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Abstract

Introduction: Pregnancy is a time of both transformation and adaptation within the
human body. Entering pregnancy with a body mass index (BMI) above the healthy
range of 18.5-24.9kg/m? increases a range of health risks for both the mother and
baby and so is a targeted area for weight management. This thesis aims to evaluate a
weight management programme (Bumps and Beyond) developed for pregnant women
with a high BMI and delivered in two geographic areas in the UK. Methods: Service
evaluation was based on audit sheets completed by staff at the two locations. Data
from anonymised records were statistically analysed to see if the intervention reduced
gestational weight gain, and complications in pregnancy and labour. Intervention
fidelity was reviewed via transcripts of staff delivering the intervention in
Lincolnshire. Hermeneutic phenomenological analysis (HPA) was undertaken on
transcripts of staff delivering the sessions within the intervention at one site. The HPA
used the novel approach of utilising the Roles of ‘Sarah the Mother’, Sarah the
Dietitian’, and ‘Sarah the Researcher’ to find the essence within the texts of the
transcripts. Results: Intervention fidelity was good, and staff were responsive to
participants' needs. Full attendance at Lincolnshire Bumps and Beyond showed a
positive impact on gestational weight gain, total pregnancy complications, pre-
eclampsia, preterm birth, low birth weight and breastfeeding initiation. Full
attendance at Nottinghamshire Bumps and Beyond did not show the same benefits
and was associated with greater risk of instrumental delivery and lower breastfeeding
initiation. HPA of transcripts brought out several essences for each role that indicated
possible pathways for development of the programme in the future. Discussion: The
contrasting efficacy of Bumps and Beyond at the two locations gives a clear

indication that just transferring a programme from one setting to another is not
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enough to ensure it will be successful. Despite being geographically close, the two
locations had different populations which may in part explain the lack of success in
Nottinghamshire. In addition to this, the type of staff may have had some effect in
how the programme was delivered in each location. Use of the HPA output allowed
insight into possible areas that could be further developed or adapted for the
population the intervention is to serve. The Bumps and Beyond programme is similar
to other small-scale midwife-led interventions that report positive outcomes in one
local area. Larger trials have been less successful overall. Conclusion: Small local
interventions to control gestational weight gain in women living with obesity can be

effective when adapted to suit the needs of the population.
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Prologue

This PhD journey has taken nearly a decade. It started in 2013 when the researcher
was offered a PhD placement to investigate maternal weight management by the
University of Nottingham initially funded part-time for two years by The Revere
Charitable Trust. The funding allowed two days per week for the PhD work. Within
the funding the researcher was responsible for data management for the Managing
Weight in Pregnancy (MAGIC) study alongside a colleague within the University
(Dr Jo Pearce) whilst writing up the protocol for data collection for the Bumps and

Beyond antenatal weight management Lincolnshire service evaluation.

The funding ended in May 2015 and as no further funding pots were available the
PhD then became self-funded with bench fees covered by the University. The
researcher was able to take up a teaching assistant position in the School of
Biosciences in 2016, a post that subsequently became a permanent and substantive
(0.9 fte) role. The initial phase of the project was focused on the gqualitative evaluation
of Lincolnshire Bumps and Beyond service. The author then designed the protocol
and sought ethical approval for a qualitative study to evaluate the delivery of the
Bumps and Beyond service in Lincolnshire, with a view to determining some of the
factors which may explain its efficacy. The data collection period for the Bumps and
Beyond Lincolnshire qualitative study ran from June 2015 to August 2015.
Transcripts from this data collection period were reviewed and triple-checked by the

researcher during 2016.

A further opportunity for data collection came about in 2016 when Bumps and
Beyond was commissioned to run in Nottinghamshire. The NHS Trust running this

programme requested UoN to evaluate the service on an ongoing basis via the internal
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audit sheets that would be completed and anonymised by their staff. The researcher
was responsible for overseeing the data input and analysis from that service

evaluation. A timeline for the project is shown in Figure P1.

514 MAGIC Study Revere
5 i Charitable
- Bumps and Beyond (Lincs) T":;'t d
4 service evaluation Funde
1
a
] Bumps and Beyond (Lincs)
£ qualitative study
Bumps and Beyond (Notts)
service evaluation
% Self-
3 Researcher ill-health Funded
| and family circumstances
7 interrupted progress
£5 Qualitative analysis
i3
3.5
E_i Thesis production

Figure P1. Timeline for the PhD project described in this thesis, showing timing of
supervisory team changes (supervisory team on left), interruption due to health issues,

project funding and main activities on project.

From 2017 and on an ongoing basis, the health of the researcher declined dramatically
leading to a brain operation in 2020. Work on the PhD was minimal during this time
period and had to be undertaken on a very stop-start approach. Immediately following
the researcher’s operation, her son was diagnosed with Hodgkin’s lymphoma and
received treatment during 2021. In addition, two of the supervisory team who were
closely involved in the MAGIC study and establishing the protocols for the qualitative

study (Dr Sarah McMullen and Dr Judy Swift) left the University of Nottingham.
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Changes to the supervisory team further disrupted the project and also led to a rethink
on the way in which the qualitative data should be analysed. These issues are the
reason that the PhD work was not restarted until 2022 which has led to a large time

gap from initial data collection to final analysis and write up.

It is also important to acknowledge that the terminology around obesity used within

this thesis reflects that of the time and may have changed to become more inclusive.
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Chapter 1. Introduction

1.1 The Bumps and Beyond antenatal weight management intervention

The work presented in this thesis is focused upon an investigation of the Bumps and
Beyond antenatal weight management intervention. Three chapters are presented, two
of which are quantitative analyses of service evaluation data from the clinical services
providing the Bumps and Beyond intervention. A qualitative study utilised a
hermeneutic phenomenological approach to evaluate the service. A fourth chapter
evaluates the intervention against the Template for Intervention Description and
Replication (TIDieR) checklist (Hoffman et al., 2014), which seeks to fully report
details of the intervention elements of a study. This TIDieR element will be presented
ahead of the qualitative data in order to comprehensively set the scene for that
investigation. The following sections will introduce Bumps and Beyond, before the
main literature review chapter provides a broader context as to why the intervention

was required.
1.2 The history of Bumps and Beyond

Bumps and Beyond was a small scale, midwife-led weight management intervention
programme originally run in Lincolnshire and then expanded to Nottinghamshire. The
main aims of the intervention were to keep Gestational Weight Gain (GWG) within
the Institute of Medicine guidance range of 5-9 kg (IOM, 2009), increase physical
activity levels, increase uptake of Healthy Start vitamins and secondary outcomes to
decrease pregnancy-related risks and increase rates of breastfeeding in women with

obesity.
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After the service was initially commissioned, the service lead (Ailsa McGiveron)
contacted Professor Simon Langley-Evans at the University of Nottingham to explore
the possibility of analysing early findings to establish the efficacy of the intervention,
as the local team were unsure of how to carry out a complex statistical analysis. This
preliminary analysis led by Langley-Evans and Jo Pearce in 2013/14, indicated that
the Lincolnshire Bumps and Beyond weight management in pregnancy intervention
was able to limit GWG and was efficacious in reducing the risk of pregnancy
complications. The initial evaluation of the programme was based on the first 89
participants (BMI >35 kg/m?) with singleton pregnancies, compared to a similar
number of women who were eligible for, but declined the service, and was undertaken
by analysing data from audit sheets completed by the staff at two NHS Trusts
involved with the intervention. The evaluation was focused on women attending for
antenatal care in the city of Lincoln. Results showed that taking part in the
intervention led to reduced weight gain in pregnancy, reduced risk of hypertension in
pregnancy, and an overall reduced risk in general pregnancy complications. In
addition, no adverse outcomes of the intervention were reported, despite some of the
women losing weight during the pregnancy (McGiveron et al.,2015). Based on this
evaluation, the service was recommissioned by the local Clinical Commissioning
Group. The programme eventually closed in 2017 likely due to changes in funding,
but since the work reported in this thesis was completed, has been revived in a new
format. The current work reports analysis carried out following the 2014
recommissioning of the service and the data reported is an entirely new and enlarged

set collected after publication of the initial evaluation.

The existence of a successful and relatively low-cost intervention to limit GWG with

additional benefits in terms of maternal complications of pregnancy caught the
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interest of an obstetrician at Nottingham University Hospitals Trust and the
programme was commissioned to run for an initial period in the Trust in 2016. Whilst
the basic design of the programme was the same as the original Lincolnshire version,
the eligibility criteria were slightly different for the Nottinghamshire version of the
intervention. The Nottinghamshire intervention was short-lived, ending in 2016 due to
the lack of impact demonstrated by the analysis presented later in this thesis (Chapter

6).
1.3 Principles of Bumps and Beyond

The aims of the Bumps and Beyond intervention can be seen in Figure 1.1. The
underlying principle was that a series of one-to-one, face-to-face appointments held
between healthcare staff trained in behaviour-change techniques would have the
power to deliver small but significant changes to the behaviour of pregnant women
living with obesity. The sessions with healthcare staff would explore subjects such
as food intake, healthy vs unhealthy foods and the value of physical activity, along
with some of the risks associated with having excessive gestational weight gain.
Avoiding a rigidly structured and didactic approach was recognised as one of the
methods that could build rapport with a hard-to-reach group of severely obese

women.

29



Sarah Ellis

/ e To support pregnant women who wish to adopt positive Iifestylh

changes.

e To give consistent advice on achieving a healthy balanced diet.

e To encourage physical activity on a level appropriate to the
individual.

e To encourage weight gain to within the recommended guidelines
for obese women (5-9kg)*

e To assess the woman’s readiness to change by using a model of
attitudinal and behavioural change adapted from Prochaska and
DiClemente’s model of change#

e To increase uptake of Healthy Start Vitamins in low-income and

\ disadvantaged families. /

*The Institute of Medicine (Ed. Rasmussen and Yaktine, 2009) weight gain in pregnancy guidelines

based on initial BMI. # Transtheoretical Model of Change, Prochaska and DiClemente (1983)

Figure 1.1 Lincolnshire Bumps and Beyond aims taken from original protocol.

1.4 Bumps and Beyond Lincolnshire

In the previous evaluation of the service (McGiveron et al., 2015), records were only
available for women in the city of Lincoln. At the time of the follow-up described in
chapter 5, data via audit sheets was available from four centres (Lincoln,

Gainsborough, Boston and Grantham).

The Lincolnshire-based 'Bumps and Beyond' programme was a weight management
intervention programme aimed at pregnant women with a BM1>35kg/m?. All women
with BMI >35kg/m? at the first trimester dating scan were eligible to participate (no
exclusions). BMI in this range triggered a referral to the programme and women
could also self-refer. In this NHS Trust, as is typical for the UK, most women were

initially booked for antenatal care at around 11 weeks gestation. This meant that
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eligibility for participation in Bumps and Beyond could not be determined until most

women were in their second trimester.

Bumps and Beyond was delivered in primary and secondary care settings
by midwives and healthy lifestyle advisors on a one-to-one basis. The programme
comprised seven sessions in total which covered healthy eating, physical activity,
identification of triggers that lead to unhealthy lifestyle behaviours, and relapse to
old behaviours around eating and physical activity. Participants of the programme
had their first session at around 16-weeks gestation and were seen every two to three

weeks up until around 36 weeks gestation.

1.4.1 Session outline

The delivery of the intervention was intended to be flexible and varied according to
the needs of each individual participant. As the staff involved were not following a
script for the delivery, to some extent the participant women received a bespoke
service. Staff built rapport and used features of each woman’s life as levers to bring
about behaviour change. The overall design of the intervention and detailed session
content is shown in Appendix 1, but the content of each session is described in brief
below. Women were weighed at the sessions if they wished to be. During the
sessions, the delivery team would consider referring women to external providers for
additional activities including cooking lessons or exercise sessions, to support the

intervention sessions.

e Session one (16 weeks gestation) covered: Motivation to change behaviour;

current lifestyle, beliefs and habits; food diary use; goal setting.
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Session two covered: The Eatwell plate as a model of healthy eating (see
Langley-Evans 2021); energy balance concepts; goal setting.

Session three covered: Physical activity; pedometer use; goal setting.

Session four covered: Food labelling; shopping; cooking; goal setting.

Session five covered: Emotional eating; portion control; maintaining positive
changes; goal setting.

Session six covered: Progress and encouragement to maintain changes; how to
handle lapses in behaviour.

Session seven (36 weeks gestation) covered: Support to maintain changes;

benefits of breastfeeding; nutrient supplements.

1.5 Bumps and Beyond Nottinghamshire

Bumps and Beyond in Nottinghamshire was delivered in a manner that mirrored the

Lincolnshire intervention in all respects apart from the following:

1. The eligibility criteria were modified so that all women with a >30kg/m? were

invited to participate in the intervention.

Delivery of the programme was midwife-led but the team comprised advisors
with nutrition degrees. In contrast the Lincolnshire team were not nutrition
trained but had a background in behaviour change focused on smoking

cessation in pregnancy, or breastfeeding advisor.

1.6 The role of the author
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This author joined the evaluation of the Bumps and Beyond programme after the

initial evaluation published by McGiveron et al., (2015) and was responsible for the

following elements of the work described in this thesis:

1)

2)

3)

Lincolnshire service evaluation

Bumps and Beyond Lincolnshire was led by Ailsa McGiveron (midwife) and
delivered by Ms McGiveron alongside three other staff members; Sally Foster
(midwife); Jean Rickells (Healthy Lifestyle Advisor) and; Linsey Robinson
(Healthy Lifestyle Advisor). This author joined the evaluation team when the
intervention was already in operation. She worked with Ms McGiveron to
redesign the service evaluation audit sheets, carried out all data entry,
transferring data from the service audit sheets to SPSS and the analysis of the
data

Nottinghamshire service evaluation

The Nottinghamshire Bumps and Beyond intervention was led by consultant
obstetrician Dr Lucy Kean, Claire O’Callaghan (lead midwife for the Trust)
and initially Ailsa McGiveron (midwife) as the programme lead. McGiveron
was later replaced by Sally Anderson (midwife). The programme was
delivered by four healthy lifestyle trainers, all of whom had degree level
nutrition qualifications. The author of this thesis was responsible for data
entry, transferring data from the service audit sheets to SPSS and the analysis
of the data. She initially liaised with Dr Keen on the design of the service
evaluation.

Lincolnshire qualitative study
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The author was responsible for the design of this study and explored the
ethical approval requirements, see appendix 2. She carried out all data

collection, transcription of audio recorded data and analysis of the data.

It is important to appreciate that the Bumps and Beyond intervention in both locations
was a clinical programme, led by clinicians and commissioned by the local Clinical
Commissioning Groups. Bumps and Beyond was not a research-led intervention and
the data presented in Chapters 5 and 6 of this thesis are service evaluations designed

to explore the impact and efficacy of the intervention at each site.

1.5 Main aim of thesis

The main aim of the work presented in this thesis was to further evaluate the
intervention. A mixed-methods approach was designed to first determine whether the
benefits noted in the preliminary analysis were maintained with a larger sample size
and then whether the intervention could be replicated by a different hospital trust.
Intervention fidelity was explored via transcripts and field notes for Bumps and
Beyond Lincolnshire. Finally, a novel hermeneutic phenomenological approach
(HPA) was used to explore transcripts and find the essence through the lens of three
Roles of Sarah, the Mother, the Dietitian, and the Researcher. These used transcripts

of staff delivering the Lincolnshire B&B intervention sessions.
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1.5.1 Objectives

e To quantitatively evaluate the service called Lincolnshire Bumps and Beyond
with GWG and pregnancy complications as the primary outcomes.

e To quantitatively evaluate the service called Nottinghamshire Bumps and
Beyond with GWG and pregnancy complications as the primary outcomes.

e To assess and report intervention fidelity via transcripts and field notes for
Bumps and Beyond Lincolnshire using the template for intervention
description and replication (TIDieR) tool.

e To use a hermeneutic phenomenological approach to review transcripts from
sessions delivered by staff from Lincolnshire Bumps and Beyond to explore
the essences within the text using the distinct roles of Sarah the Mother; Sarah

the Dietitian; Sarah the Researcher.
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Chapter 2. Pregnancy and possible risks

2.1 Pregnancy nutrition

Human pregnancy has been referred to as a state where a female supports a parasite
for nine months (Naismith, 1969). The female grows an entirely new organ, the
placenta, in order to pass nutrients and oxygen to the fetus and remove waste
products. The use of the term parasite is considered controversial and outdated, but it
does emphasize that it is not a mutualistic relationship between mother and the
embryo/fetus as long as the mother is reasonably well nourished (King, 2003). For the
mother to maintain the fetus through the nine months of pregnancy there is a
requirement for an appropriate intake of nutrients. Over the first two trimesters, where
embryogenesis, placentation and organogenesis are the predominant processes, this
need is quite small but once the third, and final, trimester is reached the requirements

increase in order to allow the fetus to gain weight.

2.1.1 Anatomical, physiological, endocrinological, and metabolic response to

pregnancy

There are a range of physical responses within the female body which maintain the
pregnancy and support the growing embryo/fetus. These changes are principally, but
not only, driven by the hormones oestrogen and progesterone and prepare the body for
the pregnancy, labour and breastfeeding after birth. The physical changes to the
mother start once the embryo has implanted into the uterine wall and triggered the

hormonal response. Every organ system in the body will be affected, and an entirely
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new organ is grown (placenta). The uterus grows as the fetus develops, and the breasts

enlarge as they are prepared for feeding post-partum (Coad et al., 2020).

In addition to changes in the mother’s body proportions there are functional changes
to her physiology. The release of progesterone will relax the smooth muscle within
the body. One effect of this is a reduction in peripheral vascular resistance through
vasodilation of the capillaries. Lower peripheral vascular resistance is required due to
the increase in cardiac output linked to the increase in blood volume needed to
support the pregnant state. There is an increase in blood volume due to a combination
of hydraemia — excess fluid volume caused by an increase in plasma — linked to
increased activation of the renin-angiotensin-aldosterone system and increase in red
blood cells due to erythropoiesis. Cardiac output increases due to an increase in heart
rate and stroke volume, both of which require anatomical changes in the heart itself
(Sanghavi and Rutherford, 2014). In addition to this blood pressure decreases due to

the vasodilation.

