address EGWG, there has been increasing evidence to suggest that GWG is 

influenced by more than the traditional physiological energy in / energy out approaches to weight 

management (49, 52-54). Psychosocial factors are known antecedents to, and mediators of health 

behaviour change outside of pregnancy, with less being known of their influence on women’s 

ability to initiate or sustain positive weight-related behaviours such as diet and physical activity 

interventions during pregnancy (49, 50, 52). Additionally, qualitative studies suggest that 

pregnancy itself may also affect weight-related health behaviour (1, 27, 48, 155). Therefore, a 

line of inquiry addressing the relationships between selected psychosocial factors and pregnancy 

factors as potential predictors of EGWG were presented within thesis Chapters 4-7. 

The narrative review presented in Chapter 3 was methodologically unstructured. Unlike 

systematic reviews, narrative reviews have broad contextualisation, are based on informed 

opinion, and are particularly open to author bias in terms of inclusion of articles, interpretation of 

evidence, and conclusions (169). One advantage of narrative reviews though is that they allow for 

expert opinion and understanding of a particular topic within its context (169). For example, 

antenatal weighing was once a long-standing practice, abandoned during the late 1990’s due to a 

paucity of evidence to support its continuation within Australian maternity care. However, with 

the backdrop of the obesity epidemic, increasing incidence of women experiencing EGWG, and 

ease of implementation at the population level, there has been increasing support for weighing to 

be reintroduced as part of standard Australian pregnancy care. This raises concerns given the 

benefits and risks of the practice are relatively unknown (1). Having experiential knowledge of 

the practice ensures that contemporary results, such as those presented in Chapter 2, are 

interpreted broadly, in light of contemporary evidence whilst taking into account the historical 

context (169).  

8.2.3.  A revalidation of the weight-related behaviours questionnaire within an Australian 

pregnancy cohort  

Systematic review literature has evidenced a myriad of psychosocial factors to exhibit 

relationships with EGWG (49, 52). The Weight-Related Behaviours Questionnaire (WRB-Q) 
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originally developed by Kendall et al. (2001) (51), was an instrument designed to assist with the 

identification of pregnancy-specific psychosocial factors that influence GWG, and postpartum 

weight retention amongst women from the USA. To date the WRB-Q has been used amongst 

populations of American, Canadian and Danish pregnant women with no published record of its 

use in Australia (138, 142, 143). The WRB-Q was designed prior to the release of the updated 

IOM 2009 nutrition in pregnancy guidelines, when the public health focus was on inadequate 

gestational weight gain (IGWG) and low-birth-weight infants. This is a potential limitation of the 

instrument, as it may be viewed as outdated for use within the current public health context (146). 

Therefore, the aim of the research reported in Chapter 4 was to perform a revalidation of the 

WRB-Q within a more contemporary pregnancy cohort and to assist with identification of 

psychosocial factors that may be used to predict EGWG amongst Australian pregnant women.  

Classical test theory (CTT) methods, using exploratory factor analysis (EFA) techniques were 

employed to retest the construct validity and internal consistency of the instrument amongst a 

small (n= 159) cross-section of women participating in the WATCH prospective longitudinal 

cohort study. Findings from the EFA suggested that the WRB-Q remained a valid and reliable 

tool for measurement of psychosocial factors amongst this cohort of Australian pregnant women. 

Specifically, the Weight Locus of Control (WLOC), Self-efficacy (SE) and Body Image (BI) 

scales retained the same instrument factor structure when compared to the original validation 

analysis performed by Kendall, Olson and Frongillo (51), indicating consistent construct validity. 

The Attitudes towards Weight Gain (AtWG), Feelings about the Motherhood Role (FaMH) and 

Career Orientation (CO) scales did not demonstrate the same factor structure as the original 

analysis, however, overall and within scale Cronbach’s alpha coefficients (α) suggested that these 

remained reliable, individual psychosocial factor scales of measurement amongst this population 

and should not be discounted. Furthermore, scale item correlations (spearman’s rho coefficient) 

and deleted items modelling suggested that the WRB-Q should be further refined and possibly 

shortened to accurately reflect current public health guidance, potentially expanding the research 

and clinical relevance of the instrument (Chapter 3).  

The identification and measurement of psychosocial factors that are specific to pregnancy and 

relevant to GWG is a challenging task (51, 170). Valid and reliable measurements of psychosocial 

factors that are predictive of EGWG are needed to address current research limitations and inform 

future research such as enabling cross cultural comparisons between variables and eventual 

estimates of effect by meta-analysis techniques (171). Studies evaluating instrument measurement 

properties should be of high methodological quality to ensure accuracy of outcome reporting 
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(172). This study was guided by the Consensus-based Standards for the selection of health 

Measurement Instruments (COSMIN) guidelines, aimed at improving the reporting and selection 

of measurement instruments (172). Statistical design and analysis were conducted by statisticians 

not involved with the WATCH study, limiting confirmation bias. Missing data were reviewed and 

managed by mean imputation. The analysis of results was then compared to the original validation 

analysis conducted by Kendall et al. (2001) (51) to ensure transparency with the reporting of 

results. 

Statistically, the BI scale performed the best overall, retaining the same factor structure and 

exhibiting better reliability in comparison to the original analysis reported by Kendall et al. (2001) 

(51). In contrast, the large number of missing values and mean imputed items for the CO scale 

suggests that this was a poor psychosocial construct and unreliable scale of measure for use within 

this pregnancy cohort. The study was additionally taken from a small cross section of homogenous 

Australian pregnant women and thus the results are not representative of more culturally diverse 

Australian populations, requiring caution with interpretation of results. 

