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Abstract 
 
Background: 
The prevalence of extreme obesity (body mass index (BMI) 40kg/m²) is 
increasingly common during pregnancy. Women with obesity and their infants 
are at increased risk of adverse outcomes including excessive gestational 
weight gain (GWG) and increased risk of childhood obesity.  
 
Aim: 
The primary aim of this thesis was to explore GWG management among 
women with a BMI 40kg/m².  
 
Methods: 
An overview of systematic reviews on the effectiveness of lifestyle interventions 
to reduce GWG in women with overweight or obesity was undertaken followed 
by a sequential explanatory mixed methods study. This included: 

1. A dominant quantitative component collecting retrospective data to 
explore the impact of an antenatal healthy lifestyle service for women 
with a BMI 40kg/m² on GWG, pregnancy and birth outcomes and 
childhood obesity up to age 5.  

2. A supplementary qualitative component undertaking semi-structured 
interviews with thirteen women with a BMI 40kg/m² to explore their 
experiences of gestational weight management.  

 
Key findings: 
Findings across the research programme were integrated narratively. The 
findings indicated a lack of impact of most antenatal healthy lifestyle services. 
Within the overview of systematic reviews current lifestyle interventions among 
women with overweight or obesity reduced average GWG by 0.3 to 2.4kg but 
had minimal impact on clinical outcomes. Similarly, the antenatal healthy 
lifestyle service made no difference to mean GWG. There were no beneficial 
clinical effects from the antenatal healthy lifestyle service (3 visits) except for a 
higher rate of breastfeeding at discharge compared to women in the 
comparison cohort. Nor was there any association between lifestyle service 
attendance and childhood overweight or obesity up to 5 years. 
 
Socio-demographic context and parity were noted to be important. Those from 
more deprived backgrounds were less likely to attend the service and more 
likely to have a child with overweight or obesity by school age. The antenatal 
healthy lifestyle service appeared to be effective among multiparous women, as 
those offered three visits had a lower rate of weight gain and fewer small for 
gestational age infants. 
 
Within the qualitative interviews women highlighted the stigma they 
experienced, especially when healthcare providers placed excessive focus on 
the risks of obesity during pregnancy without providing practical advice and 
support.  
 
The final integrated finding suggested the need to refine interventions in terms 
of their content, timing and format.  
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Conclusion: 
Lifestyle based interventions may cause a small reduction in GWG, however 
their impact on clinical outcomes was minimal. More holistic approaches to 
weight management during pregnancy are required for women with obesity, 
with future interventions focussing on environmental and social factors, not just 
changing individual behaviour.  
 
Original contribution: 
This work makes an original contribution by evaluating experiences and 
outcomes of antenatal weight management in women with a BMI 40kg/m², a 
subgroup frequently lacking in previous research. Additionally, it explored the 
long-term association between antenatal weight management service 
attendance and childhood obesity, which has seldomly been undertaken 
previously.  
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Chapter 1: Introduction 
This chapter sets the scene for the programme of research. It provides a brief 

rationale for the study. It then outlines the aims of the programme of research 

and explains the thesis structure.  

 

1.1 Brief rationale 

While seldomly seen a few decades ago, people with a body mass index (BMI) 

40kg/m² now make up almost 10% of the population in some countries such as 

the United States of America (USA)(2). There has been a corresponding 

increase in women* with a BMI 40kg/m² when booking for pregnancy care 

including in the United Kingdom (UK)(3). These women with the highest class of 

obesity are at increased risk of multiple complications during pregnancy and the 

postnatal period for both them and their infant(4). They are also at increased risk 

of excessive gestational weight gain (GWG), with 45.8% of women with a BMI 

40kg/m² found to gain excessive gestational weight(5). Excessive GWG itself is 

associated with multiple adverse perinatal outcomes(6). 

To manage GWG interventions have been developed which mainly include 

healthy eating or physical activity or a combination of the two. However, 

systematic reviews have given inconsistent results when evaluating the 

effectiveness of interventions designed to manage GWG(7,8). Some evidence 

particularly suggests such interventions may be less effective among women 

with obesity(9). 

Given the additional risks for women with obesity during pregnancy guidance 

has been developed to ensure appropriate care pathways(10,11). However, 

uncertainty remains among professionals over the most effective form of weight 

management during pregnancy for women with obesity, with providers and 

commissioners desiring more clarity within guidelines on which to base their 

practice(12). This has currently resulted in wide geographical variations in 

 
 
* The terms ‘woman’ and ‘mother’ have been used within this thesis. However, it is 
acknowledged that not all people who give birth will identify themselves as a ‘woman’ or as a 
‘mother’. Additionally, it is recognised that not all people who identify themselves as a mother 
have gestated their children. 
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maternal weight management service availability across England(12). A deeper 

understanding of effective weight management during pregnancy for women 

with the most extreme forms of obesity is therefore essential.  

 

1.2 Research programme  

This thesis explored gestational weight management for women with obesity. 

This was borne out of a research project that evaluated an innovative midwife-

led service known locally as ‘Monday clinic’ which supported women with 

obesity regarding healthy eating, physical activity and weight management 

during pregnancy. This antenatal healthy lifestyle service was established in 

2009. From 2009 to 2012 the service offered one routine visit with an additional 

optional visit. From 2012-2017 the service offered three routine visits. In 2015, 

Sheffield Hallam University was approached to externally evaluate this service. 

This led to a research funding bid being submitted to the Burdett Trust for 

Nursing. This funding bid comprised of three elements. Firstly, to compare 

pregnancy and birth outcomes across the two different levels of service 

provision, as well as comparing pregnancy and birth outcomes to a separate 

Trust where no antenatal healthy lifestyle service was available. Secondly, the 

funding bid planned to evaluate the long-term effects of attendance at the 

antenatal healthy lifestyle service and gestational weight gain on childhood 

weight up to reception age from data collected as part of the routine National 

Child Measurement Programme. Finally, a qualitative component was planned 

to explore the experiences of women attending the antenatal healthy lifestyle 

service.  

 

1.3 Research programme aims 

The overall research question for this research was: 

What interventions are effective at managing GWG in women with obesity? 

 

To answer this question and provide a better understanding of gestational 

weight management interventions for women with obesity the programme of 

research focussed on four specific aims. These were: 
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 To establish from the current research literature the effectiveness of 

lifestyle interventions for women with overweight or obesity for reducing 

GWG and other adverse outcomes for the mother and the infant.  

 To explore the impact of a service supporting women with the highest 

class of obesity to achieve adequate GWG and improve maternal and 

infant outcomes. 

 To investigate the association between providing a weight management 

service to women with a high BMI during pregnancy and long-term child 

weight outcomes.  

 To explore the experiences of weight management during pregnancy 

among women with the highest class of obesity.  

 

1.4 Overview of the programme or research 

To achieve the research aims, a programme of research was planned which 

included five linked studies. Where each article fits into the scheme of the 

research programme is presented graphically in Figure 1.1. It comprised of an 

overview of systematic reviews, followed by a sequential explanatory mixed 

methods study.  

 

1.5 Research Programme timeline 

July 2009 – Monday clinic service established. 

July 2012 – The number of routine visits during pregnancy at the Monday clinic 
service increased the from one to three. 

June 2015 – Burdett Trust for Nursing funding bid submitted to undertake 
quantitative and qualitative evaluation of Monday clinic (Articles B-E). 

November 2015 – Burdett Trust for Nursing funding bid successful. 

July 2016 – Ethical approval for the quantitative component received and data 
collection commenced.  

January 2017 – Quantitative data collection begins at neighbouring NHS Trust. 

March 2017 – Analysis of partial Monday Clinic data set to inform qualitative 
component.  

September 2017 - Quantitative data collection for Monday Clinic completed. 
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Figure 1.1. Overview of the research programme 
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2017 – Mondy clinic service discontinued. 

October 2017 - Quantitative data collection completed for childhood weight 
measurements. 

October 2017 – Ethical approval for qualitative component received. 

November 2017 – Recruitment to qualitative component begins. 

January 2018 – Ethical amendment for qualitative component to include 
telephone interviews as an option as well as focus group. 

September 2018 – Quantitative data collection completed from neighbouring 
NHS Trust (comparison site). 

September 2018 – Further ethical amendment for qualitative component to 
include women who had not attended the original Monday Clinic. 

December 2018 - February 2019 – qualitative data interviews undertaken. 

September 2019 – Protocol for overview of systematic reviews developed. 

October 2020 – Overview of systematic reviews completed and submitted. 

February 2019 – July 2023 – Analysis for Articles B-E completed and articles 
submitted. 

 

1.6 Thesis structure 

Chapter 1 provides an introduction to the thesis. A brief rationale is provided 

and the overall aims of the programme of research stated. An overview of the 

chapters within the thesis is provided.  

Chapter 2 contains a summary of the background literature pertinent to the 

topic area. This includes the adverse outcomes related to obesity during 

pregnancy, as well as the adverse outcomes related to excessive gestational 

weight gain. The interventions frequently used to manage gestational weight 

gain are also briefly discussed. The chapter identifies the gaps within the 

current literature and research. 

Chapter 3 contains Article A “A meta-review of systematic reviews of lifestyle 

interventions for reducing gestational weight gain in women with overweight or 

obesity.” This was accepted for publication in Obesity Reviews in January 2021, 

being published online in early view before being published in the May 2021 

edition of Obesity Reviews. It provides a detailed summary of interventions to 

reduce gestational weight gain among women with overweight or obesity.  
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Chapter 4 details the methodological approaches underpinning the programme 

of research, including the theoretical perspectives and the philosophical 

assumptions and justification for a mixed methods approach to the research 

programme.  

Chapter 5 contains Article B “Differing intensities of a midwife-led antenatal 

healthy lifestyle service on maternal and neonatal outcomes: A retrospective 

cohort study.” This article is currently under review in Midwifery. It compares 

maternal and infant outcomes among women with a BMI 40kg/m² offered one 

antenatal healthy lifestyle service appointment to those offered three 

appointments.  

Chapter 6 contains Article C “A retrospective comparative study of antenatal 

healthy lifestyle service interventions for women with a raised body mass 

index.” This was accepted for publication in Women and Birth and published 

online as an “Article in Press” on 9th September 2023, before being published in 

the February 2024 edition of Women and Birth. It analyses the maternal and 

infant outcomes among women with a BMI 40kg/m² attending an antenatal 

healthy lifestyle service appointment compared to women in the neighbouring 

Trust who were not offered this service.  

Chapter 7 contains Article D “Association of attendance at a healthy lifestyle 

service and sociodemographic characteristics among women with obesity 

during pregnancy on long-term child weight.” This article was accepted for 

publication in Maternal and Child Nutrition, being published online in “Early 

view” on 4th February 2024. This manuscript explored the association between 

antenatal healthy lifestyle service attendance and other maternal and newborn 

characteristics on long-term child weight outcomes up to 5 years of age.  

Chapter 8 contains Article E ““Everything is revolved around me being heavy … 

it’s always, always spoken about.” Qualitative experiences of weight 

management during pregnancy in women with a BMI of 40kg/m² or above.” This 

was published by PLoS One in June 2022. It explores the experiences of weight 

management during pregnancy in women with a BMI of 40kg/m² or above.  

Chapter 9 reviews how the original aims were addressed within the research 

programme. It then provides an integration of the findings across the different 

aspects of the research programme, including the meta-review, quantitative and 
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qualitative aspects. Results from the different components were compared and 

contrasted and integrated across the different constituent parts of the research 

with a more general answer to the research question presented. 

Chapter 10 discusses the key findings of the research programme in light of 

other literature. The limitations and strengths of the research programme are 

then discussed.  

Chapter 11 concludes the research programme. Implications for practice, policy 

and research are identified and the contribution to knowledge from this research 

programme is outlined.  
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Chapter 2: Background 
 

2.1 Introduction 

Body mass index (BMI) is defined by a person’s weight in kilograms divided by 

the square of their height in meters. It is used as a measure of nutritional status 

in adults(13). Table 2.1 shows the World Health Organization classifications for 

adult BMI(13).  

 

Table 2.1. Classification of adult BMI(13) 

 

Across the globe the prevalence of overweight and obesity have increased over 

recent decades(14). Within England over 60% of the adult population are now 

classified as having overweight or obesity, with obesity raising from 15% in 

1993 to 28% by 2019 and overweight and obesity raising from 53% to 64% 

within the same time period (See Figure 2.1)(15). 

In parallel with rising obesity figures globally, the number of women with obesity 

during pregnancy has been rising over recent decades. Maternal obesity across 

Europe varies from 7% to 25%, with the figure in USA cohorts being even 

higher at approximately 40% of women entering pregnancy with obesity(16). 

Within Europe, the United Kingdom (UK) is estimated to have one of the highest 

rates of maternal obesity(16); with rates almost trebling over recent decades from 

7.6% in 1989(17) to 22.2% in 2018-2019(18). There has also been a profound 
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increase in the proportion of people with a BMI of 40kg/m² or more in the USA, 

raising from 2% in the 1980’s to almost 10% by 2019(2). UK figures are less 

consistently documented, but current data suggests 3.3% of women booking for 

pregnancy care had a BMI 40kg/m² (3).  

 

Figure 2.1. Prevalence of adult overweight and obesity in England over 
time (Data source: NHS Digital, 2022(15)) 

 

 

Each woman with a raised BMI is an individual and will have their own reasons 

for their current obesity. The environment in which we live has become 

increasingly obesogenic over recent decades(19). Food has become increasingly 

available and affordable, with the food industry marketing foods that are highly 

processed, high in sugar, energy-dense and micro-nutrient poor(19). Fast food 

outlets have also increased(19). At the same time energy expenditure within 

occupations has typically decreased. Physical activity within the home has also 

become restricted with increasing use of technology such as televisions and 

games consoles for entertainment(19). Increased use of screens is also linked to 

delayed sleep onset and shorter sleep duration which are additionally linked to 

higher risks of obesity(19). The obesogenic environment exploits people’s 

psychosocial, social and economic vulnerabilities(19). For example the 

psychosocial factors associated with obesity include emotional eating, food 

addiction and poor self-esteem(19). Furthermore, body weight is reported to be 

the most common reason for bullying during childhood(19).  
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The prevalence of obesity is strongly associated with social inequalities(16), with 

women with obesity having lower educational levels than women with a BMI in 

the recommended range or underweight(16,20). Women in the most deprived 

quintile are also more likely to have a BMI in the obese range than those in the 

least deprived quintile after adjusting for other confounding factors such as age, 

ethnicity, smoking status and parity (adjusted odds ratio (aOR) 1.60, 95% 

Confidence Interval (CI) 1.13-2.26)(21). As deprivation quintile increases the 

odds of all classes of obesity increase, but the largest increases are seen for 

class III obesity(22). Food insecurity is also increasing, particularly recently after 

the covid-19 pandemic and global increases in fuel and food costs(22). Within 

Britain 40% of consumer survey respondents indicated that they were worried 

about affording food for the next month(23). When faced with food insecurity, 

women often sacrifice their own food intake to provide for their children(22). Food 

insecurity is associated with poor diet quality as healthy foods increase in price, 

leading to eating energy dense foods(22,23). Those from deprived areas are also 

more likely to live in smaller houses with limited storage and areas to prepare 

fresh ingredients, further inhibiting their food choices. Additionally, the incidence 

of obesity increases with advancing age among women of reproductive 

age(15,24). This may partly be due to the process of childbearing itself, which is 

acknowledged to contribute to the rise of overweight and obesity in women(25). 

 

2.1.1 BMI as a measure of obesity 
BMI has been used to define obesity within this thesis as it is internationally 

recognised and the most commonly used measure. However, it is recognised 

that the use of BMI is not without its limitations and critique. It is known that 

those from an Asian background have increased risk of conditions such as type 

2 diabetes and cardiovascular disease at substantially lower BMIs(26). This 

partly may be because BMI cannot differentiate between the weight of different 

components, for example fat, muscle, bone or fluid(27). This lack of 

differentiation of lean body mass and fat mass(28,29) means that a healthy 

muscular individual can be given the same BMI categorisation as someone with 

extensive body fat and associated medical comorbidities(27). Additionally, it is 

increasingly recognised that visceral fat rather than total fat mass most 

accurately predicts mortality risk and that body fat distribution is associated with 



28 

risk of cardiometabolic disease(29). As BMI categorisation cannot distinguish fat 

distribution, waist measurement and waist-to-hip ratio are seen as increasingly 

important(27) and more highly associated with cardiovascular disease risk(30). 

While BMI is the most commonly used method to assess body composition in 

pregnancy, other anthropometric measures such as abdominal or arm 

circumference and waist-to-hip ratio are sometimes used as is bioelectrical 

impedance analysis(31). A review however found that modern methods of 

measurement such as magnetic resonance imaging, bioimpedance 

spectroscopy and hydrodensitometry were used in less than 2% of research 

studies(31). 

It is suggested that being ‘fit and fat’ is possible, with fitness being more 

important than fatness for long-term prognosis(32), with research finding that 

almost one third of people with obesity are metabolically healthy(33). Some 

therefore argue that unnecessary anxiety is caused to at least one third of 

people labelled as obese who are told that they need to lose weight to become 

healthy(27). However, others have questioned whether the 10-30% of individuals 

with obesity who are metabolically healthy are really healthy or whether 

metabolically healthy obesity is a transitory rather than permanent state with the 

onset of obesity related metabolic diseases merely delayed(34). Additionally, 

even metabolically healthy individuals may not experience full physical, mental 

and social wellbeing(34). Therefore, when considering whether a person has 

obesity the impact of excess weight on physical, mental and social health 

should be assessed not just using the simple classification of BMI(35). Indeed, 

healthcare providers themselves report finding BMI categorisation too rigid, 

instead wanting a more individualised approach to assessing women’s needs 

during pregnancy including around fat distribution and overall health(36).  

 

2.2 Complications associated with obesity during 
pregnancy 

There is a well-established link between raised pre-pregnancy BMI and multiple 

complications for the mother and infant; with a progressive escalation of 

adverse outcomes as BMI increases(37). Individual participant meta-analysis has 

shown that the proportion of women with at least one adverse outcome during 
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pregnancy [for example pre-eclampsia, gestational hypertension, gestational 

diabetes (GDM), Caesarean birth, preterm birth, small for gestational age (SGA) 

or large for gestational age (LGA)] was 34.1% of women with a BMI in the 

recommended range, 42.0% of women with overweight, 50.2% of women with 

class I obesity, 56.8% of women with class II obesity and 61.1% of women with 

class III obesity(20). Similarly, a separate individual participant meta-analysis of 

39 cohort studies undertaken in Europe, Australia and North America including 

265,270 births estimated that of all pregnancy complications, 23.9% were 

attributable to maternal overweight or obesity prior to pregnancy; with the 

highest risk of pregnancy complications being for mothers with a BMI 40kg/m² 

(Odds Ratio (OR) 2.99, 95% CI 2.68-3.34)(38). 

The impact of maternal BMI on maternal and infant complications, both during 

pregnancy, the immediate postpartum period and longer-term are discussed 

below.  

 

2.2.1 Maternal complications in the perinatal period 

2.2.1.1 Gestational diabetes 

GDM is the most common medical complication during pregnancy(39). It is of 

concern given the long-term association between GDM and increased risk of 

type 2 diabetes and cardiovascular disease for the mother and additional 

metabolic risks for the infant including obesity, hypertension and 

hyperinsulinaemia(39). 

A significant body of evidence, including multiple meta-analyses have 

highlighted the increased incidence of GDM with increasing maternal BMI. It 

has been calculated that 42.8% of GDM is attributable to maternal overweight 

and obesity(38) and estimated that each 10% increase in maternal pre-

pregnancy BMI increases the relative risk of GDM by approximately 10%(40). 

One meta-analysis including 962,966 women in 33 observational studies, found 

that compared to women with a BMI in the recommended range the risk of GDM 

was increased in women with overweight (adjusted relative risk (aRR) 1.52, 

95% CI 1.15-1.89) and women with obesity (aRR 2.24, 95% CI 1.97-2.51)(41). 

This was regardless of whether BMI was self-reported or measured at antenatal 

clinic(41). A further individual participant meta-analysis of 39 cohort studies and a 
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meta-analysis of 36 studies both showed GDM decreased in women with 

underweight compared to women with a BMI in the recommended range but 

increased in women with overweight or obesity(38,42). Several meta-analyses 

have shown GDM to be highest in women with a pre-pregnancy BMI 40kg/m² 

(OR 7.59, 95% CI 6.14-9.38)(38) and (RR 4.62, 95% CI 3.61-5.93)(43). The risk of 

GDM among women with a BMI 40kg/m² was higher even when they were 

compared to women with class I obesity (RR 1.84, 95% CI 1.44-2.34) or women 

with class I or class II obesity combined (RR 1.68, 95% CI 1.52-1.86)(4). The link 

between maternal overweight or obesity and increased risk of GDM occurs 

regardless of adequacy of gestational weight gain (GWG)(44). The risk of GDM is 

known to vary according to ethnicity, with women from a Black and minority 

ethnic background with a BMI 35kg/m² 1.6 times more likely to develop GDM 

than white women with an equivalent BMI(45). However, even when adjusting for 

factors such as ethnicity, parity, and hypertension the odds of GDM have been 

shown to progressively increase with increasing BMI(37). When looking at the 

potential impact of multiple different independent factors on the odds of GDM, 

after previous history of GDM and history of preterm birth, maternal obesity was 

associated with the next largest increase in odds of GDM(46). This is due to the 

adipose tissue in those with obesity becoming larger and dysfunctional, 

resulting in inflammation(47). Long term systemic inflammation prevents the 

proper action of insulin and develops into insulin resistance(47). Insulin sensitivity 

is believed to decrease by 40-50% during pregnancy(48). When these natural 

changes to blood glucose and insulin resistance that occur during pregnancy 

under the influence of human placental lactogen, progesterone and cortisol are 

combined with the underlying insulin resistance due to obesity, it makes a 

diagnosis of GDM more likely(49). 

Given the limitations in classification of risk by BMI, other maternal adiposity 

measures such as abdominal subcutaneous fat thickness, waist circumference, 

waist-to-hip ratio and body fat distribution have been considered. Within a meta-

analysis of 11 cohort studies the odds of GDM were increased in women with 

the highest level of central adiposity compared to those with the lowest levels of 

central adiposity (aOR 2.76, 95% CI 2.35-3.26)(50). The odds of GDM were also 

higher among those with higher waist circumference (OR 1.40, 95% CI 1.04-

1.88) and waist-to-hip ratio (OR 2.73, 95% CI 1.67-4.45)(51). Several reviews 
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have similarly shown multiple anthropometric measures to be increased in 

women with GDM compared to women without GDM including waist, neck, and 

upper arm circumference(51,52), hip circumference(52), waist-to-hip ratio, fat mass 

percentage(51,52) and visceral adipose tissue depth, as well as showing maternal 

height was decreased in women with GDM(52).  

 

2.2.1.2 Gestational hypertension and pre-eclampsia 

Women with overweight or obesity prior to pregnancy are more likely to have 

hypertensive disorders in pregnancy(53). It has been calculated that 35.6% of 

gestational hypertension is attributed to maternal overweight and obesity(38). 

This link between obesity and hypertensive disorders in pregnancy has been 

identified regardless of GWG(44). An individual participant meta-analysis, of 39 

cohort studies undertaken in Europe, Australia and North America including 

265,270 births, showed that while women with underweight had a reduced odds 

of gestational hypertension compared to women with a BMI in the 

recommended range (OR 0.63, 95% CI 0.55-0.73), women with overweight or 

obesity were at increased odds of gestational hypertension, with women with a 

BMI 40kg/m² having the highest odds (OR 5.40 (95% CI 4.47-6.51)(38). Other 

meta-analyses have shown similar increased risks of gestational hypertension 

for women with a BMI 40kg/m² when compared both to women with a BMI in 

the recommended range(43), as well as when compared to women with class I 

obesity (BMI 30-34.9kg/m²) (Relative Risk (RR) 1.64, 95% CI 1.49-1.81) or 

class I and class II obesity combined (BMI 30-39.9kg/m²) (RR 1.44, 95% CI 

1.34-1.54)(4). 

Increasing BMI is also associated with increased risk of pre-eclampsia, with 

each 10% increase in maternal pre-pregnancy BMI increasing the relative risk 

of pre-eclampsia by approximately 10%(40). Meta-analyses consistently show 

raised maternal pre-pregnancy BMI increases the risk of pre-eclampsia. 

Compared to women with a BMI in the recommended range, one meta-analysis 

of 22 studies found increased odds of pre-eclampsia in women with overweight 

(OR 1.73, 95% CI 1.59-1.87) or obesity (OR 3.15, 95% CI 2.96-3.35)(54); and a 

further meta-analysis of over 30 studies found increased odds of pre-eclampsia 

in women with pre-pregnancy overweight (OR 1.89, 95% CI 1.74-2.05) or 

obesity (OR 3.57, 95% CI 3.29-3.87)(42). Within the first of these meta-analyses 
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the effect estimates were similar within studies that adjusted for confounders 

and those that did not, as well as in studies at low risk of bias and those at high 

risk of bias(54). A further individual participant meta-analysis of 39 cohort studies 

showed the highest odds of pre-eclampsia among women with a pre-pregnancy 

BMI 40kg/m² (OR 6.50, 95% CI 5.48-7.73)(38). Even when comparing women 

with a BMI 40kg/m² to other women with obesity, either class I obesity alone or 

class I and class II obesity combined, the risk of pre-eclampsia remains 

higher(4). Overall, it has been estimated that 34.6% of pre-eclampsia is 

attributable to maternal overweight and obesity(38).  

The effect of central maternal adiposity has also been considered with one 

review showing hypertensive disorders were higher in women with higher waist 

circumference and waist-to-hip ratio(51).  

The potential mechanisms by which obesity causes pre-eclampsia are being 

increasingly understood. These include the link between obesity and insulin 

resistance which lead to an increased risk of gestational diabetes and type II 

diabetes, both of which are associated with pre-eclampsia(54). Obesity is also 

characterised by hypertriglyceridemia which is associated with endothelial 

dysfunction(54). Adipose tissue is known to release adipokines such as leptin 

which is pro-inflammatory(55). Leptin levels are also higher among women with 

pre-eclampsia, so leptin may be one of the factors connecting obesity and pre-

eclampsia(55). Additionally, women with obesity have been shown to have 

impaired vasodilation and vasoconstriction in myometrial arteries compared to 

women with a BMI in the recommended range(56). While no women with pre-

eclampsia were included within that study, the differences in vascular function 

with obesity were noted to be similar to those seem with pre-eclampsia(56).  

 

2.2.1.3 Preterm birth 

Preterm birth is a birth that occurs before 37 completed weeks of gestation(57). It 

is estimated that approximately 15 million preterm births occur each year 

globally(57). While the majority occur in low and middle income countries, within 

Europe estimates of preterm birth are around 5%(58). Long-term consequences 

of preterm birth are believed to include poorer cognitive outcomes including 

academic performance and working memory, as well as lower levels of motor 
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skills and more behavioural problems such as attention deficit(59). Poorer 

cognitive outcomes are seen across all children born under 37 weeks gestation, 

but the most pronounced effects are for those born under 34 weeks 

gestation(59).  

Some studies suggest an increased risk of preterm birth for women with a BMI 

outside of the recommended range. For example, an individual participant 

meta-analysis of 39 cohort studies undertaken in Europe, Australia and North 

America showed that compared to women with a BMI in the recommended 

range the risk of preterm birth was increased with pre-pregnancy underweight 

as well as overweight and obesity, with the highest rate in women with a pre-

pregnancy BMI 40kg/m² (OR 1.52, 95% CI 1.24-1.87)(38). Even when 

compared to other women with obesity, women with a BMI 40kg/m² have been 

shown to have increased risk of preterm birth less than 37 weeks; RR 1.31 

(95% CI 1.19-1.43) compared to women with class I obesity and RR 1.20 (95% 

CI 1.13-1.27) compared to women with class I and class II obesity combined(4). 

One study however suggested that increased risk of preterm birth among 

women with overweight and obesity was limited to those with inadequate 

GWG(44). 

While the risk of preterm birth (<37 weeks) was increased in women with 

underweight, overweight or obesity compared to women with a BMI in the 

recommended range in the most recent review, very preterm birth (<32 weeks) 

was only increased in women with underweight or obesity(42). Other studies 

have looked at the impact of maternal BMI on different types of preterm birth. 

One of these found women with obesity were at higher risk of preterm birth, 

especially spontaneous preterm birth(60). In contrast, a recent case control study 

from across 20 centres in Brazil noted the risk of spontaneous pre-term birth 

decreased in women with overweight or obesity(61). However, being overweight 

or obese increased the risk of provider-initiated preterm birth, where induction 

was carried out due to maternal or fetal compromise from medical complications 

such as GDM, pregnancy induced hypertension or polyhydramnios(61).  

A reason behind the inconsistencies seen in previous studies may be due to a 

significant interaction between specific maternal genes and maternal pre-

pregnancy BMI on the risk of preterm birth(62). There is a potential that for 
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women who carry specific genes modifying their BMI prior to pregnancy could 

impact their risk of preterm birth(62).  

 

2.2.1.4 Mode of birth and associated complications 

Caesarean Section rates are increasing globally and while they can be a life-

saving procedure for the mother or the infant, they are associated with many 

adverse consequences(63). For the mother these include increased recovery 

time, maternal haemorrhage, postpartum infection, and the need for 

hysterectomy, as well as longer term outcomes that impact subsequent 

pregnancies such as increased risk of abnormal placentation, uterine rupture 

and preterm birth(63). For the infant potential adverse outcomes include altered 

gut microbiome diversity, altered immune development, allergy and asthma(63).  

Meta-analysis evidence shows that compared to women with a BMI in the 

recommended range, women with a BMI 40kg/m² are less likely to have a 

vaginal birth (RR 0.72, 95% CI 0.62-0.84)(43). The rate of instrumental birth 

however appears not to be linked to maternal BMI, with no difference in 

operative vaginal birth noted with increasing BMI in a cohort study of over 

112,000 women(64) and no increased risk of instrumental birth in women with a 

BMI 40kg/m² compared to women with either class I obesity (RR 1.06, 95% CI 

0.84-1.33) or class I and class II obesity combined (RR 0.99, 95% CI 0.88-

1.11)(4).  

The evidence however unanimously supports an increased risk of Caesarean 

birth in women with overweight or obesity compared to women with a BMI in the 

recommended range. Within a meta-analysis of 33 studies(65), a meta-analysis 

of 19 studies(43) and a recent meta-analysis of 86 studies(42) the odds of 

Caesarean birth increased with increased BMI. The highest risk of Caesarean 

birth was among women with a BMI 40kg/m² (43). Even when compared to 

women with class I obesity or with class I and class II obesity combined, a 

systematic review has shown women with a BMI 40kg/m² were at increased 

risk of Caesarean birth(4). Furthermore, when measures of central adiposity 

have been used rather than BMI, the odds of Caesarean birth increase by 71% 

with a waist circumference of 80cm or more, increase by 5-32% for every 5mm 

increase in abdominal subcutaneous fat thickness(66) and increase with 
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increased hip-to-waist ratio(51). Caesarean birth can be either an elective or 

emergency procedure. Both forms of Caesarean birth are increased for women 

with overweight or obesity(42) and in women with a BMI 40kg/m² (43) compared 

to women with a BMI in the recommended range. Furthermore, for intrapartum 

Caesarean births, the risk increases with increasing BMI regardless of whether 

the labour was spontaneous or induced(64).  

As discussed previously, women with obesity have higher levels of leptin, as 

well as other adipokines, visfatin and apelin which are all known to decrease 

myometrial contractility(67). Women with obesity also frequently have higher 

levels of cholesterol, which has been linked to inhibited oxytocin receptor 

function in the myometrial cells with a resultant reduced contraction force and 

frequency(67). These changes can lead to dysfunctional labour and therefore 

may partially explain the increased Caesarean birth rate among women with 

obesity(67).  

As well as being more likely to experience Caesarean birth, women with obesity 

are at higher risk of complications associated with Caesarean birth. One 

example is anaesthetic complications. A systematic review of eight studies 

found that women with a BMI 30kg/m² were more likely than women with a 

BMI <30kg/m² to experience multiple attempts to site an epidural and more 

likely to experience epidural failure, defined either as failure to cite an epidural 

or unsatisfactory analgesia(68). Women with a BMI 40kg/m² had the highest 

odds of epidural failure(68). Given this increased risk of epidural failure it is not 

surprising that the rate of general anaesthesia increases with increasing BMI(45). 