The renal system also undergoes change. Anatomically the kidneys increase in size to
accommodate the increase in blood volume. The renin-angiotensin-aldosterone
system is activated early in the first trimester which increases the blood volume by
retaining salt and water. The overall increase in plasma causes haemodilution which
can lead to physiological anaemia, which is seen as a normal response to pregnancy.
Overall blood volume increases by around 45% (Sanghavi and Rutherford, 2014).
Progesterone and relaxin affect the smooth muscle of the ureter and bladder and lead
to an increase in urination. Later in pregnancy this may increase further due to the

combined weight of the fetus, placenta and amniotic fluid.
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The respiratory system must increase oxygen intake which is achieved through the
effect of progesterone which combines to act as a respiratory stimulant to increase
breathing rate and allows muscles within the chest to relax. In early pregnancy a
flaring of the ribs and an increase in the range of diaphragmatic movement increases
tidal volume of each breath. To combat the pressure and upward movement of the
growing fetus later in pregnancy on the diaphragm there is an increase in breathing

frequency (LoMauro & Aliverti, 2015).

The gastrointestinal tract comprises smooth muscle, which is relaxed by elevated
concentrations of progesterone, and so motility decreases during pregnancy to allow
for improved absorption of nutrients. Delayed gastric emptying serves to enhance
micronutrient bioavailability. The relaxation of the intestinal wall can also cause

unpleasant symptoms for the mother (Magowan, 2023), discussed later in the chapter.

The overall effect of all these physiological changes in a well-nourished mother is that

she will increase in size. This change can be observed by outsiders.

An array of hormones is required in order for the pregnancy to be maintained. Initially
these are mostly produced by the mother alone but as the pregnancy progresses the
fetus also releases them. As the placenta develops it becomes the main endocrine
organ controlling pregnancy and parturition (Magowan, 2023). During early
pregnancy human chorionic gonadotrophin (hCG) is secreted by the embryonic tissue
in order to increase production of steroid hormones — oestrogen and progesterone
from the corpeus luteum. hCG is the hormone detected in pregnancy tests. hCG has a
range of metabolic effects including increasing the cellular response to insulin and so

increasing the amount of glucose that is uploaded into cells and increasing appetite
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via thyroid activity. These have the effect of increasing the delivery of substrates for
the mother in order for the organ growth needed to sustain the pregnancy (Coad et al.,
2020). Relaxin is also released by the corpeus luteum and is responsible for ‘relaxing’
muscle and ligament tissue within the pelvis. Relaxin also works alongside
progesterone and so is responsible for the muscles in the body relaxing to
accommodate the other anatomical and physiological changes needed for the birth

process (Magowan, 2023; Coad et al., 2020).

As the placenta matures, hCG levels decline, and the placenta starts to produce steroid
hormones and human placental lactogen (hPL). hPL has a diabetogenic effect due to
being an antagonist of insulin. This reduces the amount of glucose available to the
mother but increases availability for use by the fetus, later in the pregnancy. hPL also
acts by increasing availability of fatty acids for use by the mother (Magowan, 2023).
Progesterone and oestrogen have multiple effects around the body of the mother. In
early pregnancy oestrogen increases the cell size and number of the beta-cells of the
pancreas for more insulin to be produced. Insulin sensitivity initially increases only to
then taper off later in the pregnancy as the mother’s body becomes insulin resistant
increasing the mother’s blood glucose levels (Magowan, 2023; Coad et al., 2020).
This increased sensitivity to insulin and the hCG effect of making cells more
responsive, means overall glucose levels in the mothers’ blood will be maintained
whilst allowing enough glucose to be available for the fetus. Alongside the insulin
response, progesterone and cortisol increase lipogenesis and so more fat is stored
(Magowan, 2023; Coad et al., 2020). This is an adaptation that enables the deposition

of reserves that will be used later during lactation.

39



Sarah Ellis

2.1.2 Energy requirements

The mother’s body requires an increase in nutrient availability to make these
anatomical and physiological changes, although the consensus is that in well-
nourished women, dietary increases are only critical during the final trimester.
Estimates of the amount of additional energy required to support a healthy pregnancy
are between 70 000 and 80 000 kcal for the whole of gestation (Hytten and Leitch,
1971). Reflecting these estimates, the UK dietary reference values suggest that there
is an additional increment of 250 kcal/d across the whole of pregnancy (a simple
division of 80 000 kcal by the 280 days of gestation; COMA 1991). The energy
increase required for a healthy weight mother is minimal 200 kcal/day, equivalent to
two slices of bread (National Institute for Health and Care Excellence (NICE), 2010).
The US dietary reference intake recommendations are similar with an increment of

300 kcal/d targeted at the second and third trimesters.

Whilst the dietary reference values suggest a moderate intake of energy intake may be
necessary to support pregnancy, it is well-documented that most women are able to
have a normal pregnancy without any increase in intake and this appears to be due to
metabolic adaptations and reductions in physical activity (King 2000). Durnin (1991)
suggested that the true additional requirement for pregnancy is as little as 100 kcal/d,
and that only applies in the third trimester. Recent literature reports that in the first
trimester energy needs do not increase and are accommodated by the mother’s usual

intake (Most et al., 2019).

A range of studies appear to suggest that the reductions in physical activity during
pregnancy are trivial, accounting for as little as a 5% change in energy requirements

(Most et al., 2019). However, whilst activity changes may be small, women become
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more efficient in their movements, for example through changes in gait whilst
walking, which offsets the greater respiratory burden of having a larger body
(Davenport et al.,2009). Most et al., (2019) reviewed papers which estimated energy
expenditure in pregnancy and determined that between 13- and 36-weeks gestation
there was an additional requirement of 420 kcal/d, with no additional requirement in
the first trimester. Energy requirement was directly proportional to weight gain and
after adjustment for this they estimated that in non-obese women the additional
requirements for pregnancy were similar to the estimate of Durnin (1991) at 110

kcal/d. For obese women it was as low as 45 kcal/d.
2.1.3 Protein requirements

Protein is needed by the fetus, placenta, breast tissue, blood, and uterus in order to
grow and sustain the pregnancy. The United Kingdom’s Recommended Nutritional
Intake (RNI) for adult women aged 19-50 years is 45g/day (Committee on Medical
Aspects of Food and Nutrition (COMA), 1991). An increment of 6g protein per day is
required during pregnancy in addition to the RNI; 11g per day during the first four
months of lactation, and 8g per day for the remainder of lactation. The rolling
programme of the National Nutrition and Diet Survey (NDNS) has been run in the
UK since 2008. Data from this rolling programme shows that women aged 19-64
years have a mean intake of protein of around 65g/day, with the lowest figure for
2019 being recorded as 319 per day, and the highest being over 140g/day (Public

Health England (PHE), (PHE, 2020).
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2.1.4 Micronutrient requirements

2.1.4.1 General

Pregnancy is also a time where there is an increased need for micronutrients. Overall,
the mother’s body can adapt very well to the pregnant state as long as she is well-
nourished herself, however for certain micronutrients the increase demand must be
met from the diet or supplementation. In high-income countries where populations are
mostly well nourished, the biggest increase in demand is for folate/folic acid
(Scientific Advisory Committee on Nutrition (SACN) 2017), followed by vitamin D,
and so current advice in the UK is to supplement these (COMA 1991, SACN 2007).
Other vitamins that have an increased need in pregnancy include thiamine, riboflavin,
vitamin A, and vitamin C all of which should be able to be obtained from the diet.
There is no increased need beyond the standard female reference ranges for minerals

currently recommended in the UK (COMA 1991).

The latest UK National Diet and Nutrition Survey has highlighted that many women
of childbearing age are not consuming the recommended levels of micronutrients
prior to conception and so place themselves and their fetus at risk of deficiency (PHE,
2019). Low-income/ less financially secure households are reporting micronutrient
intake from food at levels lower than the Lower Reference Nutrient Intake (LRNI)
(PHE, 2020), again suggesting that mothers and babies could be at risk of

undernutrition.
2.1.4.2 Folic acid

B-vitamins are vital for the regulation of energy metabolism. The B-vitamin folate
family (natural form), or folic acid (synthetic form) acts as a co-enzyme within the
folate-methionine cycles and is required by all cells for nucleotide synthesis. An
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inadequate intake of folic acid in pregnancy is linked to several serious health issues
both short-and-long term, the most studied being neural tube defects (NTD) in the
fetus. NTDs are characterised by the neural tube failing to close around the brain or
spinal cord in weeks 4-5 of development. NTDs are one of the most common birth
defects worldwide (World Health Organisation (WHQO), 2022), therefore additional

folate intake in prior to, and in the first trimester, is essential.

Whilst there has been an awareness of the link between folic acid and NTDs for some
time, it was the Medical Research Council (MRC) Vitamin Study that established the
positive impact of supplementation. This study looked at women who were at high
risk of having a child with an NTD due to previous pregnancy having been affected
(MRC Vitamin Study Group, 1991). Women were allocated to one of four groups,
two of which had folic acid within the supplement offered, the other two having no
folic acid. Participants were asked to take the supplement once randomisation to a
group had been made until 12 weeks gestation. The study was suspended when it
became clear that the benefit of folic acid supplementation was so great that it was not
ethical to continue with the unsupplemented controls. Supplementing with folic acid
with or without additional vitamins decreased the risk of NTDs by 72%, RR 0.28,
95% CI 0.12-0.71. Despite this and high awareness of the guidance to do so, many
women still do not take folic acid supplementation before pregnancy (Morris et al.,
2016; Bestwick et al., 2014). NDNS data for red blood cell folate results showed that
75% of all women in the UK aged between 18-49 years were folate deficient enough

to be at risk of NTD in pregnancy (PHE, 2017).

Bestwick et al., (2014) undertook an audit of records from a screening programme
from 1998 to 2012 and found that the number of women taking folic acid
supplementation according to UK guidelines, dropped from 35% between 1999-2001,
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to 31% between 2011-2012. Further analysis indicated that ethnicity had an impact on
supplementation numbers with the lowest being women who identified as Afro-

Caribbean with just 17% taking folic acid.

Over 80 countries have implemented folate fortification of staple foods to prevent
NTDs, of which the largest is the US. Morris et al., (2016) reviewed figures for NTDs
recorded on the country registers of the UK and US. They reported that the prevalence
of NTD per 1000 births was 1.3 over the period reviewed with 81% of pregnancies
being terminated due to the NTD. When they then estimated the effect of folic acid
fortification of UK staples to the level of the US during the audit period of 1998 —
2012, they predicted a reduction of around 2000 fewer affected UK pregnancies. By
2017 eighty-one countries had introduced folic acid fortification of flour specifically
to reduce the incidence of NTDs (Wald et al., 2018). The UK government has

approved fortification of flour but this has still not been implemented as of May 2023.

In those countries where folate fortification has not been adopted, current advice on
folic acid supplementation varies globally with a range from 300mcg to 600mcg pre-
conceptually up to the start of the 13" week of pregnancy (World Health
Organisation, 2016). If the woman is classed as high risk due to a previous pregnancy
affected with an NTD, has obesity, takes certain medications that interfere with folate
metabolism, sickle-cell disease, or has existing diabetes mellitus (DM) then they need

a higher dose of 5mg (SACN, 2017; NICE, 2015; NICE 2022).

2.1.4.3 Vitamin D

Vitamin D is essential for the maintenance of healthy bones and to support calcium

metabolism. Even if there is a deficiency in the mother during pregnancy the fetus
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will take priority over the mother as she can mobilise skeletal calcium, which will be
replaced through renal adaptations that persist beyond lactation. The UK government
advise a daily dose of 10mcg throughout pregnancy and lactation in order to meet the
needs of both mother and child (NICE, 2008; SACN, 2007), whereas the WHO
recommendations are to not supplement with vitamin D as it will not improve health
outcomes (WHO, 2017) The UK NDNS data shows that most women between the
ages of 19 to 64 years are not getting the vitamin D they need from all sources
(arithmetic mean of 5.5mcg/d) (PHE, 2019), with even fewer managing this during
the Covid-19 pandemic years (arithmetic mean of 2.3mcg/d from all sources) (PHE,
2021). Lactation is a metabolic burden to the mother and vitamin D deficiency in a
lactating mother has been linked to neonatal rickets, poor mineralisation in teeth, and

low bone mass during childhood (SACN, 2007).

Obesity is linked to low circulating vitamin D concentrations, although there is still
debate as to the exact reasons. Karampela et al (2021) undertook a review of the latest
meta-analyses around obesity and vitamin D. The review found that low
concentrations of vitamin D were commonly seen with a higher body mass index
(BMI), and that weight loss appeared to be linked to an increase in vitamin D
concentrations. Bodnar et al (2007) measured vitamin D concentrations from
antenatal booking-in appointment to the birth of the baby. Results showed that of the
women who had a pre-pregnancy BMI between 25-29.9kg/m?, 48.3% were vitamin D
insufficient at booking, along with 45% of the neonates (using cord serum levels as a
proxy). If the women had a BMI > 30kg/m? then 61% were classed as vitamin D
insufficient at booking, with nearly 59% of neonates insufficient using cord serum

vitamin D levels.
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Vitamin D deficiency in pregnancy can lead to poor health outcomes for the mother,
neonate, and longer-term for the child (Palacios et al., 2019; SACN, 2007). Despite
the quality of research with regards supplementation being variable, the latest
Cochrane Review of evidence (2019) concluded that it can reduce risks of adverse
outcomes. Palacio et al (2019) concluded that vitamin D supplementation can reduce
the risk of pre-eclampsia by 52%, GDM by 49%, low birth weight (LBW) by 45%, all
classed as having moderate levels of evidence to support these figures. When the
supplement contained both calcium and vitamin D, the risk reduction was 50% for
pre-eclampsia with moderate evidence. All other adverse outcomes had low or very
low levels of evidence and so firm conclusions for use of supplementation in those

cases is unproven (Palacio et al., 2019).

As obesity is linked to poor vitamin D status and there is evidence for a beneficial
effect of taking a supplement it is wise to conclude that women with obesity should

take a vitamin D supplement prior and during pregnancy and lactation.

2.1.4.4 Calcium

The foetus accumulates large quantities of minerals including calcium, magnesium
and phosphorus to support the development, growth and mineralisation of the
skeleton. Most of this occurs in the final trimester of pregnancy. Although there is a
significant demand, in the UK there is no requirement for increased maternal intake
during pregnancy (COMA 1991). This is because the typical diet already includes
calcium at a level that meets demand and is also due to maternal adaptations which
improve absorption of minerals from the gut, and limit urinary excretion (Langley-

Evans, 2021). Chief among these adaptations include a slowing of gastrointestinal
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transit, permitting more time for absorption. Detailed balance studies by Ritchie et al.,
(1998) showed that whilst pre-pregnancy calcium bioavailability was 32.9% of the
calcium in the diet, this increased to 49.9% in the second trimester and 53.8% in the
third. The maternal skeleton will also release stores of all minerals to meet the fetal
demand for skeletal growth, and the released stores are replaced in the post-partum
period- potentially after the cessation of lactation (Langley-Evans 2021). Whilst
calcium bioavailability falls to pre-pregnancy levels during lactation, urinary losses
fall markedly, demonstrating that different mechanisms maintain calcium demand in

pregnancy and lactation (Ritchie et al., 1998).

2.1.5 Physical activity in pregnancy

The UK recommendation for physical activity in pregnancy is the same as for the
adult population at 150 minutes of moderate activity every week (Department of
Health and Social Care (DHSC), 2019). This advice has not changed since 2011 but
has been updated to assimilate the latest evidence base (DHSC, 2019). Moderate
activity is regarded as anything physical, including daily activities like shopping and
cleaning, that makes an individual slightly out of breath but still able to hold a
conversation (DHSC, 2019). Where there are no complications with the pregnancy,
then being physical active throughout is known to support ongoing physical and
mental health, reduce complications, and positively benefit the baby (DHSC, 2019;
Collings et al., 2019; Wadsworth, 2007). Whilst this is the general advice it should be
tailored to the individual woman, so someone who has not been previously active
should start slowly with low intensity activities whereas a woman who has had

previous high activity levels can continue but avoid contact sports “don’t bump the
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bump” (DHSC, 2019). Infographics are now available specifically for pregnancy and
postpartum physical activity guidance in the UK (DHSC, 2019). There are known
factors where the physical activity guidance does not apply as it is too risky for the
woman and fetus (Evenson et al., 2013; Wadsworth 2007). This means that advice

should be individually tailored to the woman’s needs based on her health.

Despite guidance being in place, many women do not meet the recommendations for
activity in pregnancy (Collings et al., 2020). Analysis of a cohort of mother-child
pairs from the Born in Bradford Study reported that three-quarters of those who were
of Pakistani-origin classed themselves as inactive during their second trimester, with
39% of white British women reporting the same (Collings et al., 2020). Even small
amounts of activity in women of Pakistani-origin helped reduce blood lipid and
glucose levels, blood pressure and their offspring had lower levels of adipose tissue
(Collings et al., 2020). Daly et al., (2016) looked at a cohort of women to see whether
there was any link between BMI and self-reported physical activity levels. Women
who were in the obese BMI category of >29.9kg/m?, reported lower levels of activity
prenatally and antenatally and these levels reduced further as the pregnancy
progressed (Daly et al., 2016). The mean gestation at which activity levels dropped
was 29 weeks irrespective of start BMI category (Daly et al., 2016). Wojtyla et al.,
(2020) looked at self-reported activity in the final trimester and found that 75% of
women had reduced their levels to sedentary or light activities with 50% reported as
being from household or caregiving. This study also reported that nearly two-thirds of
women felt they had to restrict their activity levels in case it affected fetal

development however as very few had appropriate advice with regards physical
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activity levels by healthcare providers this figure could have been much worse

(Wojtyla et al., 2020).