8.2.4. Demographic and social cognitive factors associated with gestational weight gain in 

an Australian pregnancy cohort 

Demographic factors such as age and educational status have been associated with weight gain 

outside of, and during, pregnancy. However, relationships have been demonstrated between 

certain demographic factors and GWG in the study population over time (6, 138). The WRB-Q 

provides a valid and reliable combination of psychosocial factors to be tested as predictors of 

EGWG. Informed by the study reported in Chapter 4, the study presented in Chapter 5 aimed 

to identify and describe the demographic and psychosocial factors predictive of EGWG, within 

an Australian pregnancy cohort. 

The results from Chapter 5 suggest that women in this cohort exhibited high levels of WLOC 

and SE, as well as positive AtWG and FaMH. Women indicated that they were generally satisfied 

with their BI and were slightly more family oriented than career oriented (138). However, a 

proportion of women indicated low levels of WLOC and SE, negative AtWG and FaMH, as well 

as dissatisfaction with BI. It was hypothesised that these women may require increased support 

to achieve weight gain targets. Findings from the multivariate logistic regression on demographic 

factors revealed maternal age to be inversely associated with EGWG (Table 5.3). Participants 

aged between 34 – 41 years, were less likely to experience EGWG than younger participants aged 
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18 – 24 years (OR 0.20, 95% CI 0.05, 0.82, p 0.0146). Analysis of the 6 WRB-Q psychosocial 

factors (Table 5.4) found BI to be the only psychosocial factor predictive of EGWG. For every 

one unit increase in BI score there was a 33% decreased odds of EGWG (OR 0.67, 95% CI 0.53, 

0.85, p 0.0008) (138).  

The study presented in Chapter 5 observed a temporal relationship between BI dissatisfaction 

and EGWG, meaning the women reported BI dissatisfaction prior to their EGWG. Moreover, 

younger women indicating dissatisfaction with their BI were more likely to experience EGWG. 

These findings have been supported by a recent study conducted by Dryer et al. (2020) (59) who 

observed similar associations between age and BI in a larger population of Australian pregnant 

women (n=408). In this study, advancing maternal age was found to be modestly associated with 

increasing BI satisfaction (Spearman’s rho 0.14, p < 0.05)(59). Body image dissatisfaction has 

been found to be highly prevalent amongst women of all age ranges outside of pregnancy, largely 

attributed to societal stereotypes and pressures to meet beauty standards (128, 129). The rapid 

physiological changes that occur to body shape, weight and size during pregnancy and an evident 

bi-directional relationship between BI and depression (i.e., BI dissatisfaction increases the risks 

of depression and depression increases the risks of BI dissatisfaction), suggests the need to 

broaden current psychosocial screening to include satisfaction with BI (59, 121). Moreover, the 

results presented in Chapters 4 and 5 combined suggest that the WRB-Q BI scale (consisting of 

questionnaire 4 items), is a valid and reliable instrument predictive of EGWG. The simplicity of 

the scale may afford broad application for future research and clinical assessment purposes, thus 

addressing a limitation identified within the current literature (59, 121, 131, 138).  

Observational studies are inherently limited by design, and the inability to detect true cause and 

effect relationships between variables (173). Cross-sectional studies are, however, useful for 

detecting prevalence and testing associations between selected variables that can be used to 

inform the design of randomised controlled trials ( i.e. hypothesis generating) (173). Whilst not 

explicitly stated in Chapter 5, this study was guided by the Strengthening the Reporting of 

Observational studies in Epidemiology (STROBE) guidelines for the reporting of cross-sectional 

studies (174). Following these reporting guidelines ensures the transparent collection, analysis 

and reporting of data (174). This study was derived from a small homogenous sample of pregnant 

women and therefore results are not generalisable or representative of more culturally diverse 

populations of pregnant women. While the sample size was limited, the analysis was able to detect 

significant associations between variables with a large effect size (138). 
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8.2.5. Translation of the Weight Related Behaviours Questionnaire into a short-form 

psychosocial assessment tool for the detection of women at risk of excessive gestational 

weight gain. 

Methodological limitations including significant heterogeneity of psychosocial factors, 

measurement instruments, as well as a general lack of availability of pregnancy-specific 

psychosocial measurement tools have hindered the progress of research investigating the 

relationships between psychosocial factors and GWG (49, 52, 146). The results of the study 

presented in Chapter 4 suggested that the WRB-Q should be refined and could possibly be 

shortened. Chapter 5 observed a statistically significant relationship between the WRB-Q, BI 

scale and EGWG. Informed by the results reported in these chapters, the aim of the study 

presented in Chapter 6 was to develop a short-form psychosocial assessment tool for the 

detection of women at risk of EGWG, with research and clinical practice applications.  

A staged instrument scale reduction study for the WRB-Q was designed using the following 

statistical methods: Stage 1) utilised the results of the EFA presented in Chapter 4, to satisfy the 

assumption of unidimensionality needed for the application of Item Response Theory (IRT) 

techniques and for the detection of redundant questionnaire items; Stage 2) employed univariate 

logistic regression techniques to detect the strength of associations between all 49 WRB-Q items 

and EGWG; and Stage 3) applied IRT techniques, specifically graded response modelling (GRM), 

to test the strength of associations between the 6 WRB-Q, psychosocial factor scales, and 

responses to scale items gathered from women participating in the WATCH pregnancy cohort 

study. In Stage 4, all of the above analyses were considered in unison with only the best 

performing items (i.e. performed well across all analyses) included within the short-form 

questionnaire (Chapter 6). When all results were taken together (stage 4, Figure 6.2) the WRB-

Q could be refined and shortened from 49 items measuring 6 psychosocial factors, to 11 items 

measuring 3 psychosocial factors. Best performing items were derived from the SE scale (3 

items), AtWG scale (4 items) and BI scale (all items). These items were highly correlated with 

each other, exhibiting high probability for predicting EGWG with high item information function 

(IIF) value statistics (Chapter 6).  