The highest rate of general anaesthesia has been shown among women 

requiring a Caesarean birth after a spontaneous onset of labour, rather than for 

those who had a planned Caesarean prior to the onset of labour(45).  

An increased incidence of surgical site infection is another adverse outcome 

noted for women with obesity. Increased infection in women with obesity was 

found in 14 of the 19 studies incorporated into an overview of systematic 

reviews(60). A more recent study has reinforced this link, with higher risk of 

surgical wound complications noted among women with a BMI 40kg/m² 

compared to women with a BMI in the recommended range (RR 2.17, 95% CI 

1.34-3.51)(64). Even when compared to women with class I obesity or class I and 

class II obesity combined, a systematic review has shown that women with a 
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BMI 40kg/m² were at greater risk of wound complications after Caesarean 

birth(4). However, once stratifying analyses according to planned mode of birth, 

a further systematic review of ten observational studies in women with a BMI 

40kg/m², showed that women with an anticipated vaginal birth compared to 

women with a planned Caesarean birth had a higher risk of postpartum 

haemorrhage, but lower risk of wound infection(69).  

Regarding placentation issues, the literature is less clear. For instance, a 

systematic review incorporating eight studies showed the odds of placental 

abruption reduced in women with overweight or obesity compared to women 

with a BMI in the recommended range(70), but a cohort of over 112,000 women 

that were not included in the above systematic review found no difference in 

abruption in women with a BMI 40kg/m² compared to women with a BMI in the 

recommended range(64). Other evidence suggests women with obesity are at 

increased risk of abnormally invasive placenta but given the increased odds of 

abnormally invasive placenta after a previous Caesarean birth the increased 

risk could just be related to the increased risk of Caesarean birth rather than to 

obesity per se(71).  

The high risk of Caesarean birth among women with obesity is of additional 

concern given that a meta-analysis of 94 observational studies has shown 

maternal obesity reduces the odds of a successful vaginal birth after a 

Caesarean(72). The other factors within the meta-analysis associated with 

reduced odds of successful vaginal birth after Caesarean were diabetes, 

hypertensive disorders in pregnancy and induction of labour(72), which are all 

increased in women with obesity. Furthermore, among women with a BMI 

40kg/m² with a previous Caesarean birth, those who planned a trial of labour 

compared to those who planned a further Caesarean birth were more likely to 

experience uterine dehiscence, a hospital stay longer than 4 days and to give 

birth to an infant with an Apgar score less than 7 at 5 minutes(69). 

 

2.2.1.5 Induction 

A meta-analysis demonstrated higher odds of induction of labour in women with 

overweight (OR 1.23, 95% CI 1.17-1.30) and obesity (OR 1.55, 95% CI 1.36-

1.77) compared to women with a BMI in the recommended range(42). Even 
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when compared to women with class I obesity (RR 1.36, 95% CI 1.21-1.54) or 

class I and class II obesity combined (RR 1.21, 95% CI 1.14-1.29), women with 

a BMI 40kg/m² are at increased risk of induction(4). However, one systematic 

review has noted induction outcomes are poorer among women with maternal 

obesity compared to women with a BMI in the recommended range, with 

increased rates of Caesarean birth, higher doses of prostaglandins, higher 

doses of synthetic oxytocin, longer time to birth after commencing oxytocin and 

less successful cervical ripening and/or achieving active labour(73). When 

considering maternal adiposity rather than BMI, higher waist circumference and 

hip-to-waist ratio have both been associated with increased induction of 

labour(51).  

Despite increased rates of induction with a raised BMI, the odds of postdates 

birth ( 42 weeks gestation) is higher among both women with overweight and 

women with obesity(42) and for each five unit increase in maternal BMI there are 

increased odds of post-term birth ( 41 weeks gestation) (OR 1.13, 95% CI 1.05-

1.21, 11 studies) and birth 42 weeks gestation (OR 1.19, 95% CI 1.12-1.26, 19 

studies)(74). It has been suggested that that the increased inflammation levels, 

higher leptin levels in the blood, insulin resistance and the imbalance of lipids 

such of cholesterol, lipoprotein and triglycerides all associated with maternal 

obesity may influence the onset of labour and therefore increase the need for 

induction; however the exact causal pathway is unclear(74). However the 

increased risk of postdates birth is of concern given that a meta-analysis, 

covering 15 million pregnancies, looking at stillbirth and neonatal death found 

that the risk of stillbirth increased from 0.11 per 1000 pregnancies at 37 weeks 

gestation to 3.18 per 1000 pregnancies at 42 weeks gestation(75). There was 

one additional stillbirth for every 1449 pregnancies that advanced from 40 to 41 

weeks. Neonatal death also increased significantly from 41 to 42 weeks RR 

1.87 (95% CI 1.07-2.86)(75). 

 

2.2.1.6 Breastfeeding 

The World Health Organization recommends breastfeeding is initiated within 

one hour of birth(76) and that infants are exclusively breastfed until six months of 

age(77). Evidence suggests that infants fed with breastmilk substitutes are at 
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increased risk of gastrointestinal infections, respiratory infections, asthma, as 

well as increased risk of obesity and diabetes in later life and that mothers who 

do not breastfeed their infants are at increased risk of ovarian cancer, breast 

cancer, type 2 diabetes and postnatal depression(78).  

Numerous systematic reviews and overviews of reviews have found that women 

with overweight or obesity were less likely to initiate breastfeeding than women 

with a BMI in the recommended range(60,79-82), with non-initiation of 

breastfeeding being highest in women with obesity(80,81). Most of these reviews 

and meta-analyses combined adjusted effect estimates, although the exact 

confounders adjusted within each included study varied but included factors 

such as maternal age, education, employment, socio-economic status, smoking 

and mode of birth. A further retrospective study of 7,491 women from routinely 

collected hospital data in Australia, published after the most recent systematic 

reviews found that compared to women with a BMI in the recommended range, 

the odds of not breastfeeding was increased in women with overall obesity (OR 

1.66, 95% CI 1.40-1.96) and with class III obesity (OR 2.61, 95% CI 2.07-

3.29)(83). These lower rates of breastfeeding with higher maternal BMI were 

noted regardless of mode of birth and after adjusting for confounding factors of 

maternal age, socioeconomic status, comorbidities and infant birthweight(83).  

Additionally, most systematic reviews have noted increased cessation of both 

exclusive breastfeeding and any breastfeeding in women with overweight or 

obesity compared to women with a BMI in the recommended range(80-82), with 

the highest risk noted in women with obesity(80,81). A dose response relationship 

between BMI and breastfeeding outcomes has also been noted, with the risk of 

cessation of breastfeeding increasing with each increasing category of BMI(79), 

as well as for every unit increase in BMI(84).   

Numerous reasons have been hypothesised to impact on breastfeeding 

initiation, duration and exclusivity including the increased risk of delayed onset 

of lactogenesis in women with obesity compared to women with a BMI in the 

recommended range noted within several systematic reviews(79,85,86). It is 

suggested that this may be due to the leptin secreted by adipose tissue in 

women with obesity inhibiting the oxytocin that is required for the milk ejection 

reflex(85). Additionally, women with obesity have been found to have lower 

baseline levels of prolactin and release less prolactin in response to the infant 
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suckling which may reduce the quantity of breastmilk produced(85). This may 

explain why women with overweight or obesity are more likely to self-report 

having insufficient milk(86). 

Qualitative research has also found women with obesity to report mechanical 

barriers to breastfeeding such as their larger breasts making it more difficult to 

position and attach the infant, as well as difficulties in finding nursing bras to 

fit(87). The size of their breasts also led some women to worry that their infant 

would suffocate while trying to feed(88,89). Women with obesity’s difficulties with 

successfully latching their infant also led them to report more breast problems 

such as cracked nipples(87). Birth complications such as Caesarean section(87) 

and medical interventions(90) are also more prevalent among women with 

obesity. After an operative birth women have reported feeling ‘out of it’ and to 

have delayed skin-to-skin contact with their infants, both of which created 

barriers to breastfeeding initiation(88). Medical complications sometimes also 

meant women were separated from their infants which left the woman feeling 

out of control which in turn amplified their doubts in their ability to breastfeed(89).  

Psychosocial factors have also been reported to influence breastfeeding 

outcomes among women with overweight and obesity. Compared to women 

without obesity, women with obesity are less likely to believe in the nutritional 

adequacy of breastmilk, less likely to believe that significant others prefer them 

to breastfeed and less likely to have been exposed to family or friends who had 

breastfed(91). Women with obesity have also been shown to have poorer body 

image(87,91), leading to a lower confidence in their ability to breastfeed(87). 

Women with obesity also report feeling uncomfortable about feeding in 

public(88,92,93). Within the hospital in the days after the birth, especially if by 

Caesarean section, women reported finding it difficult to shut the curtains 

around their bed, or even if they did then staff would often come in and leave 

them open again(88). This meant women felt exposed in front of other women 

and their visitors, especially if they were experiencing difficulties with latching or 

needed to manually express breastmilk for their infant(88,92). Even once home 

women felt uncomfortable feeding in front of visitors within their home and 

anxious about feeding in public as they were self-conscious about exposing 

their body to others(88,93). The lack of pictures of women with a raised BMI within 
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breastfeeding literature only served to reinforce women’s perception that 

breastfeeding for women with obesity was unacceptable to society(89).  

Various systematic reviews have also found the composition of breastmilk is 

changed in women with obesity. A positive correlation between maternal BMI 

and both leptin and adiponectin concentrations in breastmilk has been noted, 

with both of these hormones having a role to play in regulating appetite and 

metabolism(94). The concentration of fatty acids within breastmilk was shown 

within a systematic review of 6 studies to vary, with women with overweight 

having an increased ratio of Omega 6 compared to Omega 3 and women with 

obesity having lower levels of Omega 3(95). A balance in the ratio between 

Omega 6 and Omega 3 is essential for brain formation, development, and 

functioning(94). Further systematic reviews incorporating 31 studies(96) and 66 

studies(97) found higher fat concentration in mature breastmilk(96,97) but not 

colostrum(96) and higher lactose concentration in colostrum but not mature 

breastmilk(96), but no differences in total energy(97) or protein levels(96,97) 

between women with a raised BMI or adiposity compared to women with a BMI 

in the recommended range.  

 

2.2.1.7 Mental health outcomes 

Some evidence suggests that women with obesity are at increased risk of 

depression during the perinatal period. Numerous systematic reviews have 

found higher rates of antenatal depression symptoms in women with obesity 

than women with a BMI in the recommended range(60,98,99). In one review, the 

higher a woman’s BMI the higher the risk of major depressive symptoms during 

pregnancy(100). Women with pre-pregnancy obesity are also more likely to 

experience postpartum depression than women with a BMI in the recommended 

range(60,98,99). While some reviews only noted higher levels of postpartum 

depression among women with a BMI 35kg/m² (98), others have noted 

increased odds of postpartum depression among women with underweight, 

overweight and obesity(99).  

Evidence from reviews also suggests a positive association between maternal 

obesity and anxiety both during pregnancy(60,100,101) and in the postpartum(101). 

Within one review the highest levels of anxiety were seen among women with 



41 

obesity(101). However, none of the studies within the review assessed anxiety 

according to the Diagnostic and Statistical Manual (DSM) of Psychiatric 

Disorders criteria, so it was unknown if anxiety levels reach clinical 

significance(101). 

Additionally, women with a raised BMI have been shown to have an increased 

perception of stress, lower self-esteem scores(100) and to report poorer Quality 

of Life, lower levels of social support and higher socioeconomic deprivation 

during pregnancy(102) than women with a BMI in the recommended range. 

It is important to note however that the causality of mental health concerns and 

obesity is unclear within current evidence. It is unknown whether women with 

poor mental health struggle with weight management leading to obesity or 

whether having a raised BMI leads to increased feelings of stigmatisation which 

impact upon the woman’s mental health(60).  

 

2.2.1.8 Covid-19 

The recent Covid-19 pandemic has highlighted additional challenges faced by 

women with obesity during the perinatal period. Several systematic reviews and 

an individual participant meta-analysis have found raised maternal BMI 

increased severe covid-19 infection during pregnancy(103), intensive or critical 

care admission(103,104), requirement for ventilation(103,104) and maternal 

death(103,105,106). For women who had a laboratory confirmed positive covid 

infection, a further systematic review showed women with obesity during 

pregnancy were at higher risk of stillbirth and neonatal mortality(105).  

 

2.2.1.9 Other maternal outcomes 

Multiple other outcomes have been associated with increased BMI. Evidence 

has shown an increased risk of miscarriage among women with obesity. A 

systematic review of 6 studies incorporating a total of 28,538 women who 

conceived spontaneously, found the rate of miscarriage was 13.6% in women 

with obesity compared to 10.7% in women with a BMI in the recommended 

range(107). Similarly, a Chinese cohort that used the Asian classification of 

obesity (BMI 28kg/m²), found the risk of miscarriage doubled in women with 
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obesity compared to those with a BMI in the recommended range (RR 2.03 

95% CI 1.26-3.27)(108). This increased risk of miscarriage remained even when 

adjusting for potential confounders including maternal age, education, parity, 

miscarriage history and hypertension status(108). Women with obesity are also at 

higher risk of recurrent miscarriage(107,109), however this relationship is not seen 

among women with overweight(109).  

A retrospective cohort study of 743,630 women has also shown that compared 

to women with a BMI in the recommended range, women with overweight or 

obesity prior to pregnancy had increased risk of thromboembolism, deep vein 

thrombosis, acute renal failure and intensive care unit admission(110). A review 

has also shown that women with obesity are at increased risk of asthma 

exacerbations during pregnancy compared to women with a BMI in the 

recommended range(111). When reviewing all maternal deaths occurring during 

pregnancy or the first year afterwards in the UK, 34% of women who died had 

obesity in 2013-2015 and in 2015-2017(112,113). This reduced slightly to 27% in 

2018-2020(114) but remained higher than the proportion of women entering 

pregnancy with obesity. A meta-analysis of 1,308,888 participants within 16 

studies found increased risk of shoulder dystocia in women with obesity 

compared to those without; with the risk of shoulder dystocia increasing with 

increasing class of obesity(115).  

The evidence for several other outcomes is inconsistent. While one meta-

analysis found no association with obesity and postpartum haemorrhage when 

exclusively looking at atonic postpartum haemorrhage(116), another looking at all 

forms of postpartum haemorrhage found higher odds among both women with 

overweight (OR 1.18, 95% CI 1.11-1.26) and with obesity (OR 1.38, 95% CI 

1.25-1.54)(42). Additionally, a review looking exclusively at women with a BMI 

40kg/m² found their risk of both antenatal and postpartum haemorrhage were 

higher than for women with class I obesity alone or class I or class II obesity 

combined(4). 

For urinary incontinence, one review that only included studies that adjusted for 

at least one confounding factor such as age, mode of birth or infant weight 

found that for every 5kg/m² increase in pre-pregnancy BMI, the risk of urinary 

incontinence increased(117). Another review however found no association 

between BMI prior to pregnancy and urinary incontinence in pregnancy(118). 
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However, when BMI was measured during pregnancy, rather than pre-

pregnancy, low quality evidence suggested maternal overweight or obesity 

during pregnancy was associated with increased odds of urinary incontinence 

during pregnancy(118). When considering pelvic girdle pain in pregnancy, a 

scoping review of 24 articles found a positive association with overweight or 

obesity within some studies, however this was not consistent across all included 

studies(119). Compared to women with a BMI in the recommended range, 

women with overweight or obesity were however more likely to have persistent 

pelvic girdle pain at 12 weeks postpartum, and women with obesity were also 

more likely to still experience pelvic girdle pain at six months postpartum(120).  

As well as being at increased risk of numerous adverse outcomes during 

pregnancy, women with severe obesity (BMI 40kg/m²) are more likely to enter 

pregnancy with pre-existing conditions such as diabetes mellitus and 

hypertension compared to women with a BMI in the recommended range(43). In 

and of themselves these pre-existing conditions are also linked to poorer 

pregnancy outcomes. 

 

2.2.2 Long-term maternal complications 

Several long-term adverse outcomes after pregnancy have been noted among 

women with obesity.  

Among women who had GDM there is a high incidence of them going on to 

develop type 2 diabetes mellitus, with women with obesity during pregnancy 

being at particularly high risk(121). A meta-analysis of 17 studies has shown 

increased risk of metabolic syndrome after GDM among women with a higher 

BMI during pregnancy(122).  

When considering anorectal dysfunction after birth, a meta-analysis of eight 

studies that reported the outcome according to maternal BMI found maternal 

obesity was a risk factor for anal incontinence (OR 1.48, 95% CI 1.28-1.72)(123), 

with maternal obesity being a risk factor for anal incontinence in both the short 

term (within the first year after birth) and long-term (>1 year after birth)(123).  
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2.2.3 Neonatal complications 

2.2.3.1 Fetal size 

Fetal growth is known as an important factor for long-term child health and 

health in adulthood. Low birthweight or being born small for gestational age 

(SGA) are associated with increased risk of disease in adulthood including, type 

2 diabetes, increased blood pressure and risk of cardiovascular disease(124,125). 

Being born macrosomic (birthweight 4000g) is equally disadvantageous being 

linked to increased risk of obesity in adulthood, type 2 diabetes, hypertension 

and cardiovascular disease(125). Some evidence has also suggested an 

association between being born large for gestational age (LGA) and obesity and 

cardiovascular risk later in life(126). Many reviews have explored the association 

between fetal size and maternal pre-pregnancy BMI, with the evidence 

presented below.  

Reviews unanimously concur that fetal macrosomia increases with increasing 

maternal BMI. When compared to women with a BMI in the recommended 

range, increased macrosomia has been noted among women with 

overweight(42,127), as well as women with all classes of obesity(42,127-130), or with 

class III obesity (BMI 40kg/m²)(43). One meta-analysis demonstrated the 

increased risk of macrosomia among women with obesity was similar in studies 

that adjusted for 5 or more confounding factors to those that only adjusted for 1-

4 confounding factors such as maternal age, education, parity, ethnicity or race, 

GWG, smoking status or sociodemographic status(130). Women with obesity also 

have increased odds for birthweight 4500g(128). When considering maternal 

measures of adiposity rather than BMI, macrosomia increases with increased 

waist and neck circumference and increasing waist-to-hip ratio, but not with 

increased subcutaneous fat(131). GDM, which is increased in women with 

overweight or obesity prior to pregnancy, is itself an independent risk factor for 

fetal macrosomia(132). This makes it difficult to ascertain whether overweight and 

obesity per se or their link with GDM are responsible for macrosomia(53). 

However, within a cohort of women exclusively with GDM the odds of 

macrosomia were still increased among women with overweight or obesity 

compared to women with a BMI in the recommended range, suggesting an 

independent impact of maternal BMI not just mediated through the link to 

GDM(133).  
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However, it has also been suggested that increased fetal macrosomia may 

partly be due to difficulties in estimation of fetal size(134). Manual palpation and 

ultrasound are less accurate in women with obesity which may delay 

interventions such as induction which could limit fetal size(134). Additionally, 

physical inactivity may be the underlying cause of increased macrosomia rather 

than maternal obesity per se, as macrosomia is associated with physical 

inactivity prior to pregnancy(135), especially for physical activity related to 

household chores such as cleaning(136), regardless of maternal weight.  

When considering LGA, evidence from reviews unanimously agrees that 

women with a raised BMI are more likely to have an LGA infant than women 

with a BMI in the recommended range. This relationship has been found among 

women with overweight(42,127), as well as women with obesity(42,127-129). Among 

women with obesity the odds of LGA in the different meta-analyses vary from 

1.88(129) to 2.42(128). Several meta-analyses have shown women with a BMI 

40kg/m² have the greatest risk of an LGA infant compared to women with a 

BMI in the recommended range [RR 2.51, 95% CI 2.00-3.17(43); OR 3.06, 95% 

CI 2.69-3.49(38)]. Even when women with a BMI 40kg/m² were compared to 

women with a lower class of obesity (either class I obesity or class I and class II 

obesity combined) their risk of LGA remained higher(4). It has been calculated 

that 20.6% of LGA at birth are attributable to maternal overweight and obesity 

prior to pregnancy(38). For women with obesity, the relationship between 

maternal BMI and LGA persisted in a cohort of 219,868 women, regardless of 

the adequacy of their GWG(44). However, for women with overweight the odds of 

LGA were only increased among women with recommended or above 

recommended GWG(44). Increased odds of LGA have also been noted in 

systematic reviews that used measures of central adiposity rather than 

BMI(66,131). They found that the odds of LGA increased 21% for every 5mm 

increase in abdominal subcutaneous fat thickness(66) and increased in women 

with a waist circumference over 80cm(66,131). Furthermore, for every 0.1 unit 

increase in waist-to-hip ratio a 120g increase in birthweight was noted, after 

adjusting for multiple confounding factors(66). Finally, even in a study that 

exclusively looked at women diagnosed with GDM, the odds of LGA were 

highest among women with obesity compared to women with a BMI in the 

recommended range(133).  
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The impact of BMI on low birthweight is unclear. One systematic review, 

including 60 studies with 1,392,799 women, found higher odds of low 

birthweight infants among women with obesity (OR 1.24, 95% CI 1.09-1.41)(129), 

but a more recent review found no difference among women with overweight 

(OR 0.98, 95% CI 0.88-1.08) or obesity (OR 0.84, 95% CI 0.71-1.00) compared 

to women with a BMI in the recommended range(42). In contrast maternal BMI 

has an inverse relationship with infants born SGA. Meta-analyses(42,127,129,137), 

as well as a large recent cohort of 265,270 births(38) have found a reduced risk 

of SGA in women with overweight and obesity compared to women with a BMI 

in the recommended range. Even when compared to women with lower classes 

of obesity (either class I alone or class I and class II combined), women with a 

BMI 40kg/m² had a lower risk of SGA(4).  

Alterations in fetal growth in women with obesity may be due to placental 

differences. For example, compared to women with a BMI in the recommended 

range women with obesity have altered placental vascular function(138) and 

changes in placental cell turnover, with reductions in both placental cell 

proliferation and apoptosis especially for women with class III obesity(139). These 

placental changes may affect the supply of nutrients to the fetus. In addition, 

women with obesity show impaired vasodilation and vasoconstriction in 

myometrial arteries compared to women with a BMI in the recommended range, 

however the impact of this on fetal size was unclear as all women with obesity 

within the study gave birth to an infant with a birthweight that was appropriate 

for gestational age and their pregnancies were uncomplicated(56).  

 

2.2.3.2 Mortality 

Stillbirth is variably defined within different studies; with some studies not 

offering a definition(42,43) and others including death of the fetus in utero after 20 

weeks gestation(42,43) or death in utero after 24 weeks gestation(43). Neonatal 

death is usually classified as death within the first 28 days after birth and infant 

death as death prior to one year of age. Systematic reviews have shown that 

compared to women with a BMI in the recommended range, mothers with 

obesity(42,129) including those with a BMI 40kg/m² (43) have increased odds of a 

stillborn infant. Even when compared to women with a lower class of obesity 

(either BMI 30-34.9kg/m² or BMI 30-39.9kg/m²), women with a BMI 40kg/m² 
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still have an increased risk of stillbirth(4). One meta-analysis found the risk of 

stillbirth increased for each 5kg/m² increase in maternal BMI (RR 1.24, 95% CI 

1.18-1.30)(140).  

While one meta-analysis found no difference in neonatal death according to 

BMI(42), several other meta-analyses have found increased risk of neonatal 

death with increased BMI(140,141), especially among women with the highest 

class of obesity (BMI 40kg/m²)(4,43). A further study estimated that 11% of all 

neonatal deaths within their cohort of 1,857,822 births could be attributed to 

maternal overweight or obesity prior to pregnancy(142). Systematic reviews have 

also shown increased risks of infant death in women with overweight(141) or 

obesity(141,143) compared to women with a BMI in the recommended range.  

 

2.2.3.3 Neonatal morbidity 

The Apgar score is commonly used to assess the condition of the newborn; 

through assessment of the neonates Appearance, Pulse, Grimace, Activity and 

Respiration and provides a score from 1 to 10. Other important measures of 

neonatal morbidity include cord blood pH levels which are a measure of fetal 

metabolic condition at birth and requirement for admission to a neonatal 

intensive care unit.  

Maternal overweight and obesity have been associated with increased odds of 

infant Apgar score less than 7 at 1 minute within a meta-analysis of 11 cohort 

studies, with women with BMI 40kg/m² having the highest odds of an infant 

with a low Apgar score(144). Similarly, infants born to a mother with overweight or 

obesity are more likely to have an Apgar score less than 7 at 5 minutes(42,43,144) 

compared to women with a BMI in the recommended range, with the odds again 

being highest for those with class III obesity(43,144). Even when compared to 

women with a lower class of obesity, either class I obesity or class I and class II 

obesity combined, women with a BMI 40kg/m² were at increased risk of having 

an infant with a 5 minute Apgar score of 7(4). While one meta-analysis found 

no association between maternal BMI and the cord pH of the neonate(144), a 

separate meta-analysis showed the risk of umbilical cord pH less than 7.1 was 

higher among women with a BMI 40kg/m² than for women with class I obesity 

(RR 11.96, 95% CI 5.57-25.66) or class I and class II obesity combined (RR 
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8.87, 95% CI 4.99-15.76), although this outcome was only reported in one 

included study(4). High leptin levels in blood from the umbilical cord vein have 

been associated with lower Apgar scores(145). Newborn infants of women with 

obesity have higher concentrations of leptin in the umbilical cord blood(48). While 

this may be one explanation of the lower Apgar scores for infants of women with 

obesity, the longer length of labour with increasing BMI may also impact 

neonatal condition at birth. 

Meta-analyses show the risk of an infant being admitted to neonatal intensive 

care increases in women with obesity compared to women with a BMI in the 

recommended range(42,43,129), with infants of women with a BMI 40kg/m² at the 

highest risk(43). Even when compared to other women with class I obesity or 

class I and class II obesity combined, women with a BMI 40kg/m² continue to 

have an increased risk of their infant requiring neonatal unit admission(4). The 

association was similar when using central adiposity as a predictor of adverse 

pregnancy outcome rather than BMI, with every 5mm increase in abdominal 

subcutaneous fat thickness linked to a 14% increase in the odds of special care 

or neonatal intensive care admission(66). The increased risk of being admitted to 

neonatal intensive care for infants of women with obesity is likely to be 

mediated by the increased risk of GDM, pre-eclampsia, preterm birth and low 

Apgar score associated with maternal obesity.  

Other aspects of neonatal morbidity have also been studied. Compared to 

women with a BMI in the recommended range infants of women with overweight 

or obesity are at increased risk of early postnatal infection(43), neonatal 

sepsis(64), birth trauma, hypoglycaemia, and respiratory distress(43); with the 

highest risk for each morbidity noted in those with a BMI 40kg/m². Even when 

compared to women with class I obesity or class I and class II obesity 

combined, infants born to women with a BMI 40kg/m² are at increased risk of 

birth trauma(4). 

 

2.2.3.4 Congenital malformations 

Many studies have explored the impact of maternal obesity on congenital 

malformations which are discussed below.  
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Numerous meta-analyses of observational studies have shown increased 

congenital heart defects in the offspring of women with overweight(146-148) or 

obesity during pregnancy(146-150) compared to women with a BMI in the 

recommended range. The odds of congenital heart defects progressively 

increase with increasing maternal BMI(146,148,149). The association between 

congenital heart defects and maternal overweight or obesity has been noted 

regardless of whether studies adjusted for maternal age, education or 

smoking(148). The mechanism for increased congenital heart disease is not fully 

understood, however, several factors have been suggested. These include that 

raised maternal BMI is linked to decreased folate and glutathione which may 

compromise fetal development(147) and that women with a raised BMI are at 

increased risk of pre-eclampsia, hypertension in pregnancy(53) and 

GDM(53,147,150) which are all themselves linked to congenital heart defects. 

However, one review explored this further and noted congenital heart defects 

remained associated with maternal obesity even after excluding women with 

diabetes, both pre-existing and gestational(149), suggesting that diabetes is not 

the sole contributor to the increased risk.  

An increased risk of other congenital malformations has also been shown in 

multiple meta-analyses for women with a raised BMI compared to women with a 

BMI in the recommended range. These include increased risk of an infant with 

cerebral palsy(151), congenital abnormalities of the kidneys and urinary tract(152), 

cleft lip, cleft palate(153,154) and talipes(155). Women with obesity are also at 

increased odds of having neural tube defect(156,157). This may partly be 

explained by lower intake of folate within the diet, reduced periconception folic 

acid supplement use(158) and higher folate deficiency(159) among women with 

obesity, and lower serum folate levels even after controlling for dietary and 

supplement intake(158). When considering the risk of any congenital anomaly, a 

cohort study of over 112,000 women found the risk increased with increasing 

maternal BMI(64); however, it was unclear whether increased anomalies were a 

direct result of raised maternal BMI or due to other co-morbidities.  
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2.2.4 Long-term child complications 

2.2.4.1 Obesity 

The impact of the uterine environment on fetal programming through 

epigenetics on outcomes into adult life is increasingly being understood(160,161). 

However, it remains difficult to separate the impact of the in-utero environment 

from the postnatal environment to separate the effects of shared environment 

and genetic factors on child weight(162). While the literature regarding the 

associations between maternal BMI prior to or during pregnancy and long-term 

child outcomes are presented below, it is noted that correlation does not 

necessarily imply causation, with numerous other confounding environmental 

factors also potentially playing a part in long-term child outcomes.  

Multiple meta-analyses have shown that maternal overweight or obesity prior to 

or during pregnancy are associated with increased childhood overweight and 

obesity(127,163-165), despite childhood overweight and obesity being measured at 

different time points from 1 to 18 years. In all reviews, the odds of childhood 

overweight or obesity were progressively higher as maternal BMI increased, 

with one review finding the highest risk in children born to women with a BMI 

40kg/m² across all child age ranges examined(164). The percentage of 

childhood overweight or obesity attributable to maternal pre-pregnant 

overweight or obesity was 21.7% in early childhood (2-5 years), 29.5% in mid 

childhood (5-10 years) and 41.7 % in late childhood (10-18 years)(164). Children 

born to women with overweight or obesity prior to pregnancy also have 

increased body fat percentage, fat mass and fat free mass(166). The role of GDM 

as a mediating factor has been explored in several reviews. One found 

increased childhood obesity with raised maternal BMI remained after adjusting 

for GDM and gestational hypertension(164) and two others found the increased 

risk of childhood overweight and obesity was largely explained by maternal pre-

pregnancy BMI(167,168), with no association between GDM and childhood obesity 

after adjusting for maternal BMI(168). Furthermore, a review of eight models that 

explored the risk factors for childhood overweight or obesity, found that 

maternal BMI was the most common risk factor within the models, alongside 

birthweight and gender (all present in 7 out of the 8 models)(169).  
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Some studies have focussed on parental obesity, not just maternal obesity. 

These showed adverse child cardio-metabolic profiles were associated with 

both maternal and paternal BMI(170). The risk of parental obesity (either the 

mother or the father) on childhood obesity has been found to be different for 

different socio-economic groups, with an association among those of low socio-

economic status, but not those with high socio-economic status(171). The lack of 

a stronger association with maternal BMI than paternal BMI suggests that child 

adiposity is more related to genetics and familial environment than to intra-

uterine environment(170). DNA methylation is the mechanism by which genes 

can be turned on or off(172). A systematic review exploring the impact of parental 

nutrition on offspring epigenetics, found methylation across the genome was 

significantly different in children born to mothers with overweight, obesity and 

also with malnutrition(173). In particular, offspring born to either mothers or 

fathers with obesity had changes at methylation sites near to genes involved or 

suspected to be involved in growth and adiposity compared to offspring born to 

parents with a BMI in the recommended range(173). Additionally, differences in 

DNA methylation in the placenta has been noted in women with obesity with 

many of these differences in methylation noted in regions close to obesity 

related genes(174).  

Girls born to mothers with pre-pregnancy overweight or obesity have been 

found to have earlier onset of puberty than those born to mothers with a BMI in 

the recommended range, with this effect continuing when adjusting for maternal 

age at menarche(175). Girls born to a mother with pre-pregnancy overweight or 

obesity on average reached pubertal milestones 3 months earlier(175). It was 

recognised that the increased rates of childhood obesity among the offspring of 

women with overweight or obesity may be one of the mediating factors for 

earlier pubertal timing(175).  

