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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.

Ixii



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

BMI Category Recommended Total Gain (kgs)
Underweight (BMI < 19.8) 12.5—18.0

Normal (BMI of 19.8 to 26.0) 11.5-16.0
Overweight (BMI > 26.0 to 29.0) 70-115

Obese (BMI >29.0) >6.8

Adapted from the American Institute of Medicine Committee on Nutritional Status During Pregnancy and
Lactation. Nutrition During Pregnancy: Part 1 Weight Gain. National Academy of Sciences Institute of
Medicine; 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 [OM 2009 weight gain guidelines, where
EGWG is defined as weight gains above the recommended maximum target value; and inadequate
gestational weight gain (IGWGQG) defined as pregnancy weight gains below the minimum target

reference value (6).



Table 1.2 American Institute of Medicine Gestational Weight Gain Ranges 2009

BMI Category Recommended Total Gain (kgs)
Underweight (BMI <18.5) 12.5—18.0

Normal (BMI 18.5 —24.9) 11.5-16.0
Overweight (BMI 25.0 —29.9) 70-11.5

Obese (BMI > 30.0) 5.9

Adapted from Rasmussen KM, Yaktine AL. Nutrition During Pregnancy: Re-Examining the

Guidelines. Washington D.C.: National Academy of Sciences Institute of Medicine; 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).



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

6



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). Rogozinska 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).



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
GWQG, 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 Al).
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
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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/m?) 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.

14



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/m?) or obese (>30.0kg/m?) 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 (EGWGQG) 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/m?) had EGWG
compared to 30% of women with a BMI <25kg/m?* (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. AS5). 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

Inclusion Criteria Exclusion Criteria
Randomised control trials with the Studies published in languages other than
intervention of any weight measurement, English
self-recorded or recorded by any health
professional
Studies that included pregnant women with a Studies that are not randomized control
singleton pregnancy, of any age, weight, trials

body mass index, without date limits

Studies that used more than one episode of Studies in animals, Multiple pregnancies
weight measurement during pregnancy

Neutral or good methodological quality Poor methodological quality studies
studies

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 ([7) 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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Table 2.2 Characteristics of Included Studies

Author(s), Aim, Population Intervention, Compliance Outcome(s) Conclusions | Limitations
Year Study, quality characteristics | Duration of measure(s)
Title, Design, | rating study
& Country
Jefferies K., To assess Pregnant (1) Weight (1) Weight selt- | Mean No difference | Weight
Shub, A,, the effect of | women recruited | measurements + | recorded on difference in in total weight | measurements were
Walker, SP., regular before advice personalised weight gain gain largely self-reported
Hiscock, R & weight <14 week's compared to measurement (Kgsiweek) Kgs/week) based on home and
Permezel, M. measureme | gestation. standard card (tabular or | and between | between (I1) hospital scales. There
2009, nts and Age >18 years. | antenatal care graphical), BMI and (C). was no measure of
Reducing advice <45 years., (C). using scales at | subgroups. A statistically participation
excessive about the singleton BMI calculated at | hospital or Total weight significant compliance with the
weight gainin | recommend | pregnancy. first antenatal participant's gain and reduction in (I1). A small sample
pregnancy: a ed (IOM English visit and advice home until proportion GWG size was used with
randomised 1990) speaking, no on optimal 34 weeks gaining in (Kgs/Week.) inadequate power to
confrolled trial. | weight pre-existing weight gain (1) +(C) excess ofthe | between (1) detect differences
RCT, ranges on Typelor2 given as per IOM | weighed at 10M 1990 and (C) in between groups for
Melboumne, gestational | diabetes 1990 guidelines. | recruitment & weight gain overweight weight gain above
Australia. weight gain | Intervention 11 self-weighing 36 weeks on guidelines. BMI subgroup | IOM 1990 guidelines,
(GWG). (l1) n=148 recorded on hospital scales. | Maternal & only (mean pregnancy and
Neutral (-) | (-23), Control participants own neonatal difference of neonatal
(C)n=138 antenatal card at pregnancy 0.12 kgiweek | complications.
(-27) first visit, 16, 20, and birth (95% ClI, 0.03
24,28, 30, 32, complications | to 0.22),
34 and p=0.01.
36 weeks.
(C) Weighed at
first visit and at
36 weeks only.
Brownfoot, To assess Pregnant (l1) Weight (1) Weight Mean No statistically | Study not powered to
FC., Davey, M- | the effectof | women recruited | recorded by a documented in | difference in significant detect a between
A. & Komman, | clinician <21 weeks clinician at each | hospital weight gain differences group differences for
L. weighing at | gestation. antenatal antenatal per week reported in all maternal and
2016 each Age >18 years appointmentand | records at (Kgsiweek) mean weight necnatal pregnancy
Routine antenatal <45ys, singleton | documented in appointments and between | gain per week | and birth
weighing to visit with pregnancy. hospital by attending BMI (1) 0.54 kg complications
reduce advice on English antenatal record. | clinicians. subgroups. (£0.28) & (C) reported.
excessive appropriate | speaking, no co | The treating (C) Weighed at | Propartion 0.53 kg
antenatal GWG using | morbidities or clinician recruitment gaining within, | (+0.24) p=0.6
weight gain:a | the IOM substance encouraged to and =36 weeks | lessthanand | 3 (p=0.05).
randomised 2009 weight | abuse identified. | discuss weight only and more than the | No difference
confrolled trial. | gainin Intervention gain (no scripted | documentedon | IOM 2009 in proportion of
RCT pregnancy (I1) n=2386 responses used). | hospital weigh gain women gaining
Melboumne, guidelines. | (=17), (C) Routine antenatal ranges. weight within,
Australia. Positive (+) | Control antenatal care record. Data Maternal & less than or
(C)n=1396 including advice | collected from neonatal more than IOM
(-24) of appropriate the antenatal pregnancy 2009
weight gain hospital record, | and birth guidelines. No
within the IOM mean frequency | complications | differences
2009 ranges. of weight between
Both groups measurements groups for all
weighed at reported for neonatal and
recruitment with | both groups. matemal
BMI calculated. complications.
The (C) weighed
again
at 236 weeks
gestation.
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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

B =
© B
® 8
8 £
First author, year of publication (reference) E @ Z o
] 25
2 0o
VALIDITY QUESTIONS
1. Was the research question clearly stated? Y Y
Y Y
2. Was the selection of study subjects/patients free from bias?
Y Y
3. Were study groups comparable?
Y ¥
4. Was method of handling withdrawals described?
Y Y
5. Was blinding used to prevent introduction of bias?
N Y
6. Were intervention /exposure factor or procedure and any comparison(s) described in detail?
Y Y
7. Were outcomes clearly defined and the measurements valid and reliable?
8. Was the statistical analysis appropriate for the study design and type of outcome indicators? Y Y
Y Y
9. Were conclusions supported by results with biases and limitations taken into consideration?
Y Y
10. Is bias due to study’s funding or sponsorship unlikely?
N P
OVERALL QUALITY
t American Dietetic Association Quality Criteria Checklist for Primary Research 2Y, yes; N, no
4P, positive rating; N°, neural rating

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 [OM 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, a=0.05,
and SD +4.1kg.
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Figure 2.2 Results for Continuous Variables and Tests of Significance

N, mean N, mean
Author WMD (85% Cl) (SD); Intervention  (SD); Control
GWG per week (ka/wk)
Jefferies —_— -0.02 (-0.08, 0.02) 125, .44 (.173) 111, .46 (.156)
Brownfoot —_— 0.01(-0.03,0.05) 368, .54 (:28) 372, .53 (.24)
Subtotal <> -0.00 (-0.03,0.02) 494 483
BMI UW(Kg/wk)
Jefferies -0.14 (-0.27,-0.01) 5, .33 (.104) 5, .47 (.098)
Brownfoot -0.03 (-0.27,021) 5, .68 (.22) 8,.71(21)
Subtotal e —— -0.12 (-0.23,-0.01) 10 13
BMI NW/(Kg/wk)
Jefferies —_— -0.01 (-0.06, 0.04) 75, .47 (.157) 67, .48 (.149)
Brownfoot —— 0.02 (-0.03,0.07) 208, .56 (.26) 212, .54 (.22)
Subtotal e 0.01(-0.03,0.04) 283 279
BMI OW(Kg/wk)
Jefferies —_— -0.12 (-0.21,-0.03) 20, .42 (.153) 18, .54 (.123)
Brownfoot —_—— 0.00 (-0.07,0.07) 112, .53(:3) 116, .53 (.24)
Subtotal _ ¢ -0.05 (-0.10,0.01} 132 134
BMI OB(Kg/wk)
Jefferies —_—— 0.07 (-0.04,0.18) 25, .4 (.226) 21,.33(.145)
Brownfoot —_— 0.08 (-0.04, 0.18) 60, .48 (.26) 58, .42 (.28)
Subtotal _— 0.06(-0.01,0.14) 85 79
birth weight(kg)
Jefferies -0.00 (-0.13,0.12) 124, 3.42(452) 111, 3.42 (.505)
Brownfoot —_—t 0.04 (-0.05,0.13) 369, 3.4 (.561) 372, 3.36 (.624)
Subtotal _ 0.03(-0.04,0.10) 493 483
T T
272 0 272

Control

Intervention

Significance test(s) of Weighted Mean Difference (WMD=0), Gestational Weight Gain (GWG) per week (kg/wk) z= 0.23,
p = 0.815; Body Mass Index (BMI) Underweight (UW) (Kg/wk) z= 2.06, p = 0.040; BMI Normal Weight (NW) (Kg/wk) z=
0.36, p = 0.716; BMI Overweight (OW) (Kg/wk) z= 1.68, p = 0.094; BMI Obese (OB) (Kg/wk) z= 1.74, p = 0.081; Birth

Weight (kg) z= 0.70, p = 0.481.
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Figure 2.3 Proportion of Weight Gain Exceeding the IOM ranges and Tests of Significance

Events, Events,
Author OR (95% ClI) Intervention Control
BMI UW
Brownfoot 1.50 (0.14, 16.54) 3/5 3/6
Jefferies (Excluded) 0/5 0/5
Subtotal —_— T 150(0.14, 16.54) 3110 311
BMI NW
Jefferies _— 0.52(0.19, 1.44) 775 11/67
Brownfoot — 0.77 (049, 1.21) 96/152 131/190
Subtotal <> 0.72(0.48,1.00) 1037227 142257
BMI OW
Jefferies 0.43(0.12,1.59) 7/20 10118
Brownfoot —_—— 1.08 (0.50, 2.25) B87/104 77/93
Subtotal = 0.85(0.45,1.62) 94/124 87/111
BMI OB
Jefferies 1.80 (0.49, 8.57) 9/25 5/21
Brownfoot _— 1.48 (0.54,4.08) 46/56 28/37
Subtotal = 160 (0.72,3.564) 55/81 33/58

I I
0605 1 16.5
Control Intervention

Significance test(s) of Odds Ratio (OR) =1; Body Mass Index (BMI) Underweight (UW) z= 0.33, p = 0.741; BMI
Normal Weight (NW) z= 1.55, p = 0.122; BMI Over Weight (OW) z= 0.50, p = 0.617; BMI Obese (0B) z= 1.15,

p = 0.250.
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Figure 2.4 Pregnancy and Birth Outcomes and Tests of Significance

Events, Events,
Author OR (95% CI) Intervention  Control
GWG > IOM
Jefferies * 0.74 (0.39, 1.38) 23125 26111
Brownfoot -— 1.25 (0.88, 1.77) 267/355 204/288
Subtotal <> 1.10 (0.81,1.50)  290/480 230/399
Macrosomia (>90th centile)
Jefferies —— 0.63 (0.24, 1.62) 8124 11111
Brownfoot . 0.97 (0.56, 1.68)  27/369 28/372
Subtotal - 0.87 (0.54, 1.40)  35/493 39/483
IUGR (<10th centile)
Jefferies —_— 0.65(0.26,1.60)  9/124 121111
Brownfoot —— 0.70 (0.44,1.12)  34/369 471372
Subtotal - 0.69 (0.46, 1.04)  43/493 59/483
Instrumental Birth
Jefferies - 1.58 (0.82,3.03) 29124 18111
Brownfoot -— 1.23 (0.85, 1.77) 76/369 65/372
Subtotal > 1.30 (0.95,1.78)  105/483 83/483
Caesarean Birth
Jefferies ——— 1.33(0.76,2.34) 411124 30/111
Brownfoot —— 0.74 (0.54, 1.03) 94/369 117/372
Subtotal <> 0.86 (0.85, 1.14) 135/493 147/483
PIH/PE
Jefferies _-— 3.16 (0.85, 11.78)  10/124 3111
Brownfoot —t— 1.15 (0.58, 2.28) 18/391 16/396
Subtotal - 147 (0.81,2.67)  28/515 18/507
GDM
Jefferies —_— 1.18 (0.50, 2.82) 13124 101111
Brownfoot —_—— 1.02 (0.55,1.90)  21/389 21/396
Subtotal T 1.07 (0.65,1.78)  34/513 31/507
infant hypoglycemia
Jefferies ¥ 2.73(0.28,26.61) 31124 M1
Brownfoot —— 0.93 (0.47, 1.84) 171370 18/367
Sublotal E— 1.03 (0.54,1.97)  20/494 19/478
Apgar <7 at 5 mins
Jefferies 0.44 (0.04, 4.95) 1124 2/111
Brownfoot —— 0.68 (0.32, 1.45) 12/370 17/364
Subtotal _— 0.66 (0.32,1.35)  13/494 19/475

T T
.0376 1 266
Control Intervention

Significance test(s) of OR=1; GWG > IOM z= 0.63, p = 0.532; Macrosomia (>90th centile) z= 0.58, p = 0.560;

Intra Uterine Growth Restriction (IUGR) (<10th centile) z= 1.76, p = 0.079; Instrumental Birth z= 1.62, p = 0.105;
Caesarean Birth z= 1.06, p = 0.288; Pregnancy Induced Hypertension (PIH)/ Pre Eclampsia (PE) z= 1.26, p = 0.206;
Gestational Diabetes Mellitus (GDM) z= 0.27, p = 0.787; Infant hypoglycemia z= 0.10, p = 0.917; Apgar <7 at 5 mins
z= 1.15,p=0.252.
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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/m?) 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).
Citation

Fealy, S., Davis, D., Foureur, M., Attia, J., Hazelton, M., & Hure, A. (2020). The return of
weighing in pregnancy: A discussion of evidence and practice. Women & Birth, 33(2), 119-124.
https://doi.org/10.1016/;.wombi.2019.05.014

31


https://doi.org/10.1016/j.wombi.2019.05.014

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 infantsin 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, 15" and 85™ 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

BMI Category Recommended Total Gain (kgs)
Underweight (BMI < 19.8) 12.5—18.0

Normal (BMI of 19.8 to 26.0) 11.5-16.0
Overweight (BMI > 26.0 to 29.0) 70-115

Obese (BMI >29.0) >6.8

Adapted from the American Institute of Medicine Committee on Nutritional Status During Pregnancy and
Lactation. Nutrition During Pregnancy: Part 1 Weight Gain. National Academy of Sciences Institute of
Medicine; 1990.
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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/m?) at the beginning of pregnancy gain more weight than
women who are overweight (25-29.9 kg/m?) or obese (> 30 kg/m?) as per Table 3.2 (6).

Table 3.2 American Institute of Medicine (2009) weight gain in pregnancy guidelines

BMI Category Recommended Total Gain (kgs)
Underweight (BMI <18.5) 12.5_18.0

Normal (BMI 18.5 —24.9) 11.5-16.0
Overweight (BMI 25.0 — 29.9) 70-11.5

Obese (BMI > 30.0) 5.9

Adapted from Rasmussen KM, Yaktine AL. Nutrition During Pregnancy: Re-Examining the

Guidelines. Washington D.C.: National Academy of Sciences Institute of Medicine; 2009.
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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).
Citation
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R., Hure, A. (2021). A revalidation of the Weight-Related Behaviours Questionnaire within an
Australian Pregnancy Cohort. Midwifery, (97). https://doi.org/10.1016/j.midw.2021.102951
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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) S5kgs — 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 (AtWGQG) 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 (o) 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 (a) 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 (o) 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 Hiibner 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 Bl 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

Original Bassett WATCH study
Mothers Health cohort cohort
(N=622) (N =159)
A 28.9 (5.6
.l 28.8 (nr) 289 (5.6
Mean (SD) missing n=12
Country of birth 138 (87%
Australia n (%) (o) (87%)
Other n (%) (nr) 21 (13%)
ion > Hi 105 (71%
]Educatmn > High School n 92.5% . ‘( %0)
(%3) missing n=12
Education < High School » 42 (29%)
" 7.5% -
(%) missing n=12
Married n (%) 72.8% 84 (61%)
54 (39%
Unmarried 7 (%) 27.2% , ‘( )
missing n=22
Nulliparous n (%) 41.3% 66 (45%)
80 (559
Multiparous n (%) 58.3% (55%)
missing n=13
Total Gestational Weight 135 (5.3) 13.3(7.2)
Gain (kgs) Mean (SD) T missing n=12

Demographic data for the Bassett Mothers Health Cohort derived from Kendall, A., Olson, C. M., & Frongillo, E. A.,
Jr. (2001). Evaluation of psychosocial measures for understanding weight-related behaviours in pregnant women.
Annals of behavioural medicine: a publication of the Society of Behavioural Medicine, 23(1), 50-58 & Olson, C. M., &
Strawderman, M. S. (2003). Modifiable behavioural factors in a biopsychosocial model predict inadequate and
excessive gestational weight gain. Journal of the American Dietetic Association, 103(1), 48-54.

nr = not reported




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 (o = 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 (o = 0.82)
and 3 (a = 0.82), but lower for factor 1 (o = 0.65). The overall Cronbach’s alpha was lower for
this scale amongst the WATCH cohort compared to the original analysis (a = 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 (o =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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Cohort Comparisons of Factor Structure

WATCH Cohort Bassett Mothers Cohort
Analysis Analysis
(Australia) (USA)
Factor | Factor | Factor | Factor | Factor | Factor
1 2 3 1 2 3

Weight Locus of Control
Circle the number that best represents how you feel
(Likert scale strongly agree — strongly disagree)
1.Whether my weight change is up to me. 0.69 -0.03 0.88 0.01
2. If I eat right, get enough exercise and rest, I can .67 0.11 0.87 0.02
control my weight the way I want.
3. Being the right weight is mainly good luck -0.08 0.52 -0.00 0.88
4. No matter what I try to do, if I gain or lose weight, 0.17 .51 0.03 0.86
or stay the same, it is just going to happen.
Cronbach’s alpha (by factor) 0.73 0.53 0.71 0.69
Overall Cronbach’s Alpha 0.49 0.73
Self-Efficacy
How sure are you that you can?
(Likert scale very sure — very unsure)
5. Fit into your regular clothes 0.28 -0.01 0.04 0.96 -0.05 -0.07
6. Take off any extra weight you gain 0.79 0.25 0.02 091 0.02 -0.01
7. Get back in shape 0.73 0.28 0.22 .85 0.05 0.12
8. Eat balanced meals 0.14 0.69 0.14 -0.12 0.90 -0.06
9. Eat foods that are good for you & avoid foods that 0.09 0.79 0.05 0.03 0.85 0.03
are not.
10. Eat foods that are good for you even when family 0.16 0.72 0.21 0.18 0.76 0.05
or social life takes a lot of your time.
11. Get regular exercise 0.15 0.20 0.75 0.00 -0.02 0.98
12. Get regular exercise even when family or social 0.10 0.10 0.77 0.00 0.01 0.97
life takes a lot of time.
Cronbach’s alpha (by factor) 0.82 0.65 0.82 0.90 0.81 0.94
Overall Cronbach’s Alpha 0.76 0.85
Attitudes towards weight gain
Circle the number that best represents how you feel
(Likert scale strongly agree- strongly disagree)
13.The weight I gain during my pregnancy makes me .80 0.25 0.04 0.83 -0.09 0.11
feel ugly.
14. I worry that I may get fat during this pregnancy. 0.74 0.32 -0.09 0.76 -0.01 -0.10

Table 4.2 Weight-Related Behaviours Questionnaire: Exploratory Factor Analysis and
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15. I am embarrassed at how big I have gotten during 0.77 0.43 0.19 0.80 -0.07 0.16
this pregnancy.

16. I'm embarrassed whenever the nurse weighs me. 0.70 0.36 0.24 0.75 0.05 0.07
17. 1 am trying to keep my weight down so I don’t 0.52 0.17 0.33 0.50 0.18 -0.12
look so pregnant.

18. I would like to gain between 12.5 and17.5 0.09 0.30 -0.05 -0.23 0.78 0.31
kilograms during this pregnancy.

19. I would gain 20kg if it meant a healthier baby. 0.08 -0.51 0.21 -0.13 0.62 -0.24
20. I will feel badly if I gain more than 20 kilograms 0.61 -0.15 -0.05 0.37 0.57 0.07
during this pregnancy.

21. I like being able to gain weight for a change. 0.41 -0.03 0.04 0.22 0.54 0.07
22. As long as I'm eating a well-balanced diet, 0.55 -0.16 -0.13 0.20 0.54 -0.19
don’t care how much I gain during this pregnancy.

23. I'm sure I will be able to fully control the amount -0.06 -0.19 0.49 0.15 0.0 0.73
of weight I will gain during this pregnancy.

24. You can’t totally control the amount of weight 0.05 -0.06 0.52 -0.01 0.06 0.66
you gain when you are pregnant.

25. I feel that women have to be very careful about 0.46 0.05 -0.01 0.42 0.17 -0.39
getting fat during pregnancy.

Cronbach’s alpha (by factor) 0.89 0.39 0.54 0.80 0.65 0.36
Overall Cronbach’s Alpha 0.75 0.78

Body Image

Circle the number that best represents how you feel

(Likert scale very satisfied — very dissatisfied, too heavy, about

right, too light)

26. How satisfied are you with your current shape? 0.82 0.41 0.95 0.04

27. How satisfied are you with your current weight? 0.82 0.42 0.90 0.10

28. Do you consider your current weight to be... 0.40 0.79 0.02 0.95

29. Do you consider your current body shape to be... 0.40 0.78 0.13 0.87
Cronbach’s alpha (by factor) 0.93 0.89 0.94 0.92

Overall Cronbach’s Alpha 0.91 0.89

Feelings about the motherhood role

Circle the number that best represents how you feel

(Likert scale strongly agree — strongly disagree)

30. Having a baby brings a lot of stress into a 0.35 0.84 -0.28

woman’s life.

31. I am not sure how I will manage after I have the 0.56 0.67 0.15

baby.

32.1am afraid I will lose my identity after I have the 63 0.60 0.26

baby.
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33. After a woman has a baby, she is mainly just 0.65 0.59 0.20
somebody’s mother.

34.1am sure I will be a good mother 0.47 0.41 0.22
35. 1 felt proud when I found out I was going to have 0.44 0.01 0.82
a baby

36. I felt scared when I found out I was going to have 0.41 0.03 0.80
a baby.

Cronbach’s alpha (by factor) 0.67 0.43 0.70 0.55
Overall Cronbach’s Alpha 0.71 0.74

Career orientation

Circle the number that best represents how you feel

(Likert Scale — strongly agree — strongly disagree)

37. 1 want a job that will help me grow. 0.05 0.07 0.62 0.82 0.14
38. Being able to express myself through a job means 0.34 0.02 0.65 0.78 0.01

a great deal to me.

39. I am determined to achieve my educational and 0.27 0.07 0.65 0.71 0.07
work goals.

40. Success in my work is very important to how I 0.50 0.00 0.37 0.71 0.10
feel about myself.

41. I see myself as working for pay my whole adult 0.57 0.03 0.15 0.62 0.03
life.

42. The responsibilities for home and family should -0.02 0.01 0.16 0.49 -0.34
be equally shared when both partners work.