 

The results presented within Chapters 4, 5, and 6, have consistently identified BI as a 

psychosocial construct predictive of GWG within the WATCH cohort. Interestingly, the 4 

questionnaire items from the AtWG scale identified for inclusion in the short-form were also 

related to BI. This provides further support for the need to assess for BI dissatisfaction as a risk 
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for EGWG, and as a possible measure of weight-related psychological distress (WRPD) (121, 

131). The remaining 3 items identified for inclusion in the short-form were derived from the SE 

scale, with all items measuring confidence in relation to diet related behaviour change. In 

Australia, psychosocial screening is a long standing and acceptable practice recommended as part 

of routine antenatal care, for detection and early intervention in women at risk of anxiety and 

depression (31). The findings presented in Chapter 6 provide further support for the need to 

broaden the scope of psychosocial screening for the detection of women at risk of EGWG. 

Collectively assessing these psychosocial factors using the newly developed WRB-Q short-form 

may go some way to assist with the design and development of tailored health promotion 

interventions that support women psychologically and physiologically to optimise their 

pregnancy weight gain, as described in section 8.3.3 of this chapter. 

The short-form was developed in consultation with statisticians and guided by the Consensus- 

based Standards for the selection of health Measurement Instruments (COSMIN), 

recommendations (172). As this analysis was completed within one small pregnancy cohort 

results are not overtly generalisable. Confirmatory factor analysis (CFA) techniques need to be 

employed amongst a large, independent, and more culturally diverse Australian pregnancy cohort, 

to confirm the construct validity and internal constancy of the instrument and provide confidence 

for its generalisability as a pregnancy-specific psychosocial assessment tool (Chapter 6). 

8.2.6.  Pregnancy weight gain a balancing act: The experience and perspectives of women 

participating in a pilot randomised controlled trial  

Gaining an understanding of a population of interest within their own social and cultural context 

is considered an essential element of health behaviour theory, necessary for the development of 

effective health promotion strategies (56). The qualitative systematic review literature has 

reported significant barriers for women in achieving weight gain targets, including symptoms of 

pregnancy, health professional attitudes, lack of clear guidance, personal knowledge and beliefs, 

lack of support, weight stigma, and lack of time and money (48). Therefore, the aim of Chapter 

7 was to evaluate the experiences and perspectives of regionally located pregnant women who 

participated in one arm of an Australian multisite weight management trial and gain better 

understanding of the mechanisms by which pregnancy and psychosocial factors influence GWG.  

The study presented in Chapter 7 was designed using a qualitative descriptive methodology 

including inductive thematic analysis techniques. Qualitative descriptive methods follow 
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traditional qualitative methodologies, employing purposive sampling techniques, gathering of 

interview or focus group data, with analysis performed by an inductive thematic and /or content 

analysis (160, 161). The qualitative descriptive methodology was additionally chosen for its 

ability to provide factual responses to questions about a phenomenon of interest within real world 

contexts (160). Five women consented to participate and provided individual interviews.  

Two main themes were derived from the interview data: 1) Addressing weight in pregnancy, 

described the participants’ experiences and perspectives of maternity care in relation to GWG; 

and 2) Pregnancy weight the balancing act, described the women’s experience and perspectives 

of pregnancy-related symptoms and general experience of GWG. Both main themes were 

described through a series of sub-themes as follows: Theme 1 - Addressing weight gain in 

pregnancy: ‘A moot point’, ‘a really important topic’ and ‘feedback and support’; and Theme 2 - 

Pregnancy weight the balancing act: ‘early and late pregnancy symptoms’ and ‘a sensitive topic’. 

Overall, the analysis identified weight gain as an important topic that was of relevance and interest 

to pregnant women. The need for improvements with maternity care service delivery and 

dissemination of GWG information were evident. Responsive feedback on weight gain, clarity of 

purpose of routine weight-monitoring, the need for realistic support strategies, and referrals to 

specialist health care professionals were also identified (Chapter 7).  

Importantly, all women identified pregnancy symptoms occurring during early and late pregnancy 

as barriers to maintaining or initiating positive diet and physical activity weight-related 

behaviours. These findings are consistent with current literature on the topic (30, 48, 155) and 

indicate the need to broaden the scope of psychosocial screening for the detection of women at 

risk of EGWG. As suggested in sections 8.2.5 and 8.2.6, broadening the scope of psychosocial 

screening to include assessment for diet related self-efficacy (i.e. confidence in ability for diet 

related behaviour change), could further assist with the development of tailored health promotions 

strategies and referrals to specialist staff such as dietitians to provide meaningful support for 

women to achieve GWG targets and maintain health, whilst experiencing early and late symptoms 

of pregnancy. This suggestion is consistent with health behaviour maintenance theory that 

suggests when personal resources are depleted through fatigue, stress and sickness, a person’s 

ability for behavioural regulation becomes limited (58). Moreover, women identified GWG as a 

sensitive topic requiring respectful care with the practice of routine weight-monitoring viewed by 

some participants as unhelpful and frightening. These results, coupled with the results presented 

in Chapter 5, further suggest that routine weight-monitoring may cause weight-related distress 

for some women. 
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The study presented in Chapter 7, followed the Consolidated criteria for Reporting Qualitative 

research (COREQ) guidelines (162). These guidelines specifically aim to improve the quality and 

transparency of reporting of qualitative studies that are derived from interview and/or focus group 

data (162). As this was derived from a small sample of pregnant women (n=5) findings are unable 

to be generalised, however these findings are consistent with the wider published qualitative 

literature. Future research should consider involving pregnant women with the co-design of 

interventions ensuring research meets the needs of the end users. 