Becoming and staying physically active during pregnancy is important for both
maternal and fetal health and yet it is apparent that women are not fully aware of the
benefits. In the context of weight management during pregnancy physical activity can
play an important role as the energy expenditure associated with activity increases as
gestation proceeds. Whilst there are adaptations which make movement more efficient
(Forczek and Staszkiewicz, 2012) the respiratory work and metabolic response to
weight-bearing exercise increases (Davenport et al., 2009). For women living with
obesity or overweight in pregnancy, weight-bearing activity could play a key role in
avoidance of excessive gestational weight gain. However, most women are largely
inactive by the end of the second trimester (Swift et al., 2017) or engage in activities
which support their greater weight such as low intensity swimming (Catov et al.,
2018). Early cessation of physical activity has been associated with complications of

pregnancy, including gestational diabetes (Catov et al., 2018).

2.1.6 Weight gain recommendations

Weight gain is a normal and expected feature of pregnancy. In addition to the weight
of the fetus, placenta and amniotic fluid, deposition of fat stores, plasma volume
increase and breast changes would be expected to increase maternal weight by at least
7-8 kg (Langley-Evans, 2022). There are no specific weight gain recommendations in
the UK. Instead, the United States Institute of Medicine (I0OM) recommendations are
generally used as a reference by researchers (Table 2.1; Rasmussen, Yaktine & IOM,

2009). These were updated in 2009 and focussed on reducing five adverse maternal or
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neonatal outcomes. These outcomes included; lowest level of caesarean deliveries;
reduction in postpartum weight retention; reduction in preterm birth; reduced numbers
of large-for-gestational age (LGA) or small-for-gestational age (SGA) babies; reduced
levels of childhood obesity. By including a wider range of ethnicities and
acknowledging the increase in levels of obesity, the IOM can be more certain that the
figures given are more appropriate for the United State (US) current population (at
that time. Using these figures for the UK could be problematic however as there are
differences in the ethnicities with Hispanics not being a separate ethnic group option
in the UK (GOV.UK site List of ethnic groups, 2022). However, excessive weight
gain in studies in all countries take on board the IOM concept of grading weight gain

requirements by maternal BMI and the ranges indicated.

Table 2.1 Institute of Medicine figures for weight gain in pregnancy to produce a

healthy baby, singleton figures only (Rasmussen, Yaktine & 10M, 2009)

Prepregnancy BMI (kg/m?) Optimal mean
weight gain range
(kg)

<18.5 (underweight) 13-18

18.5-24.9 (normal/healthy) 11-16

25.0-29.9 (overweight) 7-11

>30 (obese) * 5-9

* BMI over 35 kg/m? is generally referred to as severe obesity. It is now common for

BMI over 50 kg/m?to be termed super-obesity.
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2.2 Obesity rates

2.2.1 Obesity prevalence

Obesity prevalence around the world is rising rapidly and is reported to have tripled
from 1971 — 2016 (WHO, 2019). The Organisation for Economic Cooperation and
Development (OECD) countries report average obesity rates in females over the age
of 15 years of 23.1%, with the highest figure being 42.3% for Saudi Arabia, and the
lowest Japan at 3.7% (OECD, 2017). According to the OECD report ‘The Heavy
Burden of Obesity; The Economics of Prevention’ (2019), in the UK, over two-thirds
of women are within the overweight or obese BMI categories. When the figures for
the UK are broken down further it becomes clear that the country has a significant
problem with overweight and obesity in women of child-bearing age, taken as age 16-
44 years. Data for England shows obesity/overweight from 34.9% in the 16—24-year
range to 61.3% in the 35—44-year range (Conolly & Craig, 2019). Scotland’s figures
are higher for the 16—24-year range at 43%, but the same as England for the 35-44-
year range (Scottish Health Survey, 2020). Wales figures are 34.1% for 16—24-year-
olds, and 49% for 35-44-year-olds (Public Health Wales NHS (National Health
Service) Trust, 2019). Northern Ireland does not break the figures down for male and
female but combined overweight and obesity figures are similar to other countries of

the UK (Health Survey Northern Ireland, 2019).

In the PHE (Public Health England) report ‘Health of women before and during
pregnancy: health behaviours, risk factors and inequalities’ (2019), analysis of the
Maternity Services Dataset showed that at booking appointment 27% of women were

recorded as overweight, 18% as obese, and 3% as severely obese. Women in the
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overweight/obese BMI categories were more likely to be over the age of 40, in areas

with high deprivation, and more likely to be black.

Jardine et al., (2021) looked at birth records from between 2015 and 2017 and found
that over 28% of women had a BMI in the overweight category at the start of the
pregnancy with over 21% in the obese categories. They found that adverse birth
outcomes were more common in women from the highest deprivation quintile when
compared to the lowest, and non-White women were at higher risk of adverse birth

outcomes compared to White women even after adjustment for BMI.

Pregnant women living with overweight or obese are known to be at increased risk of
poor health for both themselves and their child, with excess weight being associated
with poor outcomes in both the short and long-term (McCall et al., 2019; Marchi et
al., 2015; Gaillard et al., 2013; Siega-Riz et al., 2009; Heslehurst et al., 2008,
Langley-Evans et al 2022, Langley-Evans 2022). These risks can be divided between
those for the mother (Saranvanakumar et al., 2006; Weiss et al., 2004), and those for
the child (Rankin et al., 2010; Tennant et al., 2011; Cedergren & Kallén, 2003;

Watkins et al., 2003); although they may ultimately affect both.

In the UK, The Centre for Maternal and Child Enquiries (CMACE) released a report
on maternal obesity in 2010. This showed the prevalence of severe obesity in pregnant
women, (classed as a body mass index greater than 35kg/m?), at nearly 5%, 2% of
women with a BMI >40kg/m? (morbidly obese — a level where ill health is likely), and
0.19% of women with a BMI >50kg/m? (super-obesity) (CMACE, 2010). Figures for
the most recent data set for England reported half of all women were within the BMI
overweight or obesity range at their booking appointment, constituting over 230,000

pregnancies per year (Gair, 2019) Recent statistics for hospital admissions in England,
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where obesity is directly linked to that episode of care, list four pregnancy issues
within the top ten — maternal care: other known or suspected fetal problems, labour
and delivery complicated by fetal stress, perineal laceration during delivery, maternal

care; known or suspected abnormality of pelvic organs (NHS Digital, 2021).
2.2.2 Financial impact of obesity

Obesity in pregnancy has a financial cost to health services. In order to ensure a safe
and comfortable experience for mother and baby it is essential that the appropriate
equipment is available to support them, that they have experienced clinicians around
them, and that any risk assessments needed are completed (Denison et al., 2018; Kean
et al., 2015). When pre-pregnancy BMI is considered, it is apparent that care costs
increase as BMI increases (Kuhle et al., 2018; Solmi & Morris, 2018; Watson et al.,
2013). Watson et al., (2013) looked at the costs associated with hospital admission
episodes for pregnant women from Queensland, Australia to assess the influence of
maternal BMI. They found that for women with a BMI >30kg/m? there was more
likely to be a hospitalisation prior to birth, and increased costs linked to the birth
episode (Watson et al., 2013). More recently Solmi & Morris, (2018), looked at costs
to the NHS in the UK linked to women with either an overweight or obese
classification BMI. They used data from the Millennium Cohort Study and found that
most women who had a pre-pregnancy BMI in the overweight or obese categories
were non-White, older, had lower levels of education and were single. They reported
that being in the overweight or obese BMI category increased costs involved due to
the type of delivery method needed, babies being born pre-term, and longer hospital

stay.
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Morgan et al (2014) undertook a retrospective prevalence-based study in Wales to
look at cost of obesity in pregnancy to the local NHS. They used data from 484
pregnancies and categorised these by maternal BMI — healthy weight, or
overweight/obese. They reported that the estimated cost of pregnancy, excluding
infant costs, increases with increased BMI with a difference of over £1000 between a
healthy BMI, and one in the obese range. This additional cost came from greater use

of hospital care (inpatient and outpatient), GP care, and need for certain medications.

Costs associated with specific morbidity or labour interventions have also been
considered. Herbst (2005) undertook a cost-effectiveness analysis for fetal
macrosomia, which is described a fetus that is suspected to weigh >4.5kg at birth.
Their modelling indicated that allowing a vaginal birth but with close monitoring was
the preferred option due to the lower cost ($4014) whereas an elective caesarean cost
an additional $1000. Whilst obesity alone is not directly linked to macrosomia,
gestational diabetes mellitus (GDM) is, and is more likely to occur in women with a
higher BMI (NICE, 2015). Dall et al (2019) looked specifically at all types of diabetes
mellitus including gestational and estimated health costs for these conditions. When
taking GDM alone they calculated additional costs of $5800 per mother and child
with the bulk of that figure being for the mother’s care, medication, and regular

check-ups.

In terms of costs for infant care from a mother with a higher BMI, there is also an
extra need for healthcare compared to infants from a mother with a BMI from the

healthy range (Kuhle et al., 2018; Morgan et al., 2015). Morgan et al (2015) reviewed
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609 records from the ‘Growing up in Wales: Environments for Healthy Living’ study.
They found that there was additional cost linked to longer stays in hospital (over two-
and-a-half times more likely), and more general practitioner visits (13% increase),
(Morgan et al., 2015). This gave a mean increase of around 70% on costs for an infant
born to a mother with obesity when compared to a mother with a healthy weight BMI
(Morgan et al., 2015). Kuhle et al (2018) looked at data from the Nova Scotia
Perinatal Database to see whether there were additional costs associated for children
up to the age of 18 years with a mother with a higher pre-pregnancy BMI. They
reported that these children were more likely to visit their physician, more likely to
need admission to hospital and require a longer stay whilst there with increased

associated costs.
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2.3 Risks of obesity to the woman and baby

Weight gained in pregnancy is often seen as a catalyst for future weight problems for
the mother and the child (Rooney & Schauberger, 2002, Langley-Evans et al.,2022;
Langley-Evans 2022) and may increase the risk of adverse pregnancy outcomes with
subsequent pregnancies (Villamor & Cnattingius, 2006). Of the women observed in
the Centre for Maternal and Child Enquiries (CMACE) 2010 study, 38% had a co-
morbidity diagnosed prior to, or during, their pregnancy. The most frequently
diagnosed conditions were pregnancy-induced hypertension, and gestational diabetes

(CMACE, 2010).

2.3.1 Obesity in pregnancy risks

2.3.1.1 Heartburn/ dyspepsia

The relaxation of smooth muscle due to the hormonal changes within the body may
lead to an increase in dyspepsia, a group of symptoms that includes heartburn and
acid reflux, also called gastro-esophageal reflux. The oesophageal sphincter sits at the
bottom of the oesophagus and through opening and closing it allows the food/drink
bolus into the stomach. Stomach acid has a very low pH and is normally contained
within the stomach. If it can exit the stomach into the oesophagus it will lead to a
‘burning’ pain as the oesophagus is less protected than the stomach wall. In addition
to the relaxation of the muscle there is the increased pressure from the uterus as the
fetus grows and pushes organs out of the way (Coad et al., 2020). As the stomach is

squashed the effectiveness of gastric emptying is altered and becomes slower. Women
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who are carrying excessive weight already have additional pressure from the weight
of the adipose tissue on their internal organs so the added load of pregnancy can make
this worse. The condition is likely to worsen as the pregnancy progresses. Ramu et al
(2010) undertook a case-control study in India to see if they could determine the risk
factors for an increase in dyspepsia symptoms that lead to gastro-esophageal reflux
disease. They found that 19.3 % of the pregnant women had reflux and heartburn, as
well as 12.8% having combined symptoms of reflux plus heartburn and regurgitation.
Dennison et al., (2009) reviewed the increased risk of minor complications during
pregnancy. They found that once adjusted for parity, deprivations, age and smoking
status, women with a BMI > 30kg/m? were nearly three times more likely to suffer

with heartburn than women with a BMI < 25kg/m?.

According to the NHS, lifestyle changes may help the symptoms, and these include
eating smaller meals through the day, eating a healthy diet, eating in an upright
position, raising the head of the bed, not eating just before bed, and reducing the
amount of coffee and fatty foods. There is little quality evidence to support this but it
still remains the primary approach (Vazquez, 2015; Phupong,and Hanprasertpong,
2015; NICE, 2008). The 2015 Cochrane Review by Phupong and Hanprasertpong
reported that full relief from symptoms of heartburn could only be achieved with
pharmacological intervention, RR 1.85 CI 95% 1.36-2.50. It should be pointed out
however that only two, relatively old studies were included in the review although
they were regarded as being of moderate quality. A clinical evidence review by
Vazquez (2015) looked at more up to date data and concluded that antacids with or
without alginates were effective at dealing with heartburn symptoms when compared
to placebo but also reported the studies included in their review were of low quality.
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Maternal obesity is a risk factor for heartburn with women with pre-pregnancy BMI
over 30 kg/m?, being more than twice as likely to suffer symptoms that those with

BMI under 25 kg/m? (Denison et al., 2009).

2.3.1.2 Pregnancy-related pelvic Girdle Pain (PPGP) / Symphysis Pubic Dysfunction

(SPD)

Pelvic girdle pain, also known as symphysis pubis dysfunction, is a known
complication of pregnancy (NHS, 2019). The muscles relax to accommodate the
anatomical changes needed for the pregnancy which can cause the pelvic girdle to
become unstable and then cause pain. Denison et al., 2009 reported that there was a
four-fold increased risk of pregnancy related pelvic girdle pain in women with a BMI
> 30kg/m? when compared to those classed as having a healthy BMI. A 2020 scoping
review was able to identify several risk factors relating to pregnancy related pelvic
girdle pain including high BMI, whilst acknowledging the evidence base is still
limited (Wuytak et al., 2020). Unfortunately, pregnancy related pelvic girdle pain and
symphysis pubis dysfunction may not settle once the baby is born with women
continuing to suffer with pain for time afterwards (Wuytak et al., 2018). Wuytak et
al., (2018) undertook a systematic review of the literature to try and identify
prognostic factors that would indicate high risk of pregnancy related pelvic girdle pain
and symphysis pubis dysfunction post-partum. Despite limited research within the
area, the papers included in the review showed that a BMI > 25kg/m? was linked to an
increased risk of pregnancy related pelvic girdle pain and symphysis pubis

dysfunction beyond 12 weeks post-partum.
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2.3.1.3 Fetal abnormalities

In the UK pregnant women are routinely offered a minimum of two ultrasound scans
to monitor the fetus’ growth and to check for anomalies (NHS England and Office for
Health Improvement and Disparities, 2022). Women with obesity have been
repeatedly reported as being at higher risk of having a fetus with certain structural and
congenital anomalies (Persson et al., 2017; Marchi et al., 2015; Davies et al., 2010;
Fitszimons et al., 2009), and should be offered additional scans throughout pregnancy
(Denison et al., 2018; NHS East Midlands Strategic Clinical Networks, 2015). The
state of obesity itself appears to be a factor in causing these anomalies but specific
mechanisms are not yet fully understood (Persson et al., 2017; Marchi et al., 2015;
Davies et al., 2010; Fitszimons et al., 2009). There may be difficulties in detecting
problems via ultrasound due to the excess adipose tissue and additional counselling
with regards these difficulties is recommended as the anomalies may not be apparent

until after birth (Denison et al., 2018).

A population-based study by Madsen et al., (2013) looked at the impact of maternal
pre-pregnancy BMI and risk of congenital heart defects (CHD). The researchers
looked at records from between 1992 and 2007 to identify babies with a range of
CHD and then reviewed the mother’s pre-pregnancy BMI. In the US, the mother’s
weight has been recorded on the baby’s birth certificate since 1992, and height on the
driver’s licence since 2003. Following statistical analysis, they found that both
maternal obesity and CHD prevalence had increased during the study period however
no link with overweight and overall CHD was observed. With obesity, they noted that
only certain CHD were associated with an increased risk. These increases were atrial

septal defects (by 17%), hypoplastic left heart syndrome (by 86%), pulmonary valve
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anomaly (by 46%), pulmonary artery anomaly (by 39%), patent ductus arteriosus for

term infants (by 44%), and unspecified CHD (by 75%) (Madsen et al., 2013).

Persson et al., (2017) considered records from over 1.2 million liveborn infants with
regards to whether there was increased risk of congenital malformations in those
whose mothers were overweight or obese. They reported that 3.5% of this population
had been recorded with having some kind of malformation. The most common of
these was congenital heart defects with 1.6% infants recorded as having one followed
by several other organ and body system malformation. Statistical analysis shows that
higher BMI (kg/m?) was linked to an increased risk of a congenital defect; 5%
increase in a BMI of 25<30, 12% increase in a BMI of 30<35, 23% in a BMI of
35<40, and 37% in a BMI >40. Male fetuses appeared to be at greater risk than

females (Persson et al., 2017).

Further reviews have shown the same picture regarding BMI and congenital heart
defects (Helle et al., 2020; Liu et al., 2019; Zhu et al., 2018; Cai et al., 2014). Helle et
al., (2020) considered the impact of all forms of diabetes mellitus when combined
with maternal obese status and have tried to elucidate the possible mechanisms of
action that cause these anomalies. The heart is one of the first organs to fully develop
within a fetus starting at week 3 and being fully formed by week 6 (Langley-Evans,
2021) so it is likely that losing weight prior to pregnancy is a sensible way to prevent

this birth defect (NICE, 2010).