43. I need more in life than what being a wife and 0.47 0.11 0.16 0.47 0.26
mother can give me.

44. Women who hope to be successful in a job must -0.03 0.26 0.14 0.46 0.04
do so at the expense of home and family.

45. Women should seek work that will fit in family 0.10 0.73 0.03 -0.27 0.76
needs in terms of work hours, leave time, etc.

46. Women must make changes in their careers for 0.17 0.70 -0.10 -0.06 0.70
family needs.

47. Women should not work full-time when their 0.20 0.67 0.07 0.22 0.62
children are young.

48. Feeling loved and needed is more important to 0.56 0.30 -0.12 0.17 0.58
me than having a career.

49. I would be very happy staying at home and not 0.73 0.09 0.02 0.40 0.46
working at a job.

Cronbach’s alpha (by factor) 0.66 0.73 0.75 0.67
Overall Cronbach’s Alpha 0.74 0.81
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Table 4.3 Scale Item Correlations

Waghtloouss | g1 | @ | o3 4
of control
@=159)
Q1 1.00000| 0.57187| -0.09215 0.11935
<.0001 0.2480 0.1340
Q2 1.00000] 0.08097 0.19440
0.3103 0.0141
Q3 1.00000 0.35759
<.0001
Q4 1.00000
Spearman’s Rho and p-value
Self s | o | @ ¢ | 0 | o0 | on | on
Eflicacy
{n=158)
Q5 1.00000| 0.28369| 0.10956 -0.00105( 0.03340| 0.03006( 0.09331] 0.06888
0.0003 0.1706 0.9896 0.6770 0.7077 0.2436 0.3898
Q6 1.00000] 0.72219 0.25270| 0.23774( 0.28224| 0.18259| 0.08749
<.0001 0.0014 0.0026 0.0003 0.0217 0.2744
Q7 1.00000 0.35269| 0.22362| 0.29568| 0.37253( 0.289%4
<.0001 0.0047 0.0002( <.0001 0.0002
Q8 1.00000| 0.61781( 0.54329| 0.30765| 0.18492
<.0001 <.0001 <.0001 0.0200
Q9 1.00000| 0.63789( 0.22461( 0.11404
<.0001 0.0046 0.1537
Q10 1.00000] 0.27298( 0.28683
0.0005 0.0003
Q1 1.00000( 0.66012
<.0001
Q12 1.00000
Spearman’s Rho and p-value
Body Image | Q26 Q7 Q23 Q29
@=154)
Q26 1.00000| 0.83114| 0.64231| 0.73707
<.0001] <.0001 <.0001
Q27 1.00000] 0.73954| 0.65370
<.0001 <.0001
Q28 1.00000( 0.80674
<.0001
Q29 1.00000
Spearman’s Rbo and p value
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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” (o
=0.56 verses a = 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 (o = 0.79 verses a
=0.76). For the Bl items all Cronbach’s alphas decreased with the deletion of each item indicating

that no items need omitting.

Table 4.4 Deleted Items Modelling

Weight locus of Raw Variables Standardized Variables
control

Deleted Ttems | Correlation Correlation with

Cronbach’s o | with Total Alpha Total Alpha
Q1 0.294495 0.420017 0.282067 0.415460
Q2 0.427261 0.294319 0.406368 0.293217
Q3 - 0.127560 0.546547 - 0.120824 | 0.556712
Q4 0.321052 0.393549 0.339803 0.360182

Self- efficacy

Deleted Items | Correlation Correlation with

Cronbach’s o | with Total Alpha Total Alpha
Q5 0.154773 0.784592 0.146079 0.790219
Q6 0.514318 0.695857 0.507454 0.729234
Q7 0.578706 0.686513 0.576343 0.716582
Qs 0.500599 0.704142 0.523386 0.726338
Q9 0.470355 0.705975 0.502686 0.730097
Q10 0.566190 0.689647 0.591691 0.713717
Q11 0.477347 0.705046 0.483284 0.733593
Q12 0.369311 0.725216 0.380391 0.751690

Body image

Deleted Items | Correlation Correlation with

Cronbach’s o | with Total Alpha Total Alpha
Q26 0.831215 0.855278 0.807888 0.879599
Q27 0.838792 0.850219 0.815148 0.877021
Q28 0.759369 0.884108 0.779625 0.889544
Q29 0.762119 0.882908 0.781955 0.888729
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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 (a0 <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 Bl 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 S

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

Fealy, S., Attia, J., Leigh, L., Oldmeadow, C., Hazelton, M., Foureur, M., Collins, C.E., Smith,
R., Hure, A. (2020). Demographic and social-cognitive factors associated with gestational weight
gain in an Australian pregnancy cohort. Eating Behaviors, (39).

https://doi.org/10.1016/j.eatbeh.2020.101430
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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%

CI10.53, 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 (EGWGQ), 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 >90™ 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 (a. 0.49); 2) Self-efficacy (a 0.76); 3) Attitudes towards weight gain (o 0.75); 4)
Body image (o 0.91); 5) Feelings about the motherhood role (o 0.71); 6) Career orientation (o
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

WATCH Cohort (N=159)

Age (Mean /SD)

Missing 12

Country of birth Australia # (%)
Other n (%)

Education > Year 12 (high school) n (%)
Education < Year 12 (high school) 7(%
Missing 12

Married 7 (%)

Unmarried n (%)

Missing 22

Parity- Primiparous n (%)

Party- Multiparous 7 (%)

Missing 13

Smoker n (%)

Developed gestational diabetes
n (%)
Missing 14

Developed hypertension in pregnancy n (%)

(pre-eclampsia / gestational hypertension
Missing 13

Mode of birth n (%)
Vaginal birth
Imstrumental birth
Caesarean birth
Missing 1

Infant Birth Weight (grams)
Mean (SD) n=144

Breastfeeding n (%0)
(at approx. 3-months post-partum n=140)

(at approx. 6 months post-partum n—= 120)

28.9 (5.64)

138 (94%)
9 (6.1%)
105 (71%)

42 (29%)
84 (61%)
54 (39%)
66 (45%)
80 (55%)

15 (10%)

6 (4.1%)

9 (6.1%)

104 (66%)
22 (14%)
32 (20%)

3495.0 (557.02)

94 (67%)

68 (57%)
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Table 5.2 WATCH maternal weight characteristics

WATCH cohort (N =159)

Pre-pregnancy weight (kg)
Mean (SD)
Pre-pregnancy BMI by Category (n, %)

69.63 (16.97)

Underweight 8 (5.4%)
(<18.5 kg/m?)

Normal 75 (51%)
(218.5— 24.9 kg/nt)

Overweight 34 (23%)
(225 - 29.9 kg/n?’)

Obese 30 (20%)
(Obese > 30 kg/nt’)

Missing 12

Excess weight gain by pre-pregnancy BMI (n, %)

Underweight 5(62.5%)
(<18.5 kg/n?)

Normal 24 (32.0%)
(218.5— 24.9 kg/n?)

Overweight 20 (58.8%)

(225 - 29.9 kg/n?’)
Obese
(Obese > 30 kg/nt’)

Total sample gaining excess weight (n, %)

11 (36.7%)

60 (41%)
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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. 1t 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

Variable Odds Ratio P-value
(n=138) (95% Confidence
Interval CI) AUC

*Maternal Age (years) (ref = Quintile 1)
(agel8— 24 yrs)

Quintile 2 (age 24.2-26.9) 1.15(0.32,4.10) 0.0146 0.732
Quintile 3 (age 27.3-30.2) 0.32(0.09, 1.18)
Quintile 4 (age 30.3-33.8) 1.23(0.34, 4.44)
Quintile 5 (age 34.0-41.2) 0.20(0.05, 0.82)

Pre-pregnancy BMI (ref = "Normal")

Obese 1.49(0.53,4.18) 0.1025
Overwveight 3.31(1.23, 8806
Underweight 2.91(0.52,16.29)

Parity (ref = 0 primiparas)

1 0.89 (0.35, 2.31) 0.9687
2+ 0.91 (0.34, 2.45)

Smoking (ref = No)

Yes 0.88 (0.22, 3.50) 0.8582
Married (ref = No)

Yes 0.60 (0.25, 1.43) 0.2467
Education >= year 12 (ref = No)

Yes 1.54 (0.61. 3.86) 0.3600

*Model diagnostics indicated that leaving maternal age as a continuous predictor violated the assumption of linearity, and
as aresult maternal age was categorised into quintiles




Table 5.4 Multivariable logistic regression of social-cognitive factors

Social-Cognitive Categories Odds Ratio (95%  P-value

Confidence

Interval CI) “AUC
Body Image
(n=137) 0.67 (0.53, 0.85) 0.0008 0.794
Career Orientation (17 = 135)
(ref = quintile 1) Score range (22-29)
Quintile 2 - Score Range (30-32) 0.35(0.09, 1.32) 0.4854 0.762
Quintile 3 - Score Range (32-33) 0.39(0.10, 1.53)
Quintile 4 - Score Range (34-35) 0.84 (0.25, 2.74)
Quintile 5 - Score Range (36-47) 0.64 (0.19, 2.21)
Feelings about motherhood (n = 137)
(ref = quintile 1) Score range (18-23)
Quintile 2- Score Range (24-25) 3.07 (0.77,12.27) 0.3678 0.763
Quintile 3- Score Range (26-27) 1.95(0.53, 7.23)
Quintile 4- Score Range (28-30) 3.80(1.00,14.53)
Quintile 5- Score Range (31-35) 2.81(0.71,11.13)
Locus of control (n= 138)
(ref = quintile 1) Score range (7-11)
Quintile 2- Score Range (12-13) 0.73(0.24, 2.21) 0.7824 0.728
Quintile 3- Score Range (4-14) 0.40 (0.10, 1.58)
Quintile 4- Score Range (15-15) 0.83(0.18, 3.70)
Quintile 5- Score Range (16-20) 0.75 (0.25, 2.24)
Self-efficacy (n= 138)
(ref = quintile 1) Score Range (3-23)
Quintile 2- Score Range (24-27) 1.43 (0.45, 4.54) 0.9057 0.727
Quintile 3- Score Range (28-29) 1.11(0.32, 3.80)
Quintile 4- Score Range (30-31) 0.78 (0.21, 2.94)
Quintile 5- Score Range (32-38) 1.25 (0.36, 4.32)
Attitudes towards weight gain (n = 138)
(ref = quintile 1) Score Range (17-27)
Quintile 2- Score Range (28-30) 0.58 (0.16, 2.08) 0.3865 0.747
Quintile 3- Score Range (31-33) 1.25(0.34, 4.56)
Quintile 4- Score Range (34-38) 1.02(0.32, 3.27)
Quintile 5- Score Range (39-52) 2.17(0.66, 7.18)

*Adjusted under the curve (AUC) Adjusted for maternal age, pre-pregnancy BMI category, parity, smoking status, marital status,
and education Assessment of model diagnostics for this analysis indicated that the linearity assumption was vielated for all social-
cognitive factors with the exception of body image, and these were categorised into quintiles.




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/m? 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

74



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 (a0 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 4™ 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

Stage 3
Graded Response Modelling -
Item Response Theory

Staged

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 a > 0.70), when tested amongst the WATCH
cohort with the exception of the weight locus of control scale (Cronbach’s a 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 o)
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 0) (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 () 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/m?), with
41% of participants gaining excessive weight by 36 weeks gestation. Proportionally, women in
the underweight pre-pregnancy BMI category (<18.5 kg/m?) gained excessively compared to

women classified as obese (obese > 30 kg/m?), 62.5 % versus 36.7% respectively.
6.5.1. Stagel

Results of the deleted items modelling (Cronbach’s alpha (o)) 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. Stage2

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. Stage3

The graphical item information function results are presented in Appendix A9. Item information
function value statistics (0), 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. Stage4

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 Aftfitudes 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

J1.01 (074, 1.38) p 0.963

11.05 (0.75, 1.48) p. 0.779

WLOC

J1.02 (0.70, 1.49) p. 0.934

Jo.88 (0.66, 1.20) p. 0.446

Jo.79 (0.60, 1.03) p. 0.082

J0.96 (0.70,1.33)p 0.827

J1.42 (0.87, 2.31) p. 0.163

1132 (097, 1.79) p_0.082

ATWG ltem 19 [0.95 {0.70, 1.29) p. 0.721

1m0 62 (072, 1.19) p. 0.528

Tiem 21 [1.33 (0.94, 1.87) p. 0.105

Item 22 [1.02 (0.74, 1.41) p. 0.901

Item 23 J0.73 (0.49,1.10) p. 0.131

11.03(0.71,1.49) p. 0.874

1123 (091, 182)p 0.146

Keep
331 >—<
Keep

fo:84 (0,59, 1.20)p. 0.336

1123 (0.87,1.74)p. 0.246

1121078, 1.87) p. 0.400

1118 (0.77, 1.83) p. 0.431

11.71 (0.99, 2.93) p. 0.053

]1.30 {0.83, 2.05) p. 0.251

Jo.18 (0.03, 0.97) p. 0.133

1118 (0.67, 2.08) p. 0.569

T1.46 (0.87. 2.44) p. 0.156

J1.40(0.85. 2.31) p. 0.183

fo:84 (052, 1.36) p. 0.488

J0.76 (0.48, 1.21) p. 0.249

Jo:81(0.47,1.37) p 0.424

J0.84 (0.53, 1.33) p. 0.459

]1.65 (1.00, 2.70) p. 0.049

J1:21(0.70, 2.11) p. 480

T1.00 (067, 1.49)p 0.993

Jo.82 (0.51,1.31) p. 0.402

Jo81 (053, 1.23)p 0.320




Table 6.1 Gestational Weight Gain Psychosocial Risk Assessment Tool

Self- Efficacy

Neither

Very Sure Sure nor Unsure Very

How sure are you that you can? Sure Unsure Unsure
Eat balanced meals 1 2 3 4 5
Eat foods that are good for you & avoid foods that are not. 1 2 3 4 5
Eat foods that are good for you even when family or social 1 2 3 4 5
life takes a lot of your time...
Attitudes towards weight gain Strongly Neither . Strongly

. 5 apree Agree Agree nor Disagree Disagree
Circle the response that best represents how you feel: 2 Disagree
The weight I gain during my pregnancy makes me feel ugly 1 2 3 4 5
I'worry that I may get fat during this pregnancy. 1 2 3 4 5
I am embarrassed at how big I have gotton during this 1 2 3 4 5
pregnancy.
I'm embarrassed whenever the nurse weighs me. 1 2 3 4 5
Body Image
Circle the response that best represents how you feel: V.ery Satisfied  Dissafisfied . Ve.ry

satisfied dissatisfied
How satisfied are you with your current shape? 0 1 2 3
How satisfied are you with your current weight? 0 1 2 3
Too About .
heavy right Too light

Do you consider your current weight to be... 0 1 2
Do you consider your current body shape to be... 0 1 2
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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

carc.

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, 22™ 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/m* (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.

96



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

Q1. What do you know about weight gain in pregnancy?

Q2. What was your experience of managing your pregnancy weight gain?

Q3. What role did your maternity care provider play?

Q4. How should maternity caregivers approach the issue of weight with you?

Q5. What thangs helped you to manage your weight in pregnancy

Q6. What were the bamers?

Q7. What 1s your expenience of usmg the Eating 4 Two app? (intervention group only)
Q8. What would you advise other women about weight gain in pregnancy?

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 NVivol2 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 [ 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.
1 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, youre 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 ifit’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, 1
wasn’t going to the pool for a swim, [ wasn’t doing any of those things that if [ wasn 't feeling sick
Iwould....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 [ 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 youre 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 [ 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,
1 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 [OM 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% CI1 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 (AtWGQG), 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 (o) 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% CI1 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% CI1 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 Bl 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
(ITF) 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 Bl 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.
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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 S, direct temporal relationships have been consistently observed between
Bl 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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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 (Cl) -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 <185 kg/m?) in the intervention compared to
control group (=0.12 kg/week, 95% Cl —0.23 to —0.01). No significant differences were observed for other
pregnancy, birth and infant outcomes.

Conclusion: 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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Background

Obesity has dramatic effects on reproductive health with
complications during pregnancy and at birth all the
more prevalent in those carrying excess weight [1].
Globally obesity is more prevalent than undernutrition
[2]. The World Health Organisation (WHO) estimates
that over 1.9 billion adults (=18 years) are overweight
and 600 million obese [3]. In Australia, 63% of adult
women (=18 years) are reported to have a body mass
index (BMI) in the overweight (25.0-29.9 l<g/m2) or
obese (230.0 kg/m?) categories [4]. 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 [5].

The risks of entering pregnancy obese are well
documented [1, 6]. Excessive gestational weight gain
(EGWG) as defined by the American Academy of
Sciences Institute of Medicine (IOM) is also an inde-
pendent predictor of adverse pregnancy and birth out-
comes [6, 7]. The IOM weight gain guidelines devised in
1990 and revised in 2009 are the most widely cited
guidelines for gestational weight gain [8, 9]. In the
absence of Australian-based gestational weight gain
guidelines, the IOM guidelines have been largely
adopted as the standard reference [10, 11]. These guide-
lines recommend that women who are underweight at
the beginning of pregnancy gain more weight than
women who are overweight or obese [9].

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 [12-14].
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. [14] observed
that more women gained above the IOM guidelines
(43%) compared to those that gained within (37%) or
below (20%). An Australian prospective cohort study of
pregnancy weight gain (# = 664) similarly found 38% of
women gained in excess of the IOM weight gain ranges
[15]. Fifty-six percent of women who were overweight
and obese (BMI >25 kg/mz) had EGWG compared to
30% of women with a BMI <25 kg/m2 [15]. Furthermore,
in the majority of studies included in a recent systematic
review, 47-72% of obese women had EGWG according
to the IOM ranges [16].

Addressing EGWG has become a public health prior-
ity. Intervention studies have primarily focused on diet
and physical activity either alone or in combination [17].
The most recent Cochrane review identified 65 rando-
mised controlled trials (RCTs) of diet and/or exercise
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interventions. In an analysis of 24 included trials (r = 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 >90"
centile) or caesarean birth [17].

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 en-
gage in such interventions as part of clinical practice [18].

One gestational weight gain intervention that is feas-
ible at a population level (ie. 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 add-
itionally provide a window of opportunity for potential
behaviour change and lifestyle modification [19, 20]. 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 min of a
midwife’s time, was simple to do, and did not signifi-
cantly add to midwives existing workloads [21]. A quali-
tative analysis of pregnant women’s experience of
routine weighing reported that weighing during ante-
natal appointments was an acceptable intervention that
when introduced did not cause distress or anxiety [22].

The stand-alone practice of weighing in the field of
weight management has been successful in aiding
non-pregnant adults achieve weight loss, weight main-
tenance and prevent weight gain as a self-monitoring/
self-regulation strategy [23—25]. 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 [26].
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 [26-29].

The practice of weighing is limited to the first ante-
natal visit in Australia and the United Kingdom for the
purposes of calculating an early pregnancy BMI [11, 30].
The risks and prevalence of women entering pregnancy
obese and exceeding the IOM gestational weight gain
guidelines have caused health care providers necessary
concern and led to develop the development of antenatal
care pathways, recommending a return to weighing dur-
ing all antenatal care visits [6, 31].
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Therefore, this systematic review aimed to summarise
the body of high quality evidence and determine any ef-
fect of routine antenatal weighing as a stand-alone inter-
vention to reduce pregnancy weight gain and, in
particular, prevent EGWG.

Methods
This review follows the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA) [32].

Search strategy

An a priori review protocol and eligibility criteria were de-
vised, with consideration given to the research question,
study design, population, intervention and outcomes (see
Additional file 1). 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.we-
bofknowledge.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®” (see Additional file 2). 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. The search was updated
in January 2016 to ensure recent evidence was captured
(see Additional file 3). The database search results were
exported into reference management software.

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 1. Articles not meeting the eligibility
criteria were screened out in the order of (i) study de-
sign, (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.

Quality assessment
Articles considered eligible for inclusion were assessed
for methodological quality using the Academy of

Page 3 of 11

Table 1 Inclusion/Exclusion Criteria

Inclusion criteria Exclusion criteria

Randomised control trials with
the intervention of any weight
measurement, self-recorded or
recorded by any health
professional

Studies published in languages
other than English

Studies that are not randomised
control trials

Studies in animals
Multiple pregnancies

Studies that included pregnant
women with a singleton
pregnancy, of any age, weight,
body mass index, without

date limits

Studies that used more than one Poor methodological quality
episode of studies

weight measurement during

pregnancy

Neutral or good methodological
quality studies

Nutrition and Dietetics Quality Criteria Checklist for
Primary Research [33]. Cochrane suggests, it is prefera-
ble to use simple approaches for assessing validity that
can be fully reported (i.e. how each trial was rated on
each criterion) [34]. Similar to the Cochrane Collaboration’s
tool for assessing risk of bias in each included study, the
Academy of Nutrition and Dietetics Quality Criteria Check-
list 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
[34]. 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 satis-
factory to gain a positive rating (Q2 - bias, Q3 — com-
parable groups, Q6 - intervention, Q7 - outcomes) [33].
Answers were supplied as either "YES" meeting the cri-
teria, "No" not meeting the criteria, or “Unclear” if the
criteria was not clearly described. Articles were rated as
positive (+) if the validity questions 2, 3, 6, 7, and at least
one additional question were answered as “YES”; nega-
tive (=) if “No” was answered for 6 or more of the valid-
ity questions; or neutral () if answers to questions 2, 3,
6, or 7 did not indicate that the study was exceptionally
strong [33]. Quality assessments of included studies are
presented in the results.

Data extraction

Relevant data were extracted by two reviewers (SMEF,
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.
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Pregnancy, infant and birth outcomes included: infant
birth weight, macrosomia (>90th centile), intrauterine
growth restriction (<10th centile), instrumental birth,
caesarean birth, combined pregnancy induced hyper-
tension (PIH) and pre-eclampsia (PE), gestational
diabetes mellitus (GDM), infant hypoglycaemia, and
Apgar <7 at 5 min.

Statistical analysis

Meta-analysis was conducted using the mean and stand-
ard 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 infor-
mation they contribute, whereas random-effects models
incorporate an estimate of between-study variation
(heterogeneity) in the weighting. The fixed-effect assump-
tion is that the true treatment effect is the same in each
study, despite any differences in study protocols [35]. 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. Cat-
egorical 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
Statistical Software [36].

Results

Search results

A flowchart detailing the screening and selection of
studies is shown in Fig. 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.

Study characteristics

The characteristics of studies included in this review are
outlined in Table 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. [37] 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
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(<14 week’s gestation) and at 36 week’s gestation. Both
groups received standard antenatal care [37]. The second
study by Brownfoot et al. [38] 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 gesta-
tion) and again at 36 weeks gestation only [38]. 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%).

Study quality
A summary of the quality assessment is presented below
in Table 3.

Both studies answered “Yes” to all relevance questions.
Of the four validity questions, the study by Jefferies et al.
[37] 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 clarifica-
tion, however, no further information could be provided.
This paper received a neutral quality rating with a score
of 9 out of a possible 10 [18].

The second study conducted by Brownfoot et al. [38]
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.

Analysis results

Meta-analysis of continuous outcomes is displayed in
Fig. 2. There was no difference in total gestational
weight gain between the intervention (n = 494) and con-
trol groups (1 = 483). In the sub-group analysis of weight
gain by BMI category a statistically significant difference
was found for underweight women. The amount of
weight gained in underweight women was 0.12 kg/week
(n=23, p=0.040) less in the intervention group com-
pared to control.

There were no differences in the total proportion of
women exceeding the IOM weight gain ranges between
intervention (7 =290) and control (7 =230): OR 1.10
(95%CI, 0.81 to 1.50). Data on EGWG by BMI category
are presented in Fig. 3 and show no differences in the
intervention and control groups.

For all secondary pregnancy and birth outcomes (includ-
ing birth weight on Fig. 2) no significant differences were
found between intervention and control as per Fig. 4.