 

2.2.4.2 Diabetes 

Compared to children of mothers with a BMI in the recommended range, 

offspring of women with either overweight or obesity during pregnancy have an 

increased risk of type 2 diabetes, even after adjusting for numerous potential 

confounders including maternal history of diabetes or hypertension, maternal 

age at birth, parity and socio-economic status(176). The exact mechanisms 
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linking maternal obesity and offspring type 2 diabetes are only partially 

understood. However, infants exposed to maternal hypertension in pregnancy 

are at increased risk of type 2 diabetes in adulthood(177), which is of importance 

given that raised maternal BMI is associated with increased risk of gestational 

hypertension and pre-eclampsia(38). Additionally, it is suggested that the higher 

circulating glucose levels, as well as the complex neuroendocrine and 

inflammatory changes seen during pregnancy in women with obesity may 

programme adverse fetal outcomes(176). Maternal obesity is also known to 

influence DNA methylation which may lead to earlier onset of type 2 diabetes in 

the offspring(176). However, environmental factors such as neonatal and infant 

overnutrition may also contribute to higher rates of diabetes in the infant(176). 

Results for the risk of type 1 diabetes in the offspring of women with overweight 

or obesity during pregnancy are less consistent. While one study did not find an 

association(176), others with higher numbers of cases of type 1 diabetes, have 

found increased childhood type 1 diabetes in children of women who were 

either overweight or obesity prior to pregnancy compared to women with a BMI 

in the recommended range(178,179). A separate meta-analysis of 6 studies has 

also shown an increased risk of type 1 diabetes in infants of high birthweight, 

compared to those of normal birthweight(179), with high birthweight being seen 

more frequently in women with obesity(38). 

 

2.2.4.3 Hypertension 

For each 5kg/m² increase in maternal pre-pregnancy BMI an increase of 

1.9mmHg in offspring systolic blood pressure and 0.5mmHg increase in 

diastolic blood pressure has been noted(180). However, a further review that 

examined the impact of maternal BMI on offspring blood pressure, noted 

inconsistent results in the two ‘good’ quality included studies that adequately 

accounted for confounders(181). 

 

2.2.4.4 Neuro development 

Children born to mothers with pre-pregnancy obesity have been shown to have 

lower neuro-cognitive development(182-184), as well as poorer cognitive and gross 

motor function(185). The current evidence is however limited for attributing 
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causality, due to the unknown impact of residual confounding effects(185). More 

research is required to better understand whether physiological, epigenetic or 

other factors such as increased risk of GDM, pre-eclampsia, preterm birth or 

Caesarean birth mediate the relationship between maternal obesity and child 

neuro-cognitive development(182).  

Numerous systematic reviews have found increased rates of attention deficit 

hyperactivity disorder (ADHD) in children of women with pre-pregnancy 

overweight or obesity compared to women with a BMI in the recommended 

range(183,184,186,187), with women with class III obesity having the highest risk of 

offspring with ADHD (RR 2.87, 95% CI 2.50-3.31)(187). One review undertook 

sensitivity analyses which showed the increased risk of ADHD with maternal 

overweight or obesity continued whether undertaking the meta-analysis with 

adjusted or unadjusted odds ratios, whether the included studies had used 

retrospective or prospective study designs and whatever the quality of the 

included studies – high, medium or low(183). However, a different review felt that 

the association could be due to unmeasured familial confounding rather than 

due to a direct causal link of maternal BMI, as the association was no longer 

evident once looking only at full siblings or at full cousins(187).  

Autism spectrum disorders have also been extensively studied with numerous 

reviews finding an association between maternal overweight(188) and maternal 

obesity with increased odds of autism in the offspring(183,184,188,189). The risk of 

autism was increased regardless of whether maternal BMI was measured prior 

to pregnancy or in the first trimester(188). A further cohort study of 81,892 

mother-infant pairs published after the above systematic reviews, also found an 

increased risk of autism for infants born to mothers with pre-pregnancy obesity 

compared to women with a BMI in the recommended range(190). An additional 

review of 21 studies covering almost 6.5 million participants found infants born 

to mothers who experienced pre-eclampsia during pregnancy were at higher 

risk of autism as were infants of women experiencing gestational hypertension 

(OR 1.37, 95% CI 1.21-1.54)(191). This is of note given the above association 

observed between maternal BMI, gestational hypertension and pre-

eclampsia(38).  
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2.2.4.5 Atopic diseases 

Increased odds of asthma and/or wheeze in infants of women with overweight 

or obesity during pregnancy was observed in a systematic review of 

observational studies(192). The odds increased with increasing maternal BMI, 

with each 1kg/m² increase in BMI increasing childhood asthma or wheeze (OR 

1.03, 95% CI 1.02-1.03)(192). In contrast atopic dermatitis is higher among 

children of mothers with pre-pregnancy underweight (OR 1.06, 95% CI 1.02-

1.10) and lower with pre-pregnancy overweight (OR 0.91, 95% CI 0.88-0.94) 

and obesity (OR 0.87, 95% CI 0.85-0.90)(193).  

 

2.2.4.6 Cancer 

A review that looked at childhood cancer found no difference in overall risk of 

cancer between women with overweight or obesity compared to women with a 

BMI in the recommended range(194). When looking at specific types of cancer 

the review suggested increased childhood leukaemia with maternal overweight 

or obesity(194). Another review similarly found that every 5kg/m² increase in 

maternal BMI, as well as maternal diabetes, were associated with increased 

leukaemia in the offspring, but decreased risk of central nervous system 

tumours(195).  

 

2.2.5 Costs of maternal obesity to the national health service 

In addition to the above health risks, these complications can lead to higher 

rates of hospital admission, a requirement for more interventions and a longer 

length of hospital stay, with significant cost implications and demands on health 

service resource utilisation(196,197). Some studies have looked in detail at the 

increased cost of maternity care for women with overweight or obesity in 

comparison to women with a BMI in the recommended range. A Welsh cohort 

found each woman with overweight cost £698 more and each woman with 

obesity £1172 more(196). A Scottish cohort, which adjusted for 

sociodemographic factors, calculated slightly lower increased maternity related 

costs associated with raised BMI, being £150 for women with overweight, £399 

for women with class I and class II obesity and £755 for women with a BMI 

40kg/m² (198). From the Welsh cohort the total additional costs of maternal 
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obesity to the National Health Service (NHS) across the UK per year were 

calculated to be between £105-£286 million(199). Studies have also looked at 

healthcare usage among children born to women with obesity during pregnancy 

compared to children of women with a BMI in the recommended range. Children 

born to mothers with obesity during pregnancy have a greater number and 

duration of inpatient visits and increased general practitioner visits in the first 

year(200), as well as increased physician visits (10%), hospital admissions (16%) 

and number of days spent in hospital (10%) up to 18 years old(201). The 

additional healthcare related costs for infants born to women with obesity were 

estimated to be £1138 within the first year of life(200) and approximately £218 

higher physician visits costs and £856 hospital costs across the first 18 years of 

life(201).  

 

2.3 Gestational weight gain during pregnancy 

2.3.1 Guidance 

In the United States of America (USA), the Institute of Medicine (IOM) have 

developed weight gain guidance for singleton pregnancies in accordance with 

pre-pregnant BMI(202). These are shown in Table 2.2. To develop these IOM 

GWG guidelines, the researchers focussed on both maternal and infant health, 

as well as short- and long-term outcomes.  

Some have however suggested lower weight gains than currently 

recommended by IOM guidelines or even a small weight loss may be safe for 

women with obesity and so have called for tighter recommendations(20,203-205). 

One study assessing the risk of individual adverse outcomes according to GWG 

among women with different pre-pregnancy BMIs, showed that women with a 

BMI from 30-34.9kg/m² had lower odds of gestational hypertension with a 

gestational weight loss or a weight gain below 5kg compared to women with a 

weight gain within IOM recommendations(203). Women with a BMI from 35-

39.9kg/m² had lower odds of Caesarean birth with a gestational weight loss or a 

weight gain below 5kg compared to women with a weight gain within IOM 

recommendations(203). All women with obesity had lower odds of macrosomia 

with a weight loss of 5kg or more, and women with a BMI 40kg/m² also had 

lower odds of macrosomia with a gestational weight loss of up to 5kg(203). The 
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same review also looked at the safety of weight loss on the risk of SGA and 

found that weight loss was not associated with low birthweight or SGA for 

women with obesity prior to pregnancy(203). Others have looked for the optimal 

GWG range to minimise the risk of multiple adverse outcomes. For example, 

Oken et al. (2009)(204) found a weight loss of 7.6kg during pregnancy for women 

with obesity was associated with the lowest predicted prevalence of 5 adverse 

outcomes; preterm birth, LGA, SGA, weight retention and childhood obesity. 

 

Table 2.2. Body mass index and gestational weight gain classifications 

 

International 
BMI 

classification 
(in kg/m²)(13) 

IOM 
recommended 

GWG (in 
kg)(202) 

Voerman et al., 
(2019)(20) 

recommendations 
(in kg) 

Underweight <18.5 12.5-18 14-15.9 

Recommended 
BMI 18.5–24.9 11.5-16 10-17.9 

Overweight 25.0–29.9 7-11.5 2.0-15.9 

Obesity grade 1  30.0-34.9 

5-9 

2-5.9 

Obesity grade 2  35.0-39.9 Weight loss of 1kg 
or a gain of 0-3.9 

Obesity grade 3 40 0-5.9 
IOM = Institute of Medicine  
 

Within a further cohort of 337,590 women the GWG associated with the lowest 

incidence of both LGA and SGA was 8kg for women with overweight, 0kg for 

women with class I obesity, -4kg for women with class II obesity and -5kg for 

women with class III obesity(205). A final study by Voerman et al., (2019) used 

individual participant analysis from 25 European and North American cohort 

studies(20). The presence of one or more adverse outcomes out of pre-

eclampsia, gestational hypertension, GDM, Caesarean birth, preterm birth and 

SGA or LGA was used to estimate the optimal GWG for different BMI 

categories and are presented in Table 2.2(20). However, they felt the magnitude 

of weight gain was only weakly associated with the adverse outcomes so had 

poor predictive value(20).  
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The call for tighter recommendations for women with obesity is not however 

unchallenged within the literature. A systematic review of 6 cohort studies of 

weight loss in pregnancy in women with obesity found that compared to women 

with GWG within IOM recommendations, weight loss during pregnancy was 

associated with decreased odds of LGA and Caesarean birth, but increased 

odds of SGA, although this relationship with SGA became less pronounced as 

class of maternal obesity increased(206). Across all classes of obesity, 

multivariate analysis showed no significant difference between those who 

experienced weight loss during pregnancy and those who gained within IOM 

recommendations for other outcomes such as shoulder dystocia, pre-

eclampsia, GDM, induction of labour and neonatal intensive care admission(206). 

The same authors also looked at GWG below recommendations among women 

with obesity(207). When pooling the odds ratios across the 18 included studies, 

compared to women with obesity who gained weight within IOM 

recommendations, weight gain below IOM recommendations (<5kg) was 

associated with increased odds of preterm birth (aOR 1.46, 95% CI 1.07-2.00) 

and SGA (aOR 1.24, 95% CI 1.13-1.36), but decreased odds of LGA (aOR 

0.77, 95% CI 0.73-0.81) as well as macrosomia (aOR 0.64, 95% CI 0.54-0.77), 

gestational hypertension (aOR 0.70, 95% CI 0.53-0.93), pre-eclampsia (aOR, 

0.90, 95% CI 0.82-0.99) and Caesarean birth (aOR 0.87, 95% CI 0.82-0.92)(207). 

The decreased odds of LGA and increased odds of SGA were similar across all 

classes of obesity. No effect was noted on the odds of neonatal intensive care 

admission, shoulder dystocia, induction of labour, GDM or infant Apgar 

scores(207). They therefore suggested that weight gain below recommendations 

or weight loss in women with obesity should not routinely be recommended 

during pregnancy as SGA is a key predictor of neonatal morbidity(206,207). 

However, these reviews(206,207) looked at risk factors individually, rather than 

calculating the weight gain that would minimising the risk of multiple adverse 

outcomes as undertaken within many of the studies that have called for tighter 

restrictions. 

The evidence presented highlights that the ideal weight management during 

pregnancy for women with obesity is still to be fully determined. The need to 

consider stratifying GWG recommendations according to class of obesity has 

also been raised(203). Given continued uncertainty over the ideal gestational 
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weight gain for women with a BMI 40kg/m², within this programme of research 

the internationally recognised IOM guidance has been followed.  

 

2.3.1.1 Adherence to GWG recommendations 

A global meta-analysis of 63 studies found that 27.8% of women across the 

globe gained above IOM recommendations and 39.4% gained below 

recommendations(208). The highest rates of GWG above recommendations were 

noted in North America at 50.6% and the lowest in Asia at 20.2%(208). Overall 

GWG decreases with increasing BMI, however due to the tighter GWG 

recommendations for women with obesity there is a higher proportion of women 

with obesity who gain weight above IOM recommendations compared to women 

with a BMI in the recommended range(2). A recent individual participant analysis 

found that 19.1% of women with a BMI in the recommended range had a weight 

gain above IOM recommendations compared to 44.5% of women with 

obesity(209). Other previous studies have also noted high proportions of women 

with obesity to gain weight above IOM recommendations during pregnancy 

including 60%(210) to 68%(211) in Canadian cohorts and 55%(212) to 84.6% in USA 

cohorts(213). Most studies do not differentiate excessive GWG according to the 

different classes of obesity, however one cohort of women in the USA only 

included women with a BMI 40kg/m² and found 45.8% exceeded IOM 

recommendations(5). While the applicability of the USA study to the UK context 

is not fully known, an individual participant data analysis of women of all BMI 

categories from 33 cohorts across Europe, North America and Oceania found 

similar patterns of GWG across the different countries /continents(214). Given the 

rise in excessive GWG with raising BMI, it is unsurprising research has found 

the factor most strongly related to excessive GWG is pre-pregnancy maternal 

BMI(215).  

 

2.3.2 Other maternal characteristics associated with GWG 

The interaction between GWG and maternal characteristics other than obesity 

have been considered in numerous studies. These factors are discussed below.  

One review felt the role of parity on GWG was unclear, with both positive and 

negative relationships noted within the 32 included studies providing data(216). 
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Fourteen studies found primiparous women had higher GWG, 9 studies 

reported multiparous women gained more weight and 10 studies found no 

association between parity and weight gain(216). In particular, a meta-analysis of 

the 16 studies that accounted for pre-pregnancy BMI found no significant 

difference according to parity(216).  

A systematic review including 680,613 women, showed women with low 

education attainment were more likely to have a GWG outside of IOM 

recommendations(217). Within that review income status of the household or 

family, social class and socioeconomic status were not associated with 

adherence to IOM guidelines(217). However, a recent review has shown 

increased risk of both excessive GWG (OR 1.27, 95% CI 1.05-1.54) and 

inadequate GWG (OR 1.49, 5% CI 1.26-1.76) with food insecurity(218). When 

considering income level of the country in which the original study was 

undertaken, food insecurity remained associated with inadequate GWG in both 

high income and low or middle income countries, but the association with 

excessive GWG was only significant in low or middle income countries(218). 

Other previous studies and reviews assessing predictors of GWG have also 

demonstrated a correlation between GWG and maternal age(219-222), maternal 

height(219,220) and maternal smoking status(219), although they did not always 

remain significant once adjusting for other factors. However, in all previous 

studies women with a BMI 40kg/m² were a small minority of the total sample. 

One review, incorporating 12 studies, looked at psychosocial risk factors and 

found that depression, body image dissatisfaction and perceived lack of social 

support were associated with excessive GWG among women at low risk of 

mental health issues and with a normal pregnancy(223). A separate review of 35 

studies however did not find that depression was related to excess GWG, 

except in one included study in adolescents(224). Several reviews have found no 

relationship between excessive GWG and anxiety(223,224), stress(223,224), self-

efficacy or self-esteem(223). Other factors associated with excess GWG include 

concerns about weight gain, negative body image, negative attitude towards 

weight gain, inaccurate perceptions of their body weight, having a higher than 

recommended target weight gain, less knowledge about weight gain and 

perceived barriers to healthy eating(224). In contrast protective factors against 
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excessive GWG included lower than recommended target weight gain, internal 

locus of control for weight gain and high self-efficacy for healthy eating(224).  

 

2.3.3 Maternal outcomes 

As well as the complications associated with obesity during pregnancy, due to 

their higher rates of excessive GWG women with obesity are also at risk of the 

multiple adverse effects associated with excessive GWG. The adverse 

outcomes associated with weight gain above IOM recommendations for the 

mother and the infant are therefore considered below. Consideration has also 

been given to the adverse outcomes from weight gain below IOM 

recommendations, to highlight the requirement for appropriate GWG.  

 

2.3.3.1 Gestational hypertension and pre-eclampsia 

Compared to GWG within IOM recommendations a systematic review has 

shown higher odds of hypertensive disorders in pregnancy, pre-eclampsia and 

gestational hypertension with excessive GWG(225). When looking exclusively at 

women with maternal overweight or obesity, excessive GWG remained 

associated with increased odds of any hypertensive disorder in pregnancy(225). 

Within the included studies weight gain associated with oedema and other 

factors was not separated. As oedema is more likely in pregnancies that are 

complicated by pre-eclampsia, it is not clear whether excessive weight gain is a 

cause or a consequence of pre-eclampsia(225). However, oedema is less likely in 

women with gestational hypertension as this is not characterised by the 

presence of proteinuria, therefore the link between weight gain and 

hypertension is more likely to be related to increased adiposity(225). In contrast, 

women with inadequate GWG had lower odds of pre-eclampsia, with this 

association noted across all classes of obesity(226).  

 

2.3.3.2 Gestational diabetes 

To determine the impact of GWG on GDM, weight gain after the first trimester 

requires adequate adjustment(227), as GDM is diagnosed prior to GWG in latter 

pregnancy. When looking at excessive GWG prior to GDM screening, one 
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meta-analysis of eight studies found that risk of GDM increased in women of all 

BMI categories with excessive GWG compared to those without(228). This 

association remained significant within the four studies that adjusted for 

confounding factors such as previous GDM, maternal age, smoking, ethnicity, 

BMI and parity(228). A separate study that explored the classes of obesity 

separately, found that every standard deviation increase in weight gain in the 

first trimester was associated with increased odds of GDM for women with class 

I obesity and class II obesity, but no such association was shown for women 

with class III obesity(227). The authors hypothesised this may be due to the 

higher levels of insulin resistance already present in women with class III 

obesity at the start of pregnancy(227). When looking independently at second 

trimester weight gain, no association was found with GDM for women of any 

BMI(227). 

 

2.3.3.3 Preterm birth  

A few reviews have found no differences in the odds of preterm birth with GWG 

below IOM recommendations compared to within recommendations, including 

in one review exclusively looking at women with obesity(229) and a further review 

that considered all three classes of obesity separately(226). However, the 

evidence generally supports that GWG below IOM recommendations is 

associated with increased risk of preterm birth; including in an individual 

participant meta-analysis of 265,270 births across multiple continents(38), a 

further individual participant data meta-analysis(209), a systematic review of over 

one million women(6) and a case-control study across 20 centres in Brazil(61). 

Within the individual participant meta-analyses confounding factors adjusted for 

included smoking(38,209), maternal age, education level, parity and infant 

gender(38) and within the systematic review all studies included for the preterm 

birth outcome were judged by review authors to have at least partially adjusted 

for confounders(6). When considering the effect across different BMI categories 

inconsistencies were however seen, with some noting a significant impact of 

low GWG on preterm birth across all BMI categories, but with the greatest effect 

among women with underweight(6); while others only found a significant 

association in women with obesity(209). However, it should be noted that when 

birth is preterm there has been less time in which to gain pregnancy weight, 
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which may complicate the interpretation of the association between GWG below 

recommendations and preterm birth(61).  

For weight gain above IOM recommendations compared to within IOM 

recommendations, the evidence is conflicting. One systematic review found 

decreased risk of preterm birth with excessive GWG(6), with the decrease being 

significant for women with a BMI in the recommended range, overweight or 

obesity. Two further studies, an individual participant data meta-analysis and a 

review, found no difference in the odds of preterm birth with GWG above IOM 

recommendations(209,229). In contrast an individual participant meta-analysis(38) 

and a case-control study across 20 centres in Brazil(61) found increased risk of 

preterm birth with excessive GWG. Provider initiated preterm birth and 

prelabour preterm rupture of the membranes particularly increased with 

excessive GWG irrespective of initial BMI, while spontaneous preterm birth only 

increased with excessive GWG in women with overweight or obesity(61). A 

systematic review that exclusively looked at women with obesity, also found 

medically indicated preterm birth was increased in women with obesity with 

GWG over IOM recommendations, however heterogeneity between studies was 

high(229).  

 

2.3.3.4 Mode of birth 

Weight gain below IOM recommendations compared to GWG within 

recommendations was found in one systematic review, which incorporated over 

one million women, to make no difference in the odds of Caesarean birth (OR 

0.98, 95% CI 0.96-1.02)(6). However, three other reviews which conducted 

analyses separately according to class of obesity showed that the risk of 

Caesarean birth decreased with GWG below IOM recommendations in women 

from all classes of obesity(226,230,231).  

Weight gain above IOM recommendations compared to GWG within IOM 

recommendations has been associated with increased odds of caesarean birth 

within systematic reviews(6,231) and an individual participant data meta-

analysis(209). When splitting women with excessive GWG into quartiles, the odds 

of Caesarean birth were particularly increased in women with the highest weight 

gains above IOM recommendations(209). While the reviews found excessive 
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GWG increased the odds of Caesarean birth consistently across all BMI 

categories(6) and all classes of obesity(231), the individual participant data meta-

analysis only showed a significant effect among women with overweight or 

obesity, not for women with a BMI in the recommended range(209). A further 

review that conducted analysis according to class of obesity, showed that 

women with class I obesity had the greatest risk of Caesarean birth with 

increased GWG(230). GWG above recommendations has also been associated 

with increased risk of instrumental birth across all classes of obesity(231). It has 

been suggested that similarly to maternal obesity, excessive GWG changes 

placental function and causes insulin resistance resulting in hormone changes 

and increased risk of Caesarean birth(6). Additionally, it is possible that excess 

abdominal and pelvic adipose tissue may distort the birth canal and prevent 

effective descent of the fetal head and prolong the first and second stage of 

labour necessitating a medically assisted birth(231). Excessive GWG may also 

increase adipose deposits within the myometrium leading to impaired uterine 

function, prolonged labour and more requirement for assisted birth(232). Finally, 

excessive GWG is also associated with increased birthweight, which itself is 

associated with increased risk of adverse birth outcomes(232).  

 

2.3.3.5 Induction 

Within a Swedish cohort of 174,953 women with a singleton live birth, excessive 

GWG was associated with increased risk of induction of labour in women with a 

BMI in the recommended range, overweight or obesity(232). This study adjusted 

for maternal age, height, parity, early pregnancy BMI, smoking, marital status, 

chronic hypertension and pre-pregnancy diabetes(232).  

 

2.3.3.6 Breastfeeding 

Excessive GWG has been associated in a meta-analysis with decreased 

initiation of breastfeeding(80). The risk of cessation of any breastfeeding was 

also increased with excessive GWG in women with pre-pregnancy overweight 

or obesity compared to women with a BMI in the recommended range and 

GWG within recommendations(80). Inadequate GWG similarly reduced 

breastfeeding initiation and increased exclusive breastfeeding cessation(80). 
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However, most of the included studies did not adjust for confounding factors 

making it difficult to rule out interacting influences on GWG and breastfeeding 

such as socio-economic status and education. There are several possible 

explanations for the association between GWG and breastfeeding including that 

the excessive adipose tissue laid down with excessive GWG acts as a reservoir 

of progesterone which inhibits lactogenesis(80). Additionally, excessive GWG is 

associated with increased rates of Caesarean birth which itself is linked to 

poorer breastfeeding outcomes(80). Women with body image concerns have also 

been shown to be less likely to breastfeed for 6 months(233,234) and more likely to 

report stopping breastfeeding due to embarrassment or concerns about feeding 

the infant in public(233). Given that women with higher weight retention at 6 

months postpartum have higher body image concerns during pregnancy, as 

well as shorter breastfeeding durations(233) and that women with excessive 

GWG are more likely to have higher weight retention in the postpartum 

period(215), it is likely that body image concerns at least partially explains the link 

between excessive GWG and shorter breastfeeding duration(233).  

 

2.3.3.7 Maternal mental health 

A systematic review looking at maternal anxiety concluded that too few studies 

explored anxiety in early pregnancy in relation to subsequent excessive GWG 

or postpartum weight retention to draw conclusions about any associations(101). 

A more recent cohort study has shown no associated between generalised 

anxiety in the first trimester and subsequent GWG, although anxiety in the 

second trimester has been associated with lower GWG which suggests a 

complex association between mental health and GWG(235).  

A systematic review of 16 studies found increased odds of postnatal depression 

among women with both inadequate GWG (OR 1.14, 95% CI 1.08-1.20) and 

excessive GWG (OR 1.31, 95% CI 1.06-1.61) compared to women with a GWG 

in the recommended range(236).  

 

2.3.3.8 Placental abruption 

A systematic review examining the association between GWG and placental 

abruption only found two relevant studies(70). Both studies found GWG below 
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IOM recommendations was associated with increased likelihood of placental 

abruption. The risks associated with GWG above IOM recommendations were 

different between the two studies; with one cohort in the USA finding the odds 

of placental abruption decreased with excessive GWG and the other study from 

Taiwan finding no significant association(70). Multiple confounders were adjusted 

within the original studies including maternal age, smoking status, parity, BMI 

and pregnancy related complications(237,238). It has been hypothesised that 

abruption may be related to nutritional insufficiency which contributes to poor 

development of the placenta and hence increased likelihood of abruption(70).  

 

2.3.4 Long-term maternal outcomes 

The main long-term maternal outcome from excessive GWG noted within the 

literature was weight retention. Excessive GWG has been linked to increased 

risk of maternal overweight or obesity postpartum(215,239). One meta-analysis 

showed excessive GWG had a long-term impact, with women with excessive 

GWGs retaining 4.72kg more than women with a recommended GWG more 

than 15 years later(240). As the postpartum period from one pregnancy becomes 

the preconception period for any subsequent pregnancies, this postpartum 

weight retention causes the woman to start any subsequent pregnancies with a 

higher BMI than the previous one(241). The repetitive cycle throughout the 

childbearing course is thought to lead to increased BMI in women of 

childbearing age(241). GWG if not lost prior to any subsequent pregnancy, will 

therefore influence future pregnancy outcomes(242), due to the far-ranging 

impact of overweight and obesity during pregnancy as discussed above. A 

cohort study exploring weight retention between pregnancies demonstrated that 

women who gained 4 or more BMI units between pregnancies compared to 

women who remained within one unit of their original BMI, had an increased risk 

of stillbirth and infant mortality in the subsequent pregnancy(243). Systematic 

reviews have also shown an association between an increase in BMI between 

pregnancies and decreased odds of SGA(244) and increased odds of LGA(244,245), 

GDM(244,245), Caesarean birth(244), pre-eclampsia and pregnancy induced 

hypertension(245) and a trend towards increased macrosomia(244). The increased 

odds of LGA, GDM and pregnancy induced hypertension were particularly 

pronounced in women with a BMI in the recommended range during their first 
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pregnancy, but the effect was noted across all women(244,245). The same reviews 

found that a reduction in BMI by 1kg/m² between pregnancies increased the 

odds of SGA(244,245) and preterm birth(245) and decreased LGA(244) but had no 

impact on the odds of Caesarean birth(244). The impact of a reduction of BMI 

between pregnancies was again more pronounced in women with a BMI in the 

recommended range at the start of their first pregnancy. 

 

2.3.5 Neonatal outcomes 

2.3.5.1 Fetal size 

Both inadequate and excessive GWG impact upon fetal size.  

Multiple meta-analyses have shown that inadequate compared to 

recommended GWG increases the odds of SGA(6,38,226,246,247) and decreases 

the odds of LGA and macrosomia(6,226). This effect was consistent across all 

BMI categories(6), as well as across all classes of obesity(6,246,247) except in one 

review that found that after adjusting for covariates inadequate GWG was not 

associated with SGA for any class of obesity(226). One review found increased 

odds of SGA and decreased odds of LGA with weight gain below IOM 

recommendations was consistent across the continents of USA, Europe and 

Asia, including when regional BMI categories were applied to GWG 

recommendations(248). However, a more recent systematic review of GWG 

exclusively in women with obesity only found increased risk of SGA with 

inadequate GWG in USA and Europe, but not in Asia although only two studies 

were included within the latter subgroup(247).  

Within numerous meta-analyses, GWG above recommendations has the 

opposite effect to inadequate GWG. Compared to recommended GWG, 

excessive GWG lowers the odds of SGA(6,38,209,230) and increases the odds of 

LGA(6,38,209) and macrosomia(6). Reduced odds of SGA was consistent across all 

BMI categories in one systematic review that included 23 studies incorporating 

over one million women(6), but was only significant in women with overweight 

within a separate individual participant data analysis(209). When considering the 

different classes of obesity, one review noted SGA to decrease with increasing 

GWG across all obesity classes, although the reduction was most notable in 

women with class I obesity(230) and a different review only noted a significant 
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effect of excessive GWG on SGA in women with class I or class II obesity(6). 

The effect of excessive GWG on LGA is however consistent across all BMI 

categories(6,209), as well as all classes of obesity(6,230). For women with class I 

obesity the risk of LGA was only >10% with GWG above IOM 

recommendations, for women with class II obesity the risk of LGA was 

consistently >10% even in women who gained weight within the IOM 

recommendations and for women with class III obesity LGA was >10% unless 

there was no weight gain or a weight loss(230). Within the review that explored 

fetal weight outcomes according to continent, decreased odds of SGA and 

increased odds of LGA with GWG above IOM recommendations remained 

consistent across continents, even when regional BMI categories were applied 

to GWG recommendations(248). A further review split GWG above IOM 

recommendations into quartiles and found that LGA was particularly increased 

in women with the highest GWG(209). A cohort study that exclusively recruited 

1,263 women with GDM, still found that excessive GWG was associated with 

increased odds of LGA and macrosomia compared to GWG in the 

recommended range(133). It has been estimated within one individual participant 

meta-analysis that 31.6% of all LGA infants are attributable to maternal 

excessive GWG(38). 

It is suggested that excessive GWG leads to increased maternal concentrations 

of glucose, amino acids and fatty acids leading to increased transfer of nutrients 

to the fetus(38). This increases synthesis of insulin and insulin-like growth factors 

within the fetus both of which promote fetal growth and therefore increase fetal 

size at birth, resulting in LGA and macrosomia(38). In contrast, lack of maternal 

nutrition associated with inadequate GWG results in lower concentrations of 

glucose to the fetus which prevent normal growth and development(247). 

 

2.3.5.2 Mortality 

Numerous population-based cohort studies have recently been undertaken to 

explore the association between GWG and perinatal and infant mortality.  

A retrospective cohort study of 2,230,310 births found inadequate GWG or 

weight loss was associated with increased risk of stillbirth for all BMI classes 

except for women with class III obesity(249). A further cohort of 722,839 women 
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with a singleton pregnancy also found inadequate GWG was associated with 

increased odds of perinatal mortality (stillbirth and neonatal mortality) and 

severe neonatal morbidity across women of all pre-pregnancy BMI categories, 

after adjusting for numerous confounders including: congenital abnormalities, 

maternal age, maternal education, marital status, ethnicity, parity, smoking, fetal 

gender(250). Inadequate GWG compared to GWG in the recommended range 

has also been associated with higher risk of neonatal mortality (death within the 

first 28 days) and infant mortality (death within the first year) within a final cohort 

of 8,656,791 live births, although once adjusting for multiple confounders the 

effect was only seen in women with a BMI in the recommended range(251). While 

the exact mechanism for the influence of inadequate GWG on stillbirth is 

unclear, it is likely that inadequate GWG, especially in women of lower BMI, is 

linked to undernutrition and may also be associated with other medical 

complications such as hyperemesis gravidarum, malabsorption, and 

undiagnosed or untreated hyperthyroidism all of which could increase the risk of 

stillbirth(249). Undernutrition is also more likely among women from areas of high 

socioeconomic deprivation which itself is linked to increased rates of 

stillbirth(249).  