2.3.1.4 Gestational Diabetes Mellitus (GDM)

Gestational Diabetes Mellitus (GDM) is a form of diabetes mellitus that only develops

in pregnancy and is due to maladaptation to the normal insulin resistance of
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pregnancy. According to the International Diabetes Federation’s 2021 report, 21.1
million women globally are affected by hyperglycaemia in pregnancy each year, and
80.3% of this was due to GDM. GDM can be managed in several ways using
combinations of diet and lifestyle advice, oral anti-glycaemic drugs, and/or insulin
(British National Formulary, 2022; NICE, 2015). NICE guidance is not specific on
which diet but recommends all women diagnosed with GDM should be referred to a
dietitian for dietary advice (NICE 2015). Han et al (2017) reviewed 19 studies looking
at dietary treatment of GDM and reported that there was not strong evidence to
recommend any specific diet. When Zhang et al (2018) undertook a meta-analysis of
low-glycaemic-index diets in pregnancy they found that whilst these diets reduced
fasting blood glucose levels and 2-hour postprandial glucose levels there was no
strong evidence that other negative outcomes were reduced. The British Dietetic
Association (BDA) recommends that to support healthy blood glucose levels half the
plate should contain vegetables or salad; a quarter of the plate should be protein with
the final quarter being carbohydrates (Beckwith et al., 2021). Choosing low-
glycaemic index carbohydrate is recommended as these foods tend to release glucose

more slowly (Beckwith et al., 2021).

There are known risk factors for a woman being more likely to develop GDM which
include a BMI >30kg/m?, family history of diabetes mellitus (DM), previous GDM,
and a previous macrosomic baby (NICE, 2015). Certain ethnicities are at higher risk
of developing GDM with high rates reported in indigenous populations worldwide
(Reid et al., (2018). In the UK greater risk is noted in South Asian, Chinese, Black
African, African-Caribbean women (NICE, 2013). Ethnicities affected differ from
country to country with the US having higher rates of GDM in Hispanic, non-

Hispanic Asian and Pacific Islanders (Bardenheier et al., 2015). In a study by
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Ogunwale et al., (2022) an increase in risk was recognised in women classed as being
foreign-born and having lived in the US for at least ten years. Once a woman has had
GDM she may go on to develop Type 2 diabetes post-partum (NICE, 2015). If GDM
is well managed during pregnancy then the risks for mother and baby can be partially
managed, however even with controlled GDM there is still an increase in risk of

adverse pregnancy outcomes (Ye et al., 2022; NICE, 2015).

These outcomes are most often separated between those that affect the mother and
those that affect the fetus/neonate. The UK has guidelines for the care of women who
have any type of diabetes going into their pregnancy, or develop GDM during
pregnancy (NICE, 2015). The focus for all of these is to ensure that blood glucose
levels are kept within a healthy range based on their capillary plasma glucose. In
clinical settings the capillary plasma glucose is also known as a BM which stands for
Boehringer Mannheim, the original test stick supplier, and will be the abbreviation
used in this thesis (Grant, 2009). The range recommended is a fasting BM of
5.3mmol/litre, 7.8mmol/litre one hour after eating, and 6.4mmol/litre two hours after
eating. Staying below these thresholds will avoid the risk of chronic hyperglycaemia
(NICE, 2015). It is also vital to keep the BM above 4mmol/litre to avoid
hypoglycaemia, colloquially known as ‘four is the floor’ by clinicians. NICE (2015)
also advise an initial blood test which will look at glycated haemoglobin — HbAlc, a
measure of how much excess glucose there has been in the blood in the previous two
to three months. This monitoring is vital to avoid the adverse outcomes that can come
with either hyperglycaemia or hypoglycaemia in both mother and child which are

numerous.

Women with overweight and obesity are repeatedly reported as being at high risk of
developing GDM irrespective of socioeconomic status, ethnicity, or global location
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(Yen et al., 2019; Domanski et al., 2018; Rahman et al., 2015; Catalano et al., 2012;
Guelinckx et al., 2008; Sebire et al., 2001). Yao et al., (2020) undertook a meta-
analysis looking at measures of central obesity and risk of GDM and found that there

was a more than 3-fold increased risk with the highest measures of central adiposity.

2.3.1.4.1 Adverse outcomes for mother

The most common adverse outcomes for a mother following the development of

GDM are an increase in risk of caesarean section (Domanski et al., 2018; NICE,

2015), gestational hypertension (NICE, 2019) pre-eclampsia, birth trauma for the

woman, and induced labour (NICE, 2019; NICE 2015).

2.3.1.4.2 Adverse outcomes for fetus, neonate, and childhood

GDM does not only impact the health of the mother. Both the fetus and neonate can
be affected with complications that can include congenital malformations (NICE,
2015), macrosomia (Domanski et al.,2018), large-for-gestational age (LGA) babies
(Catalano et al.,2012), preterm birth — possibly due to awareness of fetal size and
issues with a vaginal delivery if baby is allowed to go to term, neonatal
hypoglycaemia, and jaundice (NICE, 2015). Anderson et al (2005) undertook a case-
control study in Texas to look at central nervous system defect rates within a
population with GDM combined with a maternal BMI >30kg/m?. They found that
when compared to a healthy BMI group there was nearly a three-fold increased risk of
neural tube defects, (AOR 2.6 Cl 1.7-4.0). Results from two case-control longitudinal
studies in Canada reported that there was a decrease in language development in

infants of mothers who had had GDM (Dionne et al.,2008). This study looked at how
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the children expressed themselves using a validated checklist, and how they
understood others, again using a validated tool. The results showed that children born
to mothers who had had GDM scored lower in these tests than children from mothers
who did not develop GDM. This study did not look at the association with maternal
obesity independently of GDM. A more recent systematic review and meta-analysis
by Robles et al.,(2015) reported that when a mother has any type of diabetes mellitus
during pregnancy there may be an impact on their child’s future neurodevelopment.
They found that diabetes mellitus in pregnancy may cause a significant reduction in
both mental development scores, and psychomotor development at the age of between
1-2 years, and a reduction in intelligence scores in school age children. Again, the

analysis did not consider association of these outcomes with maternal weight.

In addition to the impact of GDM on both mother and baby, the treatment options for
GDM may also cause health issues. Ye et al (2022) focussed on the adverse outcomes
of GDM by treatment type. This 2022 review and meta-analysis looked at three
groupings for GDM and treatment regimen. These included non-insulin treated GDM
versus no GDM; insulin treated GDM versus no GDM; and treatment not known
GDM versus GDM. They found that in those women who had treatment with insulin,
there was an increased risk for neonatal outcomes only (Large for Gestational Age
OR 1.61 CI 1.09-2.37, respiratory distress syndrome OR 1.57 CI 1.19-2.08, neonatal
jaundice OR 1.28 CI 1.02-1.62, and admission to neonate unit OR 2.29 CI 1.59-3.31).
The non-insulin treated group showed only one outcome for the women of increased
rate of caesarean section (OR1.16 CI 1.03-1.32), and several adverse effects with the

neonate (preterm delivery increased by 51%, low 1-minute Apgar score increased by
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43%, macrosomia was 70% more likely and LGA was 57% more likely; Ye et al.,

2022).

2.3.1.5 Gestational Hypertension (GHT)

Pregnancy itself is not a cause of hypertension despite the many changes to the
cardiovascular system, and in fact many women find they struggle with low blood
pressure in early pregnancy due to the vascular relaxation. A blood pressure reading
below 90/60 mmHg is regarded as hypotension (low blood pressure). A healthy
reading is regarded as between 90/60 and 120/80mmHg, between 120/80 and
140/90mmHg is classed as pre-hypertension, and above 140/90mmHg is classed as
hypertension and will trigger interventions if needed. Once blood pressure reaches
160/110mmHg it is regarded as severe hypertension and becomes an obstetric
emergency with imminent admission to hospital required to manage the condition
(NICE, 2019). Hypertension in pregnancy is never seen as normal and requires

investigation as it could be an early sign of pre-eclampsia.

The effect of going into pregnancy with a BMI over 25kg/m? means that there is a risk
of pre-existing hypertension (chronic hypertension), and an increased risk of
developing GHT. Baugh et al (2016) looked at women in the United States) to see
what factors could affect poor pregnancy or neonate outcomes. BMI based on pre-
pregnancy weight and height measurements and recorded as “higher pregnancy BMI”
in the article was associated with a significantly greater risk of becoming hypertensive
during the pregnancy. In addition to this finding, weight gain in excess of that

recommended by the IOM guidelines was also a significant risk factor (Baugh et al.,
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2016). Reviews of the literature show the same picture of an increased risk of GHT
when a BMI above the healthy range is considered (Rahman et al., 2015; Davies et
al., 2010; Fitzsimons et al., 2009; Guelinckx et al., 2008). A more recent review by
Heslehurst et al (2022) looked at alternative measures as indicators of obesity. These
included waist circumference and waist-to-hip ratio (Heslehurst et al., 2022). This
review found that both measures were associated with hypertensive disorders in
pregnancy, however the authors included pre-eclampsia as an outcome which is

discussed in more detail in subsection 3.3.1.6.

The evidence that obesity increases risk of GHT has been so overwhelming that NICE
released a guideline in 2019 to specifically cover diagnosis and management of
hypertension and hypertensive disorders in pregnancy (NICE, 2019). Although this is
for all pregnant women, it does specify the greater risk associated with having a BMI

>35kg/m? and that this is a factor that requires additional assessment and follow-up.
2.3.1.6 Pre-eclampsia (PE) and eclampsia

In the UK, NICE guideline 133, (2019) covers identification and treatment for pre-
eclampsia and eclampsia. This guidance defines pre-eclampsia as a combination of
GHT after 20 weeks gestation in addition to one of the following - proteinuria and/or
maternal organ dysfunction and /or uteroplacental dysfunction. Of the risk factors
known for these conditions only that of a BMI >30kg/m? is controllable with
recommendations being to try and lose weight prior to pregnancy (NICE, 2010).
Without treatment these conditions can be fatal to mother and baby (Langley-Evans et
al., 2022). The WHO include recommendations for identification and treatment of

pre-eclampsia in their 2017 Guidelines for Maternal Health (WHO, 2017).
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Sebire et al., (2001) reported that the risk of proteinuric pre-eclampsia increased in
women with a BMI between 25-30 kg/m? by 44%, and by over 200% with a BMI >
30kg/m?. A cohort study undertaken in Scotland by Doi et al., (2020) compared three
groupings of BMI and risk of adverse outcomes in pregnancy and delivery. They
reported an increased risk of pre-eclampsia with both the overweight and obese group
(1.46-fold and 2.07-fold respectively) when compared to the healthy BMI group. A
population cohort study in 2004 looked at adverse pregnancy outcomes with women
who had a BMI >40kg/m? (Cedergren, 2004). This study found that there was a nearly
four times increased risk of pre-eclampsia in women with a BMI between 35-
40kg/m?, and nearly five times increased risk if the BMI >40kg/m?, when compared
with healthy weight women with a BMI between 19.8-26kg/m?. With a BMI
>50kg/m? compared to one between 30-49.9kg/m?, Alanis et al., (2010) found a two-
times increase in risk for pre-eclampsia even when controlling for other factors.
Marshall et al., (2012) compared women with obesity, morbid obesity, and super-
obesity to assess risk for a range of perinatal outcomes. They found that the risk for
pre-eclampsia was increased when the super obese (BMI >50kg/m? ) and obese were
compared (70% increased risk), and when the obese and morbid obese groups were
compared (40% increased risk), but not when the super obese and morbid obese were

compared (p=0.11.
2.3.1.7 Monitoring of fetus

Obesity in pregnancy may cause problems for practical reasons too. Excess abdominal
fat makes it difficult for sonographers to acquire visualisation of the fetal organs. In a
retrospective cohort study, comparison between healthy BMI women and those who
were classed as morbidly obese (BMI >40kg/m?) at a mean gestational age of 20.2
weeks (for both groups), results showed that visualisation of fetal cardiac features on
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ultrasound examinations became more difficult the higher the BMI (Adekola et al.,
2015). The same picture was seen in a retrospective study by Hendler et al (2004)
who reviewed records with regard to craniospinal features in addition to the cardiac
ones. In this study it was found that there was an increase in suboptimal ultrasound
visualisation of the fetal structures in women in the higher BMI category (>30kg/m?)
when compared to the healthy BMI women (p<0.0001 for both comparisons).
Another prospective study run by Fuchs et al (2013), used a validated tool to score the
ultrasound scan quality of 223 women with a BMI > 30kg/m?, and 60 women with a
BMI between 20-24.9kg/m?. The ultrasound scan was done at a mean of 22.6 weeks
gestation for both groups. Following multivariate analysis one of the factors affecting
whether the scan could obtain all the images required was abdominal wall thickness,
with an abdominal wall thickness of >35mm making it 50% more likely this would
not be achieved — OR 1.5 Cl 1.1-2.0 - the healthy range is <24.9mm (Fuchs et al.,
2013). The quality of the majority of the images was poorer in women with obesity.
As gestational age increases these difficulties with the suboptimal ultrasound
visualisations decrease however this means that options for action that could be taken

with regards fetal anomalies is reduced.
2.3.1.8 Miscarriage/ Spontaneous abortion

Miscarriage occurs when there is loss of the embryo or fetus before 23 weeks
gestation (NHS, 2022). The bulk of the evidence points towards obesity leading to an
increased risk of miscarriage in the first trimester as well as recurrent miscarriage
(reported in Fitzsimons et al., 2009). A meta-analysis in 2008 by Metwally et al.,
found that women with a BMI >25kg/m? were at higher risk of miscarriage before 20
weeks gestation irrespective of how they conceived, OR 1.67 95% CI 1.25-2.25). This
same analysis reported that ovulation induction in women with a BMI >25kg/m? was
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associated with a 5-fold increased risk of miscarriage when compared to the control
group who were in the healthy BMI range. Hahn et al., (2014) looked at a range of
anthropometric measures including BMI, waist circumference (WC), waist-to-hip
ratio (WHR) and height, and risk of spontaneous abortion (SAB) in a cohort of
Danish women. The only measure that indicated a statistically significant increased
risk of spontaneous abortion was a BMI >30kg/m?, and only with early (before 8
weeks gestation) spontaneous abortion, once adjustment for WC was made in addition
to maternal age, physical activity, caffeine consumption, parity, vocational training,

alcohol consumption, and smoking this lost statistical significance (Hahn et al., 2014).

2.3.1.9 Maternal death

Maternal mortality is any maternal death during pregnancy or within 42 days of birth,
or for the class “late maternal death” within one year of loss of the pregnancy (WHO,
2022). In the UK, all maternal deaths are reviewed biannually via the Mothers and
Babies: Reducing Risk through Audits and Confidential Enquiries across the UK
(MBRRACE-UK). This reporting allows recommendations about future care to be
made to reduce the number of maternal deaths. The latest report was published in
November 2021 and reviewed deaths from 2017-2019 (Knight et al., 2021). During
this period 191 women died out of over 2 million giving birth in the UK giving a
maternal mortality ratio (MMR) rate of 8.8 women per 100,000. This figure is lower
than the estimated MMR for Europe and the Northern America of 12 women per

100,000 (WHO, 2019).

It is difficult to specify that a death was directly caused by obesity, however known

risks linked to having obesity should be considered with all pregnant women and are

69



Sarah Ellis

highlighted within the MBRRACE-UK and Centre for Maternal and Child Enquiries
(CMACE) reports (Knight et al., 2021; Knight et al., 2019; CMACE 2010). In 2007
the Confidential Enquiry into Maternal and Child Health (CEMACH), a precursor to
MBRRACE-UK, reported that there where BMI was recorded, 52% women from all
causes of death had a BMI >25kg/m? (Lewis, 2007). Following on from this,
CEMACH (2010) looked specifically at maternal obesity and identified that women
with obesity were more likely to live in deprived areas and be older mothers >40
years. This is still reflected today as seen in the report by PHE, (2019) where the most
deprived areas and women that are older are more likely to be in, or above, the
overweight BMI category at their booking appointment (PHE, 2019). The PHE report
shows that Black women are also at higher risk of having obesity when they go for
their booking appointment. These same groups are over-represented in the maternal
mortality numbers (Knight et al., 2019). Obesity is a known risk factor for increasing
the likelihood of conditions within pregnancy that could lead to death including pre-
eclampsia and eclampsia, hypertensive disorders, ischaemic heart disease, and

thromboembolism (Knight et al., 2021; Saucedo et al., 2021; Knight et al., 2019).

Saucedo et al., (2021) looked at records of maternal death from 2007-2012 in France
and then compared them to a representative population. They found that having a
BMI above the healthy range increased risk of maternal death by 1.6-fold if a woman
was overweight, 2.2-fold if they were classed as between 30-34.9 kg/m?, and by 3.4-
fold if they had a BMI >35kg/m?. All of this evidence points towards supporting

women to go into pregnancy with a healthy BMI.
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2.3.2 Obesity and the birth process
2.3.2.1 Labour process

The birthing process can be compromised in women with obesity due to poor uterine
contractility which leads to a slower labour progression (Bamgbade et al., 2009;
Fitzsimons et al., 2009; Sheiner et al., 2004) this, in turn, can lead to an increase in
fetal distress which is likely to trigger the intervention of an instrumental or caesarean
delivery (Dresner et al., 2006; Dempsey et al., 2005; Sheiner et al., 2004). When
compared to the healthy BMI maternity population in the UK, women with a BMI
>35kg/m? are more likely to need to be induced, have an instrumental delivery, and

require a caesarean section (CMACE 2010).

2.3.2.1.1 Instrumental delivery

Instrumental delivery, also known as assisted vaginal birth, involves the use of either
forceps or the ventouse to aid the birth. The National Maternity and Perinatal Audit
(NMPA) report that as maternal BMI increases the likelihood of an instrumental
delivery decreases (Relph et al., 2021). In England, the prevalence of assisted vaginal
birth goes from 25.4% with a BMI <18.5kg/?, to 15.4% for a BMI >40kg/m? (Relph et
al., 2021). For Scotland, the difference is even higher with 27.3% of women in the
BMI category <18.5kg/m? requiring an assisted delivery to 12.3% for women with a
BMI >40kg/m? (Relph et al., 2021). Interestingly the NMPA asks for opinions by a
lay advisory group, and reports that the threshold for intervention for a caesarean may
be lower in women of higher BMI, and this could explain the reduction seen here for

assisted vaginal delivery.