We performed a post-hoc power calculation to deter-
mine the minimum detectable difference in total gesta-
tional weight gain for the pooled total of 977 participants,
distributed approximately evenly between intervention

152



Fealy et al. BMC Pregnancy and Childbirth (2017)17:36

Page 5 of 11

Total Records Identified through databases
- searched; Medline n=790, Embase n= 1602, CINAHL Duplicate Records
s n=101, Maternal & Infant Care n=283, Scopus excluded through
:f-: n=2258, The u\_leh of science n=1431, Cochrane —_— Endnote reference
b= Library Search n =534 manager
3 Total n=6999 1776
=
J
—
Records identified after removal of duplicates and Reasons for Exclusion
assessed by Title AND Abstract AND Keywords (n=86)
using Endnote search strategy did not contain
n=5223 words beginning with
& Preg = (n=24)
£ Weigh (n=14)
g 1 Random* or Trial (n=48)
S
@
Records Screened by Title & Abstract against Reasons for Exclusion
Inclusion / Exclusion Criteria (n=5135)
n=>5137 ’ Duplicate (n =750)
Study design (n=2405)
Population (n=932)
Intervention (n =512)
') l Outcome (n=2)

n=2

Full Text Articles Retrieved for detailed Examination

|

n=2

Studies Assessed for Methodological Quality

(] |

n=2

Included

Included studies

(N

Fig. 1 Study Selection Flowchart. Flow chart adapted from Adapted From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009).
Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6 (6): e1000097. doi:10.1371/journal.pmed100

and control groups. The minimum detectable difference
was approximately 735 g in total gestational weight gain
(~20 g per week), with 80% power, a =0.05, and SD +
4.1 kg [37].

Discussion
This systematic review of RCTs aimed to determine the evi-
dence 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 preg-
nancy 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 im-
pact on their rate of weight gain. Nohr et al. [39], in a
large Danish birth cohort study (n = 60,892), determined
that women who were categorised as underweight at the
beginning of pregnancy (BMI <18.5 kg/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) [39]. Based on the existing
evidence the IOM in 2009 recommended that under-
weight women should gain towards the upper limits of
the weight gain ranges specifically to prevent small for
gestational age infants [40].
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Table 3 Summary of the quality assessment for the included studies
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First author, year of publication (reference)

Jefferies et al. 2009 [37]

Brownfoot et al. 2016 [38]

Validity questions

1. Was the research question clearly stated?

2. Was the selection of study subjects/patients free from bias?

3. Were study groups comparable?

4. Was method of handling withdrawals described?

5. Was blinding used to prevent introduction of bias?

6. Were intervention/exposure factor or procedure and any comparison(s) described in detail?
7. Were outcomes clearly defined and the measurements valid and reliable?

8. Was the statistical analysis appropriate for the study design and type of outcome indicators?

9. Were conclusions supported by results with biases and limitations taken into consideration?

10. Is bias due to study's funding or sponsorship unlikely?

Overall quality

zZ < < < < zZz < < < < =<

T < < < < < < < < < <

American Dietetic Association Quality Criteria Checklist for Primary Research, Y yes, N no,

P, positive rating; N neural rating

Author

GWG per week (kg/wk)

WMD (95% Cl)

N, mean
(SD); Intervention

N, mean
(SD); Control

Control

Intervention

Jefferies — -0.02 (-0.06, 0.02) 125, .44 (.173) 111, .46 (.156)
Brownfoot — 0.01 (-0.03,0.05) 369, .54 (.28) 372, .53 (:24)
Subtotal <] -0.00 (-0.03,0.02) 494 483
BMI UW (Kg/wk)
Jefferies -0.14 (-0.27, -0.01) 5, .33(.104) 5, .47 (.098)
Brownfoo -0.03(-0.27,0.21) 5, .68 (:22) 8,.71 (:21)
Subtotal —_ — -0.12 (-0.23,-0.01) 10 13
BMI NW (Kg/wk)
Jefferies — -0.01(-0.06, 0.04) 75, .47 (.157) 67, .48 (.149)
Brownfoot — 0.02 (-0.03,0.07) 208, .56 (.26) 212, .54 (:22)
Subtotal < 0.01(-0.03,0.04) 283 279
BMI OW (Kg/wk)
Jefferies —_— -0.12 (-0.21,-0.03) 20, .42 (.153) 18, .54 (.123)
Brownfoot 0.00 (-0.07,0.07) 112, .53 (.3) 116, .53 (.24)
Subtotal _ -0.05 (-0.10,0.01) 132 134
BMI OB(Kg/wk)
Jefferies —_— 0.07 (-0.04,0.18) 25, .4 (.226) 21, .33 (.145)
Brownfoot B EE— 0.06 (-0.04,0.16) 60, .48 (.26) 58, .42 (.28)
Subtotal _ —— 0.06 (-0.01,0.14) 85 79
birth weight(kg)
Jefferies _— -0.00 (-0.13,0.12)  124,3.42(452)  111,3.42 (.505)
Brownfoot —_—— 0.04 (-0.05,0.13) 369, 3.4 (.561) 372, 3.36 (.624)
Subtotal _] 0.03 (-0.04,0.10) 493 483
T T
-272 272

Fig. 2 Results for Continious Variables and Tests of Significance. Significance test(s) of Weighted Mean Difference (WMD = 0), Gestational Weight Gain
(GWG) per week (kg/wk) z=0.23, p = 0815; Body Mass Index (BMI) Underweight (UW) (Kg/wk) z = 2.06, p = 0.040; BMI Normal Weight (NW) (Kg/wk)

2=036, p=0716; BMI Overweight (OW) (Kg/wk) z= 168, p = 0094; BMI Obese (OB) (Kg/wk) z=1.74, p = 0081; Birth Weight (kg) z=0.70, p = 0481
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Events, Events,
Author OR (95% Cl) Intervention Control
BMI UW
Brownfoot 1.50 (0.14, 16.54) 3/5 3/6
Jefferies (Excluded) 0/5 0/5
Subtotal —_— [ —————— 150(0.14,16,54) 310 311
BMINW
Jefferies —_— 0.52 (0.19, 1.44) 7/75 11/67
Brownfoot —_— 0.77 (0.49, 1.21) 96/152 131/190
Subtotal < 0.72(0.48,1.09) 103/227  142/257
BMIOW
Jefferies —_—T 0.43(0.12,1.59) 7/20 1018
Brownfoot —_— 1.06 (0.50, 2.25) 87/104 77/93
Subtotal T 0.85(0.45,1.62) 94/124 87111
BMI OB
Jefferies —_— 1.80 (0.49, 6.57) 9/25 5/21
Brownfoot —_—— 1.48 (0.54,4.08) 46/56 28/37
Subtotal T 1.60 (0.72,3.54) 55/81 33/58
T T
.0605 1 16.5
Control Intervention
Fig. 3 Proportion of weight gain exceeding the IOM ranges and tests of significance. Significance test(s) of Odds Ratio (OR) =1; Body Mass Index
(BMI) Underweight (UW) z=0.33, p = 0.741; BMI Normal Weight (NW) z=1.55, p = 0.122; BMI Over Weight (OW) z=0.50, p = 0.617; BMI Obese (OB)
2=1.15,p=0250

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 charac-
teristic 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 GW@ is associated with large for gestational
age infants [12].

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 im-
portant 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 [9]. The guidelines
recommend that health care providers work in partner-
ship 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 aware of
their weight gains and educate them on the importance
of appropriate pregnancy weight gain [9].

Dimperio et al. [41] 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 practi-
tioners 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 [41].

Weighing as a stand-alone intervention may not be ef-
fective for reducing pregnancy weight gain and EGWG
under controlled conditions however given the preva-
lence 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 partner-
ship with women to achieve the IOM weight gain in
pregnancy targets, monitoring their progress and provid-
ing feedback on that progress. Therefore, we recom-
mend further research be undertaken into the impacts
and acceptability of this intervention within various
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Events, Events,
Author OR (95% CI) Intervention ~ Control
GWG > IOM
Jefferies —_— 0.74(0.39,1.38)  23/125 26/111
Brownfoot +— 1.25(088,1.77)  267/355 204/288
Subtotal < 1.10(0.81,150)  290/480 230/399
Macrosomia (>90th centile)
Jefferies — 063(0.24,1.62)  8/124 1711
Brownfoot —_— 0.97 (056, 1.68)  27/369 28/372
Subtotal < 0.87(0.54,1.40)  35/493 39/483
IUGR (<10th centile)
Jefferies D —— 0.65(0.26,1.60)  9/124 12111
Brownfoot —— 070 (0.4, 1.12)  34/369 47/372
Subtotal < 0.69 (0.46,1.04)  43/493 59/483
Instrumental Birth
Jefferies - 1.58(0.82,3.03)  29/124 18/111
Brownfoot —“— 1.23(085,1.77)  76/369 65/372
Subtotal g 1.30(095,1.79)  105/493 83/483
Caesarean Birth
Jefferies —— 1.33(0.76,2.34)  41/124 301111
Brownfoot —— 0.74(054,1.03)  94/369 117/372
Subtotal <> 0.86(0.65,1.14) 135493 147/483
PIH/PE
Jefferies 4— 3.16 (0.85,11.78)  10/124 3111
Brownfoot —_— 1.15(058,2.28)  18/391 16/396
Subtotal - 1.47(0.81,267)  28/515 19/507
GDM
Jefferies —_— 1.18(050,2.82)  13/124 10111
Brownfoot —_— 1.02(055,1.90)  21/389 21/396
Subtotal < 1.07 (0.65,1.78)  34/513 31/507
infant hypoglycemia
Jefferies 273(0.28,2661) 3/124 17111
Brownfoot 0.93(047,1.84)  17/370 18/367
Subtotal g 1.03(054,1.97) 20494 19/478
Apgar <7 at 5 mins
Jefferies 0.44(0.04,4.95)  1/124 21111
Brownfoot B 068(0.32,1.45)  12/370 17/364
Subtotal _ 0.66(0.32,1.35)  13/494 19/475
T T
0376 1 26.6
Control Intervention
Fig. 4 Pregnancy and Birth Outcomes and Tests of Significance. Significance test(s) of Odds Ratio (OR) =1; Gestational Weight Gain (GWG) > Institute of
Medicine (IOM) z =063, p = 0.532; Macrosomia (>90th centile) z= 0.58, p = 0.560; Intra Uterine Growth Restriction (IUGR) (<10th centile) z= 176, p = 0079,
Instrumental Birth z=1.62, p = 0.105; Caesarean Birth z=1.06, p = 0.288; Pregnancy Induced Hypertension (PIH)/Pre-Eclampsia (PE) z= 1.26, p = 0.206;
Gestational Diabetes Mellitus (GDM) z= 027, p=0.787; Infant hypoglycemia z=0.10, p=0917; Apgar <7 at 5 mins z=1.15, p=0252

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

Strengths

We have conducted a methodically rigorous and con-
temporary 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 [32] and an
appropriate methodological quality checklist [33].

Limitations

Although the included RCTs were deemed good qual-
ity, 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. [37]
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. [38] because of the nature of the
intervention, and this was acknowledged in their limi-
tations. Reviewers gave consideration to each study’s
methods and concluded that true blinding would be
extremely difficult.
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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 statis-
tical 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 rea-
sons. Authors acknowledge that there is potential for this
exclusion to have contributed to the low number of
included studies.

Conclusion

This systematic review and meta-analysis concludes 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 recommend-
ing 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.

Additional files

Additional file 1. Study Protocol. Description of data: Systematic review
study protocol. (DOCX 17 kb)

Additional file 2. Primary Search Strategy November 2014. Description
of data: This file contains all details of the primary systematic review
search strategy conducted in November 2014. Including databases,
search terms and number of citations retrieved. (DOCX 18 kb)
Additional file 3. Primary Search Strategy (Updated January 2016).
Description of data: This file contains all details of the updated primary
systematic review search strategy conducted in January 2016. Including
databases, search terms and number of citations retrieved. (DOCX 18 kb)

Additional file 4. Spreadsheet of values used for data analysis. (XLSX 13 kb)

Abbreviations

BMI: Body mass index; Cl: Confidence interval; EGWG: Excessive gestational
weight gain; GDM: Gestational diabetes mellitus; IOM: Institute of Medicine;
NICE: National Institute of Health and Care Excellence; OR: Odds ratio;

PE: Pre-eclampsia; PIH: Pregnancy induced hypertension; PRISMA: Preferred
reporting items for systematic reviews and meta — analysis;

RCTs: Randomised controlled trials; WMD: Weighted mean difference

Acknowledgements
Research Librarian: Debbie Booth Faculty of Health and Medicine, University
of Newcastle, New South Wales, Australia.

Funding
No funding was sought or accepted for this publication.

Availability of data and materials

The data set that supported the outcomes of this systematic review have
been included with this submission as an excel spreadsheet uploaded as a
Additional file 4.

Page 10 of 11

Authors’ contribution

SMF is the primary reviewer and author of this review paper. SMF carried out
the initial and final primary and secondary search strategies, undertook
screening of citations, quality appraisal; data extraction and the person
responsible for managing the study and writing of this review paper. AJH
conceived the study and contributed by designing the review protocol and
inclusion/exclusion criteria. AJH conducted some initial screening of
citations, carried out data extraction and made substantial contributions to
the writing of the review paper. RMT is the second reviewer who carried out
screening of citations, quality appraisal and editing of manuscript. AB is the
statistician who carried out the meta-analysis. JA contributed to the study
design and interpretation of data. Both MF and LE have made substantial
contributions in the design, drafting and revising this manuscript. All authors
have read and have given approval for this manuscript to be published

Competing interests
The authors declare that they have no competing interests.

Consent for publication
Not Applicable.

Ethics approval and consent to participate

Ethics approval was not required for the conduct of this study. Statements of

ethical considerations from each article included in the review were appraised
as per the American Dietetic Association Criteria checklist for primary research.

Author details

'School of Nursing & Midwifery University of Newcastle, Port Macquarie
Campus, PO Box 210, Port Macquarie 2444, NSW, Australia. *Faculty of Health
& Medicine School of Medicine & Public Health, University of Newcastle,
Callaghan, NSW, Australia. *Maternity Care Services, The Port Macquarie Base
Hospital, Port Macquarie, NSW, Australia. “Mothers and Babies Research
Centre, University of Newcastle, University Drive, Callaghan 2308, NSW,
Australia. "Hunter Medical Research Institute, Newcastle, NSW, Australia
SCentre for Midwifery, Child and Family Health, Faculty of Health, University
of Technology Sydney, PO Box 123Broadway, Ultimo, NSW 2007, Australia.
“Centre for Clinical Epidemiology and Biostatistics, School of Medicine &
Public Health, University of Newcastle, Callaghan, NSW, Australia. Division of
Medicine, John Hunter Hospital, Newcastle, NSW, Australia.

Received: 27 April 2016 Accepted: 23 December 2016
Published online: 17 January 2017

158



Fealy et al. BVIC Pregnancy and Childbirth (2017) 17:36

Australian Health Ministers Advisory Council. Clinical Practice Guidelines:
Antenatal Care - Module 1. Canberra: Australian Government Department of
Health & Ageing; 2012.

Johnson J, Clifton RG, Roberts JM, Myatt L, Hauth JC, Spong CY, Varner MW,
Wapner RJ, Thorp Jr JM, Mercer BM, et al. Pregnancy outcomes with weight
gain above or below the 2009 institute of medicine guidelines. Obstet
Gynecol. 2013;121(5).969-75.

Oken E, Taveras EM, Kleinman KP, Rich-Edwards JW, Gillman MW.
Gestational weight gain and child adiposity at age 3 years. Am J Obstet
Gynecol. 2007;196(4):322 e321-328.

Stotland NE, Cheng YW, Hopkins LM, Caughey AB. Gestational weight gain
and adverse neonatal outcome among term infants. Obstet Gynecol.
2006;108(3 Pt 1):635-43.

de Jersey SJ, Nicholson JM, Callaway LK, Daniels LA. A prospective study of
pregnancy weight gain in Australian women. Aust N Z J Obstet Gynaecol.
2012;52(6):545-51.

Faucher MA, Barger MK. Gestational weight gain in obese women by class
of obesity and select maternal/newbom outcomes: A systematic review.
Women Birth. 2015;28(3).€70-9.

Muktabhant B, Lawrie TA, Lumbiganon P, Laopaiboon M. Diet or exercise, or
both, for preventing excessive weight gain in pregnancy. Cochrane
Database Syst Rev. 2015;6:CD007145.

Heslehurst N, Newham J, Maniatopoulos G, Fleetwood C, Robalino S, Rankin
J. Implementation of pregnancy weight management and obesity
quidelines: A meta-synthesis of healthcare professionals' barriers and
facilitators using the Theoretical Domains Framework. Pregnancy Hypertens.
2014:4(3):234-5.

Harrison CL, Teede HJ, Lombard CB. How effective is self-weighing in the
setting of a lifestyle intervention to reduce gestational weight gain and
postpartum weight retention? Aust N Z J Obstet Gynaecol. 2014;54(4):382-5.
Phelan S, Phipps MG, Abrams B, Darroch F, Grantham K, Schaffner A, Wing
RR. Does behavioral intervention in pregnancy reduce postpartum weight
retention? Twelve-month outcomes of the Fit for Delivery randomized trial
Am J Clin Nutr. 2014,99(2):302-11.

Daley AJ, Jolly K, Jebb S, Roalfe A, Mackillop L, Lewis A, Clifford S, Kenyon S,
MacArthur C, Aveyard P. Effectiveness of regular weighing, weight target
setting and feedback by community midwives within routine antenatal care
in preventing excessive gestational weight gain: randomised controlled trial.
BMC Obes. 2016;3(1):1

Brownfoot F, Davey MA, Kornman L. Women'’s opinions on being weighed
at routine antenatal visits. BJOG. 2016;123(2):263-70,

Burke LE, Wang J, Sevick MA. Self-monitoring in weight loss: a systematic
review of the literature. J Am Diet Assoc. 2011;111(1):92-102.

VanWormer JJ, French SA, Pereira MA, Welsh EM. The impact of regular self-
weighing on weight management: a systematic literature review. Int J
Behav Nutr Phys Act. 2008;5(1):54.

Zheng Y, Klem ML, Sereika SM, Danford CA, Ewing LJ, Burke LE. Self-
weighing in weight management: A systematic literature review. Obesity.
2015,23(2):256-65.

Allen-Walker V, Woodside J, Holmes V, Young |, Cupples ME, Hunter A,
McKinley MC: Commentary on Routine weighing of women during
pregnancy-is it time to change current practice? BJOG. 2015;123(6):871-74.
Dawes M, Grudzinskas J. Patterns of maternal weight gain in pregnancy.
BJOG. 1991;98(2):195-201.

Dawes MG, Green J, Ashurst H. Routine weighing in pregnancy. BMJ. 1992;
304(6825):487-9.

Dawes MG, Grudzinskas JG. Repeated measurement of maternal weight during
pregnancy. Is this a useful practice? Br J Obstet Gynaecol. 1991,98(2):189-94.
National Institute for Health and Clinical Excellence. Antenatal care for
Uncomplicated Pregnancies Guideline CG62. United Kingdom: National
Institute of Clinical Excellence; 2008.

Queensland Clinical Guidelines: Obesity in Pregnancy Guideline No. MN15.
14-V5-R20. In. Brisbane Queensland Clinical Guidelines; 2015.

Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for
systemnatic reviews and meta-analyses: the PRISMA staternent. Ann Intern
Med. 2009;151(4):264-9.

Academy of Nutrition and Dietetics. Evidence Analysis Manual: Steps in the
Academy Evidence Analysis Process. Chicago: Research and Strategic
Business Development Academy of Nutrition and Dietetics; 2012.

Higgins JP, Green S: Cochrane handbook for systematic reviews of
interventions, vol. 5: Wiley Online Library; 2008.

40,

41

Page 11 of 11

Kontopantelis E, Reeves D. metaan: Random-effects meta-analysis. Stata J.
2010;10(3):395-407.

StataCorp. Stata Statistical Software, vol. 143. College Station: StataCorp LP; 2014.
Jeffries K, Shub A, Walker SP, Hiscock R, Permezel M. Reducing excessive
weight gain in pregnancy: A randomised controlled trial. Med J Aust. 2009;
191(8):429-33.

Brownfoot FC, Davey MA, Kornman L. Routine weighing to reduce excessive
antenatal weight gain: a randomised controlled trial. BJOG. 2016;123(2):254-61.
Nohr EA, Vaeth M, Baker JL, Sorensen T, Olsen J, Rasmussen KM. Combined
associations of prepregnancy body mass index and gestational weight gain
with the outcome of pregnancy. Am J Clin Nutr. 2008;87(6):1750-9.
Rasmussen KM, Yaktine A: Weight Gain During Pregnancy: Reexamining the
Guidelines. In.: National Academy of Sciences Institute of Medicine; 2009.
Dimperio DL, Frentzen BH, Cruz AC. Routine weighing during antenatal
visits. BMJ. 1992;304(6825):460.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

* Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

* Convenient online submission

® Thorough peer review

* Inclusion in PubMed and all major indexing services

* Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BioMed Central

159



A2. PRISMA Checklist

@& PRISMA 2009 Checklist

# Checklist item Reoitad
on page #

TITLE

Title ‘ 1 ‘ Identify the report as a systematic review, meta-analysis, or both. YES

ABSTRACT

Structured summary 2 | Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria, | YES
participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and
implications of key findings; systematic review registration number.

INTRODUCTION

Rationale 3 | Describe the rationale for the review in the context of what is already known. YES

Objectives 4 | Provide an explicit statement of questions being with to interventions, comparisons, | YES
outcomes, and study design (PICOS).

METHODS

Protocol and registration 5 | Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide YES
registration information including registration number.

Eligibility criteria 6 | Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, YES
language, publication status) used as criteria for eligibility, giving rationale.

Information sources 7 | Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify YES
additional studies) in the search and date last searched.

Search 8 | Present full electronic search strategy for at least one database, including any limits used, such that it could be YES
repeated.

Study selection 9 | State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, YES
included in the meta-analysis).

Data collection process 10 | Describe method of data extraction from reports (e.g., piloted forms, i tly, in and any YES
for obtaining and confirming data from investigators.

Data items 11 | List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and YES
simplifications made.

Risk of bias in individual 12 | Describe methods used for assessing risk of bias of individual studies (including specification of whether this was YES

studies done at the study or outcome level), and how this information is to be used in any data synthesis.

Summary measures 13 | State the principal summary measures (e.g., risk ratio, difference in means). YES

Synthesis of results 14 | Describe the methods of handling data and combining results of studies, if done, including measures of consistency YES
(e.g., 1% for each meta-analysis.
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@& PRISMA 2009 Checklist

Section/topic #  Checklist item Repoisd
on page #

Risk of bias across studies 15 | Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective YES
reporting within studies).

Additional analyses 16 | Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating | N/A
which were pre-specified.

RESULTS

Study selection 17 | Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at | YES
each stage, ideally with a flow diagram.

Study characteristics 18 | For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and | YES
provide the citations.

Risk of bias within studies 19 | Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12). YES
Results of individual studies 20 | For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each YES
intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.

Synthesis of results 21 | Present results of each meta-analysis done, including confidence intervals and measures of consistency. YES
Risk of bias across studies 22 | Present results of any assessment of risk of bias across studies (see Item 15). YES
Additional analysis 23 | Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]). N/A

DISCUSSION

Summary of evidence 24 | Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to YES
key groups (e.g., healthcare providers, users, and policy makers).

Limitations 25 | Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of YES
identified research, reporting bias).

Conclusions 26 | Provide a general interpretation of the results in the context of other evidence, and implications for future research. YES

FUNDING

Funding 27 | Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders forthe | YES
systematic review.

From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(6): 1000097.

doi:10.1371/journal.pmed1000097

For more information, visit: www.prisma-statement.org.
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A3. Systematic review study protocol

Supplementary file 1. Study Protocol
Does routine weighing during pregnancy reduce excessive
gestational weight gain?