Evidence of the impact of excessive GWG compared to recommended GWG is 

less clear. In one cohort study excessive GWG was associated with increased 

risk of stillbirth after 28 weeks gestation in women with obesity or severe 

obesity(249). However, in other cohort studies a reduction in the odds of perinatal 

mortality(250) and neonatal mortality(251) were noted for women with obesity prior 

to pregnancy, although excessive GWG was linked to increased odds of 

perinatal mortality for women with a pre-pregnancy BMI in the recommended 

range(250). Any association between excessive GWG and stillbirth is likely due to 

different physiological processes than the link with inadequate GWG(249). 

Excessive GWG is associated with increased levels of inflammatory markers in 

the blood, with this inflammation most likely to be the link between excessive 

GWG and stillbirth(249).  
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2.3.6 Long-term child outcomes 

2.3.6.1 Obesity 

Multiple meta-analyses have explored the impact of GWG on childhood weight. 

While overlapping in date, these meta-analyses all included at least one study 

that was not included in other meta-analyses.  

The effect of excessive GWG compared to GWG in the recommended range 

was inconsistent in one review, with 6 of the 8 included studies reporting a 

statistically significant increase in child body weight outcomes(252). All other 

reviews however showed a link between excessive GWG and higher risk of 

childhood obesity at all stages of childhood, from less than 5 years to over 18 

years old(164,253). When classifying child weight into BMI categories, all studies 

agreed that the risk of childhood overweight or obesity increased with 

increasing GWG(164,252), regardless of whether total GWG was analysed as a 

continuous or categorical variable(252). A high rate of weight gain in early and 

mid-pregnancy were also particularly associated with later childhood overweight 

or raised BMI z-score(252). However, as noted above when considering the 

impact of maternal obesity on child weight outcomes, there are difficulties in 

controlling for confounders such as familiar characteristics that could increase 

the likelihood of both the mother and the infant having higher weights(252). 

Excessive GWG has also been associated with earlier onset of puberty in 

female offspring, however this may be mediated through the increased 

likelihood of childhood obesity(175). It has been suggested that excess GWG 

could influence the fetus through an increased transfusion of fatty acids across 

the placenta from the mother to the fetus(252). Additionally, excessive maternal 

fat deposits during early pregnancy may reduce maternal insulin sensitivity and 

therefore increase availability of glucose to the fetus(252). It is hypothesised that 

these pathways may alter fat cell development within the fetus, leading to 

permanent changes to the infant’s capacity to form adipose cells(252), as well as 

influencing the infant’s energy metabolism and appetite regulation(164). It is also 

suggested that the mother’s predisposition to weight gain may be inherited by 

her offspring, resulting in higher offspring BMI later in life(253). There may also be 

an environmental link as women with excessive GWG may have lifestyles that 

are lower in physical activity and diets higher in energy which if shared with their 

offspring could account for their higher levels of childhood obesity(253).  
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Discrepancies were noted within the reviews over the impact of inadequate 

GWG. Compared to adequate GWG, inadequate GWG was linked to higher risk 

of childhood obesity for children over 5 years of age and adults within one 

review(253). Another review noted that one of their included studies found 

childhood risk of overweight was U shaped, with risk raised both for mothers 

gaining excessive GWG, but also for mothers gaining less than 4.5kg(252). In 

contrast the final review found higher odds of childhood underweight and lower 

odds of childhood overweight or obesity in early (2-5 years) and mid (5-10 

years) childhood but not in late childhood (10-18 years) with inadequate 

GWG(164).  

Overall, 11.4% of overweight and obesity in early childhood (2-5 years), 15.4% 

in mid childhood (5-10 years) and 19.2% in late childhood (10-18 years) was 

estimated to be attributable to GWG(164). 

 

2.3.6.2 Neurodevelopment 

One systematic review found excessive GWG increased the risk of a child with 

autism spectrum disorder (ASD) in all 7 included studies reporting this 

outcome(254), with the association being independent of maternal BMI. In 

contrast, inadequate GWG was not associated with increased risk of ASD in 4 

out of 5 studies reporting this outcome(254). All included studies adjusted for 

multiple confounders, although factors varied within the individual studies they 

included parental age, maternal education, socio-economic status, familial risk 

for ASD, gestational age and infant gender.  

A meta-analysis of thirteen studies also suggested that GWG above 

recommendations is associated with an increased intelligence quota in the 

offspring, although it did not quite reach significance(255). All but two of the 

included studies within the review had adjusted for multiple confounders.  

 

2.3.6.3 Atopic diseases 

Compared to GWG within the recommended range, the odds of childhood 

asthma or wheeze increase with either excessive GWG or inadequate 

GWG(192). Atopic dermatitis also increases with GWG above recommendations 
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(OR 1.05, 95% CI 1.01-1.10); however, it decreases with inadequate GWG (OR 

0.87, 95% CI 0.83-0.91)(193).  

 

2.3.6.4 Cancer 

One review found no association between GWG and childhood leukaemia(195). 

However, a separate systematic review suggested increased risk of cancer in 

infants born to mothers with high GWG, but not for low GWG(194).  

 

2.3.7 Interaction between maternal BMI and gestational weight gain 

Given that many of the adverse outcomes associated with maternal BMI overlap 

with the adverse outcomes associated with GWG, several studies have 

explored the interaction between maternal BMI and GWG. 

One individual participant meta-analysis that included 39 cohort studies 

undertaken in Europe, Australia and North America with a total of 265,270 

births, showed that compared to women with a BMI in the recommended range 

and a recommended GWG, women with overweight or obesity prior to 

pregnancy had a higher risk of pregnancy complications independent of their 

GWG(38). Women with obesity and excessive GWG were at the highest risk of 

pregnancy complications, including for gestational hypertension, pre-eclampsia, 

GDM, preterm birth and having an LGA infant(38). A further meta-analysis of 37 

cohorts from Europe, North America and Australia also found higher maternal 

pre-pregnancy BMI alongside increased GWG was associated with higher risk 

of childhood overweight and obesity, with the strongest effect in late 

childhood(164). GWG caused an additional increase in childhood obesity over 

and above the impact of maternal overweight or obesity pre-pregnancy(164). 

However, a limitation of the meta-analysis was the use of self-reported BMI and 

GWG in many of the included cohort studies(164).  

 

2.4 Weight management during pregnancy 

The multiple adverse effects of excessive GWG during pregnancy and the life 

course impact of excessive GWG on weight retention highlights the need for 
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interventions and strategies in women of reproductive age to effectively manage 

GWG. In view of the additional impact of excessive GWG for those starting 

pregnancy with obesity, this research programme focussed on gestational 

weight management in women with obesity. The most frequently used 

interventions are discussed below.  

 

2.4.1 Interventions  

2.4.1.1 Lifestyle interventions 

Management of GWG to date has largely revolved around lifestyle 

interventions. These interventions typically include healthy eating or physical 

activity or a combination of the two. Occasionally these interventions will also 

incorporate a psychological component.  

The most recent Cochrane review of randomised controlled trial (RCT) evidence 

of interventions that included healthy diet or exercise or a combination of 

healthy eating and exercise showed a modest effect on reducing excessive 

GWG(9). However, there was some evidence that these types of interventions 

may be less effective among high-risk women for example those with obesity, 

with GDM or at high risk of GDM(9). More recent international studies(256-258) and 

systematic reviews(7,8,259-261) have given inconsistent results when evaluating 

interventions designed to control GWG. Within the international studies, an RCT 

of 399 women with overweight or obesity in the USA found women in the 

intervention group who received 11 telephone consultations were less likely to 

gain weight in excess of IOM recommendations than women in the control 

group and had lower overall GWG(257). In contrast, a cluster randomised study 

of 2,286 women with overweight or obesity from Germany did not show a 

reduction in GWG above IOM guidance in women receiving a face-to-face 

intervention compared to a control group who received usual care(256). A further 

RCT undertaken in Sweden with 305 participants also found no overall impact 

on GWG in women who received a HealthyMoms application compared to 

those with usual care(258). There was however some evidence that the 

intervention may have been effective among women with overweight and 

obesity, although the numbers of women with obesity included within this study 

were very low (n=14 in the intervention group and n=6 in the control group)(258). 
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As well as the low numbers of women with obesity within the Swedish study, 

neither of the other studies included women with a BMI 40kg/m² (256,257).  

Within the reviews, one which included 66 studies found nutrition only 

interventions decreased GWG, but that with exercise only and combined 

exercise and nutrition interventions there was only a trend towards GWG within 

IOM recommendations(260). Similar results were seen within the sub-analysis of 

only women with overweight or obesity(260). In contrast, a separate review of 84 

studies found exercise only interventions reduced total GWG(259). Furthermore, 

both exercise only interventions and exercise interventions combined with other 

types of interventions such as diet reduced excessive GWG(259). However, the 

subgroup analysis for exercise only interventions was no longer significant 

when exclusively looking at women with overweight or obesity(259).  

There is also inconsistency across the literature around the effect of antenatal 

lifestyle interventions on infant birthweight. One review found that the majority of 

interventional studies currently suggest limited impact on birthweight 

outcomes(239). When looking at exercise only interventions several reviews 

showed exercise only compared to control reduced the odds of 

macrosomia(8,262), but had no impact on overall birthweight(262) or LGA(8) 

including when only looking at women with overweight and obesity(8). However, 

another review of 99 studies found exercise only interventions reduced preterm 

birth, SGA, LGA and childhood obesity in the offspring(263). SGA, LGA and 

childhood obesity did not however reach significance when looking exclusively 

at women with overweight or obesity(263). Furthermore, interventions that 

combined exercise with another intervention such as diet had no impact on 

macrosomia(8,262), overall birthweight(262) or LGA(8). Other reviews of nutritional 

or lifestyle interventions during pregnancy have also noted that while dietary 

interventions reduced overall birthweight compared to control(262), they were 

ineffective at reducing the incidence of fetal macrosomia(40,262).  

The evidence around the impact of lifestyle interventions during pregnancy on 

other outcomes is also mixed. When considering exercise interventions 

combined with other interventions during pregnancy compared to control a 

review suggested reduced odds of instrumental birth and Caesarean birth, but 

no impact of exercise on other maternal outcomes such as preterm rupture of 

the membranes, induction of labour or perineal trauma(7). When considering 
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GDM among women with overweight or obesity, one review found exercise 

interventions did not significantly reduce the incidence of GDM compared to no 

intervention(261). 

Some of the discrepancy seen within the literature about the potential impact of 

lifestyle interventions may be due to the fact that current interventions are very 

heterogeneous. Interventions can vary in terms of their method of delivery, 

gestation at commencement, frequency, duration of the intervention and contact 

time, resulting in the ideal format for an effective lifestyle intervention to manage 

GWG being largely unclear. A systematic review that has specifically looked at 

intervention content included 89 RCTs of interventions to minimise GWG(264). 

They showed that interventions delivered as a group or which combined group 

and individual elements were more effective, particularly for physical activity 

interventions(264). While little has been done to compare different intensities of 

interventions directly, the same review found that interventions delivered 1-3 

times can be equally effective as those delivered 4-7 or 8 or more times(264). 

The review also compared different durations of interventions, trimester of 

starting the intervention, hours of intervention delivery and type of diet advised 

and found no current optimal intervention characteristics. They suggested that 

interventions where professionals are trained to initiate conversations around 

weight management during pregnancy may be effective(264). Another study that 

looked at the behavioural change technique (BCT) components incorporated 

within interventions aimed at managing GWG found the most commonly used 

BCTs categories were 'feedback and monitoring', 'shaping knowledge', 'goals 

and planning', and 'repetition and substitution'(265). For diet only and lifestyle 

interventions that included both diet and physical activity elements, 'feedback 

and monitoring', 'shaping knowledge' and 'goals and planning' appeared the 

most successful BCT categories for reducing GWG(265). The physical activity 

only interventions were largely unsuccessful at reducing GWG so it was not 

possible to determine effective BCTs for physical activity interventions(265).  

Given the inconsistencies within the literature highlighted above, this 

programme of research presents a comprehensive summary of current 

evidence within an overview of systematic reviews of the impact of lifestyle 

interventions on GWG and other clinically relevant outcomes (see Chapter 3).  
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2.4.1.2 Routine weighing during pregnancy 

More recently routine weighing has been considered as an intervention to assist 

women to reduce GWG. It is recognised that weighing during pregnancy 

provides an opportunity to provide feedback regarding weight gained compared 

to recommendations(16). Where required an individual can therefore be offered 

advice around lifestyle modifications to manage their GWG(16). However, the 

value of routine weighing in pregnancy is debated as current studies largely 

show it to be ineffective. An Australian RCT of 782 women suggested that 

women who were routinely weighed at each antenatal visit coupled with 

counselling around IOM GWG recommendations, compared to women in a 

routine care group who were not regularly weighed, had no benefits in terms of 

total GWG or reductions in the number of women gaining excessive GWG or 

any maternal or infant adverse outcomes(266). A further RCT undertaken in 

Australia recruited 396 women where all women were provided with written and 

verbal advice around appropriate GWG, as well as women in the intervention 

group being given some digital scales and asked to record their weight daily(267). 

Again, no significant differences in GWG or in any other maternal or infant 

adverse outcomes were seen in the routine weighing group(267). In a UK based 

feasibility trial of 76 women, women who were routinely weighed alongside 

being provided with support to set GWG targets and receiving brief feedback 

from their community midwife showed slight benefits in terms of a reduction in 

excessive GWG(268). This study however did not include women with obesity. 

Women included in the intervention group within this feasibility trial reported that 

being in the intervention group was useful for encouraging them to think more 

about their weight gain during pregnancy(268). Despite initially promising results 

in the feasibility trial, once progressing to a full trial of 656 women, no 

differences were seen between the intervention and control groups in the 

proportion of women gaining excessive GWG compared to IOM 

recommendations, in physical activity levels or in anxiety and depression scores 

once adjusting for maternal BMI at study recruitment(269).  

 

The above literature highlights the current uncertainties over the best 

interventions to offer women. UK based research into the efficacy of weight 

management interventions in pregnancy is particularly limited. The National 
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Institute for Health and Clinical Excellence (NICE) has therefore recommended 

more research, especially UK based investigations, into ways of managing 

maternal obesity and GWG to optimise pregnancy outcome(10). Furthermore, 

little has been done to date to understand the most effective interventions for 

the different classes of obesity(2), with those with class III obesity being the most 

commonly missing cohort within the current evidence.  

 

2.4.2 Current guidance 

2.4.2.1 UK guidance 

Given the additional risks for women with obesity during pregnancy separate 

guidance exists for these women from the Royal College of Obstetricians and 

Gynaecologists (RCOG)(11) to ensure appropriate care pathways. Other national 

guidance contains specific subsections for this group of women(10,270,271). The 

current guidance is discussed below.  

The NICE (2010) weight management guidance for women before, during and 

after pregnancy advises that women are more likely to achieve or maintain a 

healthy weight if they: base meals on starchy foods, eat fibre rich foods, eat five 

portions of fruit and vegetables a day, eat a low fat diet, limit fried food and high 

sugar foods, eat breakfast, watch portion sizes and build physical activity into 

everyday life while minimising sedentary activities(10).  

Specific UK based guidance for women with overweight or obesity prior to 

pregnancy is provided in Box 2.1.  

Box 2.1 Recommendations within current UK based guidance for women 
with overweight and obesity prior to pregnancy: 

 Provide women with opportunities to lose weight prior to conception(10,11) 
with every opportunity taken by healthcare providers to advise regarding 
the health benefits of weight loss prior to pregnancy(271).  

 Discuss weight and lifestyle(11). 
 Offer access to diet and physical activity weight loss support 

programmes(10,271).  
 Advise women that losing 5-10% of their weight has health benefits(10). 

The greater the weight loss the greater the health benefits, particularly if 
5% weight loss is achieved and maintained for life(271). 

 Inform women to check their weight and waist measurements 
periodically(10).  

 Provide women with information about the health risks of obesity during 
pregnancy for both them and the child(10). 
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UK based guidance for all women during pregnancy is summarised in Box 2.2. 

While no weight gain recommendations were given within the original NICE 

(2010) guidance(10) and a lack of consensus regarding appropriate GWG was 

noted within the RCOG guidance(11); the update NICE guidance recognised 

increasing international evidence of the adverse outcomes associated with 

GWG outside of IOM recommendations(271). IOM GWG guidelines may 

therefore be relevant to the UK population, although further clarification is 

required for women under 18 years old and those with different classes of 

obesity(271).  

Box 2.2. Recommendations within current UK based guidance for women 
during pregnancy: 

 Measure weight and height of all women at their first contact with a health 
professional(10,11). 

 Repeated weighing in pregnancy is not advocated as it may cause 
unnecessary concern for women(10), but re-weighing can be considered in 
the third trimester for women with obesity(11).  

 Explain to women with obesity how their BMI poses risks to them and the 
unborn infant(10,11).  

o Offer women an opportunity to discuss these risks and inform 
women how to minimise them(11).  

o Empower women through sensitively providing information so that 
they remain engaged with professionals(11).  

 IOM weight gain guidelines may be relevant to a UK population(271). 
o Weight loss is not recommended during pregnancy(10), especially 

not through using weight loss drugs(11).  
 Focus on a healthy diet rather than weight gain targets(11).  

o Discuss eating habits with women at the first antenatal clinic 
visit(10).  

o Discuss women’s pre-existing views around diet in pregnancy and 
weight gain(11).  

o Inform women an additional 200kcal is needed per day in the last 
three months of pregnancy only, there is no need to ‘eat for two’(10).  

 Regarding physical activity: 
o Ask women how active they are at the first antenatal visit(10).  
o Provide women with information on how to exercise safely and 

how to build physical activity into everyday life e.g. take the stairs 
not the lift(10). 

o Advise women to aim for 150 minutes of moderate intensity 
physical activity each week during pregnancy(272). 

o Advise women moderate intensity physical activity will not harm 
the unborn child(10).  

 Ask women if they have any concerns about diet or physical activity and 
how they plan to address these concerns(10).  

 Offer women with obesity referral to a dietitian or appropriately trained 
professional for personal advice on healthy eating and physical activity(10).  
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Weight loss during pregnancy has generally not been recommended(10). 

However, more recently it has been acknowledged that while weight loss diets 

should be avoided in pregnancy some weight loss may occur if a woman follows 

the advice around healthy eating, physical activity and alcohol consumption in 

pregnancy, which could provide health benefits for the mother and fetus(271). 

Specific UK based guidance for women in the postpartum period is provided in 

Box 2.3.  

Box 2.3. Recommendations within current UK based guidance for women 
during the postpartum period: 

 Discuss weight with women at their 6-8 weeks appointment and ask if 
they want support with their weight(10).  

 Encourage all women to breastfeed(10) and inform women that weight loss 
by following a healthy diet and undertaking regular exercise will not affect 
breastmilk quality or quantity(10,273).  

o Women with obesity may require additional support to establish 
and maintain breastfeeding(11). 

 Provide clear tailored advice on how to lose weight post childbirth(10). 
o Ensure that women have realistic expectations regarding 

postpartum weight loss(10).  
o Provided details of appropriate local community services(10).  

 Tailor healthy eating and physical activity advice to the woman’s personal 
circumstances for example tiredness levels and health problems(10).  

 Physical activity guidance: 
o Inform women to aim for 150 minutes of moderate intensity 

physical activity each week from birth to 12 months postpartum(272) 
e.g. a brisk walk or moderate exercise for at least 30 minutes 5 
days a week(273).  

o Advise that exercise is safe while still breastfeeding(272). 
 Offer referral to available structured weight loss programmes to women 

with obesity(10,11).  
o These should be tailored to the needs of the individual or a group 

of women(273).  
o Support should include advice on diet, physical activity and goal 

setting with the use of evidence-based behaviour change 
techniques(10), with a view to weight reduction(11).  

o Address why weight loss may be difficult and help women to 
identify and address individual barriers to change(273).  

o Offer ongoing support over a sufficient length of time to allow for 
sustained lifestyle change(273).  

o If women with obesity are not ready at the 6-8 weeks appointment 
to start trying to lose weight, provide them with information of 
where to get support when they are ready(10). 
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2.4.2.2 Comparison with international guidance 

A review of policies across 66 separate countries found that 53 countries, such 

as the UK, had either an informal policy or a formal one around maternal weight 

that had been adopted by the government or a professional organisation(274). In 

total, 90% of international guidelines, including the UK, recommend weighing 

women when they booked for antenatal care. However, in contrast to the UK 

where routine weighing is not recommended and specific GWG guidance is not 

provided(10), 81% of international guidelines recommended monitoring GWG 

and 62% recommended providing women with information around healthy 

GWG(274). Of the international policies with GWG recommendations, there were 

variations over the amount of GWG recommended and whether this was linked 

to pre-pregnancy BMI(274). Although a more recent review of current clinical 

practice guidelines for nutrition and weight gain during pregnancy found GWG 

guidance was largely around IOM recommendations(275). While the UK guidance 

covers the whole perinatal period, few international policies covered supporting 

women in the preconception period (42%) or to return to a healthy weight in the 

postpartum period (13%)(274). When key informants within each country were 

surveyed, their perception was that policies were not well known by health 

professionals, with this varying by phase of the childbearing cycle from 27% 

preconceptionally, 52% during pregnancy and 37% postnatally(274). Physical 

activity was generally less well discussed within guidelines than healthy 

eating(274). Nutritional advice during pregnancy was however heterogeneous 

and geographically scattered, despite the numerous advising bodies publishing 

such guidance, with a lack of dieticians providing advice in over half of the 

guidelines(275). 

When looking specifically at guidelines for the management of women with 

obesity during the perinatal period, 32 guidelines were found from different 

countries(276). Similarly to the UK guidance, nine international guidelines 

recommended counselling women with obesity prior to pregnancy about the 

risks of obesity during pregnancy and 13 recommended stabilising weight 

before conception or in between pregnancies(276).  

During pregnancy nutritional advice was provided by fifteen guidelines and 

physical activity advice within 11 guidelines for women with overweight and 

obesity. Nutritional and physical activity advice were both provided by five 
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guidelines in the pre-pregnancy period and six postpartum(276). Only 13 of the 

32 guidelines advised providing counselling around the importance of 

controlling GWG(276). When undertaking multiple systematic reviews, the Early 

Nutrition Project systematic review group found that current recommendations 

for pregnant women, particularly for women with obesity, do not take long-term 

health consequences of early nutrition into account(277). This is despite 

increased understanding of the long-term consequences of maternal diet on 

later life health and disease for the infant(277). Given that current evidence is 

insufficient to recommend specific weight gain limits to women across all BMI 

categories, particularly with respect to the outcomes of pre-eclampsia and 

GDM, health professionals should advise a balanced healthy diet and lifestyle 

rather than optimising GWG(277). As part of this pregnant women should be 

advised to only increase intake in late pregnancy by no more than 10% above 

that of a non-pregnant woman(277). When focussing on the long-term health 

consequences for affluent countries such as those in Europe, recommendations 

for nutrition during pregnancy should suggest that pregnant women consume a 

balanced diet during pregnancy that includes at least 2 portions of oily fish a 

week, adequate intake of folate in early pregnancy and adequate intake of other 

micronutrients such as iron, vitamin D, vitamin B12, vitamin A and iodine(277). 

Such diets, with high consumption of fruit, vegetable, seafood, legumes and 

milk products have been associated with reduced risk of SGA within a 

systematic review(278). Diets rich in protein and fruit and low in sugar and 

saturated fat may also reduce the risk of preterm birth(278).  

 

2.4.2.3 Current practice in England 

Provision of maternity services for women with obesity is variable within the UK, 

despite pregnancy being recognised as a good opportunity to influence 

behaviour change for mothers and families(279). A Northeast of England regional 

audit identified a need for more antenatal maternal obesity services(279). 

Additionally, a recent survey of maternal weight management services in 

England found wide geographical variations in availability, with few services that 

focussed on women with a raised BMI(12). For some this lack of focus was due 

to an intentional move to make services universal as poor nutrition is not just 

limited to women with obesity. For others it was because of funding cuts 
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preventing service provision(12). The interviews that were undertaken as a follow 

up to the survey, identified uncertainty among professionals about what 

constitutes the most suitable service to tackle maternal obesity(12). Providers 

and commissioners therefore described a desire for more clarity within 

guidelines on which to base their practice(12). 

The inconsistent service availability seen within the UK is similar to the situation 

in Canada, where one study showed that GWG guidance provided by 

healthcare providers was inconsistent between different providers, in different 

geographical regions and for women with different background 

characteristics(280). They particularly found that women of higher socioeconomic 

status, who were older, or classified as overweight or obese during pregnancy 

were more likely to receive GWG advice(280).  

 

2.4.3 Women's views on gestational weight management 

As well as focussing on the clinical effectiveness of interventions, it is also 

necessary to consider women’s views of interventions and of gestational weight 

management in practice. A meta-ethnography of the experience of maternity 

care among women with obesity found many women were dissatisfied with the 

way that weight management had been addressed during their pregnancy(281). 

Women were expecting discussions around their weight when meeting 

healthcare providers; when this was not the case women could be left feeling 

stigmatised for example through onward referral to specialist services with no 

explanation or through comments in their notes about difficulties due to their 

size(281). When weight was addressed in could be equally distressing for 

women, with women describing an excessive focus on risk during their 

pregnancy which left them feeling disenfranchised and denied a ‘normal’ 

pregnancy experience(281). Health professionals who provided the woman with 

options and were proactive without being risk focussed were appreciated by the 

women(281).  

Another scoping review into the maternity care experiences of women with 

obesity similarly found women to report stigma in their encounters with 

professionals, with professionals seen as judgemental(282). The review also 

found women with obesity to report receiving inadequate information regarding 
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weight management in pregnancy, with the information received frequently 

being inconsistent, inaccurate or excessively emphasising the risks of obesity 

during pregnancy(282). Women also reported feeling that their pregnancies were 

overly medicalised as they were automatically classified as high-risk during 

pregnancy and therefore requiring additional surveillance(282). Indeed, a review 

looking at intervention outcomes considered important to women with obesity 

found that clinical outcomes which are considered important to healthcare 

providers and mainly covered when reporting trials were only a small minority of 

the outcomes deemed important by women(283). Factors such as emotional 

wellbeing, social support and satisfaction with care were rated as important by 

women(283).  

While numerous studies explored women’s experiences, out of the 12 studies 

included within the meta-ethnography(281) and the 17 included in the scoping 

review(282) only one focussed specifically on women with a BMI 40kg/m² 

despite increasing understanding of the differences in gestational weight 

management between women of different classes of obesity.  

 

2.5 Summary 

This chapter has summarised the key literature relevant to the research topic. 

The literature has clearly shown that women with a BMI 40kg/m² are most at 

risk of adverse outcomes during pregnancy. While the adverse impact of weight 

gain above recommendations is also well documented, there is currently much 

uncertainty over the most effective strategies to help women manage weight 

gain effectively during pregnancy. There is particularly a clear call for more UK 

based studies within this area. Furthermore, women with a BMI 40kg/m² are 

the group most commonly missing within the evidence base around effective 

weight management during pregnancy. Therefore, a need for better 

understanding of the most effective services to support women with obesity 

during pregnancy to manage their weight has been clearly identified. 

Additionally, the evidence has demonstrated the growing awareness of the 

importance of maternal diet during pregnancy on long-term infant wellbeing, 

particularly weight throughout childhood and into adulthood. Previous disparities 

in the effectiveness of maternal weight management interventions and services 
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have also clearly identified a need to explore the voice of women themselves 

around weight management services during pregnancy. Therefore, quantitative 

studies are not enough to just describe the effectiveness of weight management 

interventions, but qualitative studies of women’s experiences are also required.  

To begin to address the current uncertainty over the most effective lifestyle 

interventions in women with overweight and obesity, the next chapter presents 

an overview of systematic reviews of lifestyle interventions on GWG and other 

clinically relevant outcomes.  
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Chapter 3: Overview of systematic reviews of 
lifestyle interventions to reduce gestational 
weight gain in women with overweight or obesity 
 

3.1 Introduction 

This chapter presents Article A, an overview of systematic reviews of lifestyle 

interventions to reduce GWG among women with overweight and/or obesity. 

The aims of the overview are given alongside the details of publication and 

impact of the article, followed by the full published article. The chapter 

concludes by summarising the key findings of the overview.  

 

3.2 Aim of the overview of systematic reviews 

Given the increasing number of systematic reviews that have considered the 

effectiveness of lifestyle interventions in women with overweight and obesity, 

often with conflicting results, it was considered important to provide a synthesis 

of the current evidence in this area. The review question for the overview of 

systematic reviews was: What is the extent of evidence regarding the 

effectiveness of lifestyle interventions on GWG in women with overweight or 

obesity? Lifestyle interventions included dietary interventions, physical activity 

or a combination of both. This addressed the first aim of this programme of 

research: “To establish from the current research literature the effectiveness of 

lifestyle interventions for women with overweight or obesity for reducing GWG 

and other adverse outcomes for the mother and the infant.”  

 

3.3 Published article: Article A 

The published article was entitled “A meta-review of systematic reviews of 

lifestyle interventions for reducing gestational weight gain in women with 

overweight or obesity.” It is reproduced on the following pages in full in the 

format in which it was published(284). The protocol for this review was registered 
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in the PROSPERO database and can be viewed in Appendix B. The 

supplementary data associated with this article are provided in Appendix C. 

 

3.4 Publication and impact 

The systematic review was accepted for publication in Obesity Reviews. It was 

published online in ‘Early View’ format in January 2021, before full publication in 

the May 2021 edition.  

Obesity Reviews is a highly esteemed, peer reviewed journal, being the highest 

ranked journal by impact factor within the discipline of obesity. In 2022 Obesity 

Reviews had an impact factor of 8.9. It is the official publication of the World 

Obesity Federation.  

Since publication online according to Google Scholar the article has been cited 

34 times (as of 31st January 2024). It has an Altmetric score of 9 and is 

therefore in the top 25% of all research outputs scored by Altmetric. 
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Summary

Women with overweight or obesity are twice as likely to gain excessive gestational

weight than women of normal weight. Identifying effective interventions to support

this group achieve healthy gestational weight gain is important. An overview of sys-

tematic reviews regarding the effectiveness of lifestyle interventions on gestational

weight gain in women with overweight or obesity was undertaken, including

searching eight electronic databases. Quality of included reviews was assessed by

two independent researchers. A narrative data synthesis was undertaken, with sub-

group and sensitivity analyses by type of intervention and quality of the included

reviews. A total of 15 systematic reviews were included within this meta-review. A

small reduction in gestational weight gain of between 0.3 and 2.4 kg was noted with

lifestyle interventions compared with standard care. There was some evidence that

dietary only or physical activity only interventions may reduce the odds of gestational

diabetes. No differences were noted in the odds of other maternal or infant health

outcomes. Although lifestyle interventions appeared to decrease gestational weight

gain, current evidence does not show a clear benefit on maternal and infant out-

comes from the small nature of the reduction in gestational weight gain produced by

lifestyle interventions in women with overweight or obesity.

K E YWORD S

gestational weight gain, healthy lifestyle, maternal obesity

1 | BACKGROUND

Overweight (body mass index [BMI] ≥ 25 kg/m2) and obesity

(BMI ≥ 30 kg/m2) are estimated to affect 38% of women globally.1

Managing the consequences of obesity presents an economic burden

to global healthcare services, with overweight- and obesity-related

healthcare costs estimated to reach 425 billion U.S. dollars a year

across the 52 countries within the Organisation for Economic

Co-operation and Development (OECD), European Union, and G20.2

Data from 37 U.K. maternity units indicate first trimester maternal
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obesity has more than doubled over the last 2 decades,3 with similar

trends also noted elsewhere in the world.4 Raised BMI is associated

with increased short- and long-term adverse outcomes for mothers

such as increased risk of maternal mortality, pregnancy induced

hypertension, gestational diabetes, primary postpartum hemorrhage,

and interventional birth.5–7 For babies, there are additional risks of

stillbirth, large for gestational age, admission to neonatal units, and

neonatal mortality.6–10

A number of systematic reviews11,12 have evaluated interven-

tions designed to control weight gain in pregnancy among the gen-

eral pregnancy population, with various results. Women with

overweight or obesity are twice as likely to gain excessive gesta-

tional weight than women with a BMI in the normal range,13

therefore establishing effective interventions for this group is par-

ticularly important.