Hollowell et al., (2014) reviewed data from the Birthplace national prospective cohort

study. This secondary analysis of existing data to see if BMI had any effect on
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maternal and fetal outcomes. Following adjustment, they found that there was not an
increased risk for instrumental delivery for women classed as overweight, obese, or

very obese when compared to healthy weight women.

Xu et al., (2021) undertook a cohort study in Sweden with the aim of assessing any
link between BMI, GWG z-score and adverse delivery outcomes. This study included
over 175,000 singleton pregnancies between 2008 and 2014. They found that when
comparing a z-score for GWG of -0.05 to 0.5 in the cohort of women classed as obese
there was no significant difference in the likelihood for instrumental delivery
irrespective of whether more-or-less weight by z-score had been. Parambi et al.,
(2019) considered women with a BMI above 50kg/m? (super obesity) who gave birth
at a hospital in Melbourne Australia, and their planned mode of delivery. They found
that of those who requested a vaginal birth nearly 68% got this, with 12.6% requiring

an instrumental birth. The remainder needed an emergency caesarean delivery, 29.7%.

2.3.2.1.2 Caesarean delivery

Caesarean delivery of any type — elective or emergency, is reported as more likely to
occur with women who are classed as overweight or obese - or as described in the
paper by Barau et al (2006), as having maternal corpulence - (Dresner et al., 2006;
Dempsey et al., 2005; Sheiner et al., 2004). However, both Dresner et al (2006), and
Barau et al (2006) used a BMI measure of <20kg/m? as the comparison group which
is not classed as healthy, and Sheiner et al (2004) just referred to non-obese women
with no specific BMI reported, and so these choices could skew the results. Sebire et
al (2001) undertook a retrospective review of maternity records to look at
comparisons between BMI categories for a range of maternal and neonate outcomes.
Multivariate logistic regression taking ethnicity, parity, age, history of hypertension,
placental abruption, gestational diabetes, pre-eclampsia, placenta praevia, breech
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presentation and pre-existing diabetes mellitus into account, showed an increase in
risk of both emergency and elective caesarean with increasing BMI with a healthy
BMI range used as the comparison, (Sebire et al (2001). A BMI of 25-30kg/m?
increased the risk of an emergency caesarean by 30% relative to women of healthy
weight, and an elective caesarean by 20%, and a BMI >30kg/m? increased the risk of
emergency caesarean by 83% and 72% respectively. In 2007 Chu et al undertook a
systematic review and meta-analysis of the literature to quantify the risk of any type
of caesarean delivery with maternal obesity. Their analysis showed that the risk
increased as the BMI increased when compared to ‘normal’ weight women—
overweight OR 1.46, Cl 1.34-1.60; obese OR 2.05, Cl 1.86-2.27, severely obese OR
2.89, CI 2.28-3.79. Bamgbade et al 2009 found no statistical difference between BMI
groups for either elective or emergency caesareans. Mothers with diabetes mellitus
were more likely to have a caesarean regardless of birth weight when compared to

those mothers without it (Nesbit et al., 1998).

A report by Relph and the NMPA Project Team (2021) audited maternity records in
Scotland, England, and Wales for the period of 1% April 2015 to 31% March 2017.
This audit found that the likelihood of any type of caesarean birth in nulliparous
women increased as the maternal BMI increased (Relph and NMPA Project Team,
2021). Scotland had the highest figures for nulliparous caesarean birth which went
from 25.9% for the healthy range BMI (18.5-24.9kg/m?) to 54.5% in the >40kg/m?.
With women in Scotland who had had a previous caesarean of any type, the figures
increase to 75.5% in the healthy weight range to 93.4% for the greatest. This increase

was also seen in England and Wales but was not quite as high.
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2.3.2.1.3 Anaesthesia risks

Anaesthesia-related complications are well documented for women living with
obesity (Lamon and Habib 2016; Mace et al., 2011; Gupta and Faber, 2011; CMACE,
2010; Davies et al., 2010; Fitzsimons et al., 2009). The physiological changes during
pregnancy put stress on organ systems and when this is combined with the metabolic,
anatomic, and physiological changes of obesity additional anaesthesia risks appear.
An audit undertaken at Leeds General Infirmary in 2006 looked at the impact of
higher maternal BMI on a number of factors around analgesia in labour including the
resite rates of epidural analgesia (Dresner et al., 2006). The authors found that where
women were of higher BMI it was more likely that the epidural had to be resited.
Bamgbade et al (2009) looked at similar outcomes as Dresner et al (2006) and
concluded that when working with women who had obesity there was greater
likelihood that there would be a need for more than one attempt at neuraxial

anaesthesia.
2.3.2.2 Post-partum haemorrhage (PPH)

Primary post-partum haemorrhage (PPH) is defined as a loss of blood over, or equal
to, 500ml in 24 hours (Magowan, 2023). If blood loss is in excess of 1000ml over 24
hours and continues or the mother shows signs of hypovolemia then this is classed as
major and becomes an obstetric emergency. Risk factors for PPH include, but are not
restricted to, women with a BMI >30kg/m? as well as having an instrumental birth,

which makes women living with obesity who are pregnant high risk.

Knight et al., (2019) reported a non-significant drop in the maternal mortality rate in
the UK due to obstetric haemorrhage from 2011 to 2017. Relph et al., (2021)

reviewed the data for obstetric haemorrhage, classed as >1500ml, and BMI class in
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England, Wales and Scotland and found a clear rise in the number of women affected
when BMI was above the healthy range. Nulliparous women were most affected with
a doubling of percentage affected between a healthy BMI and one >40kg/m?. The
figures for England showed an increased number across the BMI range from healthy
to severe obesity for both nulliparous and multiparous women, for Ireland a similar
picture can be seen except the highest number of women with a PPH are in the BMI
category 35-39.9kg/m?, for Scotland PPH is only recorded as greater than 500m|
which makes the number of women affected look huge, however the same picture of

increased numbers across the BMI ranges is seen.

Sebire et al., (2001) reported a 16% increased risk of PPH with overweight, and a
39% increase with obesity when compared to healthy weight BMI. Heslehurst et al ’s
meta-analysis in 2008 found a 20% increased risk of PPH in the obese range, and 43%
in the morbidly obese range when compared to the healthy BMI range. Rahman et al.,
(2015) found an even greater risk for PPH in the overweight BMI range (more than 3-
fold greater than seen in the healthy BMI range), and 3.5-fold greater risk in the obese

BMI range when they reviewed papers from low-to-middle income countries.
2.3.2.3 Macrosomia

Macrosomia refers to a fetal-or-birth weight of more than 4000g or 45009 with
extreme macrosomia being a birth weight beyond 5000g (Beta et al., 2019; Caughey,
2015; Hehir et al., 2015). Modifiable risk factors for the condition include the
mother’s BMI and weight gain above recommendations during pregnancy (Goldstein
et al., 2017; Baugh et al., 2016; Hehir et al., 2015; Davies et al., 2010; Fitzsimons et
al., 2009), and, as reported in a study by Nkwabong and Nzalli, (2014), the father’s

BMI.
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Women who have hyperglycaemia due to uncontrolled diabetes mellitus of any form,
can be at higher risk of producing a baby with macrosomia due to the high levels of
glucose passing into the fetus which is then stored as adipose tissue (NICE, 2020;
Kamana et al., 2015). Gestational diabetes mellitus is linked to an increased risk of
macrosomia when compared to those without (NICE, 2020; Kamana et al., 2015).
Esakoff et al., (2009) looked at perinatal outcomes in women with and without GDM,
who had delivered babies with macrosomia (birthweight >4000g). Results of this
study showed that to have a macrosomic baby and GDM increased the risk of
neonatal hypoglycaemia by 2.5-fold and tripled the risk of respiratory distress
syndrome. The babies were 16-times more likely to suffer shoulder dystocia, and
nearly 42-times more likely to have a brachial plexus injury than those born to women

without GDM, and not having a macrosomic baby.

A recent review by Beta et al., (2019) looked at complications for both the fetus and
mother due to macrosomia classed here as a birth weight above 4000g, and severe
macrosomia as a birth weight above 4500g and without reference to weight or BMI.
They reported that in pregnancies with a birthweight >4000g certain maternal and
neonatal complications increased when compared to a birthweight <4000g (Beta et
al., 2019). These included emergency caesarean, post-partum haemorrhage (PPH),
and obstetric anal sphincter injury (OASIS) for the mother, and shoulder dystocia,
obstetric brachial plexus injury (OBPI), and birth fractures for the neonate (Table

2.2).
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Table 2.2 Results summarised from the Beta et al., (2019) paper to show the pooled
analysis (random effects) odds ratio and 95% confidence intervals (Cl) for adverse

outcomes for mother and baby with macrosomia when compared to those without.

Birthweight >4000g Birthweight >4500g
Odds ratio (95% CI) Odds ratio (95% CI)
Mother:
Emergency caesarean 1.98 (1.80-2.18) 2.55 (2.33-2.78
PPH 2.05 (1.90-2.22) 3.15 (2.14-4.63)
OASIS 1.91 (1.56-2.33) 2.56 (1.97-3.32)
Neonate:
Shoulder dystocia 9.54 (6.67-13.46) 15.64 (11.31-21.64)
OBPI (Obstetric 11.03 (7.06-17.23 19.87 (12.19-32.40)
Brachial Plexus Injury)
Birth fractures 6.43 (3.67-313.33) 8.16 (2.75-24.23)

As the increased risks are so well reported, interventions to reduce macrosomia have
been attempted. Walsh et al., (2012) ran a randomised controlled trial (the ROLO
study) that compared a dietary intervention of a low glycaemic index diet compared to
no diet intervention with the main outcome measure being birthweight. The women
within the study had previously had a macrosomic baby, had BMI>25kg/?, and did not
have GDM at recruitment. Their results showed no statistical difference between the
groups for birthweight but a significant improvement in weight gain throughout

pregnancy, and glucose tolerance for the intervention group (Walsh et al., 2012).
2.3.2.4 Shoulder dystocia

Any baby can suffer from shoulder dystocia, a condition in which the shoulders are
too large to move through the birth canal, however there are several factors that have
been identified that appear to increase the risk for this condition. These include babies
who have a birth weight above 4000g (Hansen and Chauhan, 2014; Gherman et al.,

2006), babies that are macrosomic (Gherman et al., 2006), have a mother with
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diabetes mellitus (Gherman et al., 2006; Ehrenberg et al., 2004; Nesbitt et al., 1998),
have a mother who is short (Dyachenko et al., 2005), there has been a previous
shoulder dystocia or a mother who has a BMI >30kg/m? (Crofts et al., 2012;
Ehrenberg et al., 2004). Shoulder dystocia can lead to instrumental intervention,
caesarean section, brachial plexus injury (Crofts et al., 2012; Gherman et al., 2006;
Neshitt et al., 1998), bone fractures in the fetus (Crofts et al., 2012; Gherman et al.,
2006), hypoxic brain injury (Crofts et al., 2012; Gherman et al., 2006; Nesbitt et al.,
1998), sudden cardiac arrest (Dajani and Magann, 2014), and perinatal mortality
(Dajani and Magann, 2014; Nesbitt et al., 1998). Maternal complications include a
higher incidence of PPH, episiotomy and second- and third-degree tears (Crofts et al.,
2012; Gherman et al., 2006), uterine rupture and psychological stress (Dajani and
Magann, 2014). As the risks for this condition can be specifically linked to obesity
and GDM is more likely in the obese population it is vital to try and reduce weight

gain in pregnancy with the aim of reducing GDM.

2.3.2.5 Stillbirth

Stillbirth is defined as a baby that dies in utero after 24 weeks of pregnancy and is
born dead (NHS, 2021). Numerous review papers report an increased risk of stillbirth
in women with overweight or obesity (Davies et al., 2010; Flenady et al., 2011;
Fitzsimons et al., 2009). Specifically in the UK, CMACE (2010) reported a stillbirth
rate of 8.6 per 1000 singleton pregnancies compared to the general population rate of
3.9 per 1000. More recently NMPA reviewed births in England, Wales and Scotland
between 1% April 2015 and 31 March 2017 and found that as maternal BMI

increased so did the rate of stillbirths, with the highest figure being for those with a
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BMI > 40kg/m?, 0.6% of births compared to 0.3% in the healthy or underweight BMI

range (Relph et al., 2021).

Lindam et al., (2016) undertook a case-control study in Sweden and found that a BMI
>30kg/m? increased the risk of stillbirth, an effect also seen when the researchers
looked at sister control analyses indicating that genetics or familial factors were not
significant. Zhu et al., (2021) did a nationwide survey in China to look at rates of
stillbirth and factors that may increase risk. The BMI ranges used were those
appropriate to the population therefore a pre-pregnancy BMI between 24-27.9kg/m? is
classed as overweight, and a BMI >28kg/m? is classed as obesity (Zhu et al., 2021).
This survey found that a pre-pregnancy BMI in the obesity range increased risk of

antepartum stillbirth only (Zhu et al., 2021).

Yao et al., (2017) carried out a retrospective cohort study which looked at gestational
weight gain and risk of stillbirth using the US Institute of Medicine 2009 weight gain
recommendations for singleton pregnancy (Rasmussen, Yaktine & IOM, 2009).
Weight gain above the IOM recommendation increased the risk of stillbirth with
morbid obesity to a ratio of 22.4 per 1000 births compared to the recommended
weight gain where the ratio was 7.4 per 1000 births (Yao et al., 2017). The ratio of
stillbirths for healthy BMI and recommended and excessive weight gain was 1.2 per
1000 births. These figures are considerably higher than those in the recent UK report
(Relph et al., 2021). Interestingly, Davis et al., (2014) used data from the Pregnancy
Risk Assessment Monitoring System which runs in several US states and found that
women of BMI >30kg/m? and who gained excessive weight based on the IOM 2009

recommendation were less likely to suffer a stillbirth, OR 0.51 95% C1 0.31-0.84.
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2.3.3 Obesity and neonate
2.3.3.1 Preterm babies

A preterm baby is classed as one that is born alive before 37 weeks gestation. This is
recognised as one of the main causes of death in neonates globally (March of Dimes,
2012; WHO, 2018). When overweight or obesity BMI class is compared to a healthy
BMI class with regards to preterm birth <37 weeks gestation there is evidence that it
acts as a protective factor (Sebire et al., 2001), and this is also seen with GWG > IOM
recommendations (Goldstein et al., 2018; Goldstein et al., 2017; Baugh et al., 2016).
This reduction in risk is even bigger when looking at preterm birth < 32 weeks
gestation, by 27% in the overweight BMI category and 19% in the obesity BMI
category (Sebire et al., 2001). There is also evidence that overweight, obesity, or
super-obesity has no impact on preterm birth when comparison is made to healthy
weight women (Baugh et al., 2016; Rahman et al., 2015; Alanis et al., 2010;
Guelinckx et al., 2008). However, despite this there is also a significant body of
research that suggests the greater the BMI, or GWG the more likely it is that the
pregnancy will end with preterm birth (Ram et al., 2020; Marchi et al., 2015; Shaw et

al., 2014).

The UK NMPA report (2021) clearly indicates that greater BMI is a risk factor for a
preterm birth between 32-36 weeks with figures rising from 6.2% in healthy weight
women, to 7.5% in women with a BMI >40kg/m? (Relph et al., 2021). This increase
was also reported in the research by Ram et al., (2020) where singleton births < 32
weeks in women who were overweight, and all obese classifications (I, 11, 111), were

more likely to occur preterm. However, they report this may be due to “provider-
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initiated preterm birth” (Ram et al., 2020). There is nothing recommended within
either the Royal College of Obstetricians and Gynaecologists (RCOG) green-top
guidance or NICE guidance with regards delivering the baby early when the woman
has obesity (Denison et al., 2018; NICE, 2019; NICE, 2021), but in pregnancies
which are complicated by pre-eclampsia, preterm delivery is the only effective

medical treatment.

Shaw et al., (2014) looked at pre-pregnancy BMI and preterm birth in a cohort of
women in the United States. They found that the greatest risk of birth <27 weeks was
in primiparous women with a pre-pregnancy BMI of > 30kg/m? irrespective of
ethnicity — in this study non-Hispanic white, Hispanic, and non-Hispanic Black (Shaw
et al., 2014). Researchers in the UK used the Born in Bradford data to try and identify
differences between perinatal outcomes for White British women and Pakistani
women (Bryant et al., 2014). They found that there was no significant difference in
risk of preterm birth with Pakistani women even when using ethnicity-appropriate
BMI cut-offs, and that a higher BMI was protective for White British women (Bryant
et al., 2014). A similar finding was made by Stacey et al., (2016), although they also

used the Born in Bradford data.

2.3.3.2 Small-for-gestational age (SGA) and Large-for-gestational age (LGA) infants

There are several different definitions used for a small-for-gestational age (SGA)
infant however the RCOG green-top guideline for ‘investigation and management of
an SGA infant’ use an estimated fetal weight below the 10" centile, or severe SGA as
below the 3™ centile (Robson et al., 2014). This guideline makes clear that there are

two different centile charts that can be used to identify risks for the infant (Robson et
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al., 2014), and that a customised centile chart is better able to identify high risk
infants born SGA who could suffer more adverse events (Gardosi & Francis, 2009;
Clausson et al., 2001). The risk of having a SGA infant is increased with higher
maternal BMI on the customised charts only with Clausson et al., (2001) reporting a
two-fold increased risk of SGA with a BMI of 25-29.9kg/m? and five-fold increased
risk with a BMI >30kg/m? in a population of predominantly Nordic women. Gardosi
& Francis (2009), using a different population of women, found the same outcomes.
The Gestation Related Optimal Weight software can be used to produce an
individualised growth chart although may not be used in all maternity settings

(Gardosi et al., 2018).