A systematic review and meta-analysis of randomised
controlled trials: Protocol

Research Question:
Does routine weighing during pregnancy reduce excessive gestational weight gain?
P (popuiation} pregnant womnen, any age
I {intervention} weight measurement during rouiine anfenatal care (exclusive of other
diefary and lifestyle inferventions}
C (comparator} controi group
O (ouicomes) reduction in weight gain
Study design:
A systematic review and meta-analysis of mndomised controlled trials
Interventions:
Any intervention providing regular weighing to pregnant women, exclusive of other
dietary and ifestyle modification as a means of avoiding excess weight gain/reducing
weight gain
Outcome variables
Primary

O Weight gain / weight change (total weight gains, weight gains within, below

and above IOM ranges)

Secondary

00 Pregnancy oulcomes (gestational diabetes, hypertension, pre-eclampsia)

0O Birth Outcomes (caesarean birth, nstrumental birth)

0O Infant outcomes (infant birth weight, Apgar score, intrauterine growth
resiriction, macrosomia)

Inclusion criteria

Pregnant women (any age)

Singleton pregnancy

More than one measure of weight during pregnancy
Randomised controlled trials

Neutral and good methodological quality studies

OoOoooag
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Exdusion criteria

u]

Siudies not published in English

0 Animal studies
0 Al other study designs, except randomised confrolled trials

u]

Poor methodological quality sludies

Subgroups ! sensifivity analysis

oooooo

BMI sub-groups (underweight, normal weight, overweight and obese)
Diabetes or other medical conditions

Couniry’s income level {(OECD classilication)

Number of antenatal visits

Care provider (midwife, GP, obsletrician eic.)

Databases to search:

oooooo

MEDLINE

CINAHL

Embase

Matemal & Infant Care
Scopus

The Web of Science

Search terms | keywords

oooooog

pregnant

pregnancy

weight gain

weighing

randomised controlled tral
clinical frials

Data extraction

- Fwsl Author, Year, Country and Reference Number

- Study design

- Number of participants

- Parlicipant characterislics

- Intervention (who gives the infervention i.e. seff reporfed, how long the
intervention is given for; how the infervention is delivered; marker of
compliance)

- Matemal age, country, any demographic factors

- Study aim

- Statistical analysis

- Conclusion

- Limitations

- Methodological quality
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A4. Systematic review primary search strategy November 2014

Supplermentary Fle 2.
Primary Search Siralegy Noverrber 2014
DATABASE: Medre Erbase Classic + Embase |  Malemd & Infanl Care CINAHL
(mp) {mp} (mp)
DATE: (ddfmmiyy) 12711714 121114 12711714 12710714
KEYWORD SEARCH TERMS
1. pregnancy 766759 774663 82481 135683
2 pregnant 128372 184624 24674 18791
I1or2 779159 817746 86544 137827
4_weight gan 52713 91919 2860 10815
5. weighing 19257 30695 143% 2550
6.40r5 135 121685 4180 13217
7. randormi?ed cortrol® fnal 409377 420004 3300 31798
8. dinical kial 506539 1016264 1311 19503
9. randorr” _iab. 693573 936281 15986 43
0. 7aBor9 1129757 1677876 16204 ATTA
1 3ad6and 10 968 1648 78 79
12_ lamit 11 fo English & Hurman 675 1269 - 62
Tolal relieved 6% 1269 228 62
mmmmmammmmm word, Concept word, rare dease supplementary concept word, unkque
pi=fille ab-absirad]
Medine covers the vast majorly of joumal arficles found in PubMed, by induding atalions fiom more: fhan 5,500 scholark journaks published amund the worid. The only content covered by PublMed and
not Medine are manusaipts deposited in PMC (commonly would be in bolh) and NCBI Bookshelf (ie. books and ofher documents). The advankage of scarching Mediine over PubMed & the abilly i
condudt the search using consistent Medical Subjed Headings (MeSHY.

DATA BASE: Scopus Web of Science
DATE: {ddfmmiyy} 12/ 1114 121114
BASIC SEARCH: (per dala base) Title / Absiract / Keyword Topic
KEY WORD SEARCH TERMS

1. pregnancy or pregnant 907748 31385
2 weight gain or weighing 167967 127542
3. Randorri?ed conlrol* frial or clinica 2274962 1415766
fia or randorr* {randorri* Tille / Abs only}
4 1ad?2and3 08 1153
5. Limils:

{English Language}) 2002 1108
6. Excluded:

*Subject area (Velerinarian) 1903 -
Told Rekieved: 1903 1108

Pnmery Search Skalegy Noverrber 2014

Separate Cochrane Library search
DATABASE Cochrane Library
DATE: ddimmfyy 121114
SEARCH Tille/ Abskract/ Keyword
1.pregnancy OR pregnani 28530
2 weghl gain OR wesghing 559
3 Randormi?ed confrolled tial 626850
OR dirical kial OR random®
1AND2AND 3 1004
Limiled lo Reviews
54
Tolal refneved
54
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AS. Systematic review updated search strategy January 2016

Supplementary File 3.

Primary Search Strategy (Updated January 2016)

DATABASE: Medline Embase Classic + Maternal & Infant Care CINAHL
(mp) Embase (mp) (mp)

DATE: (dd/mm/yy) 25/01/16 25/01/16 25/01/16 25/01/16

KEYWORD SEARCH TERMS

1. pregnancy 799584 826055 86091 152466

2. pregnant 130794 202279 26554 21830

3.1or2 811763 873467 90589 155224

4. weight gain 53411 101332 3102 12518

5. weighing 19582 37291 1490 2831

6.40r5 72394 133212 4472 15247

7. randomi?ed control* trial 414033 496392 3591 83324

8. clinical trial 597309 1087271 1402 157588

9. random* i,ab. 710244 1059961 17080 44

10.7or8or9 1148653 1870256 17409 216382

11.3and 6 and 10 1027 1924 259 221

12. limit 11 to English & Human 714 1507 259 159

13. limited date 2014 to 2016 or current 714 1507 259 159

Total retrieved: 115 333 55 39

[mp=title, abstract, original title, name of substance word, subject heading word, keyword heading word, protocol supplementary concept word, rare disease supplementary concept word, unique

I[gintﬂlf:rlmabstract]

[Medline covers the vast majority of journal articles found in PubMed, by including citations from more than 5,600 scholarly journals published around the world. The only content covered by PubMed

and not Medline are manuscripts deposited in PMC (commonly would be in both) and NCBI BooKf (i.e. books and other documents). The advantage of searching Medline over PubMed is the

ability to conduct the search using consistent Medical Subject Headings (MeSH)].

DATA BASE: Scopus Web of Science
DATE: (dd/mm/yy) 25/ 01/ 16 25/ 01/ 16
BASIC SEARCH: (per data base) Title / Abstract / Topic

Keyword
KEY WORD SEARCH TERMS
1. pregnancy or pregnant 957880 368937
2. weight gain or weighing 183402 139892
3. Randomi?ed control* trial or 2503177 1577431
clinical trial or random* (random* Title / Abs

only)

4.1and2and 3 2396 1372
5. Limits:
(English Language) 2217 1321
6. Excluded:
*Subject area (Veterinarian) 2169 1260
7. Limited date 2014 to 2016 or 355 323
current
Total Retrieved: 355 323
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120 S. Fealy et al./ Women and Birth 33 (2020) 119-124

as a screening tool for the detection of adverse maternal and
infant outcomes.' 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.!”® These include gesta-
tional 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.*”®

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.” 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.” The practice of weighing
pregnant women has been the subject of a long standing debate
within midwifery and obstetrics spanning the last 30 years.'”
During this time, evidence has been presented for and against
weighing in pregnancy, as a weight management strategy,'®~'® and
as a screening tool for adverse pregnancy outcomes.'®'"7!¥ 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.

2. Background

The practice of weighing pregnant women was initially
introduced as far back as the 1940s as a composite measure of
overall maternal nutrition.'” 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.'®'" 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.'®

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 and Grud-
zinskas conducted in the United Kingdom (UK)."”'92° The authors
presented their findings across two separate publications.'”?° 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.” 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."”

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.”® A follow up
discussion paper by Dawes et al. suggested routine weighing
caused unnecessary maternal anxiety, however no evidence was
presented to support this claim."®

This series of publications from the early 1990s essentially
initiated the contemporary debate surrounding the practice of
weighing pregnant women,'” suggesting that the practice be
abandoned.'”'® A professor of obstetrics and gynaecology (D.
Hawkins) published a commentary in response to these sugges-
tions, 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.’’ Dimperio et al. also cautioned against the
abandonment of maternal weight monitoring until quality studies
could be conducted conclusively showing it was of no value.?”
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.?? 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."”

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.!°2? In Australia, a decline
in weighing was reported by Mollart in 1999, who evaluated the
impact of weighing cessation in a selected New South Wales
antenatal clinic.>* This paper described that ceasing the long
standing practice of routine weighing was well received by women
and clinicians, with most supporting the abandonment of the
practice.”*

3. 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.?® Research
conducted by Hytten and Leitch throughout the 1950s and 60s
described the mean weight gain for primiparous women with good
pregnancy outcomes to be approximately 12.5 kg, which included
roughly 3kg of fat accumulation, suggested to support the
increased energy demands for lactation.?**”

During the early 1990s the American Institute of Medicine,
undertook a literature review of maternal weight gain patterns.*’
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-18kg, 15th and 85th percentile
respectively).’” 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.?’>”

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.>’
The original weight gain guidelines are displayed in Table 1. 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.>’” BMI
categories were classified according to weight for height cut-off

Table 1
American Institute of Medicine (1990) weight gain in pregnancy guidelines.

BMI category Recommended total gain (kg)
Underweight (BMI < 19.8) 12.5-18.0

Normal (BMI of 19.8 to 26.0) 11.5-16.0

Overweight (BMI> 26.0 to 29.0) 7.0-11.5

Obese (BMI > 29.0) >6.8

Adapted from the American Institute of Medicine Committee on Nutritional Status
During Pregnancy and Lactation. Nutrition During Pregnancy: Part 1 Weight Gain.
National Academy of Sciences Institute of Medicine; 1990.
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points from metropolitan lifestyle insurance data widely used
within the United States of America (USA) at the time.*’

A systematic review published in the American Journal of
Clinical Nutrition,"" 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."" 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."" 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."

In the wider public health arena during the 1990s there was a
growing concern regarding weight, with the emergence of a global
obesity epidemic.” 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.”?” 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.” The new
weight gain ranges most notably differed from the original
version,”” with the adoption of the World Health Organization
BMI categories, recommending that women who are underweight
(BMI < 18.5 kg/m?) at the beginning of pregnancy gain more weight
than women who are overweight (25-29.9kg/m?) or obese
(> 30kg/m?) as per Table 2. 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.”?’” These guidelines have consistently sup-
ported the practice of routine maternal weight monitoring.”

4. Weighing as a weight management strategy

Weighing in the field of weight management has been found to
be successful in aiding non-pregnant adults achieve weight loss,
weight maintenance and prevent weight gain.?® ! Self-weighing
is based on self-regulation, within social cognitive theory, where
behaviour is influenced by an interplay and reciprocity between
the person, environment and behavior.*? Self-regulation is
essentially the process of self-monitoring of a particular behaviour,
its determinants and effects.’” Self-regulation requires reflection
on the behaviour, goal planning and reactive evaluation to reach
goal attainment. Self-efficacy is central to self-regulation and
influences how a person perceives success and failures along the
pathway to goal attainment.>? Self-monitoring of weight or regular
clinician weight monitoring is proposed to create an awareness of
an individual's weight in relation to their diet and physical activity
patterns.’*>! Self-awareness serves the function of providing
information for goal setting and continual evaluation towards the
goal.>? This knowledge can then be used for personal lifestyle
adjustments in diet and physical activity patterns.>°—2

A systematic review by VanWormer et al.?® identified 12 studies
investigating the impact of regular self-weighing (daily or weekly)

Table 2
American Institute of Medicine (2009) weight gain in pregnancy guidelines.

BMI category Recommended total gain (kg)

Underweight (BMI < 18.5) 12.5-18.0
Normal (BMI 18.5-24.9) 11.5-16.0
Overweight (BMI 25.0-29.9) 7.0-115
Obese (BMI > 30.0) 5-9

Adapted from Rasmussen KM, Yaktine AL. Nutrition During Pregnancy: Re-
Examining the Guidelines.
Washington D.C.: National Academy of Sciences Institute of Medicine; 2009.

on weight management amongst non-pregnant adults. Regular
self-weighing was associated with greater weight maintenance
and less total body weight when compared with infrequent or no
self-weighing. In a similar updated review, Madigan et al.*°
identified 17 studies, of various methodological quality, reporting
that regular self-weighing (daily, weekly or monthly) contributed
to weight gain prevention.*° This review additionally described
that for weighing to be effective it needs to be habitual and
frequent; daily weighing may be more effective than weekly or
monthly in providing immediate feedback on behavior.> However
authors, also describe the weekly “weigh in” as a potentially
motivating factor by way of being accountable to a person other
than themselves.*° It follows that either self-weighing or clinician
weighing may be a useful behavioural weight management
strategy during pregnancy.

5. Evidence for routine weighing in pregnancy

A recent systematic review published in 2017 conducted by
Fealy et al.,'” 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.'” In contrast to diet and
exercise interventions, routine maternal weighing is considered a
feasible intervention easily incorporated into clinical practice.>
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 et al. published in 2016'> and Jefferies
et al. published in 2009.'° The paper authored by Jefferies et al.
evaluated the effectiveness of maternal self-weighing,'® with the
study conducted by Brownfoot et al. evaluating the effectiveness
of clinician weighing compared to usual antenatal care.'”'® The
pooling of these studies (n=1068) in a meta-analysis observed no
differences in total gestational weight gain (kg/per week)
between intervention and control groups (Weighted Mean
Difference, —0.00kg 95% Confidence Interval (CI), —0.03 to
0.02)'>. 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, 0.81-1.50)."°

Following the publication of the review by Fealy et al.,'* Daley
et al.”® published their findings from a small pilot feasibility trial
(n=76) evaluating regular antenatal weighing by community
midwives.”> 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.**

The revised Australian pregnancy care guidelines (2018) pooled
the results from the Daley publication' with the results of the
study conducted by Brownfoot et al.'” 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).° This
evidence reveals that routine maternal weighing as a standalone
intervention is no more effective than routine antenatal care
without weighing in supporting adequate gestational weight
gain.’

Adali

6. Pr 'y weight gain

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

167



122 S. Fealy et al./ Women and Birth 33 (2020) 119-124

self- monitoring of weight gain at every antenatal visit.” Health
care providers are also advised to discuss weight gain, diet and
physical activity.? In the absence of Australian specific pregnancy
weight gain guidelines, the American Institute of Medicine 2009,
weight gain in pregnancy ranges have been adopted.’ 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.’

The Institute of Medicine nutrition in pregnancy guidelines’
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.”
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.” 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.'>!¢373°

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.”*® However, it is unclear if the amendments to
weight monitoring recommendations are moving towards mater-
nal weight monitoring used as a screening tool for adverse
pregnancy outcomes or as a weight management strategy.

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.'>'>!>1

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.”*” This is in
contrast to the changing antenatal weighing practices observed
within the UK and Australia.”*?*%3° Regardless of country and
independent of routine maternal weight monitoring practices,
women have continued to gain excessive weight during pregnan-
cy.0:727:354041 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,”> postpartum weight retention,” low 5min APGAR scores,
neonatal hypoglycaemia, seizures,® and large for gestational age
infants.>* 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.'*?%4>~4> Health promotion inter-
ventions to reduce excessive gestational weight gain have largely
focused on diet and exercise interventions."® A recent systematic
review published in 2018 conducted by Walker et al. 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.
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.’®%” The review by Walker et al. additionally is
one of the first systematic reviews to include the available
evidence on mobile health (mhealth) interventions, such as

smartphone applications.! 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." 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 knowledge and,
individual motivation of health providers and consumers to engage
in such interventions as part of antenatal care.*>*®

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 understand-
ing of the broader psychosocial and psychological factors and gap
in knowledge of how these impact on weight gain in
pregnancy.‘"’""q’w

Less is known about a woman’s capacity for actual weight
related behaviour change during pregnancy.**>* Olander et al.**
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.**
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.*4>*

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.’*
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.”® Facilitators for achieving
healthy weight gain were, high income and good social support.®*
These findings are similar to a recent umbrella review of the
qualitative barriers and enablers to smoking cessation for pregnant
smokers.’® 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.”® Additionally, low socio
economic status is a major contributing factor for maternal and
fetal undernutrition, underweight, and obesity.® 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.®

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.

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
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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 guide-
lines 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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ARTICLE INFO ABSTRACT

Keywords: Problem: Studies investigating the direct and indirect relationships between psychosocial factors (i.e. attitudes,
PYES“a“C){ beliefs and values), health related behaviour (diet and physical activity) and gestational weight gain are in-
Psychosocial creasing. To date heterogeneity of psychosocial measurement tools has limited research progress in this area,

Psychological i ; ;
reventing measurement of effects by meta-analysis techniques.
Health behaviour P 8 y y: q

Gestational weight gain 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 — 20 weeks 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.

Introduction American Academy of Sciences, Institute of Medicine (IOM), nutrition in

pregnancy guidelines in 2009, obesity and gestational weight gain have

Weight gain in pregnancy is a complex phenomenon (Fealy et al., become a primary focus of antenatal care, signifying a shift in focus

2020). Weight gain in pregnancy is expected and in general is a posi- from the management of maternal underweight to overweight and obe-

tive physiological characteristic of foetal growth and pregnancy progres- sity risk management (Rasmussen and Yaktine, 2009; Skouteris et al.,
sion (Institute of Medicine Committee on Nutritional Status During Preg- 2019).

nancy and Lactation, 1990). However, since the release of the revised
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The Institute of Medicine weight gain in pregnancy guidelines recom-
mend weight gains according to World Health Organisation (WHO) body
mass index categories (BMI) (Rasmussen and Yaktine, 2009). Women
with a BMI classified as underweight are recommended to gain more
than women classified in the overweight and obese categories as fol-
lows; Underweight (BMI <18.5) 12.5 kgs - 18 kgs, Normal weight (BMI
18.5 —24.9) 11.5 kgs — 16.0 kgs, Overweight (BMI 25.0 — 29.9) 7 kgs
- 11.5 kgs and Obese (BMI > 30.0) 5 kgs — 9 kgs. Excessive ges-
tational weight gain (EGWG) is therefore defined as total pregnancy
weight gain exceeding the IOM weight gain ranges (Rasmussen and Yak-
tine, 2009). Since the development of the guidelines women have con-
tinued to gain in excess of the IOM recommendations (Goldstein et al.,
2017), increasing their risks of experiencing adverse childbearing out-
comes such as large or small for gestational age infants (Goldstein et al.,
2017; Johnson et al., 2013), caesarean birth (Goldstein et al., 2017;
Zilko et al., 2010), gestational diabetes (Hedderson et al., 2010), pre-
eclampsia (Hutcheon et al., 2018) and postpartum weight retention
(Zilko et al., 2010). Of concern are the long term and intergenerational
disease risks of EGWG proposed by the Developmental Origins of Health
and Disease (DOHaD) hypothesis (Safi-Stibler and Gabory, 2020). 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 (Heerwagen et al.,
2010; Safi-Stibler and Gabory, 2020).

There are no interventions effective at reducing EGWG that are gen-
eralisable to large and diverse populations of pregnant women, to inform
clinical practice guidelines (Walker et al., 2018). Intervention studies to
date have primarily targeted health behaviour change techniques such
as diet and/or physical activity and implementing self-regulation strate-
gies such as routine self-weighing or clinician weighing (Fealy et al.,
2017; Muktabhant et al., 2015; Vincze et al., 2019; Walker et al., 2018).
While healthy eating and physical activity are important for overall ma-
ternal and foetal 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 (Muktabhant et al., 2015; Vincze et al., 2019;
Walker et al., 2018). Additionally, these interventions have reported dif-
ficulties with upscaling at the population level and have demonstrated
minimal effectiveness for reducing the adverse maternal and infant out-
comes associated with EGWG (Fealy et al., 2020; Skouteris et al., 2019).

Less is known of the complex interactions and relationships of a
woman’s physical (i.e. nausea and vomiting), psychological (i.e. anxi-
ety and depression) and psychosocial health (i.e. attitudes, beliefs, age,
education level), on health-related behaviour (i.e. diet and physical ac-
tivity) and weight gain during pregnancy (Fealy et al., 2020). There
is an increasing body of evidence exploring the myriad of exiting psy-
chosocial factors and their associated direct and indirect relationships
with health behaviour and their influence on EGWG (De Jersey et al.,
2017; Hartley et al., 2015; Kapadia et al., 2015). 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, poten-
tially influencing (positively or negatively) GWG (Glanz et al., 2015;
Hanson et al., 2017; Hartley et al., 2015; Kapadia et al., 2015).

A systematic review and narrative synthesis by Kapadia et al. (2015),
investigating psychological and psychosocial factors as antecedents to
EGWG, identified levels of cognitive dietary restraint, perceived barri-
ers to healthy eating, negative attitudes towards weight gain, being con-
cerned about weight, high targeted weight gain and inaccurate body per-
ception, as potential predictors of EGWG (Kapadia et al., 2015). A sim-
ilar systematic review and narrative synthesis by Hartley et al. (2015),
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
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hindered research progress in this area preventing aggregation of data
and estimates of effect using meta-analysis techniques (Hartley et al.,
2015; Kapadia et al., 2015). One significant limitation is the current het-
erogeneity of measurement tools used to examine the relationships be-
tween 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 (Hartley et al., 2015; Kapadia et al.,
2015).

Kendall et al. (2001), developed the WeightRelated Behaviours Ques-
tionnaire (WRB-Q), to assist with the identification of psychosocial fac-
tors that influence weight related behaviour and test their relation-
ships with pregnancy related health behaviour and gestational weight
gain (Kendall et al., 2001). The development of the WRB-Q was under-
pinned by the theoretical framework for health promotion by Green and
Kreuter (1991), called the Predisposing, Reinforcing, and Enabling Con-
structs in Educational and Environmental Diagnosis and Evaluation
(PRECEDE) / Policy, Regulatory and Organisational Constructs in Ed-
ucational Environmental Development (PROCEED) model (Green and
Kreuter, 1991). Kendall et al. (2001) additionally applied health be-
haviour theory during the development process, primarily social cog-
nitive theory conceptualised by Bandura (1991), to guide the identifica-
tion of psychosocial factors that may moderate health behaviour during
pregnancy (Bandura, 1991; Kendall et al., 2001).

Drawing on measurement tools from the available weight man-
agement literature (Hofstetter et al., 1990; Palmer et al., 1985;
Saltzer, 1982) and qualitative study findings (Devine et al., 2000, 1994),
Kendall et al. (2001) developed the WRB-Q, consisting of 49 individ-
ual questionnaire items with 6 psychosocial factors and scales of mea-
surement. 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 re-
tention, primarily within American and Canadian pregnancy cohorts
(Hinton and Olson, 2001; Lipsky et al., 2016; Olson and Strawder-
man, 2003; Olson et al., 2017). To our knowledge the WRB-Q has not
been validated for use within an Australian pregnancy cohort. There-
fore, 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.

Methods
The weight-related behaviours questionnaire

The Weight-Related Behaviours Questionnaire was originally tested
and validated within a large (n = 622) prospective cohort study of Amer-
ican pregnant women (Bassett Mothers Health Cohort), recruited be-
tween November 1994 and November 1996. The detailed study paper
outlining this analysis has been previously published (Kendall et al.,
2001).

The entire WRB-Q is comprised of 49 items measuring 6 psychosocial
factors. These include: 1) Weight locus of control scale (4 items); 2) Self-
efficacy scale, related to diet, weight control, and exercise (8 items); 3)
Attitudes towards weight gain scale (13 items); 4) Body image scale
(4 items); 5) Feelings about the motherhood role scale (7 items); and
6) Career orientation scale (13 items) (Kendall et al., 2001). 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’(Kendall et al., 2001).

The Weight locus of control items measure perceived personal con-
trol over weight gain (internal locus of control), or if weight is perceived
as outside of personal control (external locus of control) (Kendall et al.,

172



S. Fealy, J. Attia, L. Leigh et al.

2001).The Self-efficacy items measure perceived confidence for be-
haviour change in relation to diet, weight control and exercise. The At-
titudes towards weight gain items measure positive attitudes towards
pregnancy weight gain, or weight gain avoidance during pregnancy
(Kendall et al., 2001). The Body image items measure personal satis-
faction 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 (Kendall et al., 2001).