National Institute for Health and Care Excellence (NICE) guide-

lines14,15 emphasize the importance of limiting gestational weight

gain (GWG) by healthy eating and physical activity. However, they

highlight insufficient robust evidence in this area, particularly on

ideal GWG or effective strategies to encourage healthy GWG. The

Institute of Medicine (IOM) has recommended weight gain ranges

according to pre-pregnancy BMI category, including 7–11.5 kg for

women with overweight and 5–9 kg for women with obesity.16

However, their review of the evidence was based on a mixture of

study designs including observational projects that were not consis-

tently of a high quality, statistically powered, prospective, con-

trolled trial nature. Limiting GWG in women with overweight or

obesity is viewed as important due to the multiple risks associated

with excessive weight gain.17 Pregnant women and their healthcare

providers require clear guidance around GWG and appropriate

interventions to achieve healthy pregnancy and birth outcomes.

Systematic reviews originally evolved within healthcare due to the

large volume of primary research making decision making for policy

makers and practitioners difficult, especially in the face of contra-

dictory evidence.18,19 As systematic reviews are increasingly publi-

shed, clinicians again can be left feeling overwhelmed by the

plethora of evidence; therefore, the requirement for overviews of

reviews is increasingly recognized, which can compare and contrast

current systematic reviews and provide an overall body of available

information on a given topic.18 Given the rising number of system-

atic reviews in this area, a systematic synthesis of current reviews

was deemed imperative to provide an overall body of evidence

that evaluates the most appropriate interventions for assisting

women with overweight or obesity to avoid excessive GWG.

1.1 | Review question

What is the extent of systematic evidence regarding the effectiveness

of lifestyle interventions on GWG in women with overweight or obe-

sity? Lifestyle interventions include dietary interventions, physical

activity, or a combination of both.

2 | METHODS

2.1 | Search strategy

The review was undertaken in accordance with the pre-published pro-

tocol in PROSPERO CRD42019156883. A systematic search was con-

ducted in CINAHL, MEDLINE, Maternal and Infant Health, PsycInfo,

Scopus, Database of Abstracts of Reviews of Effects (DARE), Prospero

and the Cochrane Library. The search strategy included search terms

and index headings around “pregnancy,” “lifestyle interventions,”
“obesity,” and “systematic review.” Table S1 provides an example of

the full search. References of included systematic reviews and other

relevant literature were searched for further relevant citations. Data-

bases were searched from inception. Initial searches were undertaken

in December 2019 and updated on April 30, 2020, prior to the final

analysis. Studies were limited to those published in the English

language.

2.2 | Study selection and data extraction

Studies were screened for inclusion against the following inclusion

criteria; systematic reviews that only included randomized controlled

trial (RCT) evidence; reviews compared antenatal lifestyle interven-

tions, including dietary, physical activity, or a combination of dietary

and physical activity interventions to standard antenatal care; the

review focused exclusively on women with overweight and/or obesity

or reported this as a subgroup and the review reported our primary

outcome of GWG. Interventions exclusively undertaken during the

pre-conception or postnatal periods were excluded. Studies were lim-

ited to those where the full text version of the review could be

obtained, with authors of protocols and conference abstracts con-

tacted regarding full text availability. All citations were screened for

inclusion by title and abstract by one reviewer. A random sample of

10% of retrieved citations were screened by a second researcher.

Two independent researchers screened the full text of potentially rel-

evant citations, with consensus over inclusion agreed through

discussion.

Two researchers used a pre-defined data extraction tool to

extract: author, date of publication, type of intervention, number of

trials, number of women included, and review outcomes. All RCTs

included within the systematic reviews were obtained for clarification

of the results, due to discrepancies discovered between the results of

included reviews. Authors of the original trials and systematic reviews

were contacted where necessary for clarification.

2.3 | Risk of bias assessment

Included systematic reviews were assessed by two researchers for risk

of bias using the Assessment of Multiple Systematic Reviews v2

(AMSTAR-2) checklist20 (Table S2 contains the full checklist). Where
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there was disagreement in the scoring, consensus was reached

through discussion. To assess confidence in the results, we considered

eight AMSTAR-2 domains as critical. These were item 2: review

methods established prior to conducting the review; item 4: compre-

hensive literature search; item 6: data extraction in duplicate; item 9:

risk of bias satisfactory assessed; item 11: appropriate methods for

statistically combining results; item 12: impact of risk of bias on meta-

analysis results considered; item 13: risk of bias considered when

interpreting/discussing review results; and item 14: heterogeneity of

included studies discussed. An overall rating of confidence in the

results of each review, of high, moderate, low, or critically low, was

given. This depended on the presence of flaws in the above critical

domains or other weakness within the systematic review.

The quality of the primary RCTs, as judged by the authors of

the included systematic reviews, was taken into consideration,

particularly random sequence generation, allocation concealment, and

attrition bias.

2.4 | Outcomes

The primary outcome for this overview of reviews was GWG.

Secondary outcomes included adherence to IOM weight gain

recommendations16; gestational diabetes (GDM), pre-eclampsia,

cesarean section, and preterm birth (prior to 37 weeks gestation);

birthweight, large for gestational age (LGA), small for gestational age

(SGA), macrosomia (birthweight >4000 g), and low birthweight

(birthweight <2500 g); changes in dietary intake; and changes in

physical activity outcomes.

2.5 | Data synthesis

A meta-synthesis using statistical methods21 was planned if the per-

centage of the variability in the effect estimate due to heterogeneity

rather than sampling error calculated using I2 was ≤50%. It is recog-

nized that I2 values of 50%–90% may represent substantial heteroge-

neity and values of 75%–100% represents considerable

heterogeneity.22 As heterogeneity between studies was considerable

within many included systematic reviews, a formal narrative analysis

was undertaken.

Where individual primary studies were incorporated into multiple

systematic reviews, the overlap was considered within the analysis.

Any meta-analysis only analyzing a subset of RCTs present in another

systematic review was excluded from the narrative synthesis.

Effect sizes within individual systematic reviews were converted

to weighted mean differences with 95% confidence intervals (CI) for

continuous outcomes and to odds ratios and 95% CI for categorical

outcomes, to allow comparison between systematic reviews. The

overall effect size, the number of studies that informed the outcome,

the number of participants, and the percentage of variability in the

effect estimate due to heterogeneity within each systematic review

were reported.

To detect any evidence of small study effects (where small

studies give substantially larger estimates of effect sizes than larger

studies), Egger's regression asymmetry test was undertaken for con-

tinuous variables and Harbord-Egger's test for categorial variables,23

for any outcome that included six or more RCTs. A more conserva-

tive effect size in the largest study (study with the smallest stan-

dard error) than in the random-effects model summary estimate

alongside a p value in Egger's test <0.10 was regarded as indicative

of small study effects.

To assess whether the observed number of studies with nomi-

nally significant results (p < 0.05) within a meta-analysis was larger

than the expected number, the excess of significance test was under-

taken.24 An excess of significant findings within a meta-analysis can

be an indication of publication bias, selective analysis or bias in out-

come reporting, resulting in underpowered small studies with spurious

significant findings more likely to be published within the field. The

expected number of significant studies within a meta-analysis was cal-

culated by summing the statistical power estimates for each study

included within a meta-analysis. As the true effect size is not known,

the effect size of the study with the smallest standard error was used

to calculate the power of each study using Stata 15.1. Excess signifi-

cance for each meta-analysis was considered if p was <0.10 using the

binomial probability test.

A “Summary of Findings” table was produced using the GRADE

approach.25 This considers risk of bias, inconsistency, indirectness,

imprecision, small study effects, and reporting bias. An overall grade

of high, moderate, low, or very low was assigned to reflect confidence

in the evidence for each outcome.

2.6 | Analysis of subgroups

Subgroup and sensitivity analyses were planned “a priori” for different
types of interventions: dietary only, physical activity only, or com-

bined lifestyle interventions and for reviews where a rating of high

overall confidence in the results was achieved on the AMSTAR-2.

3 | RESULTS

A total of 3416 citations were identified (Figure 1). After removing

duplicates, 2512 citations were screened against inclusion criteria.

The title and abstract of a subset of 265 citations were double

screened, with over 98% agreement. Of the 75 full text articles

screened, 16 (covering 15 separate reviews) were included.12,26–40

Table S3 provides reasons for exclusion at full text.

3.1 | Characteristics of included systematic
reviews

Characteristics of the included systematic reviews are given in

Table 1. The systematic reviews were published between 2010 and

FAIR AND SOLTANI 3 of 21



2019, with the latest search within the included reviews run in

January 2019.

Two included systematic reviews focused on dietary interven-

tions, one exclusively so34 and one on dietary interventions that may

also include physical activity components.31 Four reviews focused on

physical activity interventions, two exclusively,29,39 with one of these

only looking at supervised physical activity,39 and two at physical

activity interventions that may also include dietary components.27,30

One review included interventions with both dietary and exercise

components,26 and eight reviews included interventions with any

physical activity or dietary lifestyle components,12,28,32,33,36–37,40 with

one looking exclusively at e-based interventions.33

All included systematic reviews had “usual or standard care” as

the comparator; however the description of what constituted usual

care within the studies in many systematic reviews was minimal.

The majority of reviews only included RCTs of women with over-

weight or obesity prior to pregnancy or when booking for antenatal

care.27–34,36,37,40 The other four reviews incorporated women of all

BMIs but providing subgroup analysis for women with overweight or

obesity.12,26,38,39 Three reviews excluded RCTs that exclusively rec-

ruited women diagnosed with GDM,27,31,38 and three reviews only

incorporated women with singleton pregnancies.29–31

Some reviews included multiple primary outcomes. Primary out-

comes included GWG or maternal weight changes,12,27,29,33,34,36,38,40

GDM,26,29 LGA or other infant growth outcomes,12,26,28,39 pre-

eclampsia,32,37 mode of birth,26 infant mortality/morbidity,26,38 mater-

nal morbidity,38 physical activity outcome measures,30,33 dietary

intake,33,36 and methodological design of the studies.31

The systematic reviews incorporated between four34 and 103

RCTs38 in total or between two30 and 3240 RCTs that reported GWG

F IGURE 1 Flowchart of study selection
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in women with overweight and/or obesity. Between 41628 and

647336 participants with overweight or obesity and for whom GWG

was reported were included within the reviews. The individual studies

reporting outcomes were not clearly identified within the analysis in

one review.38 A total of 56 different trials reporting outcomes in

women with overweight or obesity were included within the other

systematic reviews. The vast majority of these were undertaken in

very high human development countries41: 17 in the United States,

12 in Australia, three in Canada and Demark, two in Belgium, Ireland,

Italy, the Netherlands, Spain, and the United Kingdom, and one in

Finland, New Zealand, and Norway. One further study was

undertaken across different European countries. Just five studies

were undertaken in high human development countries: two in Brazil,

one in China, one in Egypt, and one in Colombia and none in medium

or low human development countries.

The RCTs within the included systematic reviews incorporated a

diverse range of interventions. Many RCTs included more than one

dietary component. These included calorie restriction, with some per-

sonalizing targets according to pre-pregnancy weight but others pro-

viding uniform advice; macronutrient goals; replacing carbohydrates

with lower glycemic foods; reducing fat or cholesterol intake; increas-

ing beneficial food intake such as fruit, vegetables, fiber, fish, and veg-

etable oils; providing meal plans and/or recipes; portion size advice;

information on how to check nutrition labels; eating out options; limit-

ing or swapping high energy snacks for healthy alternatives; eating a

Mediterranean style diet; advice on adjusting dietary intake to activity

levels and dietary supplements of vitamins and trace elements. Some

interventions were delivered through written information but most

involved counselling sessions, either individually or as a group.

Counselling could be provided by dieticians, nutritionists, health

coaches, or other healthcare professionals, through between one and

16 sessions, lasting from 5 min to 2 h. Many interventions encouraged

women to set goals to change their diet or provided logs to self-

monitor diet.

Physical activity interventions were similarly diverse. Physical

activity was either supervised or unsupervised, with some interven-

tions combining the two. Supervised sessions included aerobic train-

ing, such as dance, treadmill walking or stationary cycling, or

resistance training such as pelvic floor or large muscle training or a

combination of both aerobic and resistance training. Some interven-

tions determined exercise intensity through heart rate monitoring,

while others used self-perceived exertion. Structured programs varied

from once a month to five times a week throughout pregnancy in ses-

sions lasting up to 60 min, with an estimated 85 sessions in one RCT.

Unsupervised physical activity interventions included being encour-

aged to “be active,” for example, walking more by not driving short

distances; discussions around increasing physical activity; individual

exercise plans with time and/or frequency goals; providing an exercise

DVD or video; step count monitors; provision of treadmills or home

cycles or 6 months free gym membership. Some women were given

logs to self-monitor physical activity and some interventions used

social learning theory to promote change. Physical activity interven-

tions were delivered through written information; face-to-face

contact either individually or in a group; telephone contact; or e-based

contact such as websites, applications, texts, email, Facebook groups,

or support forums. Contact was daily in some studies, for example, via

text messages.

Combined interventions incorporated aspects from both diet

and physical activity. Of the 33 RCTs deemed within the systematic

reviews to have incorporated combined interventions, eight focused

mainly on diet and six mainly on physical activity with the others

having an equal emphasis. Weight management was reported as an

element of 18 interventions. Self-monitoring of weight gain was the

exclusive focus of one RCT and an aspect incorporated into three

further RCTs. Provider monitoring and feedback around GWG was a

feature of a further four RCTs. Relatively few trials incorporated

psychosocial factors as part of their intervention, with one RCT

each incorporating stress management, anxiety management, or

management of emotional binge eating. A further five RCTs were

reported to use other behavioral strategies, for example, identifica-

tion of barriers, problem solving, using social support, or increasing

self-efficacy.

3.2 | Methodological quality of systematic reviews

Table 2 provides AMSTAR-2 quality assessment scores. Four

reviews27,28,34,36 did not explicitly report that review methods

were established prior to conducting the review, and a further

five12,31,32,39,40 only partially reported elements of their protocol or

the protocol was not reported to be registered. One review33 was

noted to have unjustified protocol violations, as several included trials

incorporated women without overweight or obesity, so was also con-

sidered to have a critical flaw within this domain.

Only three reviews12,31,38 were judged to have undertaken a fully

comprehensive literature search. All of the other reviews partially met

the criteria due to none reporting consulting with experts in the field;

some also did not report searching trial registries27,30,36,40 or

searching references of included studies or other relevant literature.29

Two reviews34,37 did not report undertaking data extraction in

duplicate.

All reviews that included meta-analysis justified its use and under-

took appropriate methods. All but one review34 reported adequately

assessing the risk of bias within included studies. However, of those

that undertook meta-analysis, seven reviews27–29,34,36,37,40 did not

report assessing the impact of risk of bias within the included studies

on the results of the meta-analysis, for example, through sensitivity

analysis. Furthermore, five reviews27,32,34,36,37 did not discuss the

likely impact of risk of bias within included studies when interpreting

or discussing the reviews' results. Only one review34 was judged to

provide inadequate exploration, explanation, and discussion around

heterogeneity.

Overall confidence in the results of the review was rated as

high for three reviews,26,30,31 moderate for three reviews,12,38,39

low for four reviews,29,32,33,40 and critically low for five

reviews.27,28,34,36,37
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3.3 | Risk of bias assessed within the reviews

As well as the quality of the systematic reviews, it is important to con-

sider risk of bias within the included RCTs. Ten reviews assessed risk

of bias using the Cochrane Collaboration risk of bias assessment tool,

with a further review combining this with the Consolidating Standards

of Reporting Trials statement.40 Another review12 did not report using

a specific tool but assessed the same areas of bias as the Cochrane

Collaboration risk of bias tool. One review32 used the CASP RCT

checklist, one the Jadad Scale,39 and one review did not report under-

taking any risk of bias assessment.34 Most reviews judged their

included studies to be of mixed quality, with one30 judging them to be

at high risk of bias.

Three reviews did not provide the scores attributed to individual

studies.12,37,39 However, scores for nine of the studies included in one

of these reviews12 were obtained from the full health technology

review report by the same authors.42 Individual risk of bias scores

could not therefore be obtained for only one of the 56 included

RCTs.43 Where an RCT was incorporated into multiple reviews, the

risk of bias judgements could vary widely. On overall risk of bias for

each domain was therefore given according to the criteria in Table S4.

Figure 2 provides the overall ratings for individual RCTs included in

the reviews.

Out of 55 RCTs with reported risk assessment scores, the

judgement of low risk of bias was made for random sequence gen-

eration in 40, allocation concealment in 22, attrition bias in

TABLE 2 AMSTAR-2 checklist assessment for each included systematic review

Item study 1 2a 3 4a 5 6a 7 8 9a 10 11a 12a 13a 14a 15 16

Overall confidence

in the results of
the review

Bain et al. (2015)26 ✓ ✓ X / ✓ ✓ ✓ ✓ ✓ X ✓ ✓ ✓ ✓ ✓ ✓ High

Choi et al. (2013)27 ✓ X ✓ / ✓ ✓ ✓ ✓ ✓ X ✓ X X ✓ ✓ ✓ Critically low

Dodd et al. (2010)28 ✓ X X / ✓ ✓ X ✓ ✓ X ✓ X ✓ ✓ X ✓ Critically low

Du et al. (2019)29 ✓ ✓ X / ✓ ✓ / ✓ ✓ X ✓ X ✓ ✓ X X Low

Flannery et al. (2019)30 ✓ ✓ X / ✓ ✓ / ✓ ✓ X ✓ ✓ ✓ ✓ ✓ ✓ High

Flynn et al. (2016)31 ✓ / X ✓ ✓ ✓ / ✓ ✓ X NA NA ✓ ✓ NA ✓ High

Ho et al. (2012)32 ✓ / ✓ / NR ✓ / ✓ ✓ X NA NA X ✓ NA ✓ Low

I-WIP (2017)38 ✓ ✓ ✓ ✓ ✓ ✓ / / ✓ X ✓ ✓ ✓ ✓ ✓ ✓ Moderate

Lau et al. (2017)33 ✓ X X / ✓ ✓ / ✓ ✓ X ✓ ✓ ✓ ✓ ✓ ✓ Low

Quinlivan et al. (2011)34 ✓ X X / ✓ NR X / X X ✓ X X X ✓ ✓ Critically low

Shieh et al. (2018)36 ✓ X ✓ / ✓ ✓ / / ✓ X ✓ X X ✓ X ✓ Critically low

Syngelaki et al. (2019)37 ✓ ✓ X / ✓ NR X / ✓ X ✓ X X ✓ ✓ ✓ Critically low

Thangaratinam et al.

(2012)12
✓ / X ✓ ✓ ✓ / / ✓ X ✓ ✓ ✓ ✓ ✓ ✓ Moderate

Wiebe et al. (2015)39 ✓ / X / ✓ ✓ / ✓ ✓ X ✓ ✓ ✓ ✓ X ✓ Moderate

Yeo et al. (2017)40 ✓ / X / ✓ ✓ / / ✓ X ✓ X ✓ ✓ ✓ ✓ Low

Abbreviations: X, not met; /, partial yes; ✓, full yes; i-WIP, International Weight Management in Pregnancy Collaborative Group; NA, no meta-analysis; NR,

not reported.

Note: Item 1: research question; item 2: protocol development; item 3: included study design explained, item 4: comprehensive literature search; item 5:

study selection in duplicate; item 6: data extraction in duplicate; item 7: list of excluded studies; item8: included study description; item 9: risk of bias

assessment; item 10: sources of funding of included studies; item 11: appropriate methods for statistically combining results; item 12: risk of bias impact

on meta-analysis considered; item 13: risk of bias considered when interpreting/discussing results; item 14: heterogeneity of included studies discussed;

item 15: publication bias assessment; item 16: author conflict of interest.
aDomains considered as critical.

F IGURE 2 Combined risk of bias
from the different systematic reviews
across the 55 included RCTs
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32, and selective reporting in only 10 included studies. Due to the

nature of the intervention, blinding of participants was deemed not

possible or inadequate across the majority of the reviews. Blinding

of assessors was judged to be low risk of bias in just 15 RCTs.

Other bias was reported to be high for four RCTs. This was due

to baseline imbalances for one RCT within Ho et al.,32 but no

explicit reason was given for the other three judgements by review

authors.

3.3.1 | Publication and excess of significance
biases

Publication bias was considered by eight of the included reviews, two

visually inspected for funnel plot asymmetry,26,37 and the rest

assessed funnel plot asymmetry alongside statistical tests, for exam-

ple, Begg's, Egger's, and Peter's tests.12,27,30,34,38,40 When assessing

small study effects further within this overview of reviews, for meta-

analyses with six or more included RCTs, statistical evidence

(p < 0.10) suggested potential publication bias in four out of eight

reviews within the GWG outcome,29,36,38,40 one review reporting

birthweight,12 and both reviews with more than six RCTs reporting

LGA.12,29 Once considering this alongside a more conservative effect

size in the largest study than the random-effects model summary esti-

mate, concerns regarding small study effects only remained within

two reviews36,40 for the GWG outcome (Table S5).

When the overall effect size was assumed to be equal to the

effect of the largest study, two meta-analyses had evidence of an

excess of statistically significant studies (p < 0.10) for the GWG out-

come33,37 (Table S5). No evidence of excess of significant studies

was observed within any other meta-analysis included within the

reviews. Excess of significant findings alongside small study effects

can provide evidence of selective reporting biases; however, no

meta-analysis included in this overview indicated both small study

effects and excess of significance. Small study effects and excess

significance were however not calculated for outcomes reported

narratively within reviews30–32 and could not be calculated within

one review38 due to lack of clarity over included trials for each

outcome.

3.4 | Synthesis of findings

3.4.1 | Gestational weight gain

All 15 systematic reviews included the outcome of GWG. Of these

three26,28,34 only included a subset of studies incorporated into a

newer systematic review, so were excluded from the data synthesis

for this outcome. Three further reviews27,32,39 did not include any

unique studies; however, all of their studies were not included as a

subset within another systematic review, so remained within the data

synthesis. It was not possible to evaluate the studies included within

one review38 as individual participant data were utilized. The other

included systematic reviews incorporated 49 different RCTs, and

10,291 participants contributed to the analyses.

Three reviews provided a narrative synthesis of the results.30–32

One review30 reported GWG to be lower in the intervention than

control groups in three of their included studies, of which one was

noted to not exclusively recruit participants with overweight or

obesity. Furthermore, it was unclear how many of their included

studies reported this outcome but did not find a reduction in

GWG. GWG was reported to be significantly lower in two of the

six included studies within another review with narrative results32

and nine of the 13 studies included within the other.31 In this final

review,31 GWG was not significantly lower in the intervention

group in the RCT that was not reported within other systematic

reviews. A graphical representation of the results of the nine

systematic reviews that undertook a meta-analysis can be seen in

Figure 3, with full results provided in Table S5. Lifestyle interven-

tions significantly reduced GWG in all but one included meta-

analysis. The weighted mean difference in weight gain between

control and intervention groups varied from −2.41 to −0.3 kg. The

F IGURE 3 Graphical representation of gestational weight gain meta-analysis results. s = number of included studies, u = number of unique
studies, n = number of participants, I2 = percentage of variability in the effect estimate due to heterogeneity, confidence = AMSTAR-2 confidence
in the results of the review. ^compares different arms in Renault et al.44 to other reviews. ‡ adjusted for baseline weight and clustering effect.
* this review was noted to include two RCTs that incorporated women of normal BMI, despite review inclusion criteria being exclusively women
with overweight/obesity. compares different arms in Bogarts et al.45 to other reviews.

Ð
this review was noted to include 1 RCT in their

overweight/obese meta-analysis that did not exclusively recruit participants with overweight/obesity
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percentage of variability in the effect estimate due to heterogene-

ity was considerable within four included systematic reviews.

Confidence in the findings of the systematic reviews was rated as

low or critically low in seven included systematic reviews, moder-

ate in three systematic reviews and high in two reviews that

reported this outcome narratively.

Only one review considered adherence to IOM GWG guidelines.38

Adherence to IOM guidelines was given as overall proportions rather

than according to group allocation within trials. Within the overweight

subgroup, 19% had GWG below recommendations, 29%within recom-

mendations, and 51% over recommendations (n = 1245). Within the

obese subgroup, 26% had a GWGbelow recommendations, 30%within

recommendations, and 44% over recommendations (n = 1562).

3.4.2 | Dietary intake assessments

Three included reviews assessed changes in dietary intake.32,33,36

Two reviews reported calorie intake.33,36 Of the five included RCTs,

four reported some reduction in calorie intake in the intervention

group; however, they measured change in calorie intake at different

time points including at 27–28 weeks, 32 and 36 weeks, over all three

trimesters, and from study enrolment to 36 weeks. Neither of the two

studies that assessed calorie intake at 15–18 weeks' gestation found

differences at this timepoint.

Four out of five RCTs incorporated into two separate reviews31,33

reported decreased energy intake from saturated fat in the interven-

tion group. Six studies across two reviews31,33 assessed intake of fruit

and vegetables. Intake increased in both the intervention and control

groups in one study and increased only in the intervention groups in

the other five studies; however, one of these studies was noted not

to have exclusively recruited women with a raised BMI. One review31

also reported that sugar/fizzy drink consumption decreased in two

studies and protein intake increased in two studies. In the two studies

that assessed dietary fiber intake within that review,31 one found

increased consumption with the intervention, while the other found

no difference.

3.4.3 | Physical activity assessments

Two included reviews assessed changes in physical activity.30,33 One

review30 found no differences in step count between intervention

and control groups in two included studies. Similarly, the other

review33 that included three studies found no differences in step

count; however, out of these three studies it was noted that one rec-

ruited postnatal women and two studies did not exclusively recruit

women with a raised BMI. One review30 reported meta-analyses

showing compared with the control group, intervention groups had

increased metabolic equivalent (minutes/week) across eight studies

and increased amount of oxygen used during exercise (VO2 max)

across two studies.

One review33 reported no differences in the number of moderate

to vigorous physical activity minutes per week between intervention

and control groups when using either self-reported or an objective

measure, SenseWear. However, the study using SenseWear technol-

ogy was noted to include women with a BMI in the normal range not

just those with overweight or obesity. Self-reported exercise was not

significantly different between intervention and control groups in one

review including four studies,33 but was increased in another review30

incorporating two studies. Both reviews however were noted to

include studies for this outcome despite them not exclusively incorpo-

rating women with overweight or obesity.

3.4.4 | Maternal morbidity

Seven of the included systematic reviews reported the outcome of

gestational diabetes (see Figure 4). One meta-analysis with low confi-

dence in the findings29 found physical activity interventions reduced

the risk of GDM, and a second meta-analysis with moderate confi-

dence in the findings12 found dietary interventions reduced the risk of

GDM. One review30 reported narratively that GDM reduced in two

included studies; however, it was not clear how many of their

included studies reported this outcome but did not find a reduction in

GDM; furthermore, one of the trials that reported a reduction in

GDM with physical activity was noted to not exclusively recruit par-

ticipants with overweight or obesity. None of the meta-analyses

reporting any lifestyle intervention (dietary and/or physical activity)

found a difference in risk of GDM between intervention and control

groups.

For the outcome of pre-eclampsia, two systematic reviews only

included a subgroup of trials included in a subsequent review,28,33 so

were not included in the analysis for this outcome. The remaining five

meta-analyses found no evidence that lifestyle interventions impacted

on the risk of pre-eclampsia for women with overweight or obesity.

The review undertaking narrative analysis found none of their

included studies reduced pre-eclampsia.

There was no evidence of an impact of lifestyle interventions in

women with overweight or obesity on the incidence of cesarean

section or preterm delivery.

3.4.5 | Infant outcomes

Eight systematic reviews included the outcome of birthweight. Of

these three26,28,34 only included a subset of studies incorporated into

a newer systematic review, so were excluded from the data synthesis

for this outcome.

A graphical representation of the results of the four systematic

reviews that undertook a meta-analysis can be seen in Figure 5. Life-

style interventions had no significant impact on birthweight. The

weighted mean difference in birthweight between control and inter-

vention groups varied from −40 to 10 g. The percentage of variability

in the effect estimate due to heterogeneity was likely to be

unimportant (0%–27%) within the included meta-analyses.

One review31 also provided a narrative synthesis of results. They

reported no difference between lifestyle intervention and control

groups within 11 included studies and a significant increase in

birthweight with lifestyle interventions in the remaining two studies.
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One of the included studies that showed a lack of significance was

noted to actually report LGA and macrosomia, not birthweight. Confi-

dence in the results of the systematic reviews was judged to be low

within two meta-analyses, moderate within the other two meta-

analyses, and high in the review reporting narrative results.

There was no evidence of an impact of lifestyle interventions in

women with overweight or obesity on the incidence of macrosomia,

LGA, low birthweight, or SGA (Figure 5).

3.5 | Subgroup and sensitivity analyses

3.5.1 | Subgroup analysis

Subgroup analysis by type of intervention, dietary only, physical

activity only, or combined interventions incorporating both physical

activity and dietary components was undertaken for the primary

outcome GWG. Full results are given in Table S6. Physical activity

F IGURE 4 Graphical representation of other maternal outcomes (odds ratios with 95% confidence intervals) within included systematic
reviews. s = number of included studies, u = number of unique studies, n = number of participants, I2 = percentage of variability in the effect
estimate due to heterogeneity, confidence = AMSTAR-2 confidence in the results of the review. ^Systematic reviews compared different arms of
Renault et al.44 within their meta-analyses, so taken as non-overlapping study.

Ð
this review was noted to include one RCT in their overweight/

obese meta-analysis that did not exclusively recruit participants with overweight/obesity
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only and combined interventions had varied results, with some

reviews finding GWG to significantly decrease with the intervention

compared with the control and other reviews not. Only for dietary

interventions did the reviews unanimously find GWG to decrease in

the intervention groups. These results should however be treated

with caution, as it was noted there was a lack of consistency between

the reviews over which subgroup an individual study belonged to,

for example, some reviews would attribute an RCT to physical

F IGURE 5 Graphical representation of birthweight and birthweight related outcomes within meta-analysis results within included systematic
reviews. s = number of included studies, u = number of unique studies, n = number of participants, I2 = percentage of variability in the effect
estimate due to heterogeneity, confidence = AMSTAR-2 confidence in the results of the review. * this review was noted to include two RCTs that
incorporated women of normal BMI, despite review inclusion criteria being exclusively women with overweight/obesity.

Ð
this review was noted

to include one RCT in their overweight/obese meta-analysis that did not exclusively recruit participants with overweight/obesity. ¶ one trial
reported birthweight >4000 g not LGA. § Three included trials report birthweight >4000 g and one trial reported birthweight >4500 g rather than
LGA. ∂ Three of the included trials report birthweight <2500 g not SGA. Υ One trial reported birthweight >4500 g not >4000 g
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intervention only, but others would attribute it to a combined

intervention.

3.5.2 | Sensitivity analysis on AMSTAR quality

Overall confidence in the findings of the reviews was only judged to

be high in three reviews.26,30,31 All of these evaluated the impact of

diet and/or physical activity interventions. The impact of lifestyle

interventions on GWG was unclear within these reviews. In the two

reviews30,31 reporting narrative results GWG was reduced in some

but not all included studies and in the review incorporating meta-

analysis26 GWG was not significantly lowered 0.28 kg (95% CI −1.13,

1.69, three studies, 1980 participants, I2 = 43%).

3.6 | Strength of evidence

The strength of the evidence for each outcome was summarized using

the GRADE approach. The overall certainty of evidence for each out-

come, alongside reasons for downgrading the evidence, is recorded in

Table 3. The strength of the evidence was judged to be low for pre-

eclampsia, cesarean section and birthweight and very low for all other

outcomes.