8.3. Overall Thesis Discussion 

The following section provides an overall discussion of results presented within Chapters 2 – 7, 

in relation to addressing the overarching thesis aims: 1) To investigate the effectiveness of 

antenatal weight-monitoring as a health promotion strategy for optimising pregnancy weight gain; 

and 2) investigate the impact and influence of selected psychosocial factors on weight gain in 

pregnancy. 

8.3.1. The effectiveness of antenatal weight-monitoring as a health promotion strategy for 

optimising pregnancy weight gain 

The studies presented within Chapters 2 and 3 and discussion of evidence presented within 

section 8.2 of this chapter, have evidenced a paucity of studies investigating routine antenatal 

weighing (clinician or self-weighing) as a stand-alone intervention or as a behavioural (self-

regulation) intervention, for the management of EGWG (1, 47). The available published studies 

when considered individually and when pooled together, have shown no statistical difference in 

EGWG between groups and no difference in associated adverse maternal and infant outcomes (1, 

47, 167). Whilst routine maternal weight-monitoring is a feasible intervention scalable at the 

population level, requiring less time and resources compared to diet and physical activity 

interventions, its efficacy as a weight management strategy has not been established (1, 47). Of 

concern is the widespread re-introduction of the practice without consideration of the wider 

effects on maternal psychology. 

The impact of routine antenatal weighing on maternal psychology is certainly not well 

understood. Dawes and Grudzinskas (1991) (76) have raised the prospect of antenatal weighing 

causing unnecessary distress for women without providing evidence to support this assertion. 

Brownfoot et al. (2016)(45) have attempted to quantify women’s experience of weighing within 
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their RCT. Using separate purposive satisfaction surveys for the control (n=288) and interventions 

groups (n=298), findings indicated that less than half of women in the control group preferred not 

to be weighed in pregnancy with 73% of women in the intervention group indicating satisfaction 

with routine weighing (45). Daley et al. (2016) (95) reported qualitative findings from their pilot 

RCT evaluating routine weight-monitoring. Twelve women provided qualitative feedback on the 

intervention; of these 9 women commented that weighing was helpful for monitoring their weight 

gain with 8 participants indicating that they did not feel anxious about being weighed (95). A 

qualitative study of 10 women ascertaining the lived experience of weighing and weight 

management in pregnancy conducted by Allen -Walker et al.(2017) (175), reported that women 

thought routine weighing should be offered and is beneficial to all women. These authors 

discussed that their findings were supportive of results presented by Brownfoot et al. (2016) (45) 

and Daley et al. (2016) (95), suggesting that claims regarding weight-monitoring causing 

unnecessary maternal distress are unfounded (175). 

A more recent feasibility study evaluating clinician weighing in a sample of 38 pregnant women 

receiving hospital or community midwifery care in Ireland, retrieved weight records for 26 

participants (154). Of these, 3 (11.5%) had no weights recorded, 17 (65.4%) had between one and 

three weights recorded and six (23.1%) had more than four weights recorded between study 

commencement (approx. 18 – 20 weeks) and up to 40 weeks gestation. Five participants 

consented to providing individual interviews. Qualitative findings from this study suggested that 

women felt weighing was mostly positive and could be integrated into antenatal care; however 

no participants reported receiving information on GWG as a result of being weighed, bringing the 

application of the practice further into question (154).  

To date assumptions that routine weighing is a benign practice with no negative effects are largely 

untested (45, 95, 154, 175). Qualitative findings presented in Chapter 7, suggested that routine 

weighing was perceived as being a potentially good conversational starting point for addressing 

weight gain in pregnancy, not a great reflection of GWG, and not a pleasant experience, with 

some women reporting being discouraged by the weight they were gaining. Moreover, descriptive 

results presented in Chapter 5 revealed a proportion of women experienced embarrassment about 

their pregnancy weight gains (11%), felt embarrassed when clinicians weighed them (17%), and 

worried that they would get fat during pregnancy (30%). DiPietro et al. (2003) (176) found in 

their study that pregnant women who indicated negative attitudes towards pregnancy weight gains 

also exhibited higher levels of distress symptoms. When considering these findings in light of 

more recent literature such as an evident bi-directional relationship between BI dissatisfaction 
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and maternal psychology (depression and/or anxiety), as discussed in Chapter 5, it is possible 

that practices such as routine weighing indirectly cause weight-related distress for some women. 

Weighing may indirectly increase a woman’s dissatisfaction with her BI, increasing her risk of 

experiencing weight-related distress, perinatal depression, and/or anxiety. Further consideration 

of these potential indirect effects is presented in section 8.3.3. Investigation of the psychological 

and behavioural effects of routine weighing using objective measures such as measures of BI as 

discussed in Chapter 6, may be useful as a proxy measure to detect risk of weight-related distress 

in pregnancy. 