Population

The Women And Their Children’s Health (WATCH) study was a
small (n = 180 women and n = 182 children) but detailed longitudi-
nal pregnancy cohort study conducted in New South Wales, Australia.
Participants were recruited between June 2006 and December 2007
(Hure et al., 2012). The majority of women in this study (60%) were
recruited to participate during early pregnancy (<18 weeks) by research
midwives at one large tertiary hospital antenatal clinic with a small
number of women recruited via word of mouth and local media cov-
erage (Hure et al., 2012). Women were eligible to participate if they
were < 18 weeks gestation and planned to birth at the respective tertiary
hospital, as outlined in the detailed WATCH study protocol previously
published (Hure et al., 2012).

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 (Hure et al., 2012). The
WeightRelatedBehaviours Questionnaire was self-completed by partic-
ipants at the first study visit occurring between 18 — 20 weeks’ ges-
tation (Hure et al., 2012). 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 fol-
low up weights measured by researchers. Total GWG was calculated
by subtracting the last recorded pregnancy weight reading at approxi-
mately 36 weeks, from the self-reported pre-pregnancy weight reference
(Hure et al., 2012).

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 Univer-
sity of Newcastle (Hure et al., 2012).

Data analysis

This was an instrument revalidation study using Exploratory factor
analysis (EFA) of the WRB-Q within the WATCH pregnancy cohort. Ex-
ploratory 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 Principle 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 («) coefficients were calculated according to the orig-
inal factor structure not the ‘new’ factor structure, to enable direct com-
parison between the two cohorts. Cronbach’s Alpha (a) coefficients are
presented as a value between 0 — 1, with values between 0.70 and 0.90
generally indicating acceptable internal consistency (Adeniran, 2019;
Taber, 2018). The strength of individual questionnaire items was anal-
ysed 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 im-
prove the internal consistency («) of each psychosocial scale.

Confirmatory Factor Analysis (CFA) could not be performed to as-
sess the factor structure within the WATCH cohort, as this generally
requires larger samples of 200-400 participants (Fabrigar and We-
gener, 2012). As the questionnaire had already been validated within
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a large population of pregnant women during the original analysis by
Kendall et al. (2001), EFA was considered a sound statistical methodol-
ogy. EFA 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 anal-
ysis performed by Kendall et al. (2001). 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 num-
ber 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 per-
son mean imputation for missing items within each scale (Bell et al.,
2016). Bell et al. (2016), explain there are no clear guidelines for han-
dling 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 to that reported by Hiibner et al. (2016).
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 descrip-
tive statistics (mean, SD and percentages) using statistical software (SAS
v9.4).

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) re-
turned 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 Weight locus of control and Attitudes towards
weight gain scales; N = 158 for the Self-efficacy scale; N = 157 for the
Feelings towards the motherhood role scale, and n = 154 for both the
Body image and Career orientation scales.

A comparison of characteristics between the original Bassett Mothers
Health cohort (USA) and the WATCH cohort (Australia), are presented
in Table 1. Participants in the Bassett Mothers Health cohort were re-
cruited 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.

The entire WRB-Q and results of the EFA are displayed in Table 2.
Weight locus of control, Self-efficacy and Body image were observed to
retain the same item Factor structure as the original Bassett Mothers
Health cohort analysis, conducted by Kendall et al. (2001). The remain-
ing 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 Weight locus of control 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 (@ = 0.49 versus 0.73).

For the Self-efficacy items, the original Bassett Mothers Health co-
hort 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 fi-
nal 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 dif-
ferent item factor loadings to the original analysis for Factor 1. Cron-
bach’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 (« = 0.82) and 3 (a = 0.82), but lower for Fac-
tor 1 (a = 0.65). The overall Cronbach’s alpha was lower for this scale

173



S. Fealy, J. Attia, L. Leigh et al.

Table 1
Cohort characteristics.
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Original Bassett Mothers Health cohort

(N =622) WATCH study cohort (N = 159)
Age 28.8 (nr) 28.9 (5.6) missing n = 12
Mean (SD)
Country of birth Australia n (%) (nr) 138 (87%)
Other n (%) (nr) 1(13%)
Education > High School n (%) 92.5% 105 (71%) missing n = 12
Education < High School n (%) 7.5% 42 (29%) missing n = 12
Married n (%) 72.8% 84 (61%)
Unmarried n (%) 27.2% 54 (39%) missing n = 22
Nulliparous n (%) 41.3% 66 (45%)
Multiparous n (%) 58.3% 0 (55%) missing n = 13
Total Gestational Weight Gain (kgs) 13.5 (5.3) 13.3 (7.2) missing n = 12
Mean (SD)

Demographic data for the Bassett Mothers Health Cohort derived from Kendall et al. (2001). Evaluation of psychosocial
measures for understanding weight-related behaviours in pregnant women. Annals of behavioural medicine: a publication
of the Society of Behavioural Medicine, 23(1), 50-58 & Olson and Strawderman (2003). Modifiable behavioural factors in a
biopsychosocial model predict inadequate and excessive gestational weight gain. Journal of the American Dietetic Association,

103(1), 48-54.
nr = not reported.

Table 2

Weight- related behaviours questionnaire: exploratory factor analysis results and cohort comparisons of factor structure.

WATCH Cohort Analysis (Australia)

Bassett Mothers Cohort Analysis (USA)

Factor 1 Factor 2 Factor 3 Factor 1 Factor 2 Factor 3
Weight Locus of Control Circle the number that best represents how you feel
(Likert scale strongly agree - strongly disagree)
1.Whether my weight change is up to me. 0.69 -0.03 0.88 0.01
2. If I eat right, get enough exercise and rest, I can control my weight the way | 0.67 0.11 0.87 0.02
‘want.
3. Being the right weight is mainly good luck -0.08 0.52 -0.00 0.88
4. No matter what I try to do, if I gain or lose weight, or stay the same, it is just ~ 0.17 0.51 0.03 0.86
going to happen.
Cronbach’s alpha (by factor) 0.73 0.53 0.71 0.69
Overall Cronbach’s Alpha 0.49 0.73
Self-Efficacy
How sure are you that you can? (Likert scale very sure — very unsure)
5. Fit into your regular clothes 0.28 -0.01 0.04 0.96 -0.05 -0.07
6. Take off any extra weight you gain 0.79 0.25 0.02 091 0.02 -0.01
7. Get back in shape 0.73 0.28 0.22 0.85 0.05 0.12
8. Eat balanced meals 0.14 0.69 0.14 -0.12 0.90 -0.06
9. Eat foods that are good for you & avoid foods that are not. 0.09 0.79 0.05 0.03 0.85 0.03
10. Eat foods that are good for you even when family or social life takes a lot of 0.16 0.72 0.21 0.18 0.76 0.05
your time.
11. Get regular exercise 0.15 0.20 0.75 0.00 —-0.02
12. Get regular exercise even when family or social life takes a lot of time. 0.10 0.10 0.77 0.00 0.01
Cronbach’s alpha (by factor) 0.82 0.65 0.8. 0.90 0.81
Overall Cronbach’s Alpha 0.76 0.85
Attitudes towards weight gain
Circle the number that best represents how you feel (Likert scale strongly agree-
strongly disagree)
13.The weight I gain during my pregnancy makes me feel ugly. 0.80 0.25 0.04 0.83 -0.09 0.11
14. I worry that [ may get fat during this pregnancy. 0.74 0.32 -0.09 0.76 -0.01 -0.10
15. 1 am embarrassed at how big I have gotten during this pregnancy. 0.77 0.43 0.19 0.80 -0.07 0.16
16. I'm embarrassed whenever the nurse weighs me. 0.70 0.36 0.24 0.75 0.05 0.07
17. 1 am trying to keep my weight down so I don’t look so pregnant. 0.52 0.17 033 0.50 0.18 -0.12
18. I would like to gain between 12.5 and17.5 kgs during this pregnancy. 0.09 0.30 -0.05 0.78 0.31
19. I would gain 20 kg if it meant a healthier baby. 0.08 -0.51 0.21 0.62 -0.24
20. I will feel badly if I gain more than 20 kgs during this pregnancy. 0.61 -0.15 -0.05 0.57 0.07
21. 1 like being able to gain weight for a change. 0.41 -0.03 0.04 0.22 0.54 0.07
22. As long as I'm eating a well-balanced diet, I don’t care how much [ gain 0.55 -0.16 -0.13 0.20 0.54 -0.19
during this pregnancy.
23. I'm sure [ will be able to fully control the amount of weight I will gain -0.06 -0.19 0.49 0.15 0.0 0.73
during this pregnancy.
24. You can't totally control the amount of weight you gain when you are 0.05 -0.06 0.52 -0.01 0.06 0.66
pregnant.
25. 1 feel that women have to be very careful about getting fat during pregnancy.  0.46 0.05 -0.01 0.42 0.17 -0.39
Cronbach’s alpha (by factor) 0.89 0.39 0.54 0.80 0.65 0.36
Overall Cronbach’s Alpha 0.75 0.78

(continued on next page)
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Table 2 (continued)
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'WATCH Cohort Analysis (Australia) Bassett Mothers Cohort Analysis (USA)

Factor 1 Factor 2 Factor 3 Factor 1 Factor 2 Factor 3
Body Image
Circle the number that best represents how you feel (Likert scale very satisfied —
very dissatisfied, too heavy, about right, too light)
26. How satisfied are you with your current shape? 0.41 0.95 0.04
27. How satisfied are you with your current weight? 0.42 0.90 0.10
28. Do you consider your current weight to be... 0.40 0.79 0.02 0.95
29. Do you consider your current body shape to be... 0.40 0.78 0.13 0.87
Cronbach’s alpha (by factor) 0.93 0.89 0.94 0.92
Overall Cronbach’s Alpha 0.91 0.89
Feelings about the motherhood role
Circle the number that best represents how you feel (Likert scale strongly agree —
strongly disagree)
30. Having a baby brings a lot of stress into a woman’s life. -0.28
31. I am not sure how I will manage after I have the baby. 0.15
32. 1 am afraid I will lose my identity after I have the baby. 0.26
33. After a woman has a baby, she is mainly just somebody’s mother. 0.20
34. 1 am sure | will be a good mother 0.22
35. 1 felt proud when I found out [ was going to have a baby 0.82
36. | felt scared when I found out I was going to have a baby. 0.80
Cronbach’s alpha (by factor) 0.43 0.55
Overall Cronbach’s Alpha
Career orientation
Circle the number that best represents how you feel (Likert Scale - strongly agree —
strongly disagree)
37.1 want a job that will help me grow. 0.05 0.07 0.62 0.82 0.14
38. Being able to express myself through a job means a great deal to me. 0.34 0.02 0.65 0.78 0.01
39. 1 am determined to achieve my educational and work goals. 0.27 0.07 0.65 0.71 0.07
40. Success in my work is very important to how I feel about myself. 0.50 0.00 0.37 0.71 0.10
41. [ see myself as working for pay my whole adult life. 0.57 0.03 0.15 0.62 0.03
42. The responsibilities for home and family should be equally shared when -0.02 0.01 0.16 049 -0.34
both partners work.
43. I need more in life than what being a wife and mother can give me. 047 0.11 0.16 047 0.26
44, Women who hope to be successful in a job must do so at the expense of -0.03 0.26 0.14 0.46 0.04
home and family.
45. Women should seek work that will fit in family needs in terms of work 0.10 0.73 0.03 -0.27 0.76
hours, leave time, etc.
46. Women must make changes in their careers for family needs. 0.17 0.70 -0.10 -0.06 0.70
47. Women should not work full-time when their children are young. 0.20 0.67 0.07 0.22 0.62
48. Feeling loved and needed is more important to me than having a career. 0.56 0.30 -0.12 0.17 0.58
49. 1 would be very happy staying at home and not working at a job. 0.73 0.09 0.02 0.40 046
Cronbach’s alpha (by factor) 0.66 0.73 0.75 0.67
Overall Cronbach’s Alpha 0.74 0.81

amongst the WATCH cohort compared to the original analysis (« = 0.76
versus 0.85).

For the Body image items, the original Bassett Mothers Health anal-
ysis 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 (« = 0.91 versus 0.89,
respectively).

The questionnaire item correlations for the Weight locus of control,
Self-efficacy and Body image categories are presented in Table 3. To
summarise these results, item correlations for the Weight locus of con-
trol scale were observed to be the strongest for items within the same
Factor. For the Self-efficacy 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
body image items were found to be highly correlated.

Deleted items modelling carried out on the Weight locus of control,
Self-efficacy and Body image scales are presented in Table 4. The results
of this analysis indicated that the overall Cronbach’s alpha coefficient for
the Weight locus of control scale improved slightly after deleting item
Q3 -“Being the right weight is mainly good luck” (« = 0.56 verses a = 0.49),

suggesting that this scale may be improved with the removal of this
item. When applied to the Self-efficacy scale, modelling indicated that
the removal of item Q5 -“Fit into your regular clothes”, could improve the
Cronbach’s alpha coefficient of this scale (a = 0.79 verses a = 0.76). For
the Body image items all Cronbach’s alphas decreased with the deletion
of each item indicating that no items need omitting.

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 Weight locus of control, Self-efficacy and Body image scales retain
the same Factor structure as the original Bassett Mothers Cohort anal-
ysis conducted by Kendall et al. (2001). 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 shorted psychosocial measurement
tool. The Attitudes towards weight gain, Feelings about the motherhood
role, and Career orientation 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 Australia context. The scales however demonstrated acceptable in-
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Table 3
Scale item correlations.
Weight locus of control (n = 159) Q1 Q2 Q3 Q4
Q1 1.00000 0.57187 -0.09215 0.11935
<0.0001 0.2480 0.1340
Q2 1.00000 0.08097 0.19440
0.3103 0.0141
Q3 1.00000 0.35759
<0.0001
Q4 1.00000
Spearman’s Rho and p-value
Self - Efficacy (n = 158) Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12
Q5 1.00000 0.28369 0.10956 -0.00105 0.03340 0.03006 0.09331 0.06888
0.0003 0.1706 0.9896 0.6770 0.7077 0.2436 0.3898
Q6 1.00000 0.72219 0.25270 0.23774 0.28224 0.18259 0.08749
<0.0001 0.0014 0.0026 0.0003 0.0217 0.2744
Q7 1.00000 0.35269 0.22362 0.29568 0.37253 0.28994
<0.0001 0.0047 0.0002 <0.0001 0.0002
Qs 1.00000 0.61781 0.54329 0.30765 0.18492
<0.0001 <0.0001 <0.0001 0.0200
Q9 1.00000 0.63789 0.22461 0.11404
<0.0001 0.0046 0.1537
Q1o 1.00000 0.27298 0.28683
0.0005 0.0003
Q11 1.00000 0.66012
<0.0001
Q12 1.00000
Spearman'’s Rho and p-value
Body Image (n = 154) Q26 Q27 Q28 Q29
Q26 1.00000 0.83114 0.64231 0.73707
<0.0001 <0.0001 <0.0001
Q27 1.00000 0.73954 0.65370
<0.0001 <0.0001
Q28 1.00000 0.80674
<0.0001
Q29 1.00000
Spearman’s Rho and p-value
Table 4
Deleted items modelling.
Weight locus of control Deleted Items Cronbach’s a Raw Variables Standardized Variables
Correlation with Total Alpha Correlation with Total Alpha
Q1 0.294495 0.420017  0.282067 0.415460
Q2 0.427261 0.294319 0.406368 0.293217
Q3 0.127560 0.546547  0.120824 0.556712
Q4 0.321052 0.393549 0.339803 0.360182
Self- efficacy Deleted Items Cronbach’s a Correlation with Total ~ Alpha Correlation with Total ~ Alpha
0.154773 0.784592 0.146079 0.790219
Q6 0.514318 0.695857  0.507454 0.729234
Q7 0.578706 0.686513 0.576343 0.716582
Q8 0.500599 0.704142  0.523386 0.726338
Q9 0.470355 0.705975 0.502686 0.730097
Q10 0.566190 0.689647  0.591691 0.713717
Q11 0.477347 0.705046 0.483284 0.733593
Q12 0.369311 0.725216  0.380391 0.751690
Body image Deleted Items Cronbach’s « Correlation with Total  Alpha Correlation with Total  Alpha
Q26 0.831215 0.855278  0.807888 0.879599
Q27 0.838792 0.850219 0.815148 0.877021
Q28 0.759369 0.884108  0.779625 0.889544
Q29 0.762119 0.882908 0.781955 0.888729

ternal 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 Weight locus of Control scale, demonstrating a lower
overall internal consistency in comparison to the original analysis. Ex-
planations for the lower reliability of this scale (« <0.50) could be due
to the lower number of items within the scale or due to poor corre-
lation between scale items Adeniran, 2019; Taber, 2018; Tavakol and
Dennick, 2011). The results of the current analysis suggest that poor
correlation between scale items as the most likely explanation. Item

correlations for the Weight Locus of Control 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
Dennick (2011), explain that when the internal consistency is due to
poor item correlation, that this may indicate the presence of redun-
dant items, advising revision of items to see if any can be discarded.
In the current WATCH analysis novel deleted items modelling was per-
formed for each of the 6 psychosocial scales. For the weight locus of
control scale deleted items modelling indicated that the internal consis-
tency 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
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the Self-efficacy 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 Body image items tested within the WATCH cohort,
performed better overall and better in comparison to the original Bassett
Mothers cohort analysis. All Body Image items in the WATCH analysis
were observed to be highly correlated with deleted items modelling sug-
gesting that no items should be removed from this scale.

Possible explanations for the inconsistency of the Factor structure for
the Attitudes towards weight gain, Feelings about the motherhood role,
and Career orientation scales could be due differences in, and changes
to public health messages regarding weight gain in pregnancy experi-
enced between the cohorts over time (Fealy et al., 2020). Most notable
is the shift in public health focus (mostly within high income coun-
tries) over the last two decades, from the prevention of undernutrition
and low birth weight, to obesity prevention, GWG and diabetes man-
agement (Fealy et al., 2020; Institute of Medicine Committee on Nu-
tritional Status During Pregnancy and Lactation, 1990; Rasmussen and
Yaktine, 2009). The differing factor structure for the Feelings towards
the motherhood role and Career orientation scales may also be explained
by changing social roles experienced overtime and may not reflect the
cultural attitudes of participants within this Australian pregnancy co-
hort (Kingsbury et al., 2017).

The Feelings towards 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 (Devine et al., 2000, 1994). It is possible that
these items were more orientated 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), 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 at-
tributed to the difference in education levels with 71% of WATCH par-
ticipants indicating that they were high school educated or above com-
pared 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 (De Witte et al., 2013). Future research
investigating the direct and indirect relationship between psychosocial
and demographic factors (i.e. education level) in combination with ges-
tational weight gain would be useful to provide further insight into the
complex mechanisms of EGWG.

This revalidation analysis has identified that the Weight Locus of
Control, Self-efficacy and Body image scales from the WRB-Q as valid
and reliable psychosocial measures for use within Australian context. In-
vestigating the relationships between these psychosocial scales as pre-
dictors 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 in-
dividual questionnaire items can be developed into a short pregnancy
specific, psychosocial measurement tool.

Strengths

To our knowledge this is the first time the entire WRB-Q has been
tested within an Australian population of pregnant women. We addi-
tionally performed novel deleted item modelling to identify potential
redundant items for removal and overall scale improvement. The re-
sults suggest that these scales (Weight Locus of control, Self-efficacy
and Body image) may be candidates for combining into a short form
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questionnaire, potentially reducing participant burden and increasing
the questionnaire’s appeal for broader clinical research application.

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 in-
stance, 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 con-
struct being measured. The large number of items mean imputed for the
Career orientation scale may distort the observed results. While increas-
ing the sample size for this analysis, the mean imputation of values are
not reflective of the actual participant responses further undermining
the validity of this scale.

Conclusion

The revalidation of the WRB-Q within an Australian pregnancy co-
hort suggests that the Weight Locus of control, Self-efficacy and Body
image 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 predic-
tors of EGWG is required.
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ARTICLE INFO ABSTRACT
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Aim: To identify and describe the di and social itive factors d with gestational
weight gain using the Weight-Related i Questi within an Australian pregnancy cohort.
Background: Supporting women to achieve optimal weight gain in pregnancy is complex. Social-cognitive factors

8 are r to, and of, weight related behaviour change. Less is known about their role
i‘;“::tive during pregnancy.
Bogy image Methods: 159 women enrolled in a pregnancy cohort study completed the Weight-Related Behaviours

Q i ire (WRBQ) at appr: 19 weeks gestation, and total gestational weight gain was later mea-
sured 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, edu-
cation) 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 (34-41 yrs) 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 sa-
tisfaction and perception of own weight) was the sole social-cognitive factor associated with excessive gesta-
tional 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: This study suggests that younger maternal age and lower perceived body image are predictive of
excessive gestational weight gain.

1. Introduction

Supporting women to achieve healthy weight gain in pregnancy is
complex (De Jersey et al., 2017; Fealy et al., 2020). Weight gain is a
normal part of the childbearing experience and in general a positive
marker of fetal growth and pregnancy progression (Institute of
Medicine Committee on Nutritional Status During Pregnancy and

Lactation, 1990; Rasmussen & Yaktine, 2009). 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) is a public
health concern (Rasmussen & Yakatine, 2009). A systematic review of
23 cohort studies (n = 1, 309,136) by Goldstein et al. (2017) has de-
monstrated that it is more common for women to gain weight above the
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IOM guidelines (47%, n = 621,004), compared to those gaining below
(23%, n = 300, 723) or within (30%, n = 387, 409), independent of
pre pregnancy body mass index (BMI) (Goldstein et al., 2017).

Excessive gestational weight gain is associated with adverse peri-
natal and intergenerational health outcomes. These include, an in-
creased 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) (Goldstein et al., 2017). Individual studies
have found EGWG to be associated with increased risk of pregnancy-
specific disease such as hypertensive disorders and gestational diabetes
(Cedergren, 2006; Johnson et al., 2013; Oken et al., 2007; Stotland
et al., 2006). Long term and intergenerational health impacts of ge-
stational weight gain (GWG) are explained by the Developmental Ori-
gins of Health and Disease (DOHaD) hypothesis, whereby fetal pro-
gramming occurs via epigenetic pathways, increasing the offspring's
risk of non-communicable diseases over the lifespan (Nyirenda & Byass,
2019). An in-utero environment characterised by maternal malnutri-
tion, causing maternal overweight, is further suggested to lead to
childhood chronic disease risk such as obesity, diabetes and non-alco-
holic fatty liver disease (Gluckman & Hanson, 2008; McMillen &
Robinson, 2005; Nyirenda & Byass, 2019; Poston, 2012).

The experience of weight gain during pregnancy is multifactorial,
influenced by a multitude of social-ecological factors. These are de-
scribed as demographic (age, education, income), physical (diet, ex-
ercise), psychological (anxiety, depression) and social-cognitive factors
(attitudes, beliefs, social support, self-efficacy, body image) (Fealy
et al., 2020; Hansen et al., 2018; Hartley et al., 2015; Hill et al., 2013;
Kapadia et al., 2015; Olander et al., 2018). These social-ecological
factors are considered important predisposing, enabling and reinforcing
constructs within health behaviour theory, that can directly or in-
directly influence personal health related behaviours such as diet and
exercise (De Jersey et al., 2017; Glanz et al., 2015). To date however,
the mechanisms by which social-ecological factors influence weight
management outside of, and during pregnancy, is poorly understood
(De Jersey et al., 2017; Hansen et al., 2018).