The main issue with a high maternal BMI is the difficulty in measuring symphysis
fundal height which is used in primary care to identify an SGA baby (Robson et al.,
2014). A 2022 review found that maternal BMI >30kg/m? plus ethnicity being Black,
Asian American or Hispanic increased the risk of a baby classed as SGA or low
birthweight (<2500g; Fakhraei et al., 2022). Rahman et al., (2015) reviewed studies
that looked at low-and-middle income countries and found the risk of SGA was
increased in underweight women and this risk reduced as the BMI increased
irrespective of the country the data was from. UK data from the NMPA showed a
decreasing number of SGA babies as BMI increased moving from a figure of 15.6%
in women with a BMI <18.5kg/m?, to 5.1% in women with a BMI >40kg/m? (Relph et
al., 2021). When GWG is considered using the US IOM 2009 recommendations
(Table 2.1), women with weight gain above the recommendations appear less likely to

have an SGA baby (Goldstein et al., 2018).
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The bigger risk for women with a high BMI, is a baby that is classed as large-for-
gestational age (LGA) defined as a baby >90" centile for gestational age (Copel et al.,
2017). In the UK, NICE NG121, although talking about LGA babies, relies on
birthweights that come under the macrosomia definition, see section 1.3.2.3, rather
than the LGA one above (NICE, 2019). The NMPA report showed that as maternal
BMI increased across the categories the percentage number of LGA babies increased
dramatically from 5% with a BMI < 18.5kg/m?, to 22% in those with a BMI
>40kg/m? (Relph et al., 2021). Sebire et al., (2001) noted the same outcome when
comparison was made between a healthy BMI and either overweight or obesity with
an AOR 1.57 CI 1.50-1.64, and AOR 2.36 CI 2.23-2.50 respectively. With super-
obesity, Alanis et al., (2010) reported an AOR 1.8 Cl 1.34-2.32. A GWG above IOM
recommendations has repeatedly been linked to an increased risk of an LGA infant
when the evidence base is reviewed (Goldstein et al., 2018; Goldstein et al., 2017,
Siega-Riz et al., 2009). The risks associated with an LGA (or macrosomic infant)
include maternal, labour and birth, and neonate adverse outcomes (Table 2.2, section

2.3.2.3).

2.3.3.3 Obesity and infant feeding

There is a global consensus that nutrition for a baby should exclusively be provided
by breast milk for the six months of their life (UNICEF, 2018; Denison et al., 2018;
SACN, 2018; WHO, 2017; NICE, 2008). The Baby Friendly Initiative was launched
in 1991 with the intention of supporting breastfeeding practices worldwide and has

been adopted by many countries including the UK (United Nations International
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Children's Emergency Fund (UNICEF), 2019; Rollins et al., 2016; NICE, 2014;

Entwistle, 2013)

Breastfeeding not only offers positive benefits for the child but also the mother
(UNICEF (United Nations International Childrens Emergency Fund), 2018; SACN,
2018; Rollins et al., 2016; McFadden et al., 2017; Victora et al., 2016; Horta &
Victora, 2013; Kramer & Kakuma, 2012). Rollin et al., (2016) also argue that
breastfeeding is a healthier alternative for the environment than infant formula.
Despite this, breastfeeding rates vary around the world with low-to-middle income
countries having higher rates than high income countries (UNICEF, 2018; Victora et
al., 2016). UNICEFs report ‘Breastfeeding. A Mother’s gift, for every child’ (2018)
gives figures for the percentage women who have ever breastfed. In the UK this is
81%, for Ireland 55%. More recent figures from the Office for Health Improvement
and Disparities (2021) collated for England only, report that the rate for breastfeeding
at 6-8 weeks post-partum is 47.6%. Data from the ‘Born in Bradford’ study was
analysed to see whether women were less likely to breastfeed if they were exposed to
“...harsh environments...” (Brown & Sear, 2019). This study had many women that
identified as being of Pakistani origin with White British being the second largest
group in the dataset. Following analysis, Brown and Sear, (2019) found links between
breastfeeding initiation and increased social-economic disadvantage with fewer White
British starting breastfeeding, OR 0.77, 95% CI 0.71-0.84 than the Pakistani-origin
women. Breastfeeding duration also reduced with socio-economic disadvantage in the
White British women (HR 1.11, 95% CI 1.01-1.20) when compared to the women of
Pakistani origin. Brown et al., (2010) also found that deprivation was linked to a

reduction in the length of breastfeeding in two populations of women based in
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England and Wales. Their statistical model showed that use of the Indicators of

Multiple Deprivation was a good predictor of breastfeeding duration.

The NMPA report showed women of higher BMI were less likely to breastfeed at the
first feed especially if they were multiparous (Relph et al., 2021). In England just
under 72% of women with a BMI <18.5kg/m? breastfed at first feed with this figure
dropping to 69.4% on discharge this compared to 60.8% of women with a BMI >
40kg/m? breastfeeding at birth and 56.6% on discharge (figures for nulliparous only).
The breastfeeding figures are lower for Scotland for all BMI categories and no figures

are available for Wales.

The UKs Office for Health Improvement and Disparities published a report in 2022
which looked at a range of data to see if there was any link between obesity and
breastfeeding and risk for future overweight or obesity for mother or child (at age 4-
5). They found that where breastfeeding levels had been high then the risk for future
overweight or obesity was reduced (Office for Health Improvement and Disparities,
2022). Where there were known risk factors for high levels of obesity in a population,
for example deprivation, the risk of being overweight or obese at age 4-5 was
increased if the child had not been breastfed up to 6-8 weeks of age. The same

increased risk was seen for the mothers in this scenario.

A qualitative study undertaken by Claesson et al., (2018) looked at breastfeeding
experiences for a group of Swedish women living with obesity. They undertook
interviews with 11 women that had breastfeeding experience and had given birth
within the previous two to eighteen months. Following thematic analysis of the

transcripts three main themes emerged — Breastfeeding, a part of motherhood, the
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challenges of breastfeeding, and support for breastfeeding. In the main the feedback
was positive, but it was also clear that there were both practical difficulties and
challenges with regards the process of breastfeeding due to issues with the size of
their breast and the baby being unable to latch on properly, positioning for

breastfeeding, and levels of support.

As described in earlier sections, women who are living with obesity are more likely to
have a preterm delivery due to pregnancy complications and are also more likely to
require a cesarian section. Neither scenario has a major impact on their ability to
breastfeed. When infants are born preterm the decision on whether to breastfeed is
based on their health and ability to suckle. The placenta produces prolactin and human
chorionic somatomammotropin from early in pregnancy, so the breasts are ready to
lactate from mid-gestation. After delivery, once placentally-derived oestrogen and
progesterone concentrations fall to a point where prolactin production from the
anterior pituitary is no longer inhibited, full lactation will begin (Langley-Evans,
2021). If a preterm baby is too sick to suckle then the ideal approach to feeding is for
the mother to express milk and this is used as the basis for enteral feeding (Elliot and

Golombek, 2022).

2.3.4 Obesity and risks in later life
2.3.4.1 Risks to child

In addition to increasing risk of poor pregnancy outcomes, obesity has the capacity to
programme fetuses to be at greater risk of cardiometabolic disorders later in life. An
extensive body of evidence from prospective and retrospective cohorts, as well as

record linkage studies, demonstrates associations of maternal obesity and/or
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gestational diabetes with cardiovascular disease, as well as type-1 and type-2 diabetes
(Langley-Evans, 2022). Follow-up of 2.23 million Swedish births between 1992 and
2016 found that diagnosis of cardiovascular disease between the ages of 1 and 25
years was more likely in those whose mothers had been obese in pregnancy than it
was in those whose mothers had been of ideal weight (Razaz et al., 2020). The risk
was graded so that, although those whose mothers had BMI between 30 and 34.9 kg
m-2 were 16% more likely to have cardiovascular disease, this increased to 2.51-fold
if maternal BMI was over 40 kg m?. The range of disorders related to maternal obesity
include childhood obesity (Herring et al., 2012). A longitudinal follow-up of the 1956
UK Birth Cohort found a J-shaped relationship between birthweight and BMI in 33-
year-old men and this appeared to be heavily driven by maternal but not paternal
weight (Parsons et al., 2001). A Finnish study found that the risk of abdominal
obesity was greater in young adults who had been born small-for-gestational age
(Laitinen et al., 2004). There is an increased risk of autism and neurodevelopmental
disorders (Krakowiak et al., 2012; Kolevzon et al., 2007) and death from
cardiovascular disease in adult offspring of an obese or overweight mother (Reynolds
et al., 2013). Studies in animals suggest that these associations are underpinned by
adaptations that occur in foetal life, which remodel the structures of major organs,
including the brain, kidney and pancreas (Langley-Evans, 2014; Langley-Evans,

2022).
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2.3.4.2 Risks to mother

2.3.4.2.1 Pelvic floor dysfunction/disorders (PFD)

Pelvic floor dysfunction (PFD) is a condition where the muscles that support the
pelvic floor weaken which leads to a range of unwelcome symptoms. These can
include urinary incontinence and prolapse of the pelvic organs and if not dealt with
can lead to a decrease in quality of life. Women with a BMI within the overweight or
obese range are already dealing with excess pressure on their pelvic organs due to the
weight. Pregnancy hormones will further relax the muscles and worsen any
symptoms. If there is no weight loss post-pregnancy then these women may suffer

with worsening PFD.

There are risk factors linked to pregnancy and birth which can increase the likelihood
of future PFD (NICE, 2021), as well as direct links to overweight and obesity with
pregnancy exacerbating the chance (Durnea et al., 2017; Sangsawang, 2014) having
an emergency caesarean or instrumental delivery is known risk factor that can lead to
PFD symptoms (NICE, 2021; Durnea et al., 2017). Durnea et al (2017) looked at data
from the Screening for Pregnancy Endpoints for their own nested study Prevalence
and Predictors of Pelvic floor dysfunction in Primips (4P). Analysis of the ‘Australian
Pelvic Floor Questionnaire’ data which collected information pertaining to pre-
pregnancy and one-year post-pregnancy. PFD symptoms are broken down into
urinary dysfunction, urgency urinary incontinence, urinary urgency — combined as
bladder score, fecal dysfunction, fecal urgency — combined as bowel score, sexual
dysfunction, vaginal tightness/vaginismus, dyspareunia — combined as sexual score,

pelvic organ prolapse, prolapse sensation — combined as prolapse score. In a
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multivariate analysis high hip circumference (>95cm) was linked to a poor bladder
section score (high number of symptoms), OR 1.5 Cl 1.05-2.28 (Durnea et al., 2017).
High bowel score was linked to high hip circumference (>95cm) OR 1.4 CI 1.02-1.85,
and high waist circumference (>95cm) OR 1.01 CI 1.001-1.03. Finally, a high
prolapse section score was linked to vacuum delivery OR 6.4 Cl 2.23-18.16, and
forceps delivery OR 8.8 CI 3.05-25.23 both types of delivery that are likely to be

more common in overweight and obese women (see section 2.3.2.1.1).

Whitcomb et al., 2009 conducted a study that looked at prevalence of PFD in a
population (n=1155) of women who were all above a BMI of 35kg/m?. Multivariate
analysis of the data adjusted for age, mode of delivery, and parity and using the BMI

group 30-34.9kg/m? as reference showed there was no link to an increase in PFD.

2.4 Teachable moment

The term ‘Teachable moment’ is based on a theory by Robert Havighurst in which he
recognised that there are certain periods within an individual’s life where they could
perform a developmental task with greater success than at a different period in time
(Havighurst, 1948). Ongoing development of this idea eventually led to the
recognition of these points in time being teachable moments specifically if they
included a cueing event, for example pregnancy, which incorporated the three
elements of; levels of emotion being increased, awareness of risks and opportunity to
improve positive outcomes, and that the individual’s role within society has changed
due to the cueing event (McBride et al., 2003). Within the last two years alone the
concept of a teachable moment has been used for reducing parental smoking

(Mahabee-Gittens et al., 2020), addressing biased patient behaviour (Sheffield et al.,
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2021), preventing opioid-induced constipation by increasing awareness of side effects
for this medication in prescribers (Saha et al., 2020), reducing behavioural risk factors
in those hospitalised with cardiovascular disease (Siewart-Markus et al., 2022), and
increasing adherence to physical activity guidance in people with chronic disease or

who are classed as older adults (Collado-Mateo et al., 2021).

Pregnancy itself meets the three elements suggested as a teachable moment (McBride
et al., 2003), and as such many interventions have been suggested for this period to
improve outcomes for the mother and child, both in the present and future (Kebbe et

al., 2021; Phelan, 2010).

Lorenz et al., (2022) undertook a qualitative study which looked at feedback from
pregnant women and healthcare providers (gynaecologist, assistant, or midwife). They
found that women in their first pregnancy felt a need for more information than those
who already had children, and that this was recognised by the healthcare provider. All
the pregnant women reported taking more care of themselves due to the motivation of
being healthy for their unborn child however the providers felt that the women needed
more education and health literacy was low. An interpretative phenomenological
analysis of two women in their first pregnancy found that they had made all the
healthy changes themselves and did not need further input from health professionals
making the idea of their pregnancy being a teachable moment by external support
unnecessary (Atkinson et al., 2016). This makes the need for training of the individual
supporting the pregnant woman important to ensure they are giving the support that is

wanted and not just seen as needed.

If pregnancy is a teachable moment, then effective exploitation of that moment

requires somebody to do the teaching effectively (Langley-Evans et al., 2022).
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Obesity can be a difficult subject for health professionals to discuss with patients.
There is evidence that, in primary care, both patients and healthcare professionals may
be reluctant to raise the issue of body weight and therefore find it difficult to exploit
the opportunity of having a more receptive patient. Midwives often bear the
responsibility for delivering health education and promoting a healthier lifestyle in
pregnancy. Although being in regular contact with women and carrying a high level
of trust as a source of information, they are not well equipped for dealing with
conversations about overweight (Soltani et al., 2017; Heslehurst et al. 2007)
Midwives may lack the confidence to raise the issue of obesity and fear a hostile
response from women that they are trying to develop professional rapport (Mulherin
et al., 2013). With high workloads and time pressure, it can be difficult to maintain an
awareness of unconscious bias around obese women and implement personal
strategies to overcome that bias (McCann et al. 2018). Atkinson and colleagues
reported that midwives may choose not to refer women with obesity to antenatal
weight management services if they fear a hostile response, or if they perceive that a
women may not be interested (Atkinson et al. 2017). Fear of hostility is not
unreasonable as women who find the process of referring to a weight management
service insensitive do report being offended by conversations with health
professionals about their weight. Poor communication between midwives and women
living with obesity may be a barrier to accessing relevant services (Atkinson et al.
2013) and may explain why uptake of weight management services is poor. Women
want honest and respectful communication that provides personalised information
about risk and facilitates informed lifestyle choices without scaremongering, and

without proportioning blame about the causes of overweight (Furber et al., 2011).
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Midwives attitudes may result in inequality among women with high-risk pregnancies

(Atkinson et al., 2017).
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Chapter 3 Antenatal weight management for women living with

obesity

3.1 Weight management

As discussed above, excess weight prior to, and during pregnancy markedly increases
risks to both mother and baby, with short- and longer-term consequences become
more likely. Current clinical and public health guidelines in the UK stress the
importance of women trying to reduce weight before becoming pregnant or managing

their weight gain during pregnancy.
3.1.1 NICE guidance

The National Institute for Health and Care Excellence, or NICE (National Institute of
Clinical Excellence), produces guidance for a range of health and social care
conditions. A number of these cover pregnancy (Table 3.1) and include
recommendations for weight management for healthy outcomes. The advantage of
using NICE guidance to support an intervention, is that it is based on not only the
latest research, but it also has input from those stakeholders that will be affected by
the final guidance. Stakeholders include a range of people from commissioners for
services to those who will use that service. In addition to this, these guidelines also
highlight the gaps within the research base, which are often vast, and make
recommendations for future research. Many NICE guidelines have only limited
reference to pregnancy and overweight/ obesity but when linked to the other, more

specific ones, can create an overall care package for women during pregnancy.

93



Sarah Ellis

Table 3.1 NICE guidance available between 2006 and 2015 that include reference to
weight management in pregnancy or discuss behaviour change in interventions that

include weight management in pregnancy.

Title Guidance  Guidance  Year
number type produced
Weight management before, during, 27 Public 2010
and after pregnancy Health Due to be
updated 2023

Diabetes in pregnancy: management 3 NICE 2015

from preconception to the postnatal guideline

period

Obesity Prevention 43 Clinical 2006
guideline

Maternal and child nutrition 11 Public 2008

health Due to be
updated 2023

Behaviour change: individual 49 Public 2014

approaches health

Behaviour change: general 6 Public 2007

approaches health

Hypertension in pregnancy: 133 NICE 2019

diagnosis and management guideline

Inducing labour 207 NICE 2021
guideline

Intrapartum care for healthy 190 Clinical 2014

women and babies guideline

Intrapartum care for women with 121 NICE 2019

existing medical conditions or guideline

obstetric complications and their

babies

Antenatal care 201 NICE 2021
Guideline

Arguably, the most relevant sources of information for health professionals dealing
with pregnant women who are overweight or obese, are guidance PH27, ‘Weight

management before, during, and after pregnancy’ (2010), and PH49 ‘Behaviour
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change: individual approaches’. NICE PH27 (2010) is due to be updated in 2023. The
emphasis of the PH27 guidance is the prevention of excessive weight gain during
pregnancy (NICE, 2010), and how to support an individual to make the changes in

their behaviour that will achieve this (NICE, 2014).

Whilst NICE PH27 (2010) focuses on guidance for all pregnant women, the main
emphasis is on those with a BMI >30kg/m?. It does not cover women classed as
underweight (BMI <18kg/m?). Advice is centred around being a healthy weight prior
to pregnancy, not gaining too much during pregnancy, and losing any excess weight
post-pregnancy. The way to do this, according to this guidance, is to follow the
dietary guidelines, and stay active. No weight loss is recommended during the
pregnancy or breastfeeding periods. Emphasis is on support via community-based

services that incorporate behaviour change techniques.