4 | DISCUSSION

A small reduction in GWG of between 0.3 and 2.4 kg with lifestyle

interventions compared with standard care was noted within the

included systematic reviews. However, overall certainty of this evi-

dence is very low. This was due to concerns over risk of bias within

both the included trials and the included systematic reviews, substan-

tial heterogeneity within the included reviews, and potential small

study effects within two reviews that were among those incorporat-

ing the largest number of trials. The small reduction in GWG is in line

with the findings of a meta-analysis from a consortium of seven cen-

ters that undertook collaborative randomized trials of lifestyle inter-

ventions in women with overweight or obesity46 and with a previous

overview that found GWG was reduced with diet and physical activity

interventions by between 0.7 and 1.8 kg for women of all BMI classes

and by between 0.63 and 0.91 kg in a subgroup of women with over-

weight or obesity.47 Our finding also agrees with the results of a

recent RCT that was not within the included systematic reviews,

which showed a small reduction in GWG but no impact on pregnancy

and infant outcomes with partial meal replacement and encourage-

ment to achieve 10,000 steps per day.48 Due to the lack of reporting

within the current systematic reviews, it was not possible to deter-

mine if this small reduction in gestational weight gain had any impact

on the proportion of women with GWG within IOM recommenda-

tions. Further research is also required around the impact of this

reduced GWG on weight retention postpartum, as weight gain during

pregnancy is a well-recognized contributor to increasing maternal BMI

over the childbearing years.49

Excess GWG has been associated with increased adverse preg-

nancy outcomes in observational studies.50,51 Although GWG was sig-

nificantly different in the meta-analyses undertaken within the

majority of reviews, the small nature of the reduction did not appear

to have a clear impact upon maternal and infant outcomes for women

with overweight or obesity. For some outcomes, such as low

birthweight, preterm birth, and pre-eclampsia with low incidences, this

may be due to a lack of power within the current evidence; however,

for other outcomes such as GDM, macrosomia, SGA, LGA, and

cesarean section, at least some of the trials included within the meta-

analyses were adequately powered to detect reductions in these

outcomes. The lack of benefit on pregnancy or infant outcomes from

lifestyle interventions noted within this overview of reviews was in

line with a previous meta-analysis of intervention trials undertaken

across a consortium.46 Within this overview, only for the outcome of

GDM was there evidence that dietary only interventions or physical

activity only interventions may reduce the odds of GDM with the

intervention compared with control. The lack of reduction in the inci-

dence of macrosomia with lifestyle interventions within this overview

contrasts with a previous overview of reviews that found a reduced

incidence of macrosomia within a subgroup of women with over-

weight or obesity47; however, this current overview contains more

systematic reviews incorporating a wider range of trials that the

previous overview.

While no clear positive clinical outcomes have been demon-

strated from undertaking lifestyle interventions during pregnancy

within the subgroup of women with overweight or obesity, there was

also no evidence of any adverse outcomes from restricting diet or

undertaking physical activity, with SGA, low birthweight, and preterm

delivery all showing no differences between those in the intervention

and control groups.

A recent systematic review of six studies that incorporated cost

estimates found lifestyle interventions aimed at limiting GWG were

mainly not cost effective.52 This was largely due to the lack of benefit

across a range of clinical outcomes, which some studies may have

been underpowered to detect. The analysis was also limited by the

lack of studies reporting cost-effectiveness.52 Furthermore, neither

this overview of reviews nor the cost effective analysis could consider

the impact of reduced GWG or improved maternal nutrient intake and

exercise participation on important longer term benefits such as post-

partum weight retention, maternal BMI at the start of a subsequent

pregnancy, maternal psychosocial well-being, and long-term infant

health due to lack of current evidence.

The impact of maternal diet during pregnancy on the long-term

well-being of the infant is increasingly recognized, as the role of fetal-

programming through epigenetics is increasingly understood.53,54 The

Mediterranean diet is considered one of the healthiest dietary pat-

terns within the general population.54 Limited studies within pregnant

populations suggest that adherence to a Mediterranean style diet may

reduce long term metabolic ill health in the offspring.54 Furthermore,

a recent trial of a low glycemic diet in women of all BMIs showed dif-

ferential methylation in infants within the intervention and control

groups.55 Our understanding of the impact of maternal diet on human

FAIR AND SOLTANI 15 of 21



T
A
B
L
E
3

Su
m
m
ar
y
o
f
fi
n
d
in
gs

ta
bl
e
fo
r
lif
es
ty
le

in
te
rv
en

ti
o
n
s
co

m
pa

re
d
w
it
h
st
an

da
rd

ca
re

in
pr
eg

na
nc

y
fo
r
w
o
m
en

w
it
h
o
ve

rw
ei
gh

t
o
r
o
be

si
ty

C
er
ta
in
ty

as
se
ss
m
en

t
Su

m
m
ar
y
o
f
fi
nd

in
gs

Sy
st
em

at
ic
re
vi
ew

s
re
po

rt
in
g

o
ut
co

m
e

R
is
k

o
f
bi
as

In
co

ns
is
te
nc

y
In
di
re
ct
ne

ss
Im

pr
ec

is
io
n

P
ub

lic
at
io
n
bi
as

O
ve

ra
ll
ce

rt
ai
nt
y
o
f

ev
id
en

ce
Im

pa
ct

G
es
ta
ti
o
na

lw
ei
gh

t
ga
in

9
Se

ri
o
us

a
Se

ri
o
u
sb

N
o
t
se
ri
o
us

N
o
t
se
ri
o
us

St
ro
ng

ly

su
sp
ec
te
d
c

L
◯

◯
◯

V
E
R
Y
LO

W
Sm

al
lr
ed

uc
ti
o
n
in

ge
st
at
io
na

lw
ei
gh

t
ga
in

su
gg

es
te
d,

o
f
be

tw
ee

n
0
.3

an
d
2
.4

kg
w
it
h
lif
es
ty
le

in
te
rv
en

ti
o
ns

co
m
pa

re
d
w
it
h
st
an

da
rd

ca
re

G
es
ta
ti
o
n
al
di
ab

et
es

(G
D
M
)

7
Se

ri
o
u
sa

Se
ri
o
u
sd

N
o
t
se
ri
o
us

Se
ri
o
us

e
N
o
ne

L
◯

◯
◯

V
E
R
Y
LO

W
R
ed

uc
ed

o
dd

s
o
f
G
D
M

w
er
e
su
gg

es
te
d
in

o
ne

sy
st
em

at
ic
re
vi
ew

o
f
di
et
ar
y
o
nl
y
in
te
rv
en

ti
o
ns

an
d

o
ne

sy
st
em

at
ic
re
vi
ew

o
f
ph

ys
ic
al
ac
ti
vi
ty

o
nl
y

in
te
rv
en

ti
o
ns
.T

he
re

w
as

no
co

ns
is
te
nt

re
du

ct
io
n
in

G
D
M

o
bs
er
ve

d
in

w
o
m
en

un
de

rt
ak
in
g
an

y
lif
es
ty
le

in
te
rv
en

ti
o
ns

(d
ie
t
an

d/
o
r
ph

ys
ic
al
ac
ti
vi
ty
)

co
m
pa

re
d
to

st
an

da
rd

ca
re

P
re
-e
cl
am

ps
ia

4
Se

ri
o
us

a
N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
us

Se
ri
o
us

e
N
o
ne

L
L

◯
◯

LO
W

N
o
cl
ea

r
ef
fe
ct

o
n
th
e
o
dd

s
o
f
pr
e-
ec
la
m
ps
ia
in

w
o
m
en

un
de

rt
ak
in
g
lif
es
ty
le

in
te
rv
en

ti
o
ns

co
m
pa

re
d
to

st
an

da
rd

ca
re

C
es
ar
ea

n
se
ct
io
n

6
Se

ri
o
u
sa

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
us

Se
ri
o
us

e
N
o
ne

L
L

◯
◯

LO
W

N
o
cl
ea

r
ef
fe
ct

o
n
th
e
o
dd

s
o
f
ce
sa
re
an

de
liv
er
y
in

w
o
m
en

un
de

rt
ak
in
g
lif
es
ty
le

in
te
rv
en

ti
o
ns

co
m
pa

re
d
w
it
h
st
an

da
rd

ca
re

P
re
te
rm

d
el
iv
er
y

3
Se

ri
o
u
sa

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
us

Se
ri
o
us

e
O
th
er

bi
as

f
L

◯
◯

◯
V
E
R
Y
LO

W
N
o
cl
ea

r
ef
fe
ct

o
n
th
e
o
dd

s
o
f
pr
et
er
m

de
liv
er
y
in

w
o
m
en

un
de

rt
ak
in
g
lif
es
ty
le

in
te
rv
en

ti
o
ns

co
m
pa

re
d
w
it
h
st
an

da
rd

ca
re

B
ir
th
w
ei
gh

t

4
Se

ri
o
u
sa

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
us

Se
ri
o
us

e
N
o
ne

L
L

◯
◯

LO
W

N
o
cl
ea

r
ef
fe
ct

o
n
bi
rt
hw

ei
gh

t
in

in
fa
nt
s
o
f
w
o
m
en

un
de

rt
ak
in
g
lif
es
ty
le

in
te
rv
en

ti
o
ns

co
m
pa

re
d
w
it
h

st
an

da
rd

ca
re

M
ac
ro
so
m
ia

4
Se

ri
o
u
sa

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
us

Se
ri
o
us

e
O
th
er

bi
as

f
L

◯
◯

◯
V
E
R
Y
LO

W
N
o
cl
ea

r
ef
fe
ct

o
n
th
e
o
dd

s
o
f
m
ac
ro
so
m
ia
in

in
fa
nt
s

o
f
w
o
m
en

un
de

rt
ak
in
g
lif
es
ty
le

in
te
rv
en

ti
o
ns

co
m
pa

re
d
w
it
h
st
an

da
rd

ca
re

Lo
w

b
ir
th
w
ei
gh

t

1
Se

ri
o
u
sg

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
us

V
er
y se
ri
o
us

h

O
th
er

bi
as

f
L

◯
◯

◯
V
E
R
Y
LO

W
N
o
cl
ea

r
ef
fe
ct

o
n
th
e
o
dd

s
o
f
lo
w

bi
rt
hw

ei
gh

t
in
fa
nt
s

in
w
o
m
en

un
de

rt
ak
in
g
lif
es
ty
le

in
te
rv
en

ti
o
ns

co
m
pa

re
d
w
it
h
st
an

da
rd

ca
re

(C
o
nt
in
ue

s)

16 of 21 FAIR AND SOLTANI



T
A
B
L
E
3

(C
o
nt
in
ue

d)

C
er
ta
in
ty

as
se
ss
m
en

t
Su

m
m
ar
y
o
f
fi
nd

in
gs

Sy
st
em

at
ic
re
vi
ew

s
re
po

rt
in
g

o
ut
co

m
e

R
is
k

o
f
bi
as

In
co

ns
is
te
nc

y
In
di
re
ct
ne

ss
Im

pr
ec

is
io
n

P
ub

lic
at
io
n
bi
as

O
ve

ra
ll
ce

rt
ai
nt
y
o
f

ev
id
en

ce
Im

pa
ct

La
rg
e
fo
r
ge

st
at
io
n
al
ag
e

4
Se

ri
o
u
sa

Se
ri
o
u
sd

N
o
t
se
ri
o
us

Se
ri
o
us

e
O
th
er

bi
as

f
L

◯
◯

◯
V
E
R
Y
LO

W
N
o
cl
ea

r
ef
fe
ct

o
n
th
e
o
dd

s
o
f
in
fa
nt
s
la
rg
e
fo
r

ge
st
at
io
na

la
ge

in
w
o
m
en

un
de

rt
ak
in
g
lif
es
ty
le

in
te
rv
en

ti
o
ns

co
m
pa

re
d
w
it
h
st
an

da
rd

ca
re

Sm
al
lf
o
r
ge

st
at
io
na

la
ge

3
Se

ri
o
u
sa

N
o
t
se
ri
o
u
s

N
o
t
se
ri
o
us

Se
ri
o
us

e
O
th
er

bi
as

f
L

◯
◯

◯
V
E
R
Y
LO

W
N
o
cl
ea

r
ef
fe
ct

o
n
th
e
o
dd

s
o
f
in
fa
nt
s
sm

al
lf
o
r

ge
st
at
io
na

la
ge

in
w
o
m
en

un
de

rt
ak
in
g
lif
es
ty
le

in
te
rv
en

ti
o
ns

co
m
pa

re
d
w
it
h
st
an

da
rd

ca
re

a
D
o
w
ng

ra
d
ed

(−
1
)f
o
r
ri
sk

o
f
bi
as

d
ue

to
co

nc
er
ns

o
ve

r
b
ia
s
w
it
h
in

th
e
in
cl
ud

ed
ra
nd

o
m
iz
ed

co
nt
ro
lle
d
tr
ia
ls
w
it
h
le
ss

th
an

ha
lf
be

in
g
ju
dg

ed
to

be
lo
w

ri
sk

o
f
bi
as

ac
ro
ss

al
lt
hr
ee

ar
ea

s
o
f
ra
nd

o
m

se
qu

en
ce

ge
ne

ra
ti
o
n,

al
lo
ca
ti
o
n
co

n
ce
al
m
en

t
an

d
at
tr
it
io
n
b
ia
s
an

d
d
u
e
to

lo
w

o
r
cr
it
ic
al
ly

lo
w

co
nf
id
en

ce
in

th
e
fi
nd

in
gs

o
f
th
e
m
aj
o
ri
ty

o
f
in
cl
ud

ed
sy
st
em

at
ic
re
vi
ew

s.
b
D
o
w
n
gr
ad

ed
(−
1
)f
o
r
in
co

n
si
st
en

cy
du

e
to

su
b
st
an

ti
al
u
n
ex

p
la
in
ed

st
at
is
ti
ca
la
nd

pr
o
ce
du

ra
lh

et
er
o
ge

ne
it
y
w
it
hi
n
m
an

y
in
cl
ud

ed
sy
st
em

at
ic
re
vi
ew

s.
c D

o
w
ng

ra
de

d
(−
1
)f
o
r
pu

b
lic
at
io
n
bi
as

du
e
to

sm
al
ls
tu
d
y
ef
fe
ct
s
no

te
d
w
it
hi
n
se
ve

ra
ls
ys
te
m
at
ic
re
vi
ew

s
w
it
h
th
e
hi
gh

es
t
nu

m
be

r
o
f
in
cl
ud

ed
ra
nd

o
m
iz
ed

co
nt
ro
lle
d
tr
ia
ls
.

d
D
o
w
n
gr
ad

ed
(−
1
)f
o
r
in
co

n
si
st
en

cy
du

e
to

st
at
is
ti
ca
la
n
d
pr
o
ce
du

ra
lh

et
er
o
ge

ne
it
y
be

tw
ee

n
st
ud

ie
s
w
it
hi
n
so
m
e
in
cl
ud

ed
re
vi
ew

s.
e
D
o
w
ng

ra
d
ed

(−
1
)f
o
r
im

p
re
ci
si
o
n
du

e
to

un
ce
rt
ai
nt
y
o
ve

r
th
e
tr
u
e
ef
fe
ct

si
ze

w
it
hi
n
th
e
di
ff
er
en

t
in
cl
ud

ed
sy
st
em

at
ic
re
vi
ew

s.
f D

o
w
ng

ra
de

d
(−
1
)d

u
e
to

su
sp
ec
te
d
p
o
o
r
re
p
o
rt
in
g
o
f
o
u
tc
o
m
e
w
it
hi
n
in
cl
u
d
ed

sy
st
em

at
ic
re
vi
ew

s
de

sp
it
e
th
e
o
ut
co

m
e
it
se
lf
be

in
g
re
po

rt
ed

in
m
an

y
in
cl
ud

ed
ra
nd

o
m
iz
ed

co
nt
ro
lle
d
tr
ia
ls
.

g
D
o
w
ng

ra
d
ed

(−
1
)f
o
r
ri
sk

o
f
bi
as

du
e
to

co
nc

er
ns

o
ve

r
b
ia
s
w
it
h
in

th
e
in
cl
ud

ed
ra
nd

o
m
iz
ed

co
nt
ro
lle
d
tr
ia
la
nd

w
it
hi
n
th
e
in
cl
ud

ed
sy
st
em

at
ic
re
vi
ew

.
h
D
o
w
n
gr
ad

ed
(−
2
)f
o
r
ve

ry
se
ri
o
us

co
nc

er
ns

ar
o
un

d
im

pr
ec
is
io
n
d
u
e
to

si
ng

le
st
ud

y,
sm

al
ls
am

pl
e
si
ze
,w

it
h
fe
w

ev
en

ts
.

FAIR AND SOLTANI 17 of 21



fetal development and on the long-term health outcomes for infants

are only just beginning to develop. Further exploration is required to

increase our understanding of the specific nutritional components that

are important in pregnancy, to both maximize pregnancy outcomes

and long-term infant health.

Historically, pregnancy has been viewed as a “teachable moment”
for women due to their motivation, related to the developing fetus's

health, and the frequent contact with health professionals providing

an opportune time to deliver health promotion.56 However, this over-

view of reviews has been unable to demonstrate a clear clinical bene-

fit of lifestyle interventions during pregnancy for women with a raised

BMI. This may in part be due to the short time scale of pregnancy in

which to change habits and also due to competing demands on a

woman's attention including financial, emotional, and other health

promotional activities.57 It is suggested that targeting interventions

to the pre-conception period could have more impact, as women

have more time to be exposed to healthy lifestyle advice and to assim-

ilate positive behavior change.57,58 There are currently very limited

lifestyle intervention studies during the preconceptual period around

nutrition.59 This is despite NICE guidance highlighting the importance

of the pre-conceptual period for informing women with a raised BMI

about losing weight prior to pregnancy.14 In part, this may be due to

the perception that undertaking pre-conception studies is difficult due

to the number of unplanned pregnancies. A recent survey of women

at antenatal clinics in a region within England has however suggested

that just 5.5% of pregnancies not ending in induced abortion were

unplanned.60 Given the importance of the preconceptual and early

pregnancy periods and their impact on fetal-programming, it is an

urgent area of further investigation.

There was insufficient evidence to confirm the most effective

type of lifestyle intervention in women with overweight or obesity

during pregnancy, with all types of intervention: dietary only, physical

activity only, and combined interventions having an impact on GWG

within some of the included reviews. It was also difficult to identify

the characteristics of interventions that have the potential to impact

most upon GWG and clinical outcomes, due to the pronounced meth-

odological and statistical heterogeneity between interventions within

each review. Interventions could vary from providing women with

additional information to in-depth dietary and physical activity sup-

port. A previous meta-analysis of lifestyle interventions for women

across all BMI categories found that physical activity interventions

that combined both individual and group elements were more effec-

tive at reducing GWG than individual or group interventions in isola-

tion.61 However, none of the other study characteristics investigated

including gestation at which the intervention commenced, intensity of

the intervention in terms of length of time, frequency, or duration

of the intervention or the type of diet advised predicted the success

of the lifestyle intervention.61 This current lack of clarity regarding

effective interventions during pregnancy appears to carry over into

practice, with a recent study of providers and commissioners62

highlighting provider's desire for clearer guidance on which to base

their practice. This current overview illustrates how much our under-

standing of effective interventions still needs to advance. Michie

et al.63 have developed a taxonomy of behavior change techniques

that allows the active behavior change components of interventions

to be more clearly identified. Determining which behavior change

techniques are effective, as well as the required frequency of an inter-

vention requires further investigation within the subpopulation of

pregnant women with overweight or obesity. Indeed, the identifica-

tion of effective components of lifestyle interventions that promote

dietary improvements during pregnancy and optimize gestational

weight gain has been identified as a key research priority by the

Health in Preconception, Pregnancy, and Postpartum Global

Alliance.64

4.1 | Limitations of the review

A strength of this review was limiting the evidence base to RCTs to

minimize heterogeneity in study design and to ensure comparability.

The review searched multiple databases with no date restrictions to

provide a comprehensive overview of current evidence. Rigorous

quality appraisal by two reviewers was also undertaken using the

AMSTAR-2 tool.

The limitations within this review were the diverse nature of the

included lifestyle interventions preventing understanding of effective

components of interventions. There is also inconsistency in end points

for GWG within included trials and therefore within the systematic

reviews. GWG from pre-pregnancy to delivery is used to assess IOM

adherence; however, multiple other time points were used within the

included trials. One review40 describes these clearly with “initial”
weight taken as pre-pregnancy, early pregnancy, or trial entry, which

extended up to 28 weeks within one study. “End” weights were from

24 weeks' gestation up to delivery. The inclusion of few studies

undertaken within low income countries within the included system-

atic reviews is recognized as a further limitation, despite the increased

incidence of obesity globally.

It is recognized that there was an updated version of one included

review.26 However, the more recent update65 no longer included an

overweight/obese subgroup for the outcome of GWG, so was not eli-

gible for inclusion. The decision was therefore made to retain the

older review26 within this overview.

This overview is also limited by the limitations within the

included reviews including the quality of their searches, extraction,

and reporting. Areas of weakness identified included, for example,

combining LGA and macrosomia outcomes, including studies within

their overweight and/or obese subgroups that were not exclusively

women with a raised BMI, for example, including women of normal

weight,66–68 those with previous GDM as well as those with a raised

BMI69 and women with raised blood glucose levels.70 Others too have

noted the inclusion of apparently ineligible trials within systematic

reviews.71 Furthermore, several errors in data extraction within

included reviews were noted such as extracting standard error rather

than standard deviation. It is felt that going back to the original study

results within this overview and correcting or highlighting the areas of

inconsistency has mitigated these limitations in part.
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4.2 | Implications for research

Further trials are required to identify the most effective components

of interventions, as well as the required frequency and level of

supervision within an intervention. Exploration of the impact of

specific nutrients in pregnancy also need further exploration in both

pregnant women as a whole and within the subgroup of women with

overweight or obesity. To reduce some heterogeneity between

studies, a universal definition for the measurement of GWG would be

beneficial. Consideration should also be given to exploring lifestyle

interventions in the prenatal period given the current lack of benefit

on maternal and infant outcomes from lifestyle interventions during

pregnancy.

Care is required when compiling an overview of reviews to

prevent perpetuation of errors that are present within included

systematic reviews.

5 | CONCLUSION

Lifestyle interventions appear to have a small effect in reducing

GWG in women with overweight or obesity. Heterogeneity

between studies within most of the included reviews meant it was

not possible to identify the most effective interventions within this

group of women. Current evidence does not show a clear benefit

on maternal and infant outcomes from the small nature of the

reduction in GWG produced by lifestyle interventions in women

with overweight or obesity.
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3.5 Summary and implication for thesis 

The overview was undertaken in a robust and rigorous manner. A protocol was 

published a priori, as considered best practice, to enhance the transparency 

and reproducibility of the overview of reviews. Further strengths of the overview 

are that it searched multiple databases with no date restrictions to provide a 

comprehensive overview of evidence. Rigorous quality appraisal was 

undertaken by two reviewers using the AMSTAR-2 tool to establish the level of 

confidence in the quality of each included systematic review(285). Additionally, 

the strength of the evidence for each outcome was considered using the 

GRADE approach(286). 

The key finding of the overview of systematic reviews was that lifestyle 

interventions had a small effect in reducing GWG in women with overweight or 

obesity. However, the clinical significance of the reduction in GWG in women 

with overweight or obesity was questioned given the small nature of the 

reduction in GWG and the lack of clear impact upon clinical outcomes for the 

mother or her infant. Overall certainty in the evidence, assessed using the 

GRADE approach, was low for pre-eclampsia and birthweight and very low for 

all other outcomes. Additionally, heterogeneity between the studies included 

within the systematic reviews meant the most effective lifestyle interventions for 

this group of women could not be identified from the current evidence base, 

including the required intensity of an intervention.  

The work provided an overall body of evidence regarding lifestyle interventions 

for women with overweight or obesity to avoid excessive GWG by summarising 

previously published works. This overview therefore added clarity within this 

area. 

The research gaps identified within the background literature in Chapter 2 and 

within this overview of systematic reviews are explored throughout the rest of 

the thesis in the programme of research undertaken.  

The next chapter sets out the detailed methodology of the programme of 

research to address the gaps identified.  
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Chapter 4: Methodology 
 

4.1 Introduction 

This chapter provides an overview of the theoretical frameworks influencing this 

programme of research and the chosen methods. It discusses mixed methods 

research designs and the research paradigms generally associated with mixed 

methods approaches. A rationale for the use of an explanatory sequential mixed 

methods design and the paradigmatic stances taken within the research are 

subsequently given, alongside an overview of the programme of research. 

Finally, a brief description of the methods used, and the ethical considerations 

is presented, with full details of the methods provided within each related article.  

 

4.2 Theoretical framework 

A theoretical framework is the structure, scaffolding and frame of a study(287). 

This theory provides the worldview lens from which the problem is analysed(288) 

and therefore determines how the research question is framed, what data is 

gathered and what is looked for when interpreting the data(289). Multiple 

competing theories exist, which allows phenomena to be viewed from multiple 

perspectives, with each perspective providing a reasonable explanation of a 

phenomenon(289). It is therefore considered essential to explicitly state the 

theoretical framework when undertaking any research(288).  

This current research was influenced by two theoretical frameworks. They 

provided the lens through which the study occurred and was interpreted. The 

first of the theoretical frameworks was the Capability, Opportunity, Motivation, 

Behaviour (COM-B) model(290). This views human behaviour to be generated by 

three essential components: capability, motivation and opportunity, with these 

three entities in turn also influenced by behaviour(290). The COM-B model is 

shown in Figure 4.1.  

Capability has both physical and psychological components and includes the 

knowledge and skills that an individual requires to undertake the given 

behaviour(291). Motivation is the brain processes involved in producing a 
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behaviour and includes both autonomic (instinctive or habitual processes) as 

well as a reflective component which involves conscious thought processes 

such as making plans and evaluating(291). Finally, opportunity includes both 

physical opportunities for example having the material resources to undertake a 

behaviour, as well as social opportunities with other people and cultural norms 

impacting upon behaviour(291).   

 

Figure 4.1. The COM-B model (Based on Michie et al., 2011(290))  

 

 

Within the NICE guidance on individual approaches to behaviour change, the 

use of the COM-B model is recommended to tailor interventions to both assess 

and address participants individual needs(273). This framework has been used 

extensively by other researchers within the field of maternal obesity and/or 

gestational weight management(292-295).  

The second theoretical framework influencing this current research was the 

socio-ecological model(296). Behaviour is viewed as being determined by the five 

major factors listed in Table 4.1. Intra-personal factors, incorporate individual 

characteristics such as knowledge, attitude, self-concept, intentions and skills. 

These are impacted by the developmental history of the individual(296). Inter-

personal factors include the social groups or support systems surrounding the 

individual such as family and friends(296). Rather than just considering how these 

social influences could be used to support the individual to change, the socio-

ecological model also places an emphasis on changing social norms that may 

influence an individual’s undesirable behaviour(296). This was not the case in 

models developed prior to the socio-ecological, when even if aspects of social 
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support were incorporated the focus remained on changing the individual 

behaviour, not on modifying the social environment(296). The third major factor 

within the model is institutional factors. These include organisational 

characteristics or rules and regulations within social institutions(296). While 

interventions at this level may support change in the individual such as 

increasing food nutritional information labelling, the model also highlights the 

importance of changing organisational culture to become more supportive of 

health issues(296). Community factors incorporate the relationship between 

organisations, institutions and networks(296). Interventions that promote 

interagency working for health promotion activities would fall under this level. 

The final factor within the model is public policy factors which contain local as 

well as national policies and laws(296). 

 

Table 4.1. The five major factors viewed as determinants of behaviour 
within the socio-ecological model (McLeroy et al., 1988)(296)  

Behaviour is determined by: 

 Intra-personal factors 

 Inter-personal factors 

 Institutional factors 

 Community factors 

 Public policy 

 

This model has been used by other researchers to conceptualise or analyse 

barriers to healthy lifestyles among pregnant women(297,298). Recently a new 

socioecological model has also been developed specifically for the prevention 

of maternal obesity(299). This removed the individual from being the centre of 

focus which can lead to stigmatisation and blame for the woman(299). Instead, 

the focus has been placed on the interaction between all layers within the socio-

ecological model including the woman herself, her family, work or peers, wider 

community, industry or government and overall culture and society. The link 

between the multiple factors is represented in Figure 4.2.   
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Figure 4.2. The socio-ecological framework for maternal obesity 
prevention (From Hill, 2021: Publisher John Wiley and Sons)(299)  

 

 

 

4.3 Mixed methods research 

Mixed methods research methodology began to develop from the mid 1980’s 

when authors were moving from viewing qualitative and quantitative studies as 

separate entities and to consider how the two could be combined and 

complement each other(300). Textbooks were published around mixed methods 

from the late 1990’s, for example Tashakkori & Teddie (1998)(301). 

Subsequently, the first peer-reviewed journal dedicated to mixed methods the 

‘Journal of Mixed Methods Research’ was established in 2007(302). Mixed 

methods research grew out of the recognition that all methods of gaining 

knowledge are fallible, therefore using multiple diverse methods can be 

beneficial(303). This is especially important for social phenomena that are 

complex in nature(303). 

There are several advantages of mixed methods research. They combine the 

different perspectives of qualitative and quantitative methodology, while at the 

same time compensating for the inherent weakness of only using one 

method(300). The qualitative aspect can add context and participants voices, 

while the quantitative aspect allows generalisability of results. Mixed methods 
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studies can therefore answer research questions that could not be asked with 

one approach, for example qualitative interviews can be used to explain 

quantitative results(300). It is increasingly recognised that complex questions 

within research are best answered by integrating both quantitative and 

qualitative evidence – as each lead to a distinct, but important, understanding 

and explanation of complex problems(302). By combining the two approaches 

new insights can be made. Mixed methods research also provides enhanced 

opportunities for triangulation(302).  

The disadvantages of mixed methods research are that the researcher requires 

expertise in both qualitative and quantitative research methodology and to 

understand how to ensure rigour within the quantitative aspect as well as 

credibility within the qualitative aspect(300). Additionally, given the multiple data 

collection methods and the requirement for data integration, more resources are 

required for mixed methods studies. 

Mixed methods research has been defined in multiple ways by different 

researchers over the years(300). Four core characteristics of mixed methods 

research have been proposed(300): 

1. It collects both qualitative (open-ended) and quantitative (closed ended) 

data in a rigorous way in response to a specific research question. 

2. These are combined into a specific research design that provides the 

procedure for undertaking the study. 

3. The procedures are framed within theory and philosophy.  

4. The findings from the two forms of data collection are combined. 

Many different mixed methods classifications have been advanced, however 

most recently three core types of mixed methods design have been described. 

These are the convergent design, the explanatory sequential design and the 

exploratory sequential design(300). The process, weighting and timing 

corresponding to each of these mixed methods research designs are shown in 

Table 4.2.  
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Table 4.2. Core mixed methods research designs  

Design type Notation Weighting Process Timing 

Convergent  QUAN + 

QUAL 

Equal Qualitative and 

quantitative 

methods 

implemented 

simultaneously 

Concurrent 

Explanatory 
sequential 

QUAN  qual Quantitative Qualitative results 

used to explain the 

quantitative ones. 

Sequential 

Exploratory 
sequential 

QUAL  quan Qualitative Qualitative methods 

used to explore the 

phenomena, which 

are then tested for 

generalisability with 

quantitative 

methods 

Sequential 

Table developed from Creswell & Plano Clark (2017)(300, p63) 

 

In addition to the core methods described above, numerous complex mixed 

method designs have been identified. One of these is the mixed methods 

experimental (or intervention) design. Within this the quantitative component is 

the dominant aspect and is used to assess the impact of an intervention 

compared to a comparison group. A supplemental qualitative component can 

occur either before the intervention (exploratory sequential design), in parallel 

with the intervention (the convergent design) or after the intervention 

(explanatory sequential design)(300).  

 

4.4 Research paradigms 

Paradigms have been described as the beliefs, values, and assumptions held 

by the members of a specific community about knowledge and how it is 

formed(304). Since the original work by Kuhn (1970)(304), the concept of 

paradigms has subsequently been used by researchers in four distinct ways. 
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This includes as all-encompassing worldviews, differences in epistemological 

stance, shared beliefs within a research field and as model exemplars for how 

research should be done(305). Each of these definitions are not mutually 

exclusive and range from the most general to the more specific(305). 

When the concept of paradigms is used to portray specific worldviews, they 

differ in their ontology (the nature of reality); epistemology (how we gain 

understanding of what we know) and methodology(300). There is ongoing debate 

about the potential different worldviews that researchers can hold(306), especially 

with regard to mixed methods research. The conceptual stances for the use of 

paradigms within mixed methods are shown in Table 4.3. They include 

incompatibility, a-paradigmatic, the single paradigm stance, the dialectical 

perspective and the multiple paradigms stance(307,308). Each of these will be 

discussed in brief below. 