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 (Muktabhant et al., 2015;
Vineze et al., 2019; Walker et al., 2018). Collectively, these interven-
tions 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 (Fealy et al.,
2017; Heslehurst et al., 2014; Walker et al., 2018). Moreover, there is
limited consideration and understanding of a pregnant woman's capa-
city for diet and exercise behaviour modification outside of research
conditions (Muktabhant et al., 2015; Olander et al., 2018; Vincze et al.,
2019; Walker, Bennett, et al., 2018). Common pregnancy symptoms
such as nausea, vomiting, lethargy and anxiety, as well as social de-
terminates 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 (Fealy et al., 2020; Olander
et al., 2018; Vanstone et al., 2017).

Demographic and social-cognitive factors such as age, educational
attainment, attitudes, beliefs, self-efficacy, body image and social sup-
port are recognised antecedents to, and mediators (barriers and en-
ablers) of, health behaviour change (Bergmeier et al., 2020; Hartley
et al., 2015; Kapadia et al., 2015). A systematic review and narrative
synthesis of thirty-five studies (25 cohort, 8 cross-sectional and 2
case—control) by Kapadia et al. (2015), investigating psychosocial and
psychological factors as antecedents of EGWG, considered levels of
cognitive dietary restraint, perceived barriers to healthy eating, nega-
tive attitudes towards weight gain, negative body image, being con-
cerned about weight gain, high targeted weight gain and inaccurate
body perceptions, as potential risk factors for EGWG (Kapadia et al.,
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2015). Hartley et al. (2015) 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 psychoso-
cial 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 re-
search, 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 (Hartley et al., 2015; Kapadia et al., 2015).

To better understand the influence of social-cognitive factors on
weight gain in pregnancy, Kendall et al. (2001) 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 (Kendall et al.,
2001). Due to the multitude of social-cognitive factors evidenced to
exhibit relationships with GWG, the WRB-Q provides a valid and reli-
able consensus of factors for investigation (Hartley et al., 2015; Kapadia
et al., 2015; Kendall et al., 2001). 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.

2. Methods
2.1. Weight Related Behaviours Questionnaire

The Weight Related Behaviours Questionnaire measures 6 social-
cognitive factors across 49 individual question items. The social-cog-
nitive factor categories included within the WRB-Q are: 1) Weight locus
of control (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)
(Kendall et al., 2001; Saltzer, 1982); 2) Self-efficacy (8 questions),
measuring confidence for behaviour change related to diet, weight
control and exercise; 3) Attitudes towards weight gain (13 questions),
measuring attitudes towards gaining weight or weight gain avoidance;
4) Body image (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 (7 questions), measuring positive and
negative aspects of motherhood; 6) Career orientation (13 questions),
measuring preference towards career or family orientation (Kendall
et al., 2001). 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 sa-
tisfied (factor 4) (Kendall et al., 2001).

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. The questionnaire has
been used in seminal works, mainly within USA, to examine factors that
influence GWG and postpartum weight retention (Hinton & Olson,
2001; Lipsky et al., 2016; Olson & Strawderman, 2003; Olson et al.,
2017). 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 (a 0.49); 2)
Self-efficacy (a 0.76); 3) Attitudes towards weight gain (a 0.75); 4) Body
image (a 0.91); 5) Feelings about the motherhood role (o 0.71); 6) Career
orientation (a 0.74).
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2.2. 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 (< 18 weeks), with follow up to 4 years
post birth (n = 180 women and n = 182 children) (Hure et al., 2012).
The detailed WATCH study protocol has been previously published
(Hure et al., 2012). 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 and 20 weeks gestation. The research protocol for
the WATCH study was ethically approved (approval number 06/05/24/
5.06) (Hure et al., 2012).

2.3. 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 (Hure et al., 2012). Maternal height and weight
were taken in clothing with no shoes. Height was measured on two
consecutive appointments to the nearest 1 mm, 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 (Hure et al., 2012). 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 (Hure et al., 2012).

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 (Rasmussen & Yaktine,
2009). 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 appoint-
ment at approximately 36 weeks gestation.

3. 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 questionnaire scores were summarised (trichotomised or
dichotomised) for presentation purposes as per Supplementary File 1.

Multivariable logistic regression modelling was then performed to
test the association between demographic and social-cognitive vari-
ables 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 (see Supplementary File 1).

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 ad-
justment (Area Under the Curve - AUC) for each of the listed demo-
graphic factors, and each was compared to determine whether the ad-
dition 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 atp < 0.05 (two tailed). Demographic
and multivariable logistic regression were programmed using SAS v9.4
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Table 1
WATCH Cohort demographic, pregnancy and birth characteristics.

WATCH cohort (N = 159)
Age (Mean/SD)
Missing 12
Country of birth Australia n (%)

28.9 (5.64)

138 (94%)

Other n (%) 9 (6.1%)

Education = Year 12 (high school) n (%) 105 (71%)

Education < Year 12 (high school) n(% 42 (29%)
Missing 12

Married n (%) 84 (61%)

Unmarried n (%) 54 (39%)
Missing 22

Parity- Primiparous n (%) 66 (45%)

Party- Multiparous n (%) 80 (55%)
Missing 13

Smoker n (%) 15 (10%)

Developed gestational diabetes n (%) 6 (4.1%)
Missing 14

Developed hypertension in pregnancy n (%) (pre-eclampsia/ 9 (6.1%)

gestational hypertension)
Missing 13

Mode of birth n (%)
Vaginal birth
Instrumental birth
Caesarean birth
Missing 1
Infant Birth Weight (grams)
Mean (SD) n = 144
Breastfeeding n (%)
(at approx. 3-months post-partum n = 140)
(at approx. 6 months post-partum n = 120)

104 (66%)
22 (14%)
32 (20%)

3495.0 (557.02)

94 (67%)
68 (57%)

(SAS Institute, Cary, North Carolina, USA). Descriptive questionnaire
data were calculated using STATA/IC v13.0 (StataCorp, Texas, USA)
and Microsoft® Excel v16.24.

4. Results

The entire WRB-Q, social-cognitive factors and missing data are
presented in Supplementary File 1. 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
Weight locus of control and Attitudes towards weight gain categories re-
turned the highest range of complete responses, with the Career or-
ientation category returning the most incomplete responses (3-5%
missing responses across all 13 items).

Population demographics of the WATCH sample are summarised in
Table 1.

The majority of participants were born in Australia, identified as
being married, were high school and above educated, none smokers and
experiencing a subsequent pregnancy (i.e. multiparous). Birth data in-
dicated that the majority of participants experienced a vaginal birth,
with only 20% experiencing a caesarean birth. The proportion of par-
ticipants diagnosed with gestational diabetes, gestational hypertension/
pre-eclampsia were representative of wider state based maternal and
infant data trends, for the years in which pregnancy and birth data were
collected for the WATCH study (Centre for Epidemiology and Research
NSW Department of Health, 2010).

Maternal weight characteristics are shown in Table 2, with the mean
pre-pregnancy weight and the stratification of participants by pre-
pregnancy BMI category.

In total, 41% of participants had already exhibited EGWG by ap-
proximately 36 weeks gestation, independent of pre-pregnancy BMI.
When stratified by BMI, participants in the underweight and over-
weight categories proportionally exhibited greater gains than those in
the normal weight or obese BMI categories.

To summarise the descriptive results presented in Supplementary
File 1, the cohort generally possessed high internal levels of Weight locus
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Table 2
WATCH Maternal weight characteristics.
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Table 4
Regression of excess GWG on social-cognitive factors.

WATCH cohort (N = 159)

Pre-pregnancy weight (kg)
Mean (SD)
Pre-pregnancy BMI by Category (n, %)
Underweight
(< 18.5 kg/m?)
Normal
(=18.5-24.9 kg/m?)
Overweight
(225-29.9 kg/m?)
Obese
(Obese = 30 kg/m?)
Missing 12
Excess weight gain by pre-pregnancy BMI (n, %)
Underweight
(< 18.5 kg/m?)
Normal
(218.5-24.9 kg/m?)
Overweight
(225-29.9 kg/m?)
Obese
(Obese = 30 kg/m?)
Total sample gaining excess weight (n, %)

69.63 (16.97)

8 (5.4%)
75 (51%)
34 (23%)

30 (20%)

5 (62.5%)
24 (32.0%)
20 (58.8%)
11 (36.7%)

60 (41%)

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 to-
wards the role of motherhood. 1t is these women that we hypothesise
require better linkage with health services and greater support to op-
timise weight gain in pregnancy.

The results of the multivariate logistic regression on cohort demo-
graphic factors are presented in Table 3. Maternal age was found to be
the single demographic factor inversely associated with EGWG.

When compared to the youngest participants in quintile 1

Table 3
Multivariable logistic regression of excess GWG.
Variable (n = 138) 0Odds ratio (95% confidence P-value AUC
interval CI)
Maternal Age (years) (ref = Quintile 1, age18-24 yrs)"
Quintile 2 (age 24.2-26.9)  1.15 (0.32, 4.10) 0.0146  0.732
Quintile 3 (age 27.3-30.2)  0.32 (0.09, 1.18)
Quintile 4 (age 30.3-33.8)  1.23 (0.34, 4.44)
Quintile 5 (age 34.0-41.2) ~ 0.20 (0.05, 0.82)
Pre-pregnancy BMI (ref = “Normal”)
Obese 1.49 (0.58, 4.18) 0.1025
Overweight 3.31 (1.23, 8.86)
Underweight 2.91 (0.52,16.29)
Parity (ref = O primiparas)
1 0.89 (0.35, 2.31) 0.9687
2+ 0.91 (0.34, 2.45)
Smoking (ref = No)
Yes 0.88 (0.22, 3.50) 0.8582
Married (ref = No)
Yes 0.60 (0.25, 1.43) 0.2467
Education = year 12 (ref = No)
Yes 1.54 (0.61, 3.86) 0.3600

? 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.

Social-cognitive categories 0Odds ratio (95% P-value AUC"

confidence interval CI)

Body Image (n = 137) 0.67 (0.53, 0.85) 0.0008 0.794
Career Orientation (n = 135)
(ref quintile 1, score range 22
-29)
Quintile 2 - Score Range (30—32)  0.35 (0.09, 1.32) 0.4854  0.762
Quintile 3 - Score Range (32—33)  0.39 (0.10, 1.53)
Quintile 4 - Score Range (34-35) 0.84 (0.25, 2.74)
Quintile 5 - Score Range (36-47) 0.64 (0.19, 2.21)
Feelings about motherhood
(n = 137)
(ref = quintile 1, score range
18-23)
Quintile 2- Score Range (24-25) 3.07 (0.77,12.27) 0.3678  0.763
Quintile 3- Score Range (26-27) 1.95 (0.53, 7.23)
Quintile 4- Score Range (28-30)  3.80 (1.00,14.53)
Quintile 5- Score Range (31-35) 2.81 (0.71,11.13)
Weight locus of control (n = 138)
(ref = quintile 1, score range 7 - 11)
Quintile 2- Score Range (12—13)  0.73 (0.24, 2.21) 0.7824 0.728
Quintile 3- Score Range (4-14) 0.40 (0.10, 1.58)
Quintile 4- Score Range (15-15) 0.83 (0.18, 3.70)
Quintile 5- Score Range (16-20) 0.75 (0.25, 2.24)
Self-efficacy (n = 138)
(ref = quintile 1, score range 3 - 23)
Quintile 2- Score Range (24-27) 1.43 (0.45, 4.54) 0.9057 0.727
Quintile 3- Score Range (28-29) 1.11 (0.32, 3.80)
Quintile 4- Score Range (30—31)  0.78 (0.21, 2.94)
Quintile 5- Score Range (32-38) 1.25 (0.36, 4.32)
Attitudes towards weight gain (n = 138)
(ref = quintile 1, score range 17 - 27)
Quintile 2- Score Range (28-30) 0.58 (0.16, 2.08) 0.3865 0.747

Quintile 3- Score Range (31 —33)
Quintile 4- Score Range (34-38)
Quintile 5- Score Range (39-52)

1.25 (0.34, 4.56)
1.02 (0.32, 3.27)
2.17 (0.66, 7.18)

? Adjusted under the curve (AUC) Adjusted for maternal age, pre-pregnancy
BMI category, parity, smoking status, marital status, and education Assessment
of model diagnostics for this analysis indicated that the linearity assumption
was violated for all social-cognitive factors with the exception of body image,
and these were categorised into quintiles.

(18-24 yrs), older participants in the fifth quintile (34-41 yrs) 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 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 a 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
(Feelings towards the motherhood role, Career orientation, Attitudes towards
weight gain, and Weight locus of control or Self-efficacy).

5. Discussion

The current study has explored the associated relationships between
selected demographic and social-cognitive factors and EGWG, in a co-
hort 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
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between these variables has been inconsistent. The original IOM (1990)
guidelines, in a review of 9 studies (published between 1977 and 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 and 2006), suggested that older
women (=34ys) were entering pregnancy with higher BMI's, but ex-
hibiting lower GWG compared to younger childbearing women
(< 25ys) (Rasmussen & Yaktine, 2009). A large Danish cohort study
(n = 60,892 pregnancies) conducted by Nohr et al. (2008), similarly
observed that older women (=34ys) exhibited lower GWG (15.2%
gaining > 20 kg) compared to younger women (< 25ys, 31%
gaining > 20 kg. In this study older women (= 34ys, 6.9%) were less
likely to be classified as obese according to pre pregnancy BMI com-
pared to younger women (< 25 years 10.1%) (Nohr et al., 2008). 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 (> 25.0 kg/m? 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)
(Suliga et al., 2018).

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 to-
wards their external appearance and is often separated into two mea-
sures: body satisfaction and body attitudes (thoughts and beliefs)
(Andrews et al., 2017; Hill et al., 2013; Roomruangwong et al., 2017;
Thompson et al., 1999). In non-pregnant populations body image dis-
satisfaction is reported as a constant norm across the lifespan (Algars
et al., 2009; Runfola et al., 2013). Runfola et al. (2013) combined data
from two cross-sectional studies of American women (n = 5868) aged
between 25 and 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
(Runfola et al., 2013). These findings outside of pregnancy, are in
contrast to the body image scores observed within the WATCH preg-
nancy 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) and Hartley et al. (2015), 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 sig-
nificant associations between body dissatisfaction and EGWG (Hartley
et al., 2015; Kapadia et al., 2015). A recent study by Roomruangwong
et al. (2017), investigated the relationships between body dissatisfac-
tion, 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 kg
SD4.9), compared to those who were satisfied with their body image
(Roomruangwong et al., 2017). 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 post-
natal depression (Roomruangwong et al., 2017).

There is a growing body of evidence exploring the potential direct
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and indirect relationships between maternal psychology (depression
and anxiety) body image and EGWG (Andrews et al., 2017; Hill,
Skouteris, McCabe, Fuller-Tyszkiewicz, et al., 2013; Roomruangwong
et al., 2017; Thompson et al., 1999). Hill, Skouteris, McCabe, Milgrom,
et al. (2013), presented a conceptual model to theoritically explain the
potential relationship and pathways between psychosocial, psycholo-
gical, demographic factors and GWG. This model theorised that ma-
ternal psychological, psychosocial and demographic factors as pre-
ceeding mediators of body image and self-effiacy. Satisfaction with
body image and self-efficacy are suggested to indirectly influence (po-
sitively or negatively) motivation for behaviour change (i.e. diet and
physical activity), affecting GWG outcomes (Hill, Skouteris, McCabe,
Milgrom, et al., 2013).

Indirectly, consistent temporal relationships have been demon-
strated between body image dissatisfaction and maternal depressed
mood, with depression preceding body image dissatisfaction (Fuller-
Tyszkiewicz et al., 2013). A recent prospective cohort study (n = 253)
by Riquin et al. (2019), 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 body image (Riquin et al., 2019). 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) (Riquin et al., 2019).

A more recent review and discussion of maternal body image dis-
satisfaction by Bergmeier et al. (2020), suggests direct theoretical re-
lationships may exist between body image dissatisfaction, the devel-
opment of antenatal depression and anxiety affecting eating behaviour
and EGWG (Bergmeier et al., 2020).

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 (Lapointe-Shaw
et al., 2018) and intervention studies trialling support strategies could
also help in determining causation.

The remaining social-cognitive factors, Weight locus of control, Self-
efficacy, Attitudes towards weight gain, Feelings about the motherhood
role and Career orientation, were not associated with EGWG in this
cohort. A similar study conducted by De Jersey et al. (2017), in-
vestigating 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 (De
Jersey et al., 2017). Similar to our findings and using a larger popula-
tion sample, the study did not find a statistical relationship between
self-efficacy and EGWG (De Jersey et al., 2017). This is in contrast to
findings outside of pregnancy that have consistently associated self-ef-
ficacy with weight loss and weight maintenance success (De Jersey
et al., 2017; Kendall et al., 2001).

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 op-
timising GWG, to acknowledging the moderating role of social-cogni-
tive 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 (Holley
et al., 2016). 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
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interventions to improve adherence to GWG targets.
5.1. 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 so-
cial-cognitive factors amongst pregnant women and a combination of
self-reported (pre-pregnancy) and objectively measured weight.

5.2. Limitations

We are not able to determine from our analyses whether the ob-
served 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 also 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 (Gilbert & Prion,
2016; Zhang et al., 2019). The low internal consistency observed for the
weight locus of control scale (o 0.49) does undermine the reliability of
results observed for this scale and suggest that these findings be inter-
preted 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.

6. 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 fac-
tors particularly age and body image, when assessing a woman's ca-
pacity for weight-related behaviour change during pregnancy amongst
large and diverse cohorts of pregnant women.

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.eatbeh.2020.101430.
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A9. Graphical item information function results

Supplementary file 1. Graphical item Information fimction results
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A10. Summary table of weight-related behaviour questionnaire responses from the

WATCH pregnancy cohort

Sopplementary File 1

Summary Weight Related Behaviour Qu from the WAT CH pregnancy cohort (2=159)
‘Weight Locus of Control Strongly Neither Strongly Missing
Likest scale 1105, inderfined soores m easmr peference towands intenal Agree or Agree nor Disagree or Responses
focas of contrul) Agree Disagree Disagree (@
ki e et s of vt 2 @ @3
Gircle the omsber that best repuesents how you fed
Q1 *Whether my weight change isup tome 40% 2% 33% 0
Q2 ¥f1 eat right, and get enough exercise and rest, I can [ 21% 19% 0
control my weight the way I want
(B Beinp, the right weight is mainly good luck 7% 1% % 0
Q4 No matter what I try to do, ifT gain or lose weight, or slay 30% 21% 49% 1
the same, it is just going to happen
Self Efficacy VerySare Nefhersure VeyUnsureor —Missing
Likest scalle 1 105, indesfined soores measme greater seif efficacy or Sure nor Unsure Unsure Responses
Kalics macsurs lovwar self-afficacy 12 3 @-5) m
Hiow swe are you that you can?
Q5 *Fit info your regular dothes 31% 21% 49% 3
Q6 *Take off any extra weipht you gain 66% 16% 18% 1
Q7 *Get back into shape 3% 16% 1% 1
Q8 *Eat balanced meals 3% 18% 3% 1
Q9 *Eat foods that are good for you and avoid foods that are [ 26% 14% 1
not
Q10 *Eat foods that are pood for you even when family or 56% 2% 17% 1
soctal life takes a lot of your time:
Q11 *Get regular exercise % 19% 16% 1
Q12 *Get repular exercise even when Emily or social life 40% 30% 30% 1
tikes a lot of your time
Attitndes fovanis weight gain Strongly Neither Strongly Missing
Likest scale 1 105, mulerfined sores measme positive sitindes trwards Agree or Agree nor Disagree or Responses
'"’g'n poalim E— Agree i Disagree m)

a2 @) “-5)

Gircle the omsber that best repuesents how you fed
Q13 *The weight I gain during prepnancy makes me feel ugly 15% % 62% 1
Q14 *1 worry thal I may get fat during this pregnancy 30% 16% 5% 0
Q15 *1 am embarmssed at how big I've potten during this 11% 1% ™ 0

pregnancy
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Q16 *I’'m embarrasscd whencver the numse weighs me 17% 15% 68% 2
Q17 *I am trymg to keep my weight down, so I don’t look 1% 6% 93% 0
pregnant
Q18 I would likc to gain between 12.5 and 17.5 kilograms 3%% 36% 25% 2
during this pregnancy
Q19 I would gain 20 kilograms if it mcant a healthier baby 58% 25% 17% 1
Q20 *ILwill fecl badly if I gain more than 20 kilograms durng 52% 20% 28% 1
this pregnancy
Q21 I like being able to gam weight for a change 12% 33% 55% 0
Q22 As long as I'm eating a well-balanced diet, I don’t care 55% 25% 20% 0
how mmch I gain during this pregnancy.
Q23 *I’m sure [ will be able to faully control the amoumt of 10% 29% 61% 1
weight I will gain during this pregnancy
Q24 You can’t tolally control the amomt of weight yon gain 2% 19% 9% 0
‘when yon are pregnant
Q25 *I feel that women have 1o be very careful abont getting 19% 36% 45% 0
Body Image Very Very - Miissing
wmsmmmmmmmww Satisfied Dissatisfied Rﬂlﬂ)‘sﬁ
pe 3 e or or m)
Ttalics mamyre body weight/ shape dissatis fiction Sati sssatished
Cimde the momber that best represenis how you feel
Q26 *How satisfied are yon with your corrent shape? 68% 3% - 2
Q27 *How satisfied are yon with your comrent weight? T0% 36% - 1
Too Heavy  Abomt Right Too Light Miissing
Responses
@
Q28 Do youn consider your current weight to be... 34% 63% 3% 1
Q29 Do yon consider your current body shape to be... 36% 62% 2% 1
Measures of Feelings About Motherhood Stromgly Neither Stromgly Miissing
Likest srale 1 to 5, mderlined sones measwe positive feclings Agree or Agpree mor Disagree or Responses
Ttalics maasure ragative felings .. Disagree ()
Circle the nomber hat best represeats how you fod (1-2) 3) (4-5)
Q30 Having a baby brings a lot of stress into a woman’s life. 39% 34% 27% 2
Q31 I'm not sure how [ will manage after [ have the baby 18% 20% 2% 2
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Q321 am afraid I will lose my identity afier [ have the baby 4% 8% 88% 2

Q33 Afier a woman has a baby, she is maimly just somcbody’s 4% 2% 83% 3

mother

Q34 *I am surc that I will be a good mother. 91% 9% 0% 2

Q35 *I felt prond when I found ont [ was going to have a baby 86% 13% 1% 2

Q361 felt scared when I found out I was going to become a 38% 15% 47% 2

mother.

Career Orientation Stromgly Stromgly - Missing

Likert scale 1 tn 4, mdcdined ik Agree or Disagree or Respomses

Hatlics macsura orisnlation towards family Agree Disagree =)
(1-2) (34)

Circle the number that best represents how yon feel

37 *I'want a job that will help me grow 87% 13% - 6

{38 *Being able to express myself through a job means a T7% 23% - 5

great deal to me.

039 *I am determined to achieve niy educational and work 2% 28% - 6

goals

{40 *Success in my work is very imporiant to how I feel 58% 42% - 6

about myself

041 ¥ see myself as working for pay nry whole adult life 43% 57% - 6

042 *The responsibilities for home and family should be 95% 3% - 5

equally share when both partners work

043 * need more in life than what being a wife and mother 20% 1% - 6

can give me

44 Women whe hope to be successful in a job must do so at 18% 82% - g

the expense of home and jamily

045 Women should seek work that will fit in fanily needs in 75% 25% - 8

terms of work hours, leave time, etc

046 Women must make changes in their careers jor family 78% 21% - 7

needs

Q47 Women should not work full time when their children are 61% 39% - 7

young

48 Feeling loved and needed is more important to me than 1% 9% - 6

kaving a career

049 I would be very happy staying at home and not working 67% 33% - 6

at a job.

* Questionnaire items reverse coded fior amalysis and indcrpretation

Boldtet Indicates ki level of social cogwith 'or being measared Scores >58%})
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Al1l. ACT Health, EatingdTwo trial ethics approval

ACT Health

Research Ethics and Governance Office
Human Research Ethics Committee

Professor Deborah Davis -
Synergy

Building 6, Level 3

Canberra Hospital

Garran ACT 2605

Dear Professor Davis

ETH.5.16.064 — NMA — HRECMT/ACTM
The ACT Health Human Research Ethics Committee considered the proposed:

Eating4Two Smartphone Application: A randomised controlled trial at its
meetings of 6 June 2016 and 1 August 2016.

| am pleased to inform you that, following further correspondence, your application to
include multiple sites has been approved out of session.