As described in Chapter 1, routine weighing is traditionally based in self-regulation theory. Self-

regulation of weight gain outside of pregnancy provides feedback towards goal attainment such 

as weight loss or achieving a desired target weight (38, 40). Little is known of the mechanisms 

by which this is thought to work in pregnancy, particularly when weight gain is expected. Daley 

et al. (2019) (167) investigated weighing as a behavioural intervention and found no evidence to 

suggest weighing, as a self-regulation behavioural intervention, was an effective weight 

management strategy for use in pregnancy. It is therefore possible that routine weighing is an 

inappropriate behavioural weight management strategy for use in pregnancy (177). Self-

regulatory failure, defined as failure to adhere to specific health behaviours, has been implicated 

in the development of maladaptive behavioural outcomes, such as obesity and diabetes, in the 

general population (177). There is an apparent mismatch between the behavioural intentions of 

routine weighing as a self-regulation strategy in pregnancy. For example, weight gain is 

characteristic of pregnancy, women have seemingly little control over their weight gain, and what 

control they do have can be mediated by pregnancy symptoms, body image dissatisfaction, 

maternal psychology, and low diet related self-efficacy, as discussed throughout this thesis. It is 

therefore plausible that where weight gain is inherent, such as in pregnancy, that repeated 

measurement of weight could contribute to self-regulation failure, manifesting in some women as 

weight-related distress, leading to the development of inappropriate weight gain (IGWG or 

EGWG). The results of the systematic review presented in Chapter 2 (47) and the results of the 

most recent intervention study by Arthur et al. (2020) suggest, that weighing underweight women 

or daily weighing of pregnant women (any BMI) may contribute to less weight gains being 

exhibited during pregnancy when compared to usual antenatal care (168). Further investigation 

of these behavioural pathways is required to ensure the risks of routine weighing have been 

thoroughly considered.  
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8.3.2. The impact and influence of selected psychosocial factors on weight gain in 

pregnancy.  

The relationships between psychosocial factors, pregnancy factors, and GWG are poorly 

understood. However, the studies presented within Chapters 4-7 suggest that to meaningfully 

reduce the incidence of EGWG, both physiological and psychological health promotion strategies 

are required to promote overall maternal and infant health. Chapters 4, 5 and 6 specifically have 

provided a body of research identifying a combination of selected psychosocial factors that are 

specific to pregnancy and are predictive of EGWG. Perhaps the most important discovery from 

this line of inquiry was that younger maternal age and BI dissatisfaction were significantly 

predictive of EGWG (138). Chapters 4-6 have additionally made progress in addressing some of 

the methodological limitations associated with research in this area. Refining the WRB-Q into a 

brief questionnaire (Chapter 6) where all psychosocial constructs and questionnaire items have 

high predictive value for EGWG may go some way to address the heterogeneity of psychosocial 

factors and increasing the availability of pregnancy-specific instruments for broad research and 

clinical practice application. Furthermore, the study presented in Chapter 7 suggests a direct 

relationship between early and late pregnancy symptoms and GWG. This finding is consistent 

with the wider literature on the topic and requires further empirical investigation.  

8.3.3.  Development of a conceptual pathway for understanding the complex relationships 

between body image dissatisfaction, maternal psychology and excessive gestational weight 

gain 

Gestational weight gain is directly and indirectly affected by a woman’s individual pregnancy 

experience and her wider psychosocial context (Chapters 2-8). To date research has largely 

focused on unidimensional relationships between selected psychosocial factors and EGWG, with 

less focus on the potential indirect or mediating (barrier and enabler) relationships between 

selected factors (121). The study findings presented within this thesis (Chapters 2-7) and the 

additional discussion of evidence within this chapter, suggest an inter-relationship exists between 

body image dissatisfaction, maternal psychology (anxiety and/or depression), routine weight- 

monitoring, pregnancy symptoms, diet-related self-efficacy, and disordered eating symptoms, as 

contributors of EGWG. A conceptual model depicting these relationships is presented in Figure 

8.1. Conceptual models describing theoretical relationships between psychosocial factors, 

including BI and GWG, have been proposed by Bergmeier et al. (2020) (121) and Hill et al. (2013) 

(50). To the best of the author’s knowledge this is the first model to pragmatically consider both 
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pregnancy symptoms and health care interactions, such as routine weighing, as indirect mediators 

of BI dissatisfaction and EGWG. Developing a more carefully theorised understanding of the 

direct and indirect relationships between these factors may assist in guiding the development of 

tailored health promotion strategies and informing future clinical practice guidelines.  
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Figure 8.1 A conceptual pathway explaining the inter-relationships between maternal 

body image dissatisfaction, maternal psychology, routine weight-monitoring, diet-related 

self-efficacy, disordered eating and excessive gestational weight gain. 

 

Maternal psychology and excessive gestational weight gain 

Women are reported to be more susceptible to depressed mood and anxiety in general compared 

to men (178). During pregnancy women are more at more risk of experiencing depression and 

anxiety due to psycho-neurohormonal changes that take place across the perinatal period (59). 

Current statistics suggest that 1 in 5 women experience symptoms of anxiety with 1 in 10 women 

reporting symptoms of depression during pregnancy (31, 179). A systematic review and narrative 

synthesis by Hartley et al. (2015) (49), identified 4 studies examining the direct relationships 

between maternal psychology (anxiety and /or depression) and EGWG. Of these, 2 studies 

revealed statistically significant relationships between depression and EGWG. Bodnar et al. 