 

Table 4.3. The main conceptual stances within mixed methods research  

Conceptual stance Definition 

Incompatibility Quantitative and qualitative research are 

based on fundamentally different philosophies 

so it is not possible to integrate them 

A-paradigmatic Research paradigms are unimportant, 

especially for studies undertaken in real world 

settings 

Single paradigm stance Mixed methods research can be underpinned 

by a single paradigm such as the pragmatic, 

critical realist or transformative paradigms 

Dialectical perspective Using multiple paradigms contributes to 

greater understanding of a phenomena 

Multiple paradigms stance The researcher decides which paradigm is 

most appropriate as a single paradigm does 

not always apply to all research designs 

Adapted from Teddie & Tashakkori, 2009(307); Teddie & Tashakkori, 2010(308). 
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Some have argued that due to quantitative and qualitative research having 

fundamentally different underpinning philosophical epistemologies and 

assumptions that they are incompatible and cannot be combined(287,309). Others 

however view research paradigms as providing a general philosophical 

orientation, but do not consider them as completely standalone 

compartments(305,310), with paradigms increasingly seen as a continuum(307,308). 

The legitimacy of standalone paradigms and the imposed order they try to 

establish has particularly been questioned given the arbitrariness of how each 

paradigm is defined and concerns over who establishes the legitimacy of any 

given paradigm(305). Many researchers have therefore moved beyond the stance 

that integration of qualitative and quantitative methodologies is incompatible 

and have offered various ways in which the different paradigms can be 

combined within mixed methods research(307,308).  

The a-paradigmatic stance takes the viewpoint that paradigms are unimportant 

within mixed methods research, especially for studies undertaken in real world 

settings(307,308).  

The single paradigm stance asserts that mixed methods research can be 

underpinned by just one paradigm(307,308). The four main paradigms in mixed 

methods research are the postpositivist, constructivist, transformative and 

pragmatic paradigms(302). The differences between these different philosophies 

are shown in Table 4.4. Each paradigm is associated with specific research 

approaches, although these approaches are not discrete, but acknowledged to 

more fit on a continuum(306,311).  

Traditionally the paradigm associated with quantitative research was the 

positivist paradigm. The positivist paradigm viewed there to be one single reality 

that researchers aim to discover(312). However, as it was recognised that we can 

never be truly certain about our claims of knowledge, post positivism has 

increasingly replaced positivism(306). This acknowledges that all observations we 

make are influenced by the observer’s background knowledge and assumptions 

– the observer can never be truly neutral(312).  

In contrast the constructivist paradigm is largely associated with qualitative 

methods. Much work was done on this by Guba and Lincoln (1994)(313) and 

Guba and Lincoln (2005)(314). In contrast to the positivist paradigm that viewed 

there to be one single reality, the constructivist paradigm recognised the 
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multiple realities of participants within any given situation and the crucial impact 

of social and historical influences on the meanings participants generate(306).  

 

Table 4.4. Research paradigms and their associated ontology, 
epistemology and methodologies* 

Paradigm Ontology  
(what is the 
nature of reality) 

Epistemology 
(relationship 
between the 
researcher 
and what is 
researched) 

Aim Inquiry 
process 

Associated 
research 
designs 

Postpositivist Critical realism - 
Single reality 
that can only 
ever be 
imperfectly 
understood 

Objectivist, 
neutrality, 
distance and 
impartiality 

Reductionism 
(focus on a 
narrow set of 
variables) 

Deterministic – 
(identification of 
the causes that 
influence the 
outcomes of 
interest) 

Prediction and 
control 

Theory 
verification 
(deductive) 

Mainly 
quantitative: 
e.g. RCT; 
Quasi-
experimental; 
Longitudinal 
designs; Survey 

Constructivist Relativism - 
Multiple realities 
that are socially 
constructed 

Subjectivist - 
Interactive and 
interpretive as 
researchers 
recognise their 
own role within 
the 
interpretation 

Construction of 
the meaning of a 
situation  

Theory 
generation 
- inductive 

Qualitative: 
e.g. 
Ethnography; 
Grounded 
theory; 
Phenomenology 

Pragmatic Pluralistic - 
Singular and 
multiple realities, 
continually 
created through 
interaction and 
transaction with 
the ‘world’ 

Practicality - 
what works to 
address the 
research 
question 

Problem centred Abductive 
– real 
world 
practice 
orientated 

Mixed methods: 
e.g. 
Convergent; 
Explanatory 
sequential; 
Exploratory 
sequential; 
Complex mixed 
methods 
designs 

Transformative Multifaceted - 
consequence of 
inequalities 
shaped by 
different 
positions in 
society e.g. 
ethnicity, gender, 
social, political, 
cultural, disability 

Interactive, 
trust, 
collaborative 

Social justice/ 
Change 
orientated; 
research agenda 
intertwined with 
politics to 
confront social 
oppression  

Abductive - 
change 
orientated 

Mixed methods; 
e.g. Dialogic, 
Emancipatory; 
Participatory 
action research; 
Critical theory; 
Narrative 
designs 

*Information within the table is based on information contained within: Creswell & Plano Clark 

(2017)(300,Ch 2); Creswell & Creswell (2018)(306,Ch 1); Lincoln et al., (2018)(311,Ch 5); Mertens & Tarsilla, 

(2015)(302,Ch 24); Teddie & Tashakkori (2009)(307,Ch 5). 
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The pragmatic paradigm encourages researchers to use their research question 

to determine their research methods, not just to base their methods on a 

specific paradigm(305). The pragmatic approach therefore considers the 

workability of any approach and is guided by which methods are most 

appropriate for answering the research question(301,305,315). This has led to the 

traditional concept of paradigms which advocate specific ontological, 

epistemological and methodological viewpoints, being challenged(305). The 

pragmatic paradigm abandons the choice between positivism and 

constructivism(300) and places an emphasis on shared meaning(305) and on 

qualitative and quantitative methods complimenting each other(315). It mixes 

multiple sources of evidence to identify potential solutions or actions to the 

problem studied(316).  

The transformative paradigm places emphasis on those who are marginalised 

and the impact of inequalities(315). This perspective intentionally collaborates 

with minorities to give them a voice, for example not just through participation 

within the research but also in research question development, recruitment, 

sensitive data collection and analysis(315). It frames the research within the 

social and historical context and is oriented towards effecting social change. 

As well as the use of these single paradigm stances within mixed methods 

research, a further conceptual stance is the dialectical perspective (Table 4.3). 

Rather than using a single worldview such as pragmatism, the dialectical stance 

acknowledges that multiple paradigms can exist within mixed methods 

research(300,303,315,316). It is recognised that different paradigms consider that 

there are different ways of knowing and understanding the social world, which 

can add new insights(302,303,316). The differences and contradictions that occur 

are respectfully acknowledged(316), but they are not reconciled, with the 

divergent results bringing a fuller picture of the complex phenomenon being 

studied(302,303,316). The different paradigms bring their unique perspective, thus 

allowing for divergence within the results from the different methodological 

aspects(315). The research design is intentionally interactive between the 

different data sets at multiple timepoints within the study(316). 

A final stance, the multiple paradigms stance, has been proposed(300). This 

again acknowledges that more than one worldview may exist, with different 

worldviews used within different phases of the mixed methods study, with the 
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worldview informed by the type of mixed methods design and the study 

context(300). When paradigms were first described by Kuhn (1970)(304), he 

himself noted that while most researchers work within a single paradigm, there 

was nothing that prevented the followers of one paradigm understanding the 

claims of those from a different paradigm. Indeed, Greene and Carcelli 

(1997)(303) acknowledged that there are different philosophical stances but 

suggested that mixed methods research should move beyond the pre-

occupation with philosophy and instead view mixed methods research as 

allowing plurality of perspectives. The multiple paradigms stance is viewed to be 

of particular benefit within explanatory sequential mixed methods designs, with 

researchers encouraged to use different philosophical positions within the 

quantitative and qualitative aspects(300). For example, using a postpositivist 

stance is suggested for the quantitative phase of an explanatory sequential 

mixed methods research design, which would be guided by an overall theory 

and hypotheses. When moving into the qualitative phase which attempts to 

explore the multiple realities experienced by participants, it is suggested that the 

worldview shifts to align with constructivist philosophical assumptions(300). 

Within the multiple paradigms’ stance, the importance of the researcher being 

explicit about the paradigms utilised has been emphasised(300). 

 

4.5 Use of theory 
Two main uses of theory have been identified within research; the deductive 

approach and the inductive approach(306). Figure 4.3 and Figure 4.4 illustrate 

these different approaches to theory. 

 

Figure 4.3. The deductive approach (adapted from Trochim et al., 2006(317)) 

 

Figure 4.4. The inductive approach (adapted from Trochim et al., 2006(317)) 

 

Theory Hypothesis Observation Confirmation/ 
rejection

Observation Pattern Tentative 
hypothesis Theory
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The deductive approach is traditionally linked to quantitative approaches, where 

a hypothesis is formed from an initial theory. The researcher then sets out to 

gather data to either confirm or refute the initial hypothesis(306). In contrast the 

inductive approach is used within some qualitative research, where the 

researcher gathers data, followed by looking for patterns within the data. From 

this a tentative hypothesis or theory can be postulated. Theory development is 

therefore the end point of the study(306). 

Within mixed methods research both inductive and deductive approaches can 

be used(318). However, it is acknowledged that research is very rarely either 

inductive or deductive. A further category of abductive reasoning has therefore 

been added, where researchers move backwards and forwards between theory 

driven and data-driven approaches(305). This values both inductive and 

deductive aspects and is most suited to mixed methods research which 

incorporates both quantitative and qualitative aspects to provide a more 

complete understanding of the research problem(318).  

 

4.6 Methodology within this thesis 

4.6.1 Background 

This thesis explored the impact of an antenatal healthy lifestyle service for 

women with obesity. This innovative midwife-led service was known locally as 

‘Monday clinic’. It was led by midwives who provided support and advice on 

lifestyle change while working alongside other professions such as 

obstetricians, dieticians, anaesthetists and exercise programme providers. The 

approach in Monday Clinic to weight management encouraged four things: 

healthy eating, not gaining excessive weight during pregnancy, increasing 

activity levels and breastfeeding. It encouraged women to set their own goals 

such as to swap one unhealthy food for a healthy one.  

The service was established in July 2009 offering support to all pregnant 

women with a BMI 35kg/m² who booked for care within an NHS Trust in the 

Yorkshire and Humber region of England. Women were offered a visit at 16 

weeks of gestation and a further optional visit at 36 weeks. In 2012 the service 

was intensified with women offered three appointments at 16, 28 and 36 

gestational weeks. At this point, due to service demands, service provision 
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became for women with a BMI 40kg/m² at their booking appointment. Due to 

resource limitations the service was discontinued in 2017. 

The service was recognised by the Nursing Times in 2009 for its support in the 

management of maternal obesity, with the midwives running the service 

receiving the British Journal of Midwifery "Innovator of the year award" in 2010. 

Audit data suggested the service was effective at reducing GWG. However local 

midwives called for a robust and external evaluation to allow national credibility 

and the potential for further national implementation of the service. This thesis 

therefore presents results from this external evaluation.  

 

4.6.2 Overall research plan 

A mixed methods design was planned, utilising an explanatory sequential 

design. This incorporated both quantitative and qualitative components, with 

greater emphasis placed on the quantitative aspect to determine the impact of 

the antenatal healthy lifestyle service. This quantitative data was gathered first. 

Supplemental qualitative interviews to elicit participants’ experiences were then 

undertaken to complement the interpretation of the quantitative results. Figure 

4.5 provides a flow chart of the individual components of the research study. 

This approach was planned due to the complexity of the problem of weight 

management in women with obesity during pregnancy. While the 

discontinuation of the antenatal healthy lifestyle service meant that it was not 

directly possible to talk to those attending the service, a qualitative phase was 

still undertaken to explore women’s experiences of maternal weight 

management to assist with the interpretation of the quantitative results. Findings 

from both stages have been used in the interpretation phase.  

An abductive approach, which valued both inductive and deductive aspects was 

utilised as this was most suited to the mixed methodology approach 

undertaken. Using an abductive approach allowed a more extensive 

conceptualisation of the topic.  

An article-based format to present each aspect of the study has been used 

within this thesis. Therefore, the methods for each aspect are largely reported 

within each of the articles. However, this chapter provides an overview of 

incorporated components of the study.  



121 

 

Figure 4.5. Flow chart of research phases 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Phase 1: Quantitative data collection 

Data collection of pregnancy and birth 
outcomes in comparison Trust 

Long-term data collection of child weight 
outcomes for Monday Clinic service 

Data collection of pregnancy and birth 
outcomes for Monday Clinic service 

Phase 2: Qualitative data collection 

Preliminary analysis of quantitative data 
to inform qualitative data collection 

Semi-structure interview data collection 

Integration of the findings between 
quantitative and qualitative components 

Discussion and Conclusions 
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4.6.3 Quantitative components 

Within the quantitative phase of this programme of research, a postpositivist 

research paradigm was adopted which was guided by overall hypotheses. This 

stance was taken when developing the quantitative research questions and to 

identify the variables that would need collecting(300).  

Three research questions were developed within the quantitative component to 

determine the impact of the healthy lifestyle service. 

 

Research question 1: 

What is the impact on GWG and other maternal and neonatal health 

outcomes of an enhanced antenatal healthy lifestyle service (where 

women were routinely offered three visits) compared to a lower intensity 

service (where women were routinely offered one visit but could chose to 

attend a further optional visit)? 

Hypothesis 1:  

There is no difference in GWG or other maternal or neonatal health 

outcomes between the lower intensity antenatal healthy lifestyle service 

provision and the more intense service provision. 

The changing intensity of the antenatal healthy lifestyle service from one 

appointment (July 2009-Dec 2011) to three appointments (July 2012-2015) 

provided a unique opportunity to compare the impact of the differing levels of 

provision. While the service was continuous, data was not analysed during the 

six-month period while the service was transitioning between the different levels 

of service intensity to minimise contamination.  

 

Research question 2: 

What is the impact of an enhanced antenatal healthy lifestyle service on 

GWG and other maternal and neonatal health outcomes compared to an 

NHS Trust with no routine antenatal healthy lifestyle service provision? 

Hypothesis 2: 



123 

There is no difference in GWG or other maternal or neonatal health 

outcomes between the NHS Trust with antenatal healthy lifestyle service 

provision and a comparison NHS Trust without routine provision. 

A comparison group from a neighbouring NHS Trust was included within the 

study. The comparison Trust was chosen as both NHS Trusts were located in 

the Yorkshire and the Humber region. Both Trusts had similar health and 

demographic profiles including for deprivation (% of households living in the 

most deprived 20% of England), adult overweight or obesity, smoking at birth, 

the number of adults reporting eating ‘5 a day’, physically active adults(319) and 

ethnicity(320). 

In the comparison NHS Trust, no services were available until a dietician led 

service was established in 2012. However, referral and uptake figures to the 

service were low. The few women with obesity who had opted to use the 

dietician services for maternal weight management in the comparison Trust 

were excluded from the analysis. 

 

Research question 3: 

What is the association between providing an antenatal healthy lifestyle 

service to women with obesity during pregnancy and the prevalence of 

childhood obesity at school entry? 

Hypothesis 3:  

There is no difference in prevalence of obesity at school entry between 

children of mothers who attended the antenatal healthy lifestyle service 

and those who did not.  

Given the age of the intervention, it was possible to evaluate the feasibility of 

linking maternal data to childhood obesity data. This was done through linkage 

with the IT system, SystmOne, utilised by health visitors and school nurses. 

Since 2010, SystmOne had been used to electronically record infants' weight 

and height at 6-8 weeks, 9-12 months and school entry (4-5.5 years of age). 

This provided an excellent opportunity to use data linkage for long-term follow 

up of the healthy lifestyle service on child anthropometric data. 
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4.6.3.1 Statistical analysis 

The primary interest of this research was to determine the effect of the 

enhanced healthy lifestyle service (three visits) on maternal and infant 

outcomes compared to either the lower intensity healthy lifestyle service or the 

comparison Trust. Binary logistic regression was used for binary outcomes, 

multinomial regression for categorical outcomes with more than two categories 

and independent t-test for continuous outcomes. Analysis was restricted to 

women with a BMI 40kg/m² and a singleton pregnancy to mediate the impact 

on outcomes due to BMI or higher order pregnancy.  

Given the retrospective nature of the data, it was impossible to ensure 

conditions remained the same over time between the different levels of service 

intensity. Nor could it be assumed that women in the comparison Trust would 

be similar to those in the Trust with the healthy lifestyle service. It was therefore 

essential to consider baseline imbalances between the groups to allow for 

adjustment of confounding factors within the analysis. Potential confounding 

baseline variables were identified from the academic literature, as well as being 

determined by availability within the retrospective dataset. Multiple logistic and 

linear regression were used to adjust for baseline differences in these 

potentially confounding factors. For the analyses comparing the different 

intensities of the healthy lifestyle service, baseline differences in index of 

multiple deprivation quintile and smoking status when booking for antenatal 

care were adjusted for within the analyses. For the analyses comparing the 

healthy lifestyle service to the comparison Trust baseline differences in index of 

multiple deprivation quintile, highest household occupation and smoking status 

when booking for antenatal care were adjusted for within the analyses. 

Additionally, we found the prevalence of GDM was substantially higher in the 

Trust with the healthy lifestyle service than the comparison Trust. Given the 

impact that this could have on outcomes such as birthweight, gestation at birth, 

mode of birth and other adverse maternal outcomes, results were also adjusted 

for GDM. Results were presented as crude and adjusted odds ratios or crude 

and adjusted mean differences. 

A power calculation was undertaken in Stata 15.1 for the primary outcome of 

GWG. A minimum of 58 women would be required in each group to have 95% 

power to detect with 95% confidence, a decrease in GWG of 4.1kg with the 
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enhanced intervention. This GWG decrease had been achieved in a previous 

maternal obesity management intervention undertaken by the research 

team(321), and would be of clinical relevance(322). Given the biases that could be 

introduced depending on the sampling method used as well as the infrequency 

of some secondary research outcomes, it was however decided to include all 

eligible women within the analyses.  

For childhood measurement data the child weight centiles and z scores were 

calculated at 6-8 weeks, 9-12 months and at school entry, and BMI centile and 

z scores at school entry for infants of women with a BMI 35kg/m² when 

booking for antenatal care. Children with a weight /BMI 85th centile were 

classified as a child with overweight, those with a weight /BMI 95th centile as a 

child with obesity and those with a BMI 99.6th centile as a child with severe 

obesity in accordance with Office for Health Improvement and Disparities 

classifications(323). Univariate logistic regression was used to determine the 

odds ratios and 95% confidence intervals of childhood overweight or obesity 

according to uptake of the antenatal healthy lifestyle service, GWG and other 

maternal sociodemographic characteristics. Multiple logistic regression was 

undertaken on factors that were significant within the univariate analysis to 

determine the significance of these variables once controlling for other factors.  

 

4.6.4 Qualitative component 

The qualitative component of the research used semi-structured interviews to 

explore the experiences of antenatal healthy lifestyle provision and the barriers 

and facilitators to weight management during pregnancy among women with a 

BMI 40kg/m². In addition, qualitative interviews explored the type of service 

provision the women would have liked. The interview data was used to help to 

explain the quantitative healthy lifestyle service evaluation. The qualitative 

phase was aligned with constructivist philosophical assumptions. The use of 

different philosophical positions within the quantitative and qualitative aspects 

within this project is encouraged in explanatory sequential mixed methods 

designs(300). The constructivist philosophical position was used as the aim of the 

interviews was to understand the meanings the women created and attributed 

to their experiences(324). A relativist ontological stance was taken as the 
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researchers acknowledged that there were multiple realities shaped through 

individual lived experiences(324,325). A transactional epistemological position was 

adopted(324). This recognized that the researchers did not come into the 

research process as blank slates but brought with them their own previous 

histories and perspectives of weight management. As one cannot separate 

oneself from one’s prior knowledge and experiences, these understandings 

influence the interpretation of the topic under question(326). Reflexivity was 

undertaken, where the researchers critically reflected on how their social 

background, assumptions, and behaviour may impact on the research process 

and the subsequent interpretation(327,328). 

 

4.6.5 Maternity service user involvement 

Public and patient involvement (in this case maternity service user involvement) 

is known to improve the quality of research, as well as enhance the impact and 

relevance(329). It ensures that research focusses on the areas considered as 

priorities by the public and enhances the researcher’s understanding of the 

participant’s experience(329) which in turn can lead to more effective 

interventions.  

This research evaluated an already established service. When the service was 

developed maternity service users were approached to assist with the design of 

the service. The feedback that was received ensured acceptable naming of the 

service to avoid inappropriate language and stigmatisation. In line with 

maternity service users wishes, the service was also designed as face-to-face 

and incorporated into routine care for all women with a BMI 35kg/m².  

This project directly collaborated with maternity service users to develop and 

review the interview schedule and participant information sheet for the 

qualitative data collection component. This was to ensure the schedule was 

clear and would be acceptable to a diverse audience.  

 

4.6.6 Ethics and consent 

Four key ethical principles should be considered when undertaking research; 

autonomy, beneficence, non-maleficence and justice(330).  
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Autonomy ensures individuals are treated as capable of making their own 

decisions or protects them if they are not capable(331). To achieve this, obtaining 

informed consent and voluntariness of participation are essential components of 

research.  

Beneficence (maximising the possible benefits) and non-maleficence (doing no 

harm) ensures that the possible benefits of the research are maximised and any 

potential harms are minimised, with the researcher taking the participant’s 

wellbeing into consideration at all times within the research(331).  

Justice ensures fair treatment of all participants, including aspects such as fair 

distribution of any benefits or burdens from the research as well as 

inclusivity(331).  

One of the recognised challenges of an explanatory sequential design is that 

the qualitative design cannot be specified in advance, making ethical approvals 

difficult to obtain(300). For this reason, ethical approvals for the different aspects 

of this project were obtained independently. Furthermore, approvals were 

obtained from the governance departments within both NHS Trusts to 

undertake the project. Ethical considerations specific to each aspect of the 

study are discussed separately below, followed by a discussion of the ethical 

considerations applicable to the study overall.  

 

4.6.6.1 Quantitative components 

Ethical approval was obtained from East of England: Cambridge East Research 

Ethics Committee (IRAS 207998) (see Appendix D), as well as relevant Health 

Research Authority (HRA) approvals.  

Given the retrospective nature of the research there were concerns that 

individuals who responded to any request for consent would be likely to differ 

significantly from non-responders, particularly in areas such as motivation and 

social demographic status. This would therefore introduce bias to the research. 

Anonymised data was therefore obtained from the routine data collected within 

the NHS Trusts to determine the impact of the healthy lifestyle service. 

Furthermore, postcode data was converted to Index of Multiple Deprivation 

(IMD) scores. 
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Those extracting the data from medical records were either healthcare 

professionals or those under the same duty of confidentiality.  

To allow matching of maternity records with infant height and weight records 

pseudo-anonymised data was obtained. The child’s NHS numbers were 

encoded into a 32-character long string using the MD5 hash system. It was not 

possible to convert this string back to the original NHS number, but because the 

same NHS number produces the same string, matching across the data sets 

was possible.  

Both significant and non-significant results were published to avoid selective 

reporting and publication bias. 

 

4.6.6.2 Qualitative component 

Ethical approval was obtained from East of England: Essex Research Ethics 

Committee (IRAS 231105) (see Appendix E), as well as relevant HRA 

approvals.  

Participants were provided with written information about the study. Appendix F 

includes a copy of the Participant Information Sheet. Anyone expressing an 

interest in further contact about the study was asked to provide contact details 

(their preferred method of contact of either telephone or email). This was no 

longer stored after making contact or attempting to contact the woman on two 

occasions. Participants were provided with opportunities to ask any questions 

they may have about the study with written, voluntary consent obtained prior to 

commencing the interview (Appendix G contains an example consent form). 

Both the written information and the consent form reinforced that the study was 

voluntary, and that participation or non-participation would not influence their 

current or future care in any way. A £10 high street shopping voucher was 

provided to participants to recompense them for the time taken to participate in 

the interview.  

Participants were also provided with an opportunity to comment on the initial 

analysis of the results should they wish. Additionally, they were provided with an 

opportunity to receive a copy of the results once published. Either an email or 

postal address was collected from participants who showed an interest in either 

aspect, according to their preference. This data was kept in a secure location 
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which only the researchers had access to. Contact details were destroyed once 

no longer required. 

Participants were provided with pseudonyms within the written report to prevent 

identification and ensure confidentiality. Transcripts were anonymised to 

remove anything that could identify participants including any reference to 

places of work, place of residence or names of family members. Audio 

recordings were stored for the duration of the project, with only anonymised 

transcripts stored beyond this point. Participants were informed within the 

Participant Information Sheet however that confidentiality could not be 

guaranteed if any safeguarding incidents were disclosed within the interviews. 

Within the analysis multiple perspectives were described where diversity was 

apparent within the data, with contradictory cases identified and discussed. This 

is considered essential to maintain ethical integrity(306). 

 

4.6.6.3 Both components 

All members of the research team had undertaken relevant Good Clinical 

Practice (GCP) training.  

A data management plan was established. Storage and use of data was 

undertaken in accordance with the Data Protection Act(332) at the beginning of 

the project. General Data Protection Regulation (GDPR) guidance came into 

law part way through the project in May 2018, with Participant Information 

Sheets updated to reflect this. All electronic data was stored on password 

protected computers within a project specific folder on the secure drive at 

Sheffield Hallam University, which is a drive specifically for storing research 

data. Only the research team had access to this data. Physical data such as 

signed consent forms were stored in a locked filing cabinet, which again only 

members of the research team had access to. Transcripts were stored 

electronically and consent forms physically to prevent identification.  

Funding sources were fully disclosed within all publications. 
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4.7 Summary 

This chapter has sought to justify the reasoning behind the explanatory 

sequential mixed methods approach that was utilised within this research. It has 

outlined the theoretical frameworks and philosophical underpinnings of the 

research. A brief background to the antenatal healthy lifestyle service being 

evaluated within the research has been provided and the methodological 

approaches for the quantitative and qualitative components outlined. Full details 

of the methodological approach for each aspect are given within the associated 

article manuscripts. The ethical considerations within the research project have 

also been presented. 

 

The following four chapters present the articles which were derived from the 

different components of this programme of research.  
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Chapter 5: Evaluation of differing intensities of 
an antenatal healthy lifestyle service  
 

5.1 Introduction  

This chapter presents Article B. This is the first article from the quantitative 

component of this programme of research. A comparison of the maternal and 

neonatal outcomes among women with a BMI of 40kg/m² or above who were 

offered one antenatal healthy lifestyle service appointment compared to three 

appointments is presented. The aim of the study is provided below. The full 

article as submitted for peer review is then presented. The chapter concludes 

by summarising the key findings of this component.  

 

5.2 Study aim 

Changes to antenatal healthy lifestyle service provision over time allowed the 

ideal opportunity to compare different service intensities. The study aim was to 

compare pregnancy and birth outcomes in women with a BMI 40kg/m² who 

received a midwife-led low intensity antenatal healthy lifestyle service 

intervention (one visit) with those who received an enhanced intervention (three 

visits). This addressed the second aim of this programme of research: “To 

explore the impact of a service supporting women with the highest class of 

obesity to achieve adequate GWG and improve maternal and infant outcomes.” 

 

5.3 Article B 

The manuscript is entitled “Differing intensities of a midwife-led antenatal 

healthy lifestyle service on maternal and neonatal outcomes: A retrospective 

cohort study.” It is reproduced in full in the format in which it has been submitted 

for review. The supplementary data associated with this article are provided in 

Appendix H.  
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5.4 Publication and impact 

This manuscript has been submitted and is under peer review in the journal 

Midwifery.  
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Differing intensities of a midwife-led antenatal 1 

healthy lifestyle service on maternal and 2 

neonatal outcomes: A retrospective cohort 3 

study 4 

 5 

 6 

ABSTRACT 7 

Introduction: Maternal obesity and excessive gestational weight gain are associated with 8 

adverse maternal and neonatal outcomes. There is uncertainty over the most effective 9 

antenatal healthy lifestyle service, with little research determining the impact of different 10 

lifestyle intervention intensities on pregnancy outcomes. 11 

Method: This retrospective cohort study compared pregnancy and birth outcomes in 12 

women with a body mass index of 40 or above who were offered a low intensity midwife-13 

led antenatal healthy lifestyle service (one visit) with women who were offered an 14 

enhanced service (three visits). The primary outcome was gestational weight gain.  15 

Results: There were no differences between the two healthy lifestyle service intensities 16 

(N=682) in the primary outcome of mean gestational weight gain [aMD -1.1kg (95% CI -2.3 17 

to 0.1)]. Women offered the enhanced service were less likely to gain weight in excess of 18 

Institute of Medicine recommendations [aOR 0.63 (95% CI 0.40-0.98)] with this reduction 19 

mainly evident in multiparous women. Multiparous women also gained less weight per 20 

week [aMD -0.06kg/week (95% CI -0.11 to -0.01)]. No beneficial effects were seen in 21 

maternal or neonatal outcomes measured such as birth weight [aMD 25g (95% CI -71 to 22 

121)], rate of vaginal birth [aOR 0.87 (95% CI 0.64-1.19)] or gestational diabetes mellitus 23 

[aOR 1.42 (95% CI 0.93-2.17)]. However, multiparous women receiving the enhanced service 24 

experienced a reduction in SGA [aOR 0.52 (95% CI 0.31-0.87)]. This study was however 25 

underpowered to detect differences in some outcomes with low incidences. 26 
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Discussion: Uncertainty remains over the best management of women with severe obesity 27 

regarding effective interventions in terms of intensity. It is suggested that further research 28 

needs to consider the different classes of obesity separately and have a particular focus on 29 

the needs of nulliparous women given the lack of effectiveness of this service among these 30 

women. 31 

 32 

Key words: Maternal obesity, gestational weight gain, healthy lifestyle, pregnancy outcome, 33 

prenatal care, weight management 34 

 35 

 36 

  37 
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INTRODUCTION 38 

Over half of the adult population in the United Kingdom (UK) are now classified as 39 

overweight (body mass index (BMI) 25-29.9) or obese (BMI 30 or more) (Health and Social 40 

Care Information Centre, 2015). Obesity alone during pregnancy in England has almost 41 

tripled over the last three decades from 7.6% in 1989 (Heslehurst et al. 2010) to 22.2% in 42 

2018-2019 (National Health Service Digital, 2019). Furthermore, childbearing itself is 43 

acknowledged to contribute to the rise of women with overweight or obesity (Bello et al. 44 

2016).  45 

Obesity during pregnancy is associated with increased risk of adverse outcomes for both the 46 

childbearing woman and neonate. Adverse outcomes for the woman include increased risk 47 

of gestational diabetes mellitus (Najafi et al. 2019; Santos et al. 2019), pre-eclampsia (He et 48 

al. 2020; Santos et al. 2019), preterm birth (Santos et al. 2019) and caesarean section (Kim 49 

et al. 2016; D’Souza et al. 2019). Adverse outcomes for the neonate include increased risk of 50 

being large for gestational age (LGA) (Santos et al. 2019; D’Souza et al. 2019), admission to a 51 

neonatal intensive care unit (Kim et al., 2016), and poorer breastfeeding outcomes (Huang 52 

et al. 2019). It has been estimated that 23.9% of pregnancy complications are attributable to 53 

maternal overweight or obesity prior to pregnancy, with the highest risk of pregnancy 54 

complications occurring in women with a BMI of 40 or more (Santos et al. 2019). 55 

Additionally, women with overweight or obesity prior to pregnancy are at increased risk of 56 

excessive gestational weight gain (GWG) (Samura et al. 2016). Increased GWG has also been 57 

associated with many adverse outcomes such as increased risk of LGA (Goldstein et al. 2017; 58 

Santos et al. 2019), caesarean section (Goldstein et al. 2017), induction of labour (Xu et al. 59 

2021), long term maternal weight retention (Samura et al. 2016) and childhood obesity 60 

(Voerman et al. 2019). To maximise the health of both the woman and the neonate, the 61 

Institute of Medicine (IOM) has proposed guidelines for GWG based on maternal pre-62 

pregnancy BMI category (Institute of Medicine, 2009). For women with obesity a total GWG 63 

of 5-9kg is recommended, with a rate of weight gain in the second and third trimesters of 64 