Ethical approval is granted for this research project to be conducted at the following
sites:

ACT Health

John Hunter Hospital

Maitland Hospital

Port Macquarie Base Hospital

Documents reviewed and approved include:

MEAF, submission code AUM/BZBT217

Data Collection Schedule and Instruments

Participant Information Sheet, Eatingd Two version 3 dated 25 July 2016
Consent Form, Eatingd4 Two version 3 dated 23 July 2016

Consent Form, Focus Group/interview version 3 dated 23 July 2016
Questionnaire 1 — Demographics

Questionnaire 2 - Motivation and Knowledge and IPAQ (physical activity)
Questionnaire 3, 5 and 8 - ASAZ24 (diet recall)

Questionnaire 4 — IPAQ, GWG resourcefadvice and Modified mobile app
rating scale

Questionnaire 6 - Modified QPCQ (quality care)

Questionnaire 7 - IPAQ

Advertisement for social media

Advertisement for antenatal waiting areas

Push notifications for App

Messages relating to fetal development for App

Letter to matemity care provider

PO Bex 11 Wedan ACT 2008 | Phone: 8174 7988 or 6174 5850 | E sthicsfPect gov gy

® @ & & 8 ® 8 & @
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+ Focus Group/Interview sample questions

| confirm that the ACT Health Human Research Ethics Committee is constituted
according to the National Statement on Ethical Conduct in Human Research 2007
and is certified for single review of multi-centre clinical trials. ACT Health HREC
operates in compliance with applicable regulatory requirements and the Intemational
Conference on Harmonization Guidelines on Good Clinical Practice.

| attach for your records an Outcome of Consideration of Protocol form for this study,
which was originally approved for five years from 1 August 2016 to 1 August 2021,
To maintain consistency across the sites this approval period applies to the now
multi-site study.

The Coordinating Principal Investigator is responsible for notification to site Principal
Investigators. The Coordinating Principal Investigator and Principal Investigators
should forward a copy of this letter to their site's Research Governance Office,

Site-Specific Assessment (SSA)

S85A authorisation is required at all sites participating in the study, SSA must be
authorised at a site before the research project can commence at that site.

The completed Site-Specific Assessment form and a copy of this ethics approval
letter must be submitted to the Research Governance Office for authorisation by the
Chief Executive or delegate. This applies to each site participating in the research.

Yours sincerely

Louise Morauta PSM PhD

Chair

ACT Health Human Research Ethics Committee
§ January 2017

PO Box 11 Woden ACT 2608 | Phone: §174 T068 or 8174 5858 | E- gihicsact.oov oy
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ACT HEALTH HUMAN RESEARCH ETHICS COMMITTEE

Outcome of Consideration of Protocol

Submission No: ETH.5.16.064 Date of Approval: 1 August 2016
Project Title: Eatingd Two Smartphone Application: A randomised controlled trial
Submitted by: Professor Deborah Davis

Your project was considered by the ACT Health Human Research Ethics Committee and
Approved for a period of 5 years from 1 August 2016 to 1 August 2021

First Annual Review due: 15 July 2017
Conditions of Approval:

= Al regular periods, and not less than annually, Principal Investigators are o provide
reports on matiers including:

o unforeseen events that could affect the continued ethical acceptability of the project
o proposed changes in the protocol
o updates of the investigator brochures

o continued compliance with approved consent procedures and updates of consent
documentation

o Data Safety Monitaring Board Reports (where applicable)
o security of records
o updated insurance coverage
o compliance with other approved procedures,
« All published reports are to carry an acknowledgement stating:
o Approved by ACT Health Human Research Ethics Committee on 1 August 2016

Louise Morauta PSM PhD
Chair
ACT Health Human Research Ethics Committee

5 January 2017

PO Box 11 Weoden ACT 2806 | Phone: 6174 7688 or 6174 5650 | E athicsf@act gov by
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ACT ACT Health

Guvmnen: Human Research Ethics and Governance Offlce
Hmm Low Risk Sub-Committee

Professor Deborah Davis
Synergy

Building 6, Level 3
Canberra Hospital
Garran ACT 2808

Dear Professor Davis
ETH.5.16.064 - HRECMTIACTHM
Thank you for your letter of 27 February 2018, requesting amendments relating to:

Eatingd4Tweo Smartphone Application: A randomised controlled trial

The wording, images and links requested for Facebook advertising of the Eatingdtwo
study have been approved,

This information is now recorded on the Committee’s files

Yours sinceraly,

lan Pieper
Ethics Manager
ACT Health Human Research Ethics Committee
Low Risk Sub-Committee
21 March 2018

PO Bax 11 Wodon AC™ 2606 | Phona: 6174 7958 or 6174 5559 | E: athicsifiact gov.ay

193



A12. Mid North Coast Local Health District site specific, Eatingd Two trial research

Authorisation forms

Wi

GO

Health
Mid Morth Coast
Local Health District

27" March 2017

Ms Shanna Faaly
28 Sapphire Drive
Port Macquarie
NSW 2440

Dear Shanna
Re: Site Research Authorisation.
HREC Reference: HREC/T/ACTH
S55A Reference: SSANMT/MNCC/3
Project Title: Eatingd Two Smartphone Application: A randomised controlled frial.
Protocol: Nfa

Thank you for submitting an application for site authorisation of the above referenced project. |
am pleased to inform you that authorisation has been granted for this project to take place at the
Port Macquarie Base Hospital.

The following documents have been authorised for distribution at the above site:
« Participant Information Sheet, Version 3 dated 257 July 2016.
« Consent Form, Version 3 dated 23 July 2016.
« Consenl Form, Focus Group/intenview Version 3 dated 237 July 2016.
+ Questionnaire 1 — Demographics.
» Questionnaire 2 — Motivation and Knowledge and IPAQ (physical activity).
+ Questionnaire 3, 5 and B — ASAZ4 (diet recall)
* Questionnaire 4 - IPAQ, GWG resource/advice and modified mobile app rating scale.
» Questionnaire 6 — Modified QPCQ (Quality care),
¢ Questionnaire 7 — IPAQ.
= Advertising for antenatal waiting areas.
+ Letter to maternity care provider

In addition | acknowledge receipt of the following documents:
+ HREC approval letter dated 57 January 2017.
+ NEAF AUM/BZBT217
+ Data collection schedule and instruments.
+  Adwverstising for social media.
= Push notifications for App
+ Messages relating to foetal davelopmeant for App.
+  Focus Group interview sample questions.
SSA AL/ZICETB214
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The following conditions apply to this research project. These are additional to those conditions
imposed by the Human Research Ethics Committea that granted ethical and scientific approval:

2

Recruitment o participants can only be conducted by those Investigators listed in the
Site Specific Application and who have signed the Declaration of Researchers.
Proposed amendments to the research protocol or conduct of the research which
may affect the ethical or scientific acceptability of the application and are submitted to
the approving HREC for review must be copied to the Research Govemnance Officer.
Proposed amendments which affect the ongoing documenis/meterials for circulation
at the site listed above, or which alter the information submitted in your application for
site authorisaton, must be submitted to the Research Governance Officer.

. Fer drug or device trials: You agres that you will not commence the trial named

abowe until the Clinical Trial Notification {CTN) has been submitted to the
Therapeutic Goods Administraion (TGA) using the onfne form. This site
authorisation letter fulfils the documantation required to Indicate the Approving
Authority approval. A copy of the TGA acknowledgment of receipt of a CTN must be
submitted to the MNCLHD Research Office as soon as it is available.

For any researcher who is nol employed by the MNCLHD and is conducting the
research on-site at any facility within this LHD are required fo comply to site specific
privacy, confidentiality, vaccination and identification processes.

Where appropriate, | recommend that you consult with your Medical Defence Union
to ensure that you are adequately coverad for the purposes of conducting this study.

[if student involvernent] Site approval s granted on the assumption that all students
and early career researchers are adequately supervised by the principal and senior
investigators on a project. This suparvision would ensure that all privacy concerns
are met (including the completion of confidentiality agreements by participating
students) and that both students and participants are supported in the conduct of the
study in line wth the approved research prolocol,

Yours Sincerely

Maureen Lawrence
Research Governance Officer
Mid North Coast Local Health District

Ceg. Sandra Eadia, Maternity Unit Manager PMBH,
Carol Prince, Antenatal Services PMBH.
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A13. University of Newcastle Eating4dTwo trial human research ethics approval forms

HUMAN RESEARCH ETHICS COMMITTEE

THE UNIVERSITY OF

NEWCASTLE
AUSTRALIA
Notification of Expedited Approval
To Chief Investigator or Project Supervisor: Doctor Alexis Hure
Cc Co-investigators / Research Students: Ms Shanna Fealy
Professor Maralyn Foureur
Professor Deborah Davis
Re Protocol: EatingdTwo Smartphone Application: A randomised
controlled trial
Date: 13-Jun-2017
Reference No: H-2017-0074
Date of Initial Approval: 13-Jun-2017

Thank you for your Response to Conditional Approval (minor amendments) submission to the Human Research Ethics
Committee (HREC) seeking approval in relation to the above protocol.

Your submission was considered under Expedited review by the Ethics Administrator.

| am pleased to advise that the decision on your submission is Approved effective 13-Jun-2017.

In approving this protocol, the Human Research Ethics Committee (HREC) is of the opinion that the project complies with
the provisions contained in the National Statement on Ethical Conduct in Human Research, 2007, and the requirements

within this University relating to human research.

Approval will remain valid subject to the submission, and satisfactory assessment, of annual progress reports. If the approval
of an External HREC has been "noted" the approval period is as determined by that HREC.

The full Committee will be asked to ratify this decision at its next scheduled meeting. A formal Certificate of Approval will
be available upon request. Your approval number is H-2017-0074.

If the research requires the use of an Information Statement, ensure this number is inserted at the relevant point in
the Complaints paragraph prior to distribution to potential participants You may then proceed with the research.

Conditions of Approval

This approval has been granted subject to you complying with the requirements for Monitoring of Progress, Reporting of
Adverse Events, and Variations to the Approved Protocol as detailed below.

PLEASE NOTE:

In the case where the HREC has "noted" the approval of an External HREC, progress reports and reports of adverse events
are to be submitted to the External HREC only. In the case of Variations to the approved protocol, or a Renewal of
approval, you will apply to the External HREC for approval in the first instance and then Register that approval with the
University's HREC.

o Monitoring of Progress
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Other than above, the University is obliged to monitor the progress of research projects involving human participants to
ensure that they are conducted according to the protocol as approved by the HREC. A progress report is required on an
annual basis. Continuation of your HREC approval for this project is conditional upon receipt, and satisfactory assessment,
of annual progress reports. You will be advised when a report is due.

* Reporting of Adverse Events

. Itis the responsibility of the person first named on this Approval Advice to report adverse events.

2. Adverse events, however minor, must be recorded by the investigator as observed by the investigator or as
volunteered by a participant in the research. Full details are to be documented, whether or not the investigator, or

his/her deputies, consider the event to be related to the research substance or procedure.

3. Serious or unforeseen adverse events that occur during the research or within six (6) months of completion of the
research, must be reported by the person first named on the Approval Advice to the (HREC) by way of the Adverse
Event Report form (via RIMS at https./rims.newcastle.edu.au/login.asp) within 72 hours of the occurrence of the
event or the investigator receiving advice of the event.

4. Serious adverse events are defined as:

o Causing death, life threatening or serious disability.

o Causing or prolonging hospitalisation.

o Overdoses, cancers, congenital abnormalities, tissue damage, whether or not they are judged to be caused by

the investigational agent or procedure.

o Causing psycho-social and/or financial harm. This covers everything from perceived invasion of privacy,
breach of confidentiality, or the diminution of social reputation, to the creation of psychological fears and
trauma.

o Any other event which might affect the continued ethical acceptability of the project.

5. Reports of adverse events must include:
o Participant's study identification number;
o date of birth;
date of entry into the study;
treatment arm (if applicable);
date of event;
details of event;
the investigator's opinion as to whether the event is related to the research procedures; and
action taken in response to the event.

©0 0 0 0 o0 O

6. Adverse events which do not fall within the definition of serious or unexpected, including those reported from other
sites involved in the research, are to be reported in detail at the time of the annual progress report to the HREC.

e Variations to approved protocol

If you wish to change, or deviate from, the approved protocol, you will need to submit an Application for Variation to
Approved Human Research (via RIMS at https://rims.newcastle.edu.au/login.asp). Variations may include, but are not
limited to, changes or additions to investigators, study design, study population, number of participants, methods of
recruitment, or participant information/consent documentation. Variations must be approved by the (HREC) before they
are implemented except when Registering an approval of a variation from an external HREC which has been designated
the lead HREC, in which case you may proceed as soon as you receive an acknowledgement of your Registration.

Linkage of ethics approval to a new Grant

HREC approvals cannot be assigned to a new grant or award (ie those that were not identified on the application for ethics
approval) without confirmation of the approval from the Human Research Ethics Officer on behalf of the HREC.

Best wishes for a successful project.
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Associate Professor Helen Warren-Forward
Chair, Human Research Ethics Committee

For communications and enquiries:
Human Research Ethics Administration

Research & Innovation Services
Research Integrity Unit

NIER, Block C

The University of Newcastle
Callaghan NSW 2308

T +61 2 492 17894

Human-Ethics @newcastle.edu.au

RIMS website - https://RIMS.newcastle.edu.au/login.asp

Linked University of inistered g

[Fundlng body |Fundlng project title First named investigator

Grant Ref
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Al4. Eating4Two trial, site specific participant information form
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Mid North Coast
Local Health District
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PARTICIPANT INFORMATION SHEET
RESEARCH PROJECT

Study Title: Eating4Two: A study to test a phone app that aims to assist pregnant
women to achieve a healthy weight gain in pregnancy

Principal Investigator: Professor Deborah Davis

Research Sites: Centenary Hospital for Women and Children (ACT), Calvary Hospital
(ACT), John Hunter Hospital, Maitland Hospital, Port Macquarie Base Hospital

Before you decide whether or not you wish to participate in this study, it is important for
you to understand why the research is being done and what it will involve. Please take
the time to read the following information carefully and discuss it with others if you wish.

1. What is the purpose of this study?

The purpose of this project is to test the effect of a smart phone application (App) on the
weight gain of pregnant women.

2. Why have | been invited to participate in this study?
You are eligible to participate in this study if you:

« are over the age of 18 years and of any BMI category (it is not just aimed at
overweight or obese women)

¢ are planning to have your baby at the Calvary Hospital (ACT), John Hunter
Hospital, Maitland Hospital, or Port Macquarie Base Hospital

* are pregnant (no more than 14 weeks) with one baby only (not twins)

* are fluent in English language

* have access to the Internet for completion of online questionnaires

* have your own smart phone, email address and scales to weigh yourself

« are free from diabetes at the beginning of pregnancy

3. What if | don’t want to take part in this study or if | want to withdraw later?

Participation in this study is voluntary. It is completely up to you whether or not you
participate. If you decide not to participate, it will not affect the treatment you receive now
or in the future. Whatever your decision, it will not affect your relationship with the staff
caring for you.

New information about the App being studied may become available during the course of
the study. You will be kept informed of any significant new findings that may affect your
willingness to continue in the study. If you wish to withdraw from the study once it has
started, you can do so at any time without having to give a reason. If your maternity care
provider considers that use of the App is not within your best interests then they will
advise you to stop using the App

Eating4Two,
PMBH V1 dated 27" February 2017 base on Master Version 3 dated 25" July 2016.
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You may withdraw from the study at any time and for any reason or no reason. Please tell
the study team that you wish to withdraw from the study. Information that has been
collected about you, prior to your withdrawal, will continue to be used in the data analysis.
No new information will be collected or used after you have withdrawn from the study.

In addition, if you are allocated to the group that uses the App we will send your maternity
care provider a letter to let them know. If they consider that use of the App is not in your
best interests (at any time throughout your pregnancy) then they will advise you to stop
using the App and you should act on this.

4. What does this study involve?

This study will be conducted over the course of your pregnancy and conclude 6 months
post birth. The App being investigated in this study is an addition to standard treatment.
You will receive all the usual care, support and advice that are normally provided by your
maternity service. Sometimes health professionals don’t know the best way to assist
women to achieve a healthy weight gain in pregnancy so comparisons need to be made
between different treatments and/or interventions. To do this, study participants are put
into groups and given different treatments/interventions, and the results are compared to
see whether one treatment/intervention is better than another.

You will be randomly assigned to one of two groups (use of the App or usual care);
¢ Those assigned to the App group will be provided with free access to the App and
be asked to use the App for the duration of their pregnancy.

* The App has been developed by a nutritionist and midwife in collaboration with an
obstetrician and psychologists, using the latest evidence based information. The
App does not replace the care and advice provided to you by your maternity
caregiver but can complement your usual care.

¢ The App will calculate your BMI, graph your weight change and compare this to the
Institute of Medicine (IOM) recommended pregnancy weight gain guidelines. You
will also have access to nutrition tips and advice that can be accessed at your
leisure. In addition, you will receive regular notifications from the App providing you
with motivational messages and tips to help you manage your weight gain in
pregnancy.

* Women in this group will need to weigh themselves weekly and have their weight
recorded by their maternity caregiver at 38 weeks, when they are admitted to
hospital for birth and 6 months after the birth of their baby.

¢ If you are assigned to the usual care group, you will be provided with a booklet
called “good nutrition in pregnancy” published by the ACT government and this will
supplement the information provided to you by your midwives and/or doctors.
Women in this group will have their weight recorded by their maternity caregiver

Eating4Two,
PMBH V1 dated 27" February 2017 base on Master Version 3 dated 25" July 2016.
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at 38 weeks, when they are admitted to hospital for birth and 6 months after the birth of
their baby. Those assigned to the App group will be asked;

* to input required information into the App including height, pre-pregnancy weight
and baby’s due date. This will take no more than five minutes of your time and will
only need to be done once.

* to weigh yourself weekly and enter this into the app. This will take less than five
minutes of your time per week.

This information along with the frequency of your access to the App will be sent on a
regular basis automatically from your App to the researchers.

All participants will be asked to;
* provide consent to have their clinical data accessed from the hospital database.

* complete 8, mostly online questionnaires providing information about diet, physical
activity, motivation and knowledge about weight gain in pregnancy, information
sources, and satisfaction with antenatal care at the beginning of the study, at 38
weeks of pregnancy, 8-12 weeks and 6 months after the baby is born. The table
below shows the timing and approximate time taken to complete the
questionnaires.

Time points Questionnaires Approximate time
taken to complete
Questionnaire 1: hard copy 10 minutes
Less than 15 weeks pregnancy
(2 questionnaires: up to 60 mins [ Questionnaire 2: online Up to 20 minutes
total)
Questionnaire 3: online Up to 30 minutes
Questionnaire 4: online Up to 30 minutes
38 weeks gestation
(2 questionnaires: up to 60 mins | Questionnaire 5: online [ Up to 30 minutes
total)
8-12 weeks postpartum Questionnaire 6: online 5 minutes
(1 questionnaire: 5 mins)
Questionnaire 7: online 10 minutes
6 months postpartum
(2 questionnaires: up to 40 mins | Questionnaire 8: online Up to 30 minutes
total)
Total time commitment for questionnaires 2 hours 45 minutes
Eating4Two,

PMBH V1 dated 27" February 2017 base on Master Version 3 dated 25" July 2016.
Page 3 of 5
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* Optional: participate in a focus group (or individual interview for those who prefer
in person or by phone) approximately 8-12 weeks after the birth of their baby to
explore general issues related to weight gain in pregnancy (approximately 60
minutes). Focus groups and interviews will be audio recorded and later
transcribed by a professional transcriber. Up to 10 focus groups and 20
interviews are planned and participants for this part of the study will be chosen on
a first come first served basis.

5. How is this study being paid for?

The study is being sponsored by Diabetes Australia. Participation in this study will not
cost you anything. Participants will not be paid for their involvement.

6. Are there risks to me in taking part in this study?

Participation in this study may make you focus more on your weight and this may cause
worry in some women. We don’t anticipate any other risks if you continue to eat sensibly
and see your maternity caregiver as regularly as recommended.

7. What if something goes wrong?

If you suffer any injuries or complications as a result of this study, you should contact the
study team as soon as possible, who will assist you in arranging appropriate medical
treatment. If you are eligible for Medicare, you can receive any medical treatment
required to treat the injury or complication, free of charge, as a public patient in any
Australian public hospital.

8. Who is organising and funding the research?

This study is being conducted by the study team headed by Professor Deborah Davis.
The study is being funded by Diabetes Australia.

No investigator or member of research staff will receive a personal financial benefit from
your involvement in this study. The health professionals involved declare no personal
conflict of interest relevant to the undertaking of this study.

9. How will my confidentiality be protected?

The health professionals involved in your care will not necessarily know whether or not
you are participating in this study. Any identifiable information that is collected about you
in connection with this study will remain confidential and will be disclosed only with your
permission, or except as required by law. Only the researchers named above will have
access to your details and results that will be held securely at the University of Canberra
in a password protected computer. Audio recordings of focus groups and interviews will
be transcribed without any identifying information (for example if your name is mentioned
it will be transcribed as [focus group participant #1]) with a numerical identifier and then
the audio file will be destroyed.

Eating4Two,
PMBH V1 dated 27" February 2017 base on Master Version 3 dated 25" July 2016.
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10. What happens with the results?

Results will be shared with other health professionals through publications in professional
journals and presentations at conferences.

In any publication, information will be provided in such a way that you cannot be
identified. Results will be provided to you, if you wish.

11. What happens to my treatment when the study is finished?

Your involvement in the study will finish about 6 months after the birth of your baby.
Throughout the study period and beyond, you should continue to access your usual
health care providers as required.

12. What should | do if | want to discuss this study further before | decide?

A research assistant will contact you to discuss the study with you and answer any
queries you may have. At the Port Macquarie site this will be Registered Midwife Shanna
Fealy. You are also able to take some time to discuss it with your family, friends, treating
health professionals or any other person you choose. If you would like to know more at
any stage, please do not hesitate to contact Professor Deborah Davis:

Office: 6206 3869 Email: Deborah.davis@act.gov.au
13. Complaints and compensation

If you suffer any injuries or complications as a result of this research project, you should
contact the study team as soon as possible and you will be assisted with arranging
appropriate medical treatment. If you are eligible for Medicare, you can receive any
medical treatment required to treat the injury or complication, free of charge, as a public
patient in any Australian public hospital. You may be able to seek compensation through
the courts.

14. Who should | contact if | have concerns about the conduct of this study?

This study has been approved by the ACT Health Human Research Ethics Committee. If
you have any concerns or complaints about the conduct of this study, and do not feel
comfortable discussing this with study staff, you may contact the Committee secretariat
who is nominated to receive complaints about research projects. You should contact the
secretariat on 6174 7968 or acthealth-hrec@act.gov.au

Alternatively you may contact the Mid North Coast Local Health District Research
Governance Officer on 0428882170.

Thank you for taking the time to consider this study.
If you wish to take part, please sign the attached consent form.
This information sheet is for you to keep.

Eating4Two,
PMBH V1 dated 27" February 2017 base on Master Version 3 dated 25" July 2016.
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Consent Form to Participate in a Research Project.

1, (name of participant)
of (address)

have been asked to consent to my parlicipation in a research project entitled:

Eafingd Two: A study to test a phone app that aims to assist pregnant women to
achieve a healthy weight gaiin in pregnancy

In relation to this study | have read the Patient Infoomation Sheet and have been
informed of the following points:

1.  Approval has been given by the ACT Health Human Research Ethics Committee.

2. The aim of the study is to test the effect of a smart phone application (App) on
the weight gain of pregnant women.

3. The study App is available for research purposes only and cannot be obtained
otherwise. The study App may not be available following completion of the trial.