(2009) (180) in a small population of women from the USA (n=242), revealed a statistically 

significant relationship between depression and EGWG amongst overweight pregnant women 

(OR 3.2, 95% CI 1.2, 8.1, p <0.05). Webb et al. (2009) (181) in a study of 1605 women from the 

USA, found high depression scores in early and mid-pregnancy to be associated with EGWG. No 

studies in this review revealed significant associations between anxiety and EGWG (49). In 

contrast, Molyneaux et al. (2016) (182) in a UK pregnancy cohort study (n=13,314), did not find 

significant relationships to exist between antenatal depression scores and EGWG. However, a 

more recent study by Braig et al. (2020) (183), amongst a German pregnancy cohort (n=748), did 

not detect a significant relationship between depression and GWG, but did observe high anxiety 

scores to be associated with higher GWG. 
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Riquin et al. (2019) (131) explain that research testing the relationships between maternal 

psychology and pregnancy outcomes may be limited due to women’s fears of stigmatisation 

regarding mental health, suggesting that women intentionally moderate depression scale scores 

to avoid such judgements. Austin et al. (2017) (179), also suggest the prevalence of maternal 

anxiety and depression may be under estimated for these reasons. Additionally, the heterogeneity 

of depression and anxiety scales employed across studies have been identified as methodological 

limitations of research in this area (183). Further research is necessary to explore the relationships 

between maternal psychology and EGWG, particularly amongst cohorts of Australian pregnant 

women. Using nationally recognised and established screening tools, such as the Edinburgh 

postnatal depression scale, may assist to reduce methodological limitations.  

Body image and excessive gestational weight gain  

As reported in Chapter 5, direct temporal relationships have been consistently observed between 

BI dissatisfaction and EGWG (138). Systematic reviews by Kapadia et al. (2015) (52) and Hartley 

et al. (2015) (49) collectively identified 4 studies observing statistically significant relationships 

between BI dissatisfaction and EGWG. Roomruangwong et al. (2017) (126) similarly observed 

higher GWGs in women indicating dissatisfaction with their BI. Further research using valid and 

reliable measures of BI such as the WRB-Q, BI scale, as proposed within Chapters 4,5,6 and 

section 8.2 of this chapter, may assist in overcoming current study limitations such as availability 

of pregnancy specific BI measures and time constraints, associated with the completion of 

traditional BI instruments (59, 121, 131).  

Body image and maternal psychology and disordered eating 

As discussed in Chapter 5 and section 8.2 of this chapter, it is evident that a bi-directional 

relationship exists between BI and maternal psychology (depression and/or anxiety). Consistent 

temporal relationships have been demonstrated in systematic review literature between maternal 

depressed mood and BI dissatisfaction (130). Roomruangwong et al. (2017) (126) found an 

association between BI dissatisfaction and increased depression and anxiety scores amongst a 

small population of Thai women (n=126). Riquin et al. (2019) (131), in a French pregnancy cohort 

(n= 457), found depression to be 3 times greater in pregnant women with BI dissatisfaction 

compared to women satisfied with their body image. A more recent Australian study (n=408) 

conducted by Dryer et al. (2020) (59), found statistically significant associations between BI 

dissatisfaction and perinatal depression and anxiety. Additionally, Dryer et al. (2020) (59) 
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observed a direct relationship between BI dissatisfaction, and disordered eating symptoms. 

Disordered eating symptoms, including bulimic behaviours and high caloric intake, have been 

independently associated with BI dissatisfaction and maternal psychology (59, 121, 131). 

Therefore, as presented in Figure 8.1, the findings and discussion presented in this thesis suggest 

the existence of a prospective relationship between BI dissatisfaction, maternal psychology, and 

disordered eating symptoms, manifesting as inappropriate GWG (IGWG and EGWG). Further 

research is required to confirm these relationships.  

Indirect relationships between, routine weighing, pregnancy symptoms, and diet-related self-

efficacy 

The study presented by Dryer et al. (2020) (59) investigating the direct relationships between 

body image, maternal psychology and disordered eating, additionally sought to investigate the 

indirect mediating effects of “Fat Talk”, defined as the self-derogatory interpersonal talk between 

peers and family members such as “I’m fat … no you’re not …”. Findings from this analysis 

found “fat talk” to partially mediate (significant direct effect) BI dissatisfaction, depression, 

pregnancy related anxiety and disordered eating symptoms (59).  

Weight stigma remains prevalent amongst health professionals (59, 151) and qualitative studies 

of pregnant women have further described their experiences of GWG while interacting with health 

care professionals as stressful, confusing and judgmental (48). Additionally, qualitative findings 

reported in Chapter 7, suggest that weight gain is a sensitive topic requiring respectful care with 

results presented in Chapter 5 observing that a proportion of women feel embarrassed by their 

weight gain when being weighed (138). It is possible that perceived negative health care 

interactions, coupled with negative attitudes towards, or experiences of, routine clinician 

weighing cause weight-related distress and act as indirect mediators of BI dissatisfaction.  

Davies et al. (2012) (184) discussed that although the relationship between maternal distress and 

EGWG are not fully understood, higher stress levels have been associated with higher BMIs 

compared to pregnant women reporting lower stress levels. Given the prevalence of women 

exceeding weight gain targets, it is hypothesised that weight-related distress arising from 

negatively perceived clinical practice interactions, indirectly mediates BI dissatisfaction, maternal 

psychological symptoms, and disordered eating symptoms affecting GWG. Demographic factors 

such as younger age, as identified in Chapter 5, may further mediate these interactions putting 

some women at increased risk for EGWG. 
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Moreover, the findings from Chapter 7 suggest potential direct and indirect relationships between 

pregnancy symptoms, disordered eating symptoms, and GWG. As discussed in Chapter 7 and 

section 8.2 of this chapter, pregnancy symptoms have been consistently viewed as barriers to 

maintaining or initiating positive diet-related behaviours. Women with early pregnancy 

symptoms such as nausea, vomiting, and food aversions, as indicated in the qualitative findings 

presented within Chapter 7, might exhibit disordered eating symptomology. The model therefore 

suggests that women indicating BI dissatisfaction, who experience early or late pregnancy 

symptoms, are at risk of disordered eating, resulting in IGWG or EGWG. 