Using behaviour change techniques to support people with choosing a healthier
lifestyle has become more popular and NICE released two specific public health
guidance for this in 2007 — Behaviour change: general approaches (NICE, 2007), and
in 2014 — Behaviour change: individual approaches (NICE, 2014). Both guidelines
are geared towards professionals that have public health involvement in behaviour
change towards a healthier lifestyle rather than the public. This guidance sets out the
best way to commission services whether they are for individuals or populations
(NICE, 2014). The detail in this guidance allows a range of organisations to follow an
evidence-based approach when putting interventions together so that they empower
the individual/population to make healthy changes to their life (NICE, 2014). The

NICE PH6 (2007) guidance is non-specific on which behaviour change model to use
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within an intervention, this is because, at that time, there was little evidence to support
a particular technique. It does, however, go into more detail about concepts within
human psychology that are known to be effective in supporting behaviour change
(NICE, 2007). There are some similarities in the recommendations in that both see
goal setting and planning as vital parts of any intervention (NICE, 2014; NICE, 2007).
The 2014 guidance has more detail on how to manage behaviour change interventions

but used together all aspects from commissioning to delivery are covered.

Whilst the NICE guidelines can be a useful resource for the management of weight
and weight gain during pregnancy, they are open to interpretation by individual
clinicians and as a result there will be huge variation in how they are applied across
the country and even within hospital trusts. The key feature of the NICE guidelines is
that they indicate the requirement for behaviour change techniques to be used in
managing weight gain, but do not specify how those techniques should be applied,
consider their efficacy in large-scale primary care or advocate training in such

techniques as a core element of the training of doctors and allied health professionals.

Across the world, researchers have recognised the need to develop effective
interventions to target weight issues during pregnancy as well as in the pre-pregnancy
period, as mandated by UK clinical guidance. There are many published interventions
targeting women living with obesity, that have attempted to improve maternal diet
and/or physical activity during pregnancy in order to prevent excessive weight gain
and improve pregnancy outcomes. The following sections will first evaluate the

outcomes of the most significant trials of weight management interventions (Simpson

96



Sarah Ellis

et al., 2021; Poston et al., 2015; Dodd et al., 2014) and then consider some relatively

small and pragmatic interventions, some of which have not been published.

3.1.2 Pregnancy intervention studies: Randomised controlled trials (RCTSs)

There have been a number of weight management in pregnancy randomised
controlled trials trialled around the UK for women of a range of BMI categories. The
UK Pregnancies Better Eating and Activity trial (UPBEAT) aimed to positively
change eating behaviours and increase physical activity levels in pregnant women
with obesity. Content was delivered through a combination of a single one-to-one
sessions with a health trainer followed by eight sessions in a group setting (Poston et
al., 2013). A pilot study ran between 2010 and 2011 across the UK with the primary
outcome at that stage being to see a change in dietary and physical activity. Results at
this stage indicated that the intervention group had a lower total energy intake,
glycaemic load, lower fat /% energy intake, saturated fatty acid / % energy intake, and
increased protein / % energy intake and higher fibre intake grams/ day. No treatment
effect was seen between groups for any level of physical activity using accelerometer
data but self-reported physical activity for the moderate-to-vigorous level showed an
increase. This discrepancy may indicate an issue with hypothetical bias where
participants are reporting what they feel they should be doing rather than what they
are doing (Buckell et al.,2 020). No difference was seen between groups for GDM,
LGA or birth weight above 4000g (Poston et al., 2013). GWG was not initially

reported as this was not an outcome of interest.

A larger trial was undertaken following the initial pilot with the primary outcome

being to reduce the incidence of GDM in this population and secondary outcomes
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including an improvement in diet quality improvement, level of physical activity,
GWG, anthropometrics, biochemical findings, maternal outcomes — pregnancy and
birth, and a range of neonate outcomes (Poston et al., 2015). Results again showed
that those in the intervention arm of the study had a better overall diet quality
including a lower energy intake, decreased glycaemic load per day, lower
carbohydrate/ % energy intake, and lower total fat and saturated fat intake and an
increase in protein/% energy, and fibre intake than the non-intervention arm.
However, no statistical comparison was run for the intervention group baseline data
compared to the 27-28 weeks, so it is unclear if the intervention had a true effect in
that group for these outcomes. There was no difference between physical activity
levels between the two groups (Poston et al., 2013). The positive changes in diet did
not influence the incidence of GDM or LGA babies, the trial’s primary outcome
measures. However, GWG was reduced by a modest average 0.55 kg by the

intervention.

The Healthy Eating and Lifestyle in Pregnancy (HELP) was a cluster randomised trial
across England and Wales (John et al., 2014). This used a group setting, with
additional one-to-one sessions if requested, to deliver advice about healthy eating and
physical activity throughout pregnancy and post-partum period. Advice was delivered
by Slimming World consultants with additional support offered by the intervention
midwives. Preliminary results from this study showed that there was no significant
difference in BMI between the intervention and non-intervention groups at 12 months
post-partum, which was the primary outcome for the trial (oral presentation at
UKSBM 2014). These results were formalised in a paper in 2021 where no
significance was seen in BMI 12 months post-partum. There were improved diet

98



Sarah Ellis

quality scores with the intervention group having a healthier diet, eating more fibre,
and lower levels of alcohol intake as per measures in the protocol (Simpson et al.,

2021; John et al., 2014).

Daley et al., (2015) undertook a RCT feasibility study based on self-regulation theory.
They recruited women within the healthy weight or overweight categories only and
incorporated weighing as part of the self-regulation process using the US IOM
categories for healthy weight gain as the target (Table 2.1). They found that nearly a
quarter of those in the intervention group (23.5%) gained more than the IOM
recommendations. As this was a feasibility trial no further statistical analysis was
undertaken. The qualitative part of this RCT included semi-structured interviews with
the midwives involved with delivery of the intervention and women that attended.
Participants of the intervention reported that they were more active during their
pregnancy and felt that the intervention was useful in keeping them motivated in
monitoring their weight gain. Midwives reported that the intervention fitted well
alongside standard antenatal care without adding too much time, a resource that is in
short supply for clinicians. This feasibility study was deemed successful enough to
run a much larger RCT (Daley et al., 2019). The outcome of this study was that the
intervention was not successful in meeting its primary outcome of reducing excessive
weight gain during pregnancy. They also found no difference between the
intervention and control groups for the secondary outcomes of reduced anxiety and
depression scores, or increased physical activity (Daley et al., 2019). This appears to
indicate that the self-regulation approach to weight management in pregnancy is not a

useful tool in promoting healthier behaviours that would reduce weight gain.

Similar lifestyle and healthy eating interventions have been trialled across the world.
The Limiting Weight Gain in Pregnancy trial (LIMIT), was a multicentre randomised
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trial in South Australia (Dodd et al., 2014). The intervention consisted of dietary and
physical activity advice delivered by a research dietitian and trained research
assistants over six contacts, three by phone, for women with overweight or obesity.
The primary outcome measure was the incidence of LGA with secondary outcomes
linked to maternal and infant health. Intention-to-treat (ITT) analysis results showed
that there was no difference in the rate of LGA births between the intervention and
non-intervention groups and significance was only seen for a 18% reduction in risk of
birth weight above 40009 between groups, and a reduction in antenatal length of
hospital stay by 30%. Maternal mean weight gain was not impacted by the
intervention. As LIMIT used ITT analysis they avoided attrition bias, however, the
authors noted that attendance at the scheduled intervention appointments dropped
from 87% at the first appointment to 77% at the second. This indicates a loss of

compliance over time (Spencer & Heneghan, 2018).

The Feasibility of a Lifestyle-Intervention in Pregnancy to optimise maternal weight
development (FeLIPO) cluster randomised control trial ran in Germany and also used
lifestyle advice to promote changes in diet and physical activity to prevent excessive
weight gain during pregnancy in a range of BMIs (Rauh et al., 2013). Women
received two one-to-one counselling sessions with a trained researcher and completed
dietary records and the International Physical Activity Questionnaire long version for
analysis. The primary outcome was whether women exceeded the weight gain
recommendations of the US IOM, with secondary outcomes based on post-partum
weight retention, and short-term obstetric and neonatal outcomes. Results of the
FeLIPO trial showed that baseline characteristics of the intervention group were
significantly different to those of the non-intervention arm. The intervention group
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were older, had a lower pregravid and booking BMI, and later gestational age. The
authors reported that most women approached wished to take part in the intervention
arm (despite there being a randomisation process) and so the power calculation was
re-run and more participants were enrolled in the study and a 2:1 ratio was used. This
could indicate an element of volunteer bias (Brassey et al.,2017; Rauh et al., 2013).
Overall total weight gain was less in the intervention group but women in this group
still gained more weight than the US IOM recommendations with a mean figure of
14.1+4.1kg. No breakdown between BMI categories was given (Rauh et al., 2013).
There were no significant differences between the groups for any of the pregnancy
and birth outcome measures or physical activity. Energy intake stayed relatively static
over the trimesters in the intervention group but increased in the control group and so

was significant between the two.

Guelinckx et al (2010) undertook a randomised controlled trial which looked at the
effect of a lifestyle intervention on dietary habits, physical activity levels and
gestational weight gain — all primary outcomes - on obese pregnant women. The
participants were split into 3 groups, the control group, a ‘passive group’ that only
received written information used in the intervention, and the ‘active’ group who
received the written information plus 3 group sessions with a trained nutritionist. The
results of this RCT showed that there were no significant differences between the 3
groups for baseline characteristics or any of the secondary outcome measures which
included gestational weight gain, and obstetric or neonatal complications. Physical
activity levels dropped in all groups. GWG showed no statistical significance between
any of the groups with a mean weight gain outside the US 1OM guidance (Guelinckx
et al., 2010). Dietary intakes showed a reduced energy intake for active and passive
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groups compared to the control, protein intake was significantly different between the
control group compared to the other two, and also differed between trimesters with
both the active and passive groups increasing their intake. Total fat intake showed no
difference between groups, but a statistically significant change occurred over the
trimesters with a decrease in both the active and passive groups. The change in total
fat appeared to be a reduction in the saturated fat intake with a reduction through the
trimesters for the passive and active groups, and between the passive and active and
control group. Dietary fibre increased over the trimesters for the passive and active
group and showed significance between the control group and two other groups,
however mean intake was still below recommendation of 30g/d (Guelinckx et al.,
2010). Calcium intake increased over trimesters for all groups. Vegetable intake
increased over trimesters in all groups but comparison between groups showed
statistical significance in intake for the passive and active groups only. Whilst there
was no difference between groups for both GWG and physical activity levels the
results do show an impact on eating habits when information is given to the women,

indicating that one element of the intervention showed promise.

The results from these large randomised controlled interventions show that there is no
simple one-size-fits-all way to support overweight and obese women in managing
their weight through their pregnancy. Meta-analyses and systematic reviews of weight
management intervention programmes that use lifestyle and/or behaviour change
show varying results, and further robust research in this area is recommended (Fair &
Soltani, 2021; Yeo et al., 2017; Thangaratinum et al., 2012). Thangaratinam et al.,
(2012) looked at randomised controlled trials) that involved dietary, physical activity
or both in an intervention to limit GWG and reduce adverse outcomes for mother or
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baby across all BMI categories. Overall, they found that any type of intervention had
a positive impact on weight gain during pregnancy but were less effective at reducing

adverse outcomes overall.

Yeo et al., (2017) reviewed RCT interventions that targeted women who had
overweight or obesity to see if they could identify what elements the intervention
contained. Their analysis showed that the lowest GWG was achieved by clinician-led
interventions (Yeo et al., 2017). More recently a meta-review by Fair and Soltani,
(2021) looked at 15 systematic reviews of interventions for the same population. This
review reported that eight of the included papers had low or critically low confidence
in the results following quality assessment, three were of moderate quality, and only
three were of high quality. The certainly of the evidence provided overall for each
outcome was classed as low or very low with serious risk of bias for all included
reviews. Overall the evidence was not clear in terms of offering a benefit of
undertaking a lifestyle intervention to reduce GWG and therefore risk of other adverse
outcomes. There is, however, an interesting gap between the outcomes of large,
highly controlled intervention trials and smaller, more pragmatic interventions in
terms of outcome. In developing effective primary care approaches to managing

maternal obesity, understanding the basis for this gap is of major interest.

3.1.3 Pregnancy intervention studies: Small interventions

There have been a number of relatively small-scale locally-based interventions around
the globe each concentrating on limiting GWG for women living with obesity either
as a primary or secondary outcome (Haby et al., 2018; Robertson & Ladlow, 2018;

Koleilat et al., 2017; Opie et al., 2016; Haby et al., 2015; Raymond et al., 2014;
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Claesson et al., 2014; de Keyser et al., 2011; Mottola et al., 2012; Shirazian et al.,
2010). The majority of these have used the US IOM guidance as a reference
(Rasmussen, Yaktine & I0M, 2009), with the odd exception where an alternative

figure of <7kg has been used (de Keyser et al., 2011).

Shirazian et al., (2010) compared a cohort of Latina /Black women (n=21) with a
BMI >30kg/m? who had been enrolled in a lifestyle modification program with the
aim of managing gestational weight gain within IOM guidance. This cohort was then
matched to an historical cohort of women who had not been involved with the
lifestyle modification program but delivered their baby within the same period. The
programme focussed on eating a healthy diet and getting appropriate levels of
exercise in order to prevent excessive GWG. Their results showed that the
intervention did help to manage the GWG and keep it within the IOM guidance of
between 5-9kg (IOM, 2009) however there was no difference in secondary outcomes
linked to pregnancy, delivery, and fetal problems (Shirazian et al., 2010). However,
with such a small number of women involved these results, whilst encouraging, are

not conclusive.

Robertson and Ladlow, (2018) undertook a pilot for a dietetic-led intervention to
manage GWG in a town in the south-eastern Victoria region of Australia. They
recruited 174 women with a BMI >35kg/m? of whom 87 were primiparous. The
intervention offered dietetic counselling and goal setting support in order to achieve
GWG within the IOM guidance (Robertson & Ladlow, 2018; Rasmussen, Yaktine &
IOM, 2009). The authors reported that women who attended more than three of the

intervention consultations gained significantly less weight than those who chose not
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to attend (p<0.05) and, when compared to population figures for pregnant women
with obesity, rates of caesarean delivery and macrosomia were lower. They also
reported that there were 16% of participants (n=27) who lost weight during the
intervention period but this was not linked to any harms to the baby. As a pilot study
these results indicate that it would be worthwhile continuing this intervention with a

larger population and more detailed analysis.

Mighty Mums was an intervention targeted at pregnant women who had a BMI
>30/kg/m? trialled in Sweden between 2011 and 2013 with the first results being
published in 2015 (Haby et al., 2015) and later results, after a larger cohort had
completed the intervention in 2018 (Haby et al., 2018). Mighty Mums was a midwife-
led intervention with an emphasis on motivational interviewing as a style of making
behaviours change in addition to making connections to the local community for
further support for the women and access to a dietitian if needed (Haby et al., 2018;
Haby et al., 2015). The intervention used a weight gain target of <7kg during
pregnancy, a figure reported as being commonly used in antenatal healthcare setting
in Sweden. The initial analysis showed promise with the women in the intervention
group gaining less than the 7kg target compared to the control group (Haby et al.,
2015). In 2018, an intention-to-treat (ITT), and per-protocol (PP), analysis were
undertaken which included a greater number of women from the Mighty Mums
intervention, and compared these to a control group that included women from the
same city’s antenatal clinics plus a further number from a similar population
elsewhere. The intervention appears to have developed from that which ran in 2015,
as the later paper reports that participants could be offered additional individualised
support from a range of healthcare practitioners dependant on their need (Haby et al.,
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2018). With ITT analysis no significance was seen between groups for weight change
throughout the pregnancy, whereas with PP analysis a significant difference was seen.
The intervention population for ITT analysis was 438 participants whereas for PP
analysis this dropped to 116 participants indicating the loss of participants did have an
impact and so PP analysis alone would have had a high attrition bias. The ITT
analysis also reduced the risk of compliance bias. Interestingly the ITT analysis
showed a significance between the birth weights, and incidence of macrosomia with

both being increased in the non-intervention control group.

These smaller local interventions do appear to have efficacy regarding weight gain
during pregnancy and/or maternal, birth and neonate outcomes however there are also
examples of trials like these that are less successful. Mottola et al., (2010) ran an
intervention to monitor weight gain throughout pregnancy, birth weight, and then
weight retention over the following two months. The intervention entitled ‘Nutrition
and Exercise Lifestyle Intervention Program’ (NELIP), ran in Canada, and recruited
women at 16-20 weeks gestation who were classed as having overweight or obesity.
This intervention was prescriptive and the participants were told exactly what their
food intake should contain with regards total energy intake, % total carbohydrate of
total energy, % total fat of total energy, and protein intake, all supported by a
dietitian. A kinesiologist gave advice with regards specific exercise in the form of
“mild walking” with the aim to get to 40 minutes three or four times each week until
delivery. The results indicated that overall GWG was above the US IOM
recommendations with the reason given by the researchers that the women had gained
too much weight before entering the program (Mottola et al., 2010). There was no

difference between birth weights for any grouping, and no difference with weight
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retention at two months between groups. In this case the intervention appears to have

been started too late to have the desired outcome for weight gain.

Claesson et al., (2014) considered pregnant women with obesity already enrolled on a
weight management intervention to see if adding in a physical activity component
could increase well-being as well as supporting minimal weight gain during
pregnancy. They found that the physical activity group (n=74) reported better physical
functioning at week 15, and 35 and at post-partum week 11 compared to the non-
active group. Additionally, the active group reported better mental health at weeks 15
and 35 gestation but this effect had disappeared by week 11 post-partum. There was
no difference between groups for weight gain during pregnancy or post-partum
weight change. As no difference was found between the groups for a range of
maternal morbidities and some positive outcomes with regards mental and physical
health were found it is certainly worth considering a physical activity component

within any intervention for this population.