4. The results obtained from the study may or may not be of direct benefit to my
medical management.

5. The study will involve usual care or usual care and use of a smartphone App.

6. Possible adverse effects or risks related to this study may include worry about
weight and weight gain in pregnancy.

7. If1am allocated to the use of the App group, 1 understand that my matemity
caregiver will be advised.

8. My involvement in this study may be terminated if any of the following
circumstances develop: my matemity care provider advises it.

9. If my matemity care provider advises, | will cease using the App.

10. Should | develop a problem which | suspect may have resulted from my
involvement in this project, | am aware that | may contact Professor Deborah
Davis on 6206 3869.

11. Should | have any problems or queries about the way in which the study was
conducted, and | do not feel comfortable contacting the research staff, | am
aware that | may contact;

I ACT Health Human Research Ethics Committee Secretariat, Canberra
Hospital, Yamba Drive, Gamran ACT 2605 (ph: 6174 7968) or

IL Calvary Health Care ACT Human Research Ethics Committee,
Calvary Public Hospital, Mary Potter Cct, Bruce 2617 (ph: 6264 7162)

.  Altematively you may contact the Mid North Coast Local Health
District Research Governance Officer on 0428882170.

Eating4Two PMBH Version 1 dated 27t February 2017 based on Master Version 3
dated 23™ July 2016.
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12. 1can refuse to take part in this project or withdraw from it at any time without
affecting my medical care.

13. Participation in this project will not result in any extra medical or hospital costs to
me.

14. 1 understand that while the results of the research will be made accessible my
involvement and my identity will not be revealed.

15. In giving my consent, | acknowledge that the relevant Health Directorate Officials
Staff directly involved in the study, may examine my medical records only as they
relate to this project.

After considering all these points, | accept the invitation to participate in this study.

Name: (please print) Date:

Signature (Participant)

Eating4Two PMBH Version 1 dated 27" February 2017 based on Master Version 3
dated 23™ July 2016.
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A16. Hunter New England health human research ethics committee study variation form

and approval for the Women And Their Children’s Health (WATCH) Study

2

HUNTER NEW ENGLAND
HUMAN RESEARCH ETHICS COMMITTEE

APPLICATION FOR VARIATION OF ETHICS APPROVAL
FOR RESEARCH INVOLVING HUMANS
Version: October 2010

CHIEF INVESTIGATOR or PROJECT SUPERVISOR (firsf named on the approval notification)

Name: Tile / first name / family name | Professor Roger Smith

Qualifications & position held: MBBS (Hons), FRACP, PhD, FRANZCOG

Direclor, Mothers and Babies Research Cenire
Professor of Endocrinology. Faculty of Health,
University of Newcaslie

Organisational unit & mailing address: Mothers and Babies Research Centre

Level 3, Endocrinology, John Hunter Hospilal

Locked Bag 1. Hunter Region Mall Cenire, NSW 2310

Telephone and Fax: Phone: +61 {2) 4921 4380 Fax: +61 {2) 4921 4394
Email address: Roger. Smith@@newcastie.edu.au

TITLE OF PROJECT (as # appears on the approval notification)

‘ The WATCH Study — Women And Their Children’s Health

APPROVAL DETAILS
What is the Hunter New England Human Research Ethics Commitiee reference number for the project?

‘ 06/05/24/5.06

What was the date of approval from the Hunter New England Human Research Ethics Commitiee,
‘ 09/06/2006

THIS RESEARCH BEING CONDUCTED AS

SINGLE CENTRE RESEARCH (i.e. only within Hurier New England Health)

MULTI CENTRE RESEARCH

If 50, please name those sies for which approval from the Hunter New England Human Resecarch
Ethics Commitiee extends:

APPLICATION FOR VARIATION TO APPROVED RESEARCH INVOLVING HUMANS — October 2010 1
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5 STUDENT RESEARCH

Is the research beng completed as pat or whole of a degree or qualification?

If YES: | Name of student
Course of study:
Principal supevsor

[Yes [ [No |
Rachael Tayior
Ri h Masters {Behavioural Sc n relation to Medicne)
Dr Alexis Hure

Name of Institution

The Unwersity of Newcastle

If YES: | Name of student

Dr Lita Mohapatra

Course of study:

PhD (Medicine)

Prncipal supervsor.

Prof Roger Smith

Name of Institution

The Universily of Newcastle

If YES: | Name of student Sh Fealy
Course of study: PhD {Clinical Epidemiology and Public Health)
Principal supervisor-  Dr Alexis Hure

Name of Institution

The Unwersity of Newcastle

6 PROJECT STATUS

[ Has the project commenced?

Yes [ ¥ [No |

\ If YES, when did the project commence? (ddinmdyy}

| 26062006

If NO provide reasons:

7 RESEARCH PERSONNEL

Does the
project?

ion nvolve ch

draded herand hish

to the h personnel working on the Yes No D

This mght include such inslances as the addiion of new investigalors or research assistanis to the
research team, removing the names of those who are no longer working on the project, adding a

for a student project is changing .

Proj pe! orp ps a situation where the project supervisor

If YES, go to the next section {7 1)

If NO, go to Quesfion 8

71 Addition of research personnel who are NOT shudents (leave blank if not applicable)

For each new member of the research team who 5 not a student ofthe Unwersity of

Newcastle, please provide the folowing details.

Name: TiHe /firstname / family name

Qualihcations & employment position:

Organisational unit & mailing address:

Telephone and Fax:

Emai address:

Role on research project:

Expenence relevant to the research
project:

APPLICATION FOR VARIATION TO APPROVED RESEARCH INVOLYING HUMANS — Oclober 2010
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Copy table and repeat for each additonal person as required.
72 Addition of a siudent researcher (feave blank if not applicable)
For each student researcher being added to the project, please provide the following detais.

Note: If the student’s supervisor is not already recorded as an iwestigator, ensure they are
added by completing section 6.1.

Name of student: Ms Shanna Fealy | |

SchoolfFacully/Campus School of Medicine and Public Health, Health and Medicine, Port
Macquarie Campus

Telephone and Fax: 0415601169

Emai address: Shanna fealy@newcastle edu_au

Course of study: PhD Clnical Epidemiology and Public Health

Principal supeivisor Dr Alexs Hure

Copy lable and repeat for each additoral student as required.
73 Delefion of research personnel (feave blank ¥ not appicabie)

For each person who is leaving the research team, please provide the following detais.

Name: Title / first name / famiy name
Omganisational unit

Emai address:

Previous role on research project:

Reason forleaving project
(brief stalement)

Copy lable and repeat for each additional person as required.

8 DETAILS OF PROPOSED VARIATION
Using Plain English, provide detais of the proposed variation{s) to the research protocol. Where
appropriate, present n terms of from the existing protocol to the new protocol.

{Attach the omnginal of any dociymenis that are new or revised as a result of the varrabion,

2g adverd: 5, parkicipant imformation sheels, swveys, dimcal protocols.
For sed o ais, p highlight changes and identify them with VERSION # and
DATE)

Midwife Shanna Fealy will undertake secondary data analysis for the requirements of her
research higher degree, which is focused on weight gain in pregnancy.

APPLICATION FOR VARIATION TO APPROVED RESFARCH INVOLVING HUMANS — October 2010 3
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L] JUSTIFICATION FOR VARIATION
Why 5 the vanation necessany?

The WATCH Study has a large amount of prospedive longitudinal data collected and we continue o
analyse and publish findings fiom this cohort.

10 RESEARCH PARTICIPANTS
Does the vanation nvolve recruling new participant groups, or changing the
way n which participants are to be tled?

Yes ‘ ‘No ‘/‘

If YES, provide full detais using the following headings:

Whatis the parficipant group?

What is the number of parficipanis involved and what is the jusSfication for choosing this
number?

From where will the participants be recruited?
{ldentify any schools, hospitals, organisations, etc, that are to be nvolved )

How and by whom will parficipants be approached o receive the invitation to parficipate?

How much time will parficipants have fo consider the invitafion fo participate?

11 ETHICAL CONSIDERATIONS
What ethical considerations,  any, are raised by the proposed vanation? {Referto the National
Statement on Ethical Conduct in Research Invoking Humans, section 1 and other sections relevant to
the project.)

The privacy and confidentiality of our participants is the primary ethical consideration with resped to
the addition of research personnel ncluding students_ Data are de-identified for analysis.

12 GOVERNANCE CONSDERATIONS

Please advise if this vanation wil have any mplications for govemance such
as changes to the ste speciic assessmert form or the megulatory | Yes No |v
documentation

If Yes, please advise the change and the documentation affects {and submi accordingly.)

13 REVISED DOCUMENTATION

Please Ist all the documentation that needs to be revised and is being submilted with this application
forvanation {ensure that the version numbers and dated are also revised)

APPLICATION FOR VARIATION TO APPROVED RESEARCH INVOLVING HUMANS — October 2010 4
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14 DECLARATION
In signing this application, | dedare that:

1

The research potocol conforms to the Nalional Statement on Ethical Condud in Hurnan
Research (2007), which | have read.

The required number of any documents that are new or revised as a result of the variation,
are altached, eg advertisements, participant nformation sheets, consent forms, suiveys,
clinical protocols.

The variation will not be mplemented prior to receiving approval from the ethics
committee{s).

| make this application on the basis that the nformation i contains is confidential and wil be

used by Hunter New England Health for the purposes of ethical review and monitoring of the
h project descrbed herein, and to salisfy reporting requirements to regulatory

bodies. The nformation will not be used for any other purpose without my prior consent

| agree to the tille of my research being listed for reporting purposes as required by Hunter
New England Health, NSW Health orthe NHMRC

YES B NO

If you object to the tile of your research being ncluded could you please provide a valid
reason for s omission from the repoiting process.

Signature of chief invesfigatoriproject supervisor: Roger Smith

Date:

PLEASE ENSURE AN ELECTRONIC COPY OF THIS FORM AND

ATTACHED DOCUMENTS IS SUBMITTED TO

HNEHREC@HNEHEALTH.NSW.GOV.AU

APPLICATION FOR VARIATION TO APPROVED RESEARCH INVOLYING HUMANS — Ociober 2010 5
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22 June 2016

Professor R Smith

Mothers & Bables Research Centre
Endocrinclogy

John Hunter Hospital

Dear Professor Smith
Re: The WATCH Study — Women and Their Children’s Health (06/0524/5.06)

Thank you for submitting a request for an amendment o the above project. This amendment was
reviewed by the Hunter New England Human Research Ethics Commiliee. This Human Research
Ethics Commitiee is constituied and operates in accordance with the National Health and Medical
Research Councl's National Staternent on Ethical Conduct in Hurman Research (2007) (National
Statement) and the CPMP/ICH Nale for Guidance on Good Clinical Practice. Further, this
Committee has been accredited by the NSW Department of Health as a lead HREC under the
medel for single ethical and scientific review.

| am pleased io advise that the Hunter New England Human Research Ethics Committee has
determined the vanafion meets the requiremenis of the National Siatement on Ethical Conduct in
Human Research and has granied ethical approval for the following amendment requests:

- Forthe addition of Ms Shanna Fealy as student researcher
For the study: The WATCH Study — Women and Their Children’s Health

Approval has been granied for this study io iake place at the folowing sile:
- John Hunter Hospital

Approval from the Hunter New England Human Research Ethics Commitiee for the above study is
given for a maximum of 3 years from the date of the approval letter of your inilial application after
which a renewal application will be required if the study has not been compleied. The above study
is approved unti July 2016.

The Nalional Staternent on Ethical Conduct in Hisnan Research (2007) which the Commitiee is
cbiiged 1o adhere to, include the requirement that the commitiee monitors the research prolocals it
has approved. In arder for the Commitiee to fulfil this function, it requires:

Hhunter Mew &I Office
Locked Bag No 1

New Lamblan NSW 2306

Telephane: (02) 49214950 _Fatsimie: (02) 9214313
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e Areport of the progress of the above study to be submitted at 12 monthly intervals. Your
review date is July 2016. A proforma for the annual report will be sent two weeks prior to the
due date.

« Afinal report must be submitted at the completion of the above study, that is, after data
analysis has been completed and a final report compiled. A proforma for the final report will be
sent two weeks prior to the due date.

e All variations or amendments to this study, including amendments to the Information Sheet and
Consent Form, must be forwarded to and approved by the Hunter New England Human
Research Ethics Committee prior to their implementation.

e The Principal Investigator will immediately report anything which might warrant review of ethical
approval of the project in the specified format, including:

- any serious or unexpected adverse events

e Adverse events, however minor, must be recorded as observed by the
Investigator or as volunteered by a participant in this study. Full details will
be documented, whether or not the Investigator or his deputies considers the
event to be related to the trial substance or procedure.

e Serious adverse events that occur during the study or within six months of
completion of the trial at your site should be reported to the Ethics Officer of
the Hunter New England Human Research Ethics Committee as soon as
possible and at the latest within 72 hours.

e Copies of serious adverse event reports from other sites should be sent to
the Hunter New England Human Research Ethics Committee for review as
soon as possible after being received.

e Serious adverse events are defined as:

- Causing death, life threatening or serious disability.

- Cause or prolong hospitalisation.

- Overdoses, cancers, congenital abnormalities whether judged to be
caused by the investigational agent or new procedure or not.

- Unforeseen events that might affect continued ethical acceptability of the project.

e If for some reason the above study does not commence (for example it does not receive
funding); is suspended or discontinued, please inform Dr Nicole Gerrand, the Manager,
Research Support & Development Office as soon as possible.

The Hunter New England Human Research Ethics Committee also has delegated authority to
approve the commencement of this research on behalf of the Hunter New England Local Health
District. This research may therefore commence.

Should you have any queries about your project please contact Dr Nicole Gerrand as per the
contact details at the bottom of the page. The Hunter New England Human Research Ethics
Committee Terms of Reference, Standard Operating Procedures, membership and standard forms
are available from the Hunter New England Local Health District website.

Please quote 06/05/24/5.06 in all correspondence.

Hunter New England Research Support & Development Office

Locked Bag No 1

New Lambton NSW 2305

Telephone: (02) 49214950 Facsimile: (02) 49214818

Email: HNELHD-HREC@hnehealth.nsw.gov.au
http://www.hnehealth.nsw.gov.au/ethics/Pages/Research-Ethics-and-Governance-Unit.aspx
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The Hunter New England Human Research Ethics Commitlee wishes you every success in your
research.

Yours faithfully

For: Ms M Hunter
Chair
Hunter New England Human Research Ethics Commitiee

Himmter Mewr England Smppoat & Office
Locked Bag No 1

New Lambion NSW 2305

Telephone: (02) 49214950 Facsmie: (02) 49214818
Emad: HNFL HD-HRECg#hnehe allh nsw gov_au
agesi - Filics-amd G Unil aspx
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A17. Journal permissions for article: The return of weighing in pregnancy: A discussion of

evidence and practice.

Monday, February 1, 2021 at 07:50:52 Australian Eastern Daylight Time

Subject: Re: Permission for use of ar/ cle in a thesis disserta/ on [210129-001914]
Date:  Saturday, 30 January 2021 at 5:45:26 am Australian Eastern Daylight Time
From: Permissions Helpdesk

To: Shanna Fealy

Dear Shanna Fealy,

We hereby grant you permission to reprint the material below at no charge in your thesis subject to the
following conditions:

1. If any part of the material to be used (for example, figures) has appeared in our publication with credit
or acknowledgement to another source, permission must also be sought from that source. If such
permission is not obtained then that material may not be included in your publication/copies.

2. Suitable acknowledgment to the source must be made, either as a footnote orin a reference list at
the end of your publication, as follows:

“This article was published in Publication title, Vol number, Author(s), Title of article, Page Nos,
Copyright Elsevier (or appropriate Society name) (Year).”

3. Your thesis may be submitted to your institution in either print or electronic form.
4. Reproduction of this material is confined to the purpose for which permission is hereby given.

5. This permission is granted for non-exclusive world English rights only. For other languages please
reapply separately for each one required. Pemission excludes use in an electronic form other than
submission. Should you have a specific electronic project in mind please reapply for permission.

6. As long as the article is embedded in your thesis, you can post/share your thesis in the University
repository.

7. Should your thesis be published commercially, please reapply for permission.

8. Posting of the full article/ chapter online is not permitted. You may post an abstract with a link to the
Elsevier website www.elsevier.com, or to the article on ScienceDirect if it is available on that platform.

Kind Regards
Roopa

Thanks & Regards,
Roopa Lingayath

Sr Copyrights Coordinator —(
ELSEVIER | Health Cont
nterna/ onal Tech Park

£ mail: Llingayath@elsevier.com | ur: WWW.elsevier.com

ghts Team
NS

h Floor | CSIR Road | Taramani | Chennai 600 113 | India

From: Administrator
Date: Thursday, January 28, 2021 10:02 PM GMT

Dear Customer
Thank you for contac/ ng Elsevier's Permissions Helpdesk.

This is an automated acknowledgement to confirm we have received your query. Ticket number 210129-001914
has been opened on your behalf and we aim to respond within five business days.
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Regards,

Permissions Helpdesk

From: Shanna Fealy
Date: Thursday, January 28, 2021 10:02 PM GMT

1 would like to request a permission for use statement / email of the article for the article "The return of weighing
in pregnancy: a discussion of evidence and practice". | have attached the following rights and access policy
originally signed to assist the process. | am essentially requesting in addition to this a statement an additional
email stating that | have permission to include the article within my thesis, with my name listed as the
corresponding author. | hope you can help with this request. Best Wishes

Shanna

This email is for use by the intended recipient and contains information that may be confidential. If you are not the intended recipient, please
notify the sender by return email and delete this email from your inbox. Any unauthorized use or distribution of this email, in whole or in part, is
strictly prohibited and may be unlawful. Any price quotes contained in this email are merely indicative and will not result in any legally binding
or enforceable obligation. Unless explicitly designated as an intended e-contract, this email does not constitute a contract offer, a contract
amendment, or an acceptance of a contract offer.

Elsevier Limited. Registered Office: The Boulevard, Langford Lane, Kidlington, Oxford, OX5 1GB, United Kingdom, Registration No. 1982084,
Registered in England and Wales. Privacy Policy
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A18. Journal permissions for article: Demographic and social-cognitive factors associated

with gestational weight gain in an Australian pregnancy cohort.

Monday, February 1, 2021 at 07:47:10 Australian Eastern Daylight Time

Subject: Re: Obtain permission request - Journal (1129405) [210129-002060]
Date:  Sunday, 31 January 2021 at 6:07:24 am Australian Eastern Daylight Time
From: Rights and Permissions (ELS)

To: Fealy, Shanna

Dear Ms Shanna Fealy,
We hereby grant you permission to reprint the material below at no charge in your thesis subject to the
following conditions:

1. If any part of the material to be used (for example, figures) has appeared in our publication with credit
or acknowledgement to another source, permission must also be sought from that source. If such
permission is not obtained then that material may not be included in your publication/copies.

2. Suitable acknowledgment to the source must be made, either as a footnote or in a reference list at
the end of your publication, as follows:

“This article was published in Publication title, Vol number, Author(s), Title of article, Page Nos,
Copyright Elsevier (or appropriate Society name) (Year).”

3. Your thesis may be submitted to your institution in either print or electronic form.

4. Reproduction of this material is confined to the purpose for which permission is hereby given.

5. This permission is granted for non-exclusive world English rights only. For other languages please
reapply separately for each one required. Permission excludes use in an electronic form other than

submission. Should you have a specific electronic project in mind please reapply for permission.

6. As long as the article is embedded in your thesis, you can post/share your thesis in the University
repository.

7. Should your thesis be published commercially, please reapply for permission.

8. Posting of the full article/ chapter online is not permitted. You may post an abstract with a link to the
Elsevier website www.elsevier.com, or to the article on ScienceDirect if it is available on that platform.

Kind Regards

Roopa

Thanks & Regards,

Roopa Lingayath

Sr Copyrights Coordinator — Copyrights Team

ELSEVIER | Health Content Operations
International Tech Park | Crest - 5th Floor | CSIR Road | Taramani | Chennai 600 113 | India

£-mail: Llingayath@elsevier.com | ur: WWW.€elsevier.com

From: Administrator
Date: Thursday, January 28, 2021 10:17 PM GMT
Dear Shanna Fealy,

Thank you for contacting the Permissions Granting Team.

We acknowledge the receipt of your request and we aim to respond within seven business days. Your
unique reference number is 210129-002060.
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unique reference number is 210129-002060.
Please avoid changing the subject line of this email when replying to avoid delay with your query.

Regards,
Permission Granting Team

From: Shanna Fealy
Date: Thursday, January 28, 2021 10:17 PM GMT

Submission ID: 1129405
Date: 28 Jan 2021 10:17pm

Name: Ms Shanna Fealy
Institute/company: Charles Sturt University
Address: 7 Major Innes Road

Post/Zip Code: 2444

City: Port Macquaire

State/Territory: NSW

Country: Australia

Telephone: 0415601169

Email: sfealy@csu.edu.au

Type of Publication: Journal

Title: Eating Behaviours

Auhtors: Shanna Fealy, John Attia, Lucy Leigh, Christopher Oldmeadow, Michael hazelton, Maralyn Coureur, Clare
E. Collins, Roger Smith, Alexis Hure

Year: 2020

From page: 1

To page: 7

ISSN: 1471-0153

Volume: 39

Article title: Demographic and social-cognitive factors associated with gestational weight gain in an Australian
pregnancy cohort.

1 would like to use: Full article / chapter

| am the author of the Elsevier material: Yes
Involvement: lead and corresponding author of the article

In what format will you use the material: Print and Electronic
Translation: No

Proposed use: Reuse in a thesis/dissertation
Material can be extracted: No
Additional Comments / Information: | am requesting permission for use of the article within my thesis
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wishes Shanna Fealy
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This email is for use by the intended recipient and contains information that may be confidential. If you are not the intended recipient, please
notify the sender by return email and delete this email from your inbox. Any unauthorized use or distribution of this email, in whole or in part, is
strictly prohibited and may be unlawful. Any price quotes contained in this email are merely indicative and will not result in any legally binding
or enforceable obligation. Unless explicitly designated as an intended e-contract, this email does not constitute a contract offer, a contract
amendment, or an acceptance of a contract offer.

Elsevier Limited. Registered Office: The Boulevard, Langford Lane, Kidlington, Oxford, OX5 1GB, United Kingdom, Registration No. 1982084,
Registered in England and Wales. Privacy Policy.

Page 3 of 3

218



A19. Journal permissions for article: A Revalidation of the Weight-Related Behaviours
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From: Permissions Helpdesk

To: Fealy, Shanna

Dear Shanna Fealy,
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“This article was published in Publication title, Vol number, Author(s), Title of article, Page Nos,
Copyright Elsevier (or appropriate Society name) (Year).”

3. Your thesis may be submitted to your institution in either print or electronic form.

4. Reproduction of this material is confined to the purpose for which permission is hereby given.

5. This permission is granted for non-exclusive world English rights only. For other languages please
reapply separately for each one required. Permission excludes use in an electronic form other than

submission. Should you have a specific electronic project in mind please reapply for permission.

6. As long as the article is embedded in your thesis, you can post/share your thesis in the University
repository.

7. Should your thesis be published commercially, please reapply for permission.

8. Posting of the full article/ chapter online is not permitted. You may post an abstract with a link to the
Elsevier website www.elsevier.com, or to the article on ScienceDirect if it is available on that platform.

Kind Regards

Roopa

Thanks & Regards,

Roopa Lingayath

Sr Copyrights Coordinator — Copyrights Team

ELSEVIER | Health Content Operations
International Tech Park | Crest - 5th Floor | CSIR Road | Taramani | Chennai 600 113 | India

E-mail: rlingayath@elsevier.com | url: Www.elsevier.com

From: Administrator
Date: Monday, February 22, 2021 09:21 PM GMT

Dear Customer
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Permissions Helpdesk

From: Shanna Fealy
Date: Monday, February 22, 2021 09:21 PM GMT

| am seeking permission to include the published article "A revalidation of the Weight-Related Behaviours
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Shanna
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