Self-efficacy, the measurement of a person’s ability or confidence to make a behaviour change 

has consistently been associated with weight management success outside of pregnancy (54). 

High perceived self-efficacy scores suggest an increased likelihood of, and motivation for, 

engaging in behaviour change (56). Findings from the univariate analysis conducted in Chapter 

6, suggested that women who indicated low levels of diet-related self-efficacy, were at risk of 

experiencing EGWG. When considered within the model (Figure 8.1), low diet-related self-

efficacy could indirectly mediate BI dissatisfaction, maternal psychology, disordered eating and 

GWG. Low weight-related self-efficacy has been associated with higher BMI and higher BI 

dissatisfaction in non-pregnant populations of women (185). Further research such as well-

designed prospective longitudinal cohort studies enriched by participants qualitative experience 

and perspectives data, is required to test these hypotheses presented within the conceptual model.  

Opportunity for Screening / Opportunity for support 

The conceptual model presented in Figure 8.1 was guided by Predisposing, Reinforcing, and 

Enabling Constructs in Educational and Environmental Diagnosis and Evaluation (PRECEDE) / 

Policy, Regulatory and Organisational Constructs in Educational Environmental Development 

(PROCEED), theory of health promotion (101). As presented in Chapter 1, the PRECEDE 

/PROCEED model provides a framework for the development of comprehensive health 

promotion interventions (170). The model is essentially a stepwise process that takes a broad look 

at a population of interest and considers an individual’s own social-ecology as influencing 

behaviour, that may then be changed or mitigated (170). Psychosocial factors are considered 

important predisposing, reinforcing and enabling factors and possible areas of interest for targeted 

interventions, with the identification of these factors considered a vital but often difficult part of 

the process (170). Predisposing factors are considered antecedents to, or motivators for, 

engagement in particular behaviours (57). Reinforcing factors generally are those that either help 
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or hinder motivation and intention for behaviour change, with enabling factors the direct 

precursors that help or hinder goal attainment (53, 57). 

As discussed in Section 8.2 of this chapter it is suggested that the scope of current psychosocial 

screening practices be broadened to include the detection of women at risk of BI dissatisfaction. 

Body image dissatisfaction is emerging as an important “predisposing” psychosocial factor 

predictive of maternal psychology (anxiety and depression), disordered eating symptoms, and 

EGWG (121, 138). Perceived negative attitudes towards pregnancy weight gain and routine 

weighing, as well as symptoms of pregnancy and diet-related self-efficacy may be important 

“reinforcing” factors potentially capable of mediating satisfaction with BI, maternal psychology, 

and eating behaviour. Eating behaviour is considered the “enabling” factor within the model, 

being the direct precursor to GWG outcomes. Therefore, it is suggested that an ideal opportunity 

for support lies with early psychosocial screening for BI dissatisfaction and diet-related self-

efficacy, by using pregnancy specific instruments such as the short-form presented within 

Chapter 6. The early identification of women at risk of BI dissatisfaction and assessment of diet-

related self-efficacy at the maternal booking appointment (occurring generally between 18 – 20 

weeks gestation) (31), may provide the opportunity for timely referral to allied health 

professionals for the development of tailored health promotion strategies that address these 

factors. Guidelines such as these may meaningfully support women to make positive weight-

related behaviour changes (physiologically and psychologically) and may also assist women to 

achieve healthy GWG.  

8.4. Overall Strengths and Limitations 

This thesis by publication has presented 6 individual but linked papers incorporating varied 

research designs and methodologies. The strengths of this body of work include new and 

incremental knowledge gains being added to the evidence base as a result of this thesis. In 

particular, routine maternal weight-monitoring was identified as an ineffective pregnancy weight 

management strategy, particularly amongst populations of Australian pregnant women. BI 

dissatisfaction was found to be predictive of EGWG. Negative attitudes towards weight gain and 

low diet related self-efficacy were also evidenced to have high predictive value for EGWG. The 

groundwork for the development of a pregnancy-specific instrument for measuring selected 

psychosocial factors predictive of EGWG was undertaken, with a short-form questionnaire being 

developed to address current methodological limitations with additional clinical practice 
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application. Lastly, a conceptual pathway detailing complex direct and indirect relationships 

between selected psychosocial factors and EGWG, arising from this thesis, was developed.  

Methodological limitations have been acknowledged throughout each chapter. Overall, the major 

limitation of the systematic review presented within Chapter 2 was the lack of studies available 

for meta-analysis. The 2 included RCTs were both conducted within Australia; therefore, the 

efficacy of routine weighing as a weight management strategy is largely unknown and unable to 

be generalised to other populations. The design and analysis of studies presented within Chapters 

4-6 were limited by the use of WATCH study data, collected between June 2006 and December 

2007. These studies were informed by relatively small and culturally homogenous population 

samples (n=159). Qualitative findings presented in Chapter 7 were also limited by the small 

sample size (n=5). All studies require caution with interpretation and are not generalisable outside 

of their study populations. 

8.5. Recommendations for future research 

Current evidence suggests that routine antenatal weighing, as stand-alone or self-regulation 

intervention, may not be effective for weight management in pregnancy, particularly within high 

income countries such as Australia and the UK. Less is known about the efficacy of the practice 

as a weight management strategy amongst other global populations of pregnant women. 