Opie et al., (2016) undertook a dietary intervention study delivered by a dietitian in
Melbourne, Australia with pregnant women with a BMI >30kg/m? (or >26kg/m? if
Asian), alongside standard antenatal care. Participants were given tailored diet and
weight gain advice and were followed up by the dietitian to support ongoing goals
with the main aim being to reduce GDM incidence, with the secondary outcomes of
GWG to US I0M guidance, and reducing pregnancy and neonate complications.
Irrespective of outcome studied there were no significant differences between the
intervention and control group (Claesson et al., 2014). The authors did report that diet

quality improved with more fruit and vegetables being eaten, fewer ‘discretionary
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items’, healthier meat (e.g. trimming fat, or removing skin), and an increase in low

glycaemic index foods (Claesson et al., 2014).

These interventions appeared to have been well designed and were dietitian-led. The
lack of efficacy raises the question of whether dietitians are the best people to deliver
an intervention with this population, and if not which professionals might be better

equipped.
3.1.4 Pregnancy intervention studies: case studies

In 2011, a care pathway with the overall aim of reducing childhood obesity was
trialled in the West Midlands UK (United Kingdom) (Baker, 2011). One aspect of this
was to limit weight gain in pregnancy to within 7-10kg in a population of women with
a BMI above 30kg/m?. Healthy weight advisors visited the homes of the participants
as per the care pathway. Support was given to promote healthy behaviours including
eating more fruit and vegetables and being more active with the subsequent effect
being a healthy weight gain during the pregnancy. Mean weight gain at all sites was
reported as 7.27kg, SD (Standard Deviation) 5.66kg. Whilst this was within the range
required Baker (2011) reported that issues with data collection and recruitment at each

site was low and so could not be fully analysed.

NICE holds a database of shared learning which is an opportunity for organisations to
post case studies of their work. There are three case studies that showcase
interventions for pregnant women who were overweight or obese to support them to

make healthier life choices (NICE, 2022a,b,c).
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‘The Monday Clinic’ was a midwife-led service which ran in Doncaster — year not
stated but the case study was posted to the database in 2011 (NICE, 2022a). The
service involved a community midwife referral to the programme based on woman’s
BMI at booking. A BMI >30kg/m? would mean a referral to a healthy lifestyle
midwife whereas a BMI >35kg/m? indicated a referral to the intervention. The
Monday Clinic had some dietetic support, and there was the chance to use reduced
price leisure activities. The main aim was to educate the women (and social support
network) about obesity in pregnancy risks, and how to stay healthy and active as well
as ensure the appropriate obstetric care during the pregnancy. The case study reported
that the women who engaged in The Monday Clinic had an average weight gain of
7.65kg with 75% of the women not going on to develop and pregnancy related
comorbidities. An attempt to offer an eight-week programme did not work as no

women attended.

In 2009, Dartford and Gravesham NHS Trust community midwives set up and ran a
10-week programme for women with a BMI > 30kg/m? which aimed to educate them
with regards risks of too much weight gain during pregnancy, become more active,
and support lifestyle changes to achieve weight gain within the IOM guidance (NICE,
2022b). The programme, called Pregnancy Plus, included both antenatal and postnatal
input and was supported by health visitors and local leisure facilities. The case study
reported that data collection on outcomes was ongoing at the time, but early analysis
showed that those women who attended stayed within the recommended US IOM
weight gain guidance and were more likely to breast feed than those who did not

attend.
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Active Mothers was a programme run by Lewisham and Gravesend NHS (National
Health Service) Trust with the case study posted in 2016 (NICE, 2022c). This was set
up by a midwife involved with the above programme called Pregnancy Plus. By the
time Active Mothers was set up Pregnancy Plus appears to have developed somewhat
from the original. Referral to that programme was from a BMI >35kg/m? rather than
the previous 30kg/m? reported in the case study posted in 2012. Active Mothers was
developed after an audit of Pregnancy Plus and further research into what pregnant
women wanted. Active Mothers consisted of an eight-week programme made
available to all women but had a specific referral process from the Pregnancy Plus
programme. It had input from a dietitian, physiotherapist, yoga teacher, hypnobirthing
teacher, health visitor, health trainers, and breastfeeding lead for the Trust with
additional support during school holidays so siblings could attend and from St John’s
Ambulance. Whilst the focus was on physical activity there was also discussion
around changing behaviours with regards healthy eating and the clinical lead midwife
was constantly adapting the programme based on the feedback. Outcome data was
reported and showed the maximum number of women that attended a session was 11,

and that 100% of the women breastfed.

These three local initiatives have not been reported in the peer reviewed scientific
literature and so will not be available unless a grey literature search is undertaken or
an individual is already aware of the NICE shared learning web pages. The Monday
Clinic and the Pregnancy Plus programmes talk more of the need to educate the
mothers to improve the weight management and pregnancy outcomes whilst the later
Active Mothers programme is much more organic in its response to adaptation based
on participant feedback and allowing the mums to be the lead (NICE, 2022a,b,c).

There is no talk of educating the mums on the Active Mothers programme but it is
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clear that sessions involved some taught elements (NICE, 2022c). In the years
between these initiatives starting it would appear that there is a move from the idea
that mums need education to one where this is available but the participants guide
this. The costs reported for these initiatives were varied with The Monday Clinic
costing £53,000 per annum, the Pregnancy Plus programme costing £10,000 per

annum, and the Active Mothers programme costing £5,000, (NICE, 2022a,b,c).

The Bumps and Beyond weight management intervention that initially ran in Lincoln
and Lincolnshire appears to fit very well alongside the above programmes for
comparative purposes and has the advantage of being reported within the scientific
literature (McGiveron et al., 2015). A brief description was provided in Chapter 1. It
is the focus of the work described in the rest of this thesis and the protocol will now

be explored in full.
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Chapter 4. Understanding the Bumps and Beyond intervention

A significant proportion of publications published in the health sciences report
evaluations of the outcomes of intervention studies in humans. In nutrition and
dietetics these may be reports of trials in which supplements are administered, or in
which lifestyle interventions attempt to address body weight or metabolic disorders.
The latter can be particularly challenging to report on since working with free living
human subjects to change a quality such as ‘diet’ or ‘activity’ can never have the

same precision as an experimental study or a pharmacological intervention.

Whilst understanding study methodology in detail is critical to interpretation of
outcomes and the design of future interventions, many publications fail to report
intervention methodology in sufficient detail (Hoffman et al., 2014). Without
sufficient detail, the capacity for trials that appear to be efficacious to be used in
clinical practice is greatly reduced (Glasziou et al., 2008). Hoffman and Glasziou
(2013) reported that in a consecutive series of 170 trial and intervention reports of
non-pharmacological randomized trials in leading medical journals, only 39%
adequately described the intervention methodology. This proportion rose to more than

80% when authors were directly approached for more information.

To some extent the lack of detail in published work this is the fault of journal editors
who insist on keeping the methods sections of papers as succinct as possible and as
far as possible provide references to previously used methodology. Many authors also
are not aware that providing more than the minimum information required to allow
replication is critical for replication. For this reason, Hoffman and colleagues (2014)

designed a reporting checklist to enable researchers to provide detailed accounts of
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intervention methodologies and increase the quality of reporting. Prior to the
introduction and growing uptake of their Template for Intervention Description and
Replication (TIDieR) reporting checklist, it was often difficult to replicate all parts of
an intervention in the main due to a lack of information in the public arena (Hoffmann
et al., 2014). Glasziou et al., (2008) identified a range of issues from lack of detail
about staff training methods, to no description of equipment required. Hazy
descriptions of interventions as a “behavioural intervention”, for example, do not
permit any replication or meaningful understanding of what an intervention

comprised.

Treatment fidelity is an important concept in this regard. High treatment fidelity
means that the intervention in a research study is conducted consistently and reliably.
So, for example, a study would have low fidelity if nutritional supplements were
taken by subjects only on the days that they remembered to do so, rather than
following the schedule set out in the protocol. Treatment fidelity is often not
monitored or reported in papers but can be enhanced at the point of study design by,
for example, providing staff training on how to apply the protocol and observing

intervention consultations (Belg et al., 2004; Spillane et al., 2007).

Chapters 5, 6 and 7 of this thesis describe evaluations of the Bumps and Beyond
intervention, including quantitative analysis of the intervention in Lincolnshire and
Nottinghamshire and a qualitative analysis of the Lincolnshire programme. The aim
of the work described in the current chapter is to provide a detailed description of the
intervention using the TIDieR checklist of Hoffman et al. (2014). This is in line with
the National Institute for Health & Care Excellence [NICE] guidance with regards
public health interventions and the use of behaviour change (NICE PH49, 2014;
NICE PH 27 2010; NICE PH6 2007). This is an essential first step in understanding
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how the intervention was delivered and making use of the findings for replication of

Bumps and Beyond in other settings.

4.1 Methods

The TIDieR checklist is a useful tool to delve into the components of Bumps and
Beyond Lincolnshire both via associated documents and real-life delivery of the
intervention (Hoffmann et al., 2014). Some of this detail has already been described
in the general introduction (Chapter 1) but to allow for completeness will be expanded

in this chapter as per the TIDieR tool (Hoffmann et al., 2014).4.2.1 Data collection

To obtain the required information all documents used within the Bump and Beyond
Lincolnshire intervention were collected and photographed or transcribed. Recordings
of staff delivery of sessions were made and transcribed (see Chapter 7) which allowed

for intervention fidelity compared to the protocol to be assessed.

This work was classed as an evaluation of the existing service and so covered by the
ethical approval seen in Appendix 2. Both staff and participant consent were obtained
prior to the recording being made via the appropriate consent forms, see Appendices 4
and 5. Where consent was not obtained then no recording was made. All recordings

were destroyed once the transcripts had been thoroughly reviewed by the researcher.

4.1.1 Data presentation
4.1.1.1 TIDieR checklist

All data collected will be reported as per the TIDieR checklist (Hoffmann et al., 2014;

Appendix 9). Where there are associated documents then this will be presented as an
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Appendix due to both the length and number of these documents. The analysis in this
chapter relates to the Lincolnshire Bumps and Beyond information. Similar
information about Nottinghamshire was largely lacking. However, the aim of the
Nottinghamshire team was to closely replicate the Lincolnshire programme and

initially had the same intervention leader.

4.1.1.2 Intervention fidelity

To assess the intervention fidelity, recordings of staff delivering the intervention were
checked by the researcher and compared to the Bumps and Beyond protocol
(Appendix 1). This has been achieved by reading through the transcripts of the
sessions as well as using keyword searches within the transcript documents and then
comparing this to the session content in the guideline (Appendix 1). The Bumps and
Beyond booklet (Appendix 6), was used alongside the transcripts to see if intervention
fidelity was achieved through reference to it. Assessment grids (Appendix 8) were
compiled to score the delivery of each session by staff. If the stated aims of the
sessions were delivered then it was marked as yes, if not delivered it was marked as
no, if that part of the session was not applicable or appropriate then it was marked as
n/a. The update of the patient records via Systmone (the record system for the NHS
Trust) could not be captured via the transcripts and so has been left out of the

intervention fidelity results.

4.2 Results

Results are presented below as per the TIDieR checklist item titles and description

(Hoffman et al., 2014; Appendix 9).

115



Sarah Ellis

4.2.1 Brief name

The intervention is officially known as the Phoenix Antenatal Weight Management

intervention service and more commonly known as Bumps and Beyond.

4.2.2 Why?

The protocol document reports an ethos that is “to promote a healthier approach to

eating and physical exercise”.

The main objective of the service is “to establish a protocol whereby the information
and support given to obese, pregnant women who wish to make positive lifestyle

changes, is positive, consistent and evidence-based".
The aims of the service can be seen in Figure 1.1 (Chapter 1).

The referral criteria as reported in the protocol is to be “applied to all pregnant
women with a BMI >35kg [sic] who are motivated to make positive lifestyle changes.

Referral..via the Antenatal clinic at the initial dating scan”.

In addition, “women who have a BMI 30-34.9 [sic] will be seen..if they request an

appointment”.

Participants received their standard care alongside the intervention.

4.2.3 What?

A range of support material was provided to intervention participants during the
intervention sessions (Appendix 7) in addition to the Bumps and Beyond session

booklet, (Appendix 6). In session 1 the main Bumps and Beyond information pack
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was given to the participant. Contents of this can be seen in Figure 4.1 with a written

list in Appendix 7.

Figure 4.1 Contents of Bumps and Beyond information pack given in session 1. Photo

©Sarah Ellis

4.2.3.1 Materials

In addition to the main information pack staff gave participants other written material
and take-away items, a full list of what was given at each session and by which staff
member can be seen in Appendix 7. Where more than one session was delivered

during the time allocated the material for that session was also given. A clear example
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of this was a session at Gainsborough where the participant received content from

session 2,3 & 4 and the support material for each of those sessions (Appendix 7).
4.2.3.2 Procedures

All pregnant women with a BMI above or equal to 35kg/m? were offered access to the
intervention when they attended their booking in appointment with a midwife.
Midwives had been briefed with regards to the intervention by the Lead Midwife
Ailsa McGiveron. If a woman agreed to be involved, they were then contacted by a
member of the Bumps and Beyond team to make an appointment for their first
session. All staff involved in delivery of the intervention were trained by the Lead
Midwife prior to the start of the programme. Further information about this was

unavailable.

The content should have followed the protocol (Appendix 1) combined with the
information in the Bumps and Beyond booklet (Appendix 6) with the use of support
material as per Appendix 7. If consent was given then a text message would be sent
the day before the appointment to act as a reminder. This was not written into the
protocol but was found to be a useful tool in reducing non-attendance. All sessions
were delivered on a one-to-one basis by either a Midwife or Healthy Lifestyle
Advisor in a range of locations. Participants were asked if they wished to be weighed

at all appointments so calibrated scales were required.

4.2.4 Who provided?

The intervention was provided via the Phoenix Weight Management Service which

came under the umbrella of Lincolnshire Community Health Services NHS Trust. The
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Lead Midwife for the programme had an undergraduate nutrition degree and had then

trained as a midwife.

Other staff members included an experienced midwife, and two Healthy Lifestyle
Advisors (HLA). One of the HLAs was a qualified Mental Health Nurse who had then
moved into public health and worked on a smoking cessation intervention. The other
HLA had a background as a breastfeeding support worker and had then moved into
the intervention team. All staff had received training on the programme content and
delivery by Ailsa McGiveron who was also their manager and so responsible for
ongoing training needs. Staff wore uniforms provided by the Trust as per their staff

grade.

4.2.5 How?

The intervention was delivered face-to-face, on a one-to-one basis. Participants were
able to bring along their support network of family or friends and their children if they
felt they wanted to. With consent, text messages were sent to the participant prior to
appointments to act as a reminder. Staff were able to provide a letter for participants
that could be given to an employer with regards to this intervention being part of their

ante-natal care and so covered by law as requiring time off from work.

4.2.6 Where?

The intervention was delivered in several locations around Lincoln City and
Lincolnshire. These included both the acute hospital setting (an acute hospital has

facilities to provide acute, short-term care), community hospitals (hospitals that
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provide longer term care and are used as an extension of Primary Care), and
community locations like pharmacies or GP clinics. All facilities used had NHS links.
Figure 4.2 shows an example of a community clinic room used for delivery of the

programme.

Figure 4.1 Photo of clinic room where Bumps and Beyond was delivered. Also shows
uniform of Healthy Lifestyle Advisor.

Permission obtained to take photo. ©Sarah Ellis

4.2.7 When and how much?

The first session should have taken place around week 16 gestation. Sessions were
then scheduled approximately every four weeks apart, with the final session taking
place at week 36 gestation. Session 1 was the longest session as it described the
intervention as well as starting the content delivery and so was scheduled in a 60-
minute appointment. Sessions 2-7 were shorter and are scheduled within a 30-minute
appointment. Flexibility in timings and content delivery was written into the

programme.
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4.2.8 Tailoring

The intervention protocol explicitly refers to the option of each session being flexible
for the staff to keep a “client-centered” approach. In addition, within each session
certain elements were allowed to be disregarded if not appropriate at that time
(Appendix 1). Sessions could be amalgamated to work around the participants' needs,

for example allowing for holidays or missed appointments.
4.2.9 Modification

Not applicable for this process

4.2.10 How well?

4.2.10.1 Planned

Not applicable to this thesis

4.2.10.2 Actual

To assess intervention fidelity within the service evaluation the methods described in
section 4.2.1 were used to collect data. All staff consented to the recordings, and
recordings were made of staff delivering at least one of each of the sessions within the
intervention. Locations for these recordings was dependent on what clinics were
available during the data collection period and covered six locations — Lincoln
Community in a pharmacist shop, Gainsborough in a Health Centre, Pilgrim Hospital
Boston, Skegness in a Health Centre, Lincoln County Hospital — classed as Lincoln

acute, and Grantham and District Hospital — all hospitals are part of the United
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Lincolnshire Hospitals NHS Trust. Pilgrim Hospital Boston, and Lincoln County

Hospital have inpatient maternity services.

Fidelity was assessed through the transcripts and additional notes made at the time of
delivery which included comparison to the protocol elements as listed in Appendix 1,
content analysis compared to the Bumps and Beyond booklet (Appendix 6) and

variations in handouts (Appendix 7).

Two participants declined to be recorded but verbally agreed for the researcher to

observe the staff member delivery of the session.

4.2.10.2.1 Session 1 intervention fidelity

There were recordings (n=5) of all staff delivering session 1. All locations were
community-based rather than the acute hospital setting. All participants received the
Bumps and Beyond pack as per Figure 4.1. Women were between 18 weeks and 19+4
weeks gestation. The sessions lasted between 49 minutes (Jean), and 29 minutes
(Linsey), however for the shorter session 1, attendee had been on the programme
before. No staff checked the baseline data at the time the recording was made (content
point 4) however this is