Moreover, GWG is relevant to pregnancy outcomes; EGWG is associated with large for 

gestational age infants with IGWG associated with small-for-gestational-age infants (7). It 

remains unclear if routine weighing could be an effective screening tool for the detection of 

adverse pregnancy outcomes such as large and small birth weight infants. Further testing of the 

efficacy of routine weighing, as a weight management strategy and pregnancy screening tool, 

within high income countries should be considered. In particular routine weighing as a weight 

management strategy should be considered outside routine antenatal care, to include alternative 

care models such as midwifery continuity of care, whereby a known midwife forms a therapeutic 

relationship with and provides care to a woman within her social context across the childbearing 

continuum (186, 187).  

Given the widespread re-introduction of routine antenatal weight-monitoring following the 

recommendations made in the most recent Australian pregnancy care guidelines (31), further 

research is required to ascertain the acceptability of weighing amongst women and clinicians 

using both qualitative and quantitative techniques. Qualitative techniques may assist in 
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ascertaining clinician attitudes towards addressing pregnancy weight gain and routine maternal 

weight-monitoring and with addressing gaps in service provision.  

Developing a better understanding of the psychological effects of routine clinician weighing is 

urgently required. The design and conduct of observational studies using valid and reliable 

measures of distress, such as anxiety and depression scales and/or measurements of satisfaction 

with body image (as a proxy measure of weight-related distress), may assist to improve maternity 

care in a holistic way.  

The analysis of the WRB-Q and development of a short-form has identified selected psychosocial 

factors predictive of EGWG. Further testing of the short-form is now required amongst a large 

and independent sample of Australian pregnant women. The use of confirmatory factor analysis 

techniques is recommended, to determine the validity and reliability of the short-form and allow 

for generalised use of the instrument amongst cohorts of Australian pregnant women. 

The analysis of selected psychosocial factors using the WATCH study data has provided further 

insight into the complex nature of the relationships with GWG. Body Image dissatisfaction seems 

to be an important direct predictor of EGWG. Therefore, further research should be conducted to 

ascertain the feasibility of implementing body image screening as a risk assessment measure for 

EGWG. Feasibility studies can assist to identify potential barriers to upscaling an intervention at 

the population level. Qualitative studies ascertaining women’s experience and practitioner 

experience and perceptions of BI screening are also recommended. Further research is 

additionally recommended to design and test tailored health promotion interventions that address 

body image dissatisfaction and support women to optimise their dietary intake during pregnancy.  

The qualitative analysis presented within Chapter 7 identified a possible relationship between 

the onset of pregnancy symptoms and development of EGWG. Further studies should focus on 

the development of objective measurements of pregnancy symptoms for the future testing of these 

relationships as predictors of EGWG. Given these findings, it is also recommended that pregnancy 

screening additionally seek to ascertain self-efficacy for diet-related behaviour to ensure 

appropriate diet-related support strategies. 

A conceptual model detailing direct and indirect relationships between body image 

dissatisfaction, maternal psychology, discorded eating symptoms, and EGWG has been proposed. 

Further research is required to test hypotheses arising from this model, by using techniques such 
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as mediation analysis, to further develop our understanding of the complex relationships between 

psychosocial factors and GWG in pregnancy. 

8.6. Concluding Remarks 

Supporting women to achieve healthy weight gain in pregnancy is a complex and multifactorial 

phenomenon. Weight gain is characteristic of normal fetal growth and pregnancy progression, 

except when it is considered inadequate or excessive. To date, the dominant physiological energy 

in / energy out approaches to weight management such as diet and exercise interventions have 

shown moderate effectiveness for optimising healthy weight gain within controlled trials. 

However, translation of these interventions into real world maternity care practice has been met 

with professional, organisational, and psychosocial barriers, with no clear guidance on how best 

to support women to achieve healthy gestational weight gain. 

Pregnant women continue to gain weight outside of the limits of the American Institute of 

Medicine’s gestational weight gain guidelines (widely cited and adopted as pregnancy weight 

gain reference values internationally). Proportionally, women are more likely to gain weight 

above the gestational weight gain guidelines than below; however, both inadequate and excessive 

weight gain pose risks to the pregnancy and beyond. In the short-term women are at increased 

risk of pregnancy related disease including pre-eclampsia and gestational diabetes, small and large 

for gestational age infants, and caesarean section. Perhaps of most concern, though still being 

teased out, are the long term, intergeneration health implications of inadequate gestational weight 

gain.  

Increasingly, and in the absence of clear evidence, routine antenatal weight-monitoring is being 

suggested as an intervention to assist women to meet gestational weight gain targets. Evidence 

currently does not support weight-monitoring as a weight management strategy, with effects on 

maternal psychology largely being unknown. Routine weighing for the collection of weight gain 

data, relevant to pregnancy and birth outcomes such as infant birth weight, gestational diabetes, 

hypertension, and mode of birth require exploration. However, it is becoming more apparent that 

to optimise pregnancy weight gain, broad socio-ecological approaches to health promotion are 

required. Weight gain in pregnancy is directly and indirectly affected by a woman’s individual 

pregnancy experience and her wider psychosocial context. Body image dissatisfaction is one 

psychosocial factor that has consistently been shown to be predictive of EGWG. Pregnancy is 

considered an opportune time for health promotion engagement, with women seemingly 
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motivated to engage in health behaviours for the benefit of their infants. Broadening current 

psychosocial screening to include detection of body image dissatisfaction, negative attitudes 

toward pregnancy weight gain, and diet-related self-efficacy, provides opportunity for the 

development of health promotion strategies that better support women both psychologically and 

physiologically to optimise their pregnancy weight gain. The longer term aim is to improve 

clinically relevant pregnancy and birth outcomes, with better health tracking over the life course. 
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