0.17-0.27kg/week (Institute of Medicine, 2009). A recent meta-analysis of individual patient 65 

data has however found 44% of women with obesity to gain weight above these 66 

recommendations (Rogozi ska et al. 2017).  67 
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The National Institute for Health and Clinical Excellence (NICE) (NICE, 2010) weight 68 

management before, during and after pregnancy guidelines identified limited UK based 69 

research into the efficacy of weight management interventions in pregnancy and therefore 70 

recommended more research into ways of managing maternal obesity and GWG to optimise 71 

pregnancy outcomes. Interviews with health care providers and commissioners have also 72 

identified uncertainty among professionals about what constitutes the most suitable service 73 

to tackle maternal obesity, despite pregnancy being recognised as a good opportunity to 74 

influence behaviour change for women and families (Fair et al. 2020). As a result of 75 

professional uncertainty, a UK based survey undertaken at the same time as the interviews, 76 

found maternal healthy lifestyle service provision for women with obesity to be variable 77 

across the country and identified a need for more antenatal weight management services 78 

for women with obesity (Fair et al. 2020). Furthermore, systematic reviews evaluating the 79 

impact of antenatal lifestyle interventions on maternal and neonatal outcomes 80 

(Thangaratinam et al. 2012; Yeo et al. 2017; Fair & Soltani 2021) have noted current studies 81 

to be heterogenous in the format and intensity of the lifestyle advice given, for example 82 

simply providing women with training on how to use a treadmill (Kong et al. 2014) or 83 

delivering 10 individual one hour sessions with a dietician (Wolff et al. 2008). Little research 84 

to date has been undertaken to determine the impact of different intensities of lifestyle 85 

interventions on pregnancy outcomes. A recent meta-regression of lifestyle interventions in 86 

all pregnant women did not find any optimal frequency of contact for intervention delivery, 87 

with some low intensity, low-cost interventions found to be effective (Walker et al. 2018). 88 

Determining the frequency of an intervention that could improve clinical outcomes is an 89 

important consideration, particularly for those that commission services. Furthermore, 90 

pragmatic trials are increasingly recognised as an ideal way to determine the impact of 91 

interventions under real-world conditions (Battaglia & Glasgow 2018).  92 

The objective of this study was therefore to compare pregnancy and birth outcomes in 93 

women with a BMI of 40 or more who received a midwife-led low intensity antenatal 94 

healthy lifestyle service intervention (one visit) with those who received an enhanced 95 

intervention (three visits).  96 

 97 
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METHOD 98 

Study setting 99 

In July 2009 a midwife-led antenatal healthy lifestyle service was established in a National 100 

Health Service (NHS) Trust in the Yorkshire and Humber region of England. Further details 101 

around the service set up, including perinatal user involvement and training for 102 

professionals initiating conversations with the women is discussed elsewhere (West 2010; 103 

Garland 2011). When established, the service offered a low intensity intervention to 104 

pregnant women with a booking BMI of 35 or more, with pre-existing diabetes, excessive 105 

GWG or previous bariatric surgery. This incorporated a visit at 16 weeks’ gestation and an 106 

optional follow up visit. In July 2012 service provision intensified, offering women routine 107 

appointments at 16, 28 and 36 gestational weeks. Due to service demands the provision at 108 

this point became for women with a BMI of 40 or more. Women with pre-existing diabetes, 109 

excessive GWG or previous bariatric surgery also continued to be referred to the service. At 110 

both time points women could also seek out the service for additional appointments if they 111 

wished. The main service input was from midwives due to practical consideration (West 112 

2010), but also to redress the imbalance many women with obesity feel during pregnancy as 113 

their pregnancies have become increasingly medicalised (McGlone and Davies 2012). 114 

Midwives ran the service alongside other professionals such as dieticians and exercise 115 

programme providers, with specialised input from obstetricians and anaesthetists as 116 

required. Women were provided with support and advice around weight management; 117 

particularly minimising GWG, healthy eating, undertaking physical activity and 118 

breastfeeding. The aim of the clinic was to encourage and support women to make lifestyle 119 

choices and behavioural changes during pregnancy, which could also be sustained after the 120 

birth. At the 16 week appointment awareness was raised about the potential risks for 121 

women and their baby of a raised BMI in pregnancy. Individualised care planning, including 122 

the offer of a dietician consultation was initiated, with women informed of healthy eating 123 

principles and healthy activity during pregnancy. Women were encouraged to identify 124 

personal goals such as swapping an unhealthy food for a healthier one. The additional 125 

appointments with the enhanced service provided opportunities to follow up progress and 126 

reassess the personal goals as required. The 36 week appointment also offered an 127 

opportunity to discuss breastfeeding and weight loss in the postpartum period, as well as to 128 
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assess moving and handling and tissue viability prior to admission in labour. The changing 129 

intensity of the service provided a unique opportunity to compare the effectiveness of the 130 

differing levels of provision.  131 

 132 

Study participants 133 

A retrospective comparative cohort study was undertaken. All pregnant women in the Trust 134 

with a booking BMI of 40 or more who were referred to the low intensity service from 2009-135 

2011 and to the enhanced service from July 2012 to July 2015 were included within the 136 

study. While the service was continuous, data was not analysed during the six-month period 137 

while the service was transitioning between the different levels of service intensity to 138 

minimise potential contamination. Although women with a BMI of 35 or more were referred 139 

to the service from 2009-2011, and women with pre-existing diabetes, excessive GWG or 140 

previous bariatric surgery were referred in both periods, to ensure comparability only 141 

women with a BMI of 40 or more were included within the analysis. Women with a twin 142 

pregnancy were excluded from the analysis.  143 

 144 

Data collection 145 

Maternal and neonatal pregnancy and birth data were obtained from routinely collected 146 

data. Where available, data was collected electronically, with the remainder being obtained 147 

directly from paper-based maternal health records. Individuals extracting data from health 148 

records were health professionals or others under the same duty of confidentiality as health 149 

professionals. 150 

The primary outcome for this study was GWG. Secondary outcomes included the antenatal 151 

outcomes (weight gain in accordance with IOM guidance (Institute of Medicine, 2009), 152 

gestational diabetes mellitus, anaemia, additional monitoring for pregnancy induced 153 

hypertension); intrapartum outcomes (mode of birth, labour induction, requirement of 154 

epidural analgesia or general anaesthesia, perineal laceration, postpartum haemorrhage); 155 
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and neonatal outcomes (birth weight, gestation, Apgar scores, breastfeeding initiation and 156 

adverse outcomes).  157 

Variable definitions 158 

BMI was calculated using the standard equation weight/height squared using weight at 159 

booking. In a small minority of cases (n=9) BMI was obtained from the health records as 160 

weight or height at booking were not recorded to calculate BMI independently. The last 161 

weight recorded in pregnancy from the middle of the third trimester (34+0 weeks’) 162 

gestation onwards was taken as the final weight. GWG was measured by subtracting weight 163 

at booking from final weight. Women were classified as gaining weight below, in accordance 164 

with or above IOM recommendations of 5-9kg. Birth weight less than 2500g was classified 165 

as low birth weight and birth weight more than 4000g as macrosomia. Birth weight centiles 166 

were calculated using GROW charts (UK version 8.0.6.1) (Gardosi et al. 2011; Gardosi et al. 167 

2020), which customise centiles according to maternal height, maternal weight, ethnicity, 168 

parity, gestation and neonatal sex, as these have been shown to be more accurate in 169 

populations with overweight or obesity (Pritchard et al. 2020). Birth weight less than the 170 

10th centile for gestational age was classified as small for gestational age (SGA) and above 171 

the 90th centile as LGA. Anaemia was classified according to the NICE antenatal care 172 

definitions (NICE, 2008 (updated 2019)) as a haemoglobin level less than 110g/l at the 173 

booking appointment or less than 105g/l at 28 weeks’ and 36 weeks’ gestation. Requiring 174 

raised blood pressure monitoring was taken as the need for any appointment to assess 175 

blood pressure above routine antenatal care, for example day care unit assessment. 176 

Throughout the study period local protocols defined gestational diabetes mellitus as a blood 177 

glucose level of 5.3mmol/l or more after fasting or 8.5mmol/l or more two hours after a 75g 178 

glucose challenge. The official measure of relative deprivation in England, the Index of 179 

Multiple Deprivation (IMD) was used to measure deprivation. This combines information 180 

from seven domains of deprivation (income, employment, education, health, crime, housing 181 

and living environment) to give an overall deprivation score for each area from 1 (most 182 

deprived) to 32844 (least deprived) (Smith et al. 2015). These scores were then designated 183 

into the appropriate quintiles. The highest occupation category for each household (either 184 

the woman or her partner) was calculated using the three category National Statistics 185 

Socioeconomic Classification (NS-SEC) system (Office for National Statistics, 2010). 186 
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Data analysis 187 

Logical checks and data cleaning were carried out and inconsistencies returned to the field 188 

for clarification. An initial comparison at baseline for the differing service intensities was 189 

undertaken to identify potential confounding variables such as maternal age, ethnicity, 190 

marital status, socioeconomic status and parity. Differences in antenatal, intrapartum and 191 

neonatal outcomes between the two service intensities were then analysed both with and 192 

without adjusting for baseline differences. For binary outcomes, logistic regression analyses 193 

were used and for categorical data with more than two categories multinomial regression 194 

was used to compare groups with the appropriate referent group identified. Outcomes on a 195 

continuous scale were compared using independent samples t-tests. Multiple logistic and 196 

linear regression were used to adjust for baseline differences in potentially confounding 197 

factors. Model assumptions were checked using standard regression diagnostics for 198 

linearity, normality, leverage and influence. Where any outliers or points of potentially high 199 

leverage were identified, the data analysis was rerun after removal of these points to 200 

determine if they had an impact on the effect size significance or direction. Where 201 

differences in the magnitude or direction of the effect size were noted, both effect sizes 202 

have been presented. For categorical outcomes, crude and adjusted odds ratios have been 203 

reported (OR and aOR) and for continuous outcomes, crude and adjusted mean difference 204 

(MD and aMD) have been reported, all along with their 95% Confidence intervals (CI). 205 

Statistical significance was taken as a p value less than 0.05. All analyses were undertaken in 206 

SPSS 24.0. Given evidence within the literature that nulliparous women gain more GWG 207 

than multiparous women (Rogozi ska et al. 2017) secondary analysis according to parity 208 

was also undertaken.  209 

An important element for any service is acceptability, therefore maternal characteristics 210 

were compared between women who attended the antenatal healthy lifestyle service and 211 

those who declined to attend their provided appointment.  212 

 213 

 214 

 215 
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RESULTS 216 

Demographic data 217 

Figure 1 provides a flowchart of participant selection. Of the 330 childbearing women with a 218 

BMI of 40 or more who were referred to the service between July 2009 and December 2011, 219 

315 were eligible for inclusion. Of the 377 women with a BMI of 40 or more referred to the 220 

service from July 2012 to July 2015, 367 were eligible for inclusion within the analysis.  221 

 222 

Figure 1. STROBE flowchart of participant selection  223 

 224 

Table 1 provides demographic data for the two different service intensities. There were 225 

significant differences in baseline deprivation quintile and smoking status when booking for 226 

antenatal care. Compared to women referred to the low intensity service, women referred 227 

to the enhanced service were less likely to be in the most deprived quintile or to smoke. 228 

There was a trend for women referred to the enhanced service to be more likely to be 229 

nulliparous than those referred to the service from 2009-2011, however this was not 230 

significant.  231 

Excluded (n=15) 

Twin pregnancy 
(n=7) 
Missing notes 
(n=8) 

Identification 

Inclusion 

Analysis 

Assessed for eligibility 
(n=330) 

Low intensity service Enhanced service 

Excluded (n=10) 

Twin pregnancy 
(n=6) 
Missing notes 
(n=4) 

Screening 

Analysed (n=315) Analysed (n=367) 

Included (n=367) Included (n=315) 

Assessed for eligibility 
(n=377) 
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Table 1. Baseline demographics of women referred to the different service 232 
intensities 233 

Characteristic Low intensity 
2009-2011 
(n=315) 

Enhanced service 
2012-2015 
(n=367) 

P 
Value 

Maternal age, mean (SD), y 28.5 (5.5) 28.5 (5.4) 0.93 
Deprivation quintile, n (%)   0.032 

Quintile 1: Most deprived IMD score 1-6568 198 (62.8%) 190 (51.8%)  
Quintile 2: IMD score 6569-13137 58 (18.4%) 80 (21.8%)  

Quintile 3: IMD score 13138-19706 27 (8.6%) 50 (13.6%)  
Quintile 4: IMD score 19707-26275 21 (6.7%) 36 (9.8%)  

Quintile 5: Least deprived IMD score 26276-32844 11 (3.5%) 11 (3.0%)  
Smoking status at booking, n (%)   0.023 

Smoker 82 (26.1%) 69 (18.9%)  
Non-smoker 232 (73.9%) 297 (81.1%)  

Parity, n (%)   0.065 
0 81 (25.8%) 125 (34.1%)  
1 114 (36.3%) 119 (32.4%)  

2+ 119 (37.9%) 123 (33.5%)  
Ethnicity, n (%)   0.79 

White British 297 (95.2%) 349 (95.6%)  
Other 15 (4.8%) 16 (4.4%)  

Highest household Occupation, n (%)a   0.65 
Higher managerial, administrative and professional 

occupations 
45 (15.0%) 67 (18.5%)  

Intermediate occupations 69 (22.9%) 75 (20.7%)  
Routine and manual occupations 107 (35.5%) 125 (34.4%)  

Housewife/ Long-term no income or never worked/ 
student 

80 (26.6%) 96 (26.4%)  

Education, n (%)   0.27 
GCSE/ equivalent or lower 32 (43.8%) 78 (43.3%)  

AS/A level or equivalent 16 (21.9%) 55 (30.6%)  
Degree, postgraduate or equivalent 25 (34.3%) 47 (26.1%)  

Marital status, n (%)   0.77 
Married/civil partnership 113 (36.0%) 121 (33.3%)  

Partner 165 (52.5%) 199 (54.8%)  
Singleb 36 (11.5%) 43 (11.9%)  

Booking body mass index, mean (SD), kg/m² 43.98 (3.75) 43.98 (3.64) 0.96c 
Maternal height, mean (SD), m 1.64 (0.07) 

(n=310) 
1.64 (0.07) 
(n=365) 

0.86 

Gestation at booking, mean (SD), wk 9.2 (3.5) 
(n=314) 

9.2 (3.2) 
(n=366) 

0.86 

Alcohol intake at booking, n (%)   0.74d 
None 300 (98.1%) 359 (98.9%)  

1-3 units 5 (1.6%) 3 (0.8%)  
4-8 units 1 (0.3%) 1 (0.3%)  

IMD – Index of Multiple Deprivation (Smith et al. 2015) 234 
a Occupations coded using the 3 category National Statistics Socioeconomic Classification (NS-SEC) system 235 
(ONS 2010) 236 
b The single category included 4 women in 2009-2011 and 5 women in 2012-2015 who were divorced/ 237 
separated/widowed 238 
c Mann Whitney test used when the Shapiro-Wilk test showed data were not normally distributed 239 
d Fisher exact test used due to small cell counts 240 
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Maternal and neonatal outcomes 241 

Table 2 presents maternal outcomes according to service intensity. The number of sessions 242 

attended was significantly different, with the mean number of clinic sessions attended being 243 

1.2 (standard deviation (SD) 1.3) and mode one session (45.5%) for the low intensity service 244 

versus mean of 2.2 (SD 1.2) and mode three sessions (45.5%) for the enhanced service. 245 

There was no difference in the primary outcome, mean GWG, between the two clinic 246 

intensities. However, a significant difference in gestation at final weight was noted between 247 

the different service intensities therefore, GWG was additionally adjusted for gestation at 248 

which the final weight was measured and remained non-significant (aMD -0.52 (95% CI -1.78 249 

to 0.75). Furthermore, to eliminate the impact of gestation at which the final weight was 250 

recorded, further analysis of mean weight gain per week was also undertaken where total 251 

weight gain was divided by the length of time from booking weight to the final recorded 252 

weight. There was no significant difference in mean weight gain per week between the two 253 

different service intensities. When adjusting for baseline differences in deprivation and 254 

smoking the odds of gaining weight above IOM recommendations was lower for those 255 

receiving the enhanced intervention [aOR 0.63 (95% CI 0.40-0.98)]. The only other 256 

differences after adjusting for baseline imbalances were the higher odds of being discharged 257 

on day one after birth [aOR 2.14 (95% CI 1.27-3.60)] and of labour induction [aOR 1.70 (95% 258 

CI 1.19-2.45)] in women referred to the enhanced service. 259 

Table 2. Maternal outcomes according to service intensity (see end of manuscript)  260 

 261 

Table 3 presents neonatal outcomes according to service intensity. No differences were 262 

noted between the different service intensities for any outcomes including birth weight, 263 

gestation at birth, breastfeeding rates or adverse outcomes. The number of women who 264 

experienced a termination or miscarriage prior to 24 weeks gestation was similar for both 265 

clinic intensities [low intensity (n=8, 2.6%) versus enhanced service (n=8, 2.5%)], as were the 266 

number of intrauterine fetal deaths [n=2 (0.6%) low intensity intervention versus n=4 (1.1%) 267 

enhanced service]. The numbers were too small for any statistical comparison but appeared 268 

even between the groups.  269 

 270 
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Table 3. Neonatal outcomes according to service intensity 271 

Outcome 
 

Low 
intensity 
2009-2011 
(n=315) 

Enhanced 
service 
2012-
2015 
(n=367) 

Crude Mean 
difference (MD) or 
Odds ratio (OR) 
(95% CI) 

Adjusted MD/OR 
(95% CI) a 

Birth weight. mean (SD), g 3466 (628) 
(n=301) 

3498 
(609) 
(n=347) 

MD 32 (-64 to 127) aMD 25 (-71 to 121) 

Gestation at birth, mean (SD), 
wk 

39.4 (2.0) 
(n=302) 

39.2 (2.0) 
(n=348) 

MD -0.1 (-0.4 to 0.2) aMD -0.1 (-0.4 to 0.2) 

Low birth weight (<2500g), n 
(%) 

15/301 
(5.0%) 

15/347 
(4.3%) 

OR 0.86 (0.41-1.79) aOR 0.94 (0.45-1.98) 

Macrosomia (>4000g), n (%) 45/301 
(15.0%) 

65/347 
(18.7%) 

OR 1.31 (0.87-1.99) aOR 1.26 (0.83-1.93) 

Small for gestational age 
(<10th centile), n (%) 

65/301 
(21.6%) 

54/347 
(15.6%) 

OR 0.67 (0.45-1.00*) aOR 0.68 (0.45-1.02) 

Large for gestational age 
(>90th centile), n (%) 

29/301 
(9.6%) 

38/347 
(11.0%) 

OR 1.15 (0.69-1.92) aOR 1.12 (0.67-1.88) 

Preterm (<37+0 weeks), n (%) 30/302 
(9.9%) 

31/348 
(8.9%) 

OR 0.89 (0.52-1.50) aOR 0.85 (0.50-1.46) 

Postdates (>41+6 weeks), n 
(%) 

3/302 
(1.0%) 

10/348 
(2.9%) 

OR 2.95 (0.80-10.82) aOR 2.95 (0.80-10.93) 

Apgar score at 1 minute <7, n 
(%) 

42/299 
(14.0%) 

40/331 
(12.1%) 

OR 0.84 (0.53-1.34) aOR 0.83 (0.52-1.34) 

Apgar score at 5 minutes <7, 
n (%) 

5/299 
(1.7%) 

5/330 
(1.5%) 

OR 0.91 (0.26-3.16) aOR 0.97 (0.27-3.46) 

Neonatal unit admission, n 
(%) 

20/299 
(6.7%) 

25/338 
(7.4%) 

OR 1.11 (0.61-2.05) aOR 1.13 (0.61-2.10) 

Breastfeeding initiation, n (%) 159/295 
(53.9%) 

181/337 
(53.7%) 

OR 0.99 (0.73-1.36) aOR 0.93 (0.67-1.28) 

Breastfeeding at discharge 
from hospital, n (%) 

131/292 
(44.9%) 

135/328 
(41.2%) 

OR 0.86 (0.63-1.18) aOR 0.79 (0.57-1.09) 

Sex of neonate, n (%)     
Male 141 

(46.4%) 
180 
(51.7%) 

OR 1.24 (0.91-1.69) aOR 1.23 (0.90-1.69) 

Female 163 
(53.6%) 

168 
(48.3%) 

REF REF 

a Adjusted for deprivation (REF= most deprived quintile) and smoking (REF=non smoker) as these 272 
were the only significant differences in baseline characteristics 273 
* significant at P<0.05 level, ** significant at P<0.01 level, *** significant at P<0.01 level 274 
 275 

The impact of changing service intensity on women of different parities was explored 276 

(maternal and neonatal outcomes for primiparous women are given in Supplementary 277 

Material: Appendix S1 and for multiparous women are given in Supplementary Material: 278 

Appendix S2). A reduction in those gaining above IOM recommendations with the enhanced 279 
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service was noted in multiparous women but not nulliparous women, with the weekly 280 

weight gain also significantly less in multiparous women after adjusting for baseline 281 

differences [aMD -0.06kg/week (95% CI -0.11 to -0.01)]. With the enhanced service, 282 

multiparous women were noted to have a reduction in SGA [aOR 0.52 (95% CI 0.31-0.87)].  283 

The number of women declining attendance at the clinic after referral was significantly 284 

lower with the enhanced service (8.5% versus 27.4% for the low intensity service, P<0.001). 285 

Table 4 compares the characteristics of women who chose to attend their antenatal healthy 286 

lifestyle service appointment with those who declined attendance. Women who declined 287 

attendance were significantly more likely to be from the most deprived quintile, to have two 288 

or more children, to smoke and to belong to a household where the highest occupation was 289 

classified as ‘housewife /no income /student’.  290 

 291 

DISCUSSION 292 

The primary outcome GWG was not significantly different between the different intensities 293 

of an antenatal healthy lifestyle service. Within this study much lower proportions of 294 

women gained more weight than IOM recommendations within both the low intensity 295 

service (37.5%) and the enhanced service (27.4%), than seen within a recent meta-analysis 296 

of individual patient data which suggested that 44% of women with obesity had a GWG 297 

above IOM recommendations (Rogozi ska et al., 2017). This may be because this study only 298 

included women with a BMI of 40 or more rather than all women with obesity. It however 299 

specifically highlights the need for further exploration of GWG patterns in women with 300 

different classes of obesity, particularly those with a BMI of 40 or more, to better 301 

understand the proportion of women in each obesity class who gain above IOM 302 

recommendations.  303 

Overall fewer women gained weight above IOM recommendations when offered the 304 

enhanced service compared to those offered the low intensity intervention. However, a 305 

significant difference in gestation at which the final weight had been recorded was noted 306 

between the two different service intensities, with those attending the enhanced service 307 

having their final weight recorded at a significantly earlier gestation. An additional analysis  308 
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Table 4. Comparison of maternal characteristics in those who attended versus those 309 

who declined attendance at the healthy lifestyle service 310 

Characteristic Attended 
service 
(n=560) 

Service 
attendance 
declined 
(n=117) 

P Value 

Maternal age, mean (SD), y 28.6 (5.5) 27.8 (5.1) 0.12 
Deprivation quintile, n (%)   0.006 
Quintile 1: Most deprived - IMD score 1-6568 306 (54.6%) 82 (70.1%) 
Quintile 2: IMD score 6569-13137 114 (20.4%) 23 (19.7%) 
Quintile 3: IMD score 13138-19706 71 (12.7%) 4 (3.4%) 
Quintile 4: IMD score 19707-26275 50 (8.9%) 5 (4.3%) 
Quintile 5: Least deprived IMD score 26276-
32844 

19 (3.4%) 3 (2.6%) 

Smoking status at booking, n (%)   0.001 
Smoker 101 (18.1%) 49 (41.9%) 
Non-smoker 458 (81.9%) 68 (58.1%) 
Parity, n (%)   <0.001 
0 195 (34.8%) 9 (7.7%) 
1 187 (33.4%) 45 (38.5%) 
2+ 178 (31.8%) 63 (53.8%) 
Ethnicity, n (%)   0.10 
White British 528 (94.8%) 114 (98.3%) 
Other 29 (5.2%) 2 (1.7%) 
Highest household Occupation, n (%)a   <0.001 
Higher managerial, administrative and 
professional occupations 

100 (18.3%) 12 (10.4%) 

Intermediate occupations 129 (23.7%) 13 (11.3%) 
Routine and manual occupations 190 (34.9%) 41 (35.7%) 
Housewife/ Long-term no income or never 
worked/ student 

126 (23.1%) 49 (42.6%) 

Education, n (%)   0.73 
GCSE/ equivalent or lower 97 (44.1%) 11 (37.9%) 
AS/A level or equivalent 62 (28.2%) 8 (27.6%) 
Degree, postgraduate or equivalent 61 (27.7%) 10 (34.5%) 
Marital status, n (%)   0.10 
Married/civil partnership 200 (35.9%) 33 (28.4%) 
Partner 290 (52.1%) 73 (62.9%) 
Singleb 67 (12.0%) 10 (8.6%) 
Booking body mass index, mean (SD), kg/m² 44.0 (3.8) 43.8 (3.2) 0.52 
Gestation at booking, mean (SD), wk 9.1 (3.4) 

(n=559) 
9.4 (3.1) 0.46 

IMD – Index of Multiple Deprivation (Smith et al. 2015) 311 
a Occupations coded using the 3 category National Statistics Socioeconomic Classification (NS-SEC) 312 
system (ONS 2010) 313 
b The single category included 4 women in 2009-2011 and 5 women in 2012-2015 who were 314 
divorced/ separated/widowed 315 
 316 
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of rate of weight gain was therefore incorporated as this controlled for the different length 317 

of time over which weight gain was measured during pregnancy for different women. This 318 

rate of weight gain was no different between the different service intensities. This 319 

emphasises the importance of considering the gestation at final weight when assessing and 320 

reporting GWG within the literature.  321 

When considering the service impact on women of different parities, a significant reduction 322 

in those gaining above IOM recommendations was only evident among multiparous women. 323 

Additionally multiparous women attending the enhanced service also achieved a lower rate 324 

of weight gain. This larger impact of the enhanced service in multiparous women is of 325 

interest, given that primiparous women are known to gain more weight in pregnancy. One 326 

potential explanation may be that qualitative studies have found multiparous women to 327 

voice regret over gaining excessive weight within their first pregnancy (Fair et al. 2022). This 328 

may make multiparous women more conscious of implementing any advice provided in a 329 

subsequent pregnancy and appreciative of the additional support received from the 330 

enhanced service.  331 

As would be expected women receiving the lower intensity service attended fewer dietary 332 

service appointments than women in the enhanced clinic intervention. Increased 333 

attendance with the increasing number of appointments available to women suggests a 334 

general acceptability of the appointments. However, to evaluate service acceptability it is 335 

also important to consider those who declined attendance at the antenatal healthy lifestyle 336 

service. These women were significantly more likely to be of lower socioeconomic status, to 337 

already have children, and to smoke. Others have found similar factors to influence 338 

engagement, for example in one service women with obesity who smoked were less likely 339 

to attend individual weight management appointments during pregnancy (Porteous et al 340 

2020). In a separate study, women from low income households or who lived in larger 341 

households engaged less with a text based health education intervention during pregnancy 342 

and the postpartum (Gazmararian et al. 2014). To ensure equitable access for all groups, 343 

when developing future services additional attention is needed on structural barriers 344 

women may face, for example through offering childcare or covering the cost of 345 

transportation to appointments. There was a lower proportion of women not attending any 346 

appointments with the enhanced service (8.5%) compared to the low intensity service 347 



16 
 

(27.4%). The slightly higher number of nulliparous women referred to the enhanced service 348 

could not account for all of this difference. It may therefore reflect that the established 349 

service had increased awareness of obesity during pregnancy within the Trust which had 350 

given community midwives more confidence to raise the issue of a woman’s BMI when 351 

referring them into the service. This is important as midwives have previously been shown 352 

to avoid challenging discussions around weight with women during pregnancy (Atkinson and 353 

McNamara 2017), with women getting inadequate information about services they had 354 

been referred to as a result (Heslehurst et al. 2017).  355 

The only other differences in outcomes between the two differing intensities of service after 356 

adjusting for baseline differences, were day of discharge from hospital and labour induction. 357 

It is believed that these differences more likely reflected changes in practice and policy over 358 

time rather than being a direct impact of the antenatal healthy lifestyle service. Nationally, 359 

over the period of this study, there was a reduction in the length of postpartum hospital 360 

stay (Bowers & Cheyne 2015) and an increasing proportion of births being induced (National 361 

Health Service Digital, 2019). Although not significant, there was an increased rate of 362 

gestational diabetes mellitus in women attending the enhanced service. This could not be 363 

explained by any changes to diagnostic criteria during the study period. While the 364 

proportion of women with a blood glucose measurement increased over time, from 84.4% 365 

versus 87.7% this alone could not explain the increased rate of gestational diabetes mellitus. 366 

Women with gestational diabetes mellitus are more likely to have an induced labour 367 

(Koivunen et al. 2020), therefore the increased proportion of women with gestational 368 

diabetes mellitus in those attending the enhance service could also have impacted on the 369 

higher rates of labour induction. No other differences were noted in outcomes between the 370 

two service intensities, except for a reduction in SGA for multiparous women. It is however 371 

acknowledged that this study was underpowered to detect changes in some outcomes with 372 

low incidences and did not look at longer term maternal outcomes, such as postpartum 373 

weight retention or weight upon entering any subsequent pregnancies.  374 

The findings within this study are in line with a recent overview of systematic reviews of 375 

randomised controlled trial evidence that showed that while lifestyle interventions during 376 

pregnancy could result in small reductions in GWG among women with overweight or 377 

obesity, this corresponded with limited or no improvements in other pregnancy outcomes 378 
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such as gestational diabetes mellitus, pre-eclampsia, mode of birth or birth weight 379 

outcomes (Fair & Soltani 2021). This therefore may indicate that rigorous service 380 

evaluations, with appropriate controlling for confounding factors, could perhaps be a good 381 

alternative for RCTs, which are often costly and less relevant to real-life situations for such 382 

complex public health challenges.  383 

No optimal intervention frequency was found in a previous systematic review of 384 

randomised controlled trial evidence among women from all pre-pregnancy BMI categories 385 

(Walker et al 2018). Within that review, subgroup analysis showed no difference in 386 

excessive GWG between lifestyle interventions delivered 1-3 times and those delivered 4-7 387 

or eight or more times. This suggested clear consistent advice from professionals trained to 388 

initiate conversations around GWG had the potential to reduce excessive GWG as much as 389 

intense interventions. The systematic review grouped together interventions where the 390 

frequency of contact was between one and three times. This current study has however 391 

suggested that especially in multiparous women that rate of weight gain during pregnancy 392 

could be reduced by increasing intervention intensity, therefore further exploration of the 393 

differential impact of antenatal healthy lifestyle service for nulliparous and multiparous 394 

women is recommended, particularly for women with a BMI of 40 or more.  395 

 396 

Strengths and limitations of the study 397 

This cohort study explored the impact of an antenatal healthy lifestyle service within a large 398 

number of women with a BMI of 40 or more, a category often lacking in studies of lifestyle 399 

interventions in pregnancy. Despite the increasing national prevalence of obesity, the 400 

proportion of women with a BMI of 40 or more within the Trust remained at 3.5%, with the 401 

mean BMI also being the same in both study periods. The study took advantage of changing 402 

practices in antenatal healthy lifestyle service provision to enable a pragmatic exploration of 403 

differing service intensities within a real-life situation. Some limitations however need to be 404 

acknowledged. Retrospective data collection is well known for its limitations around data 405 

completeness (Song and Chung 2010). Poor documentation of maternal education within 406 

the health records was particularly evident within this study. The antenatal healthy lifestyle 407 

service was provided by the same midwives throughout the whole time-period offering 408 
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consistency. However, due to the retrospective nature of the study it was not possible to 409 

fully adjust for changes in midwifery practice or policy over time to ensure that all other 410 

care received by women in the low intensity service was identical in every way to women 411 

offered the enhanced service.  412 

 413 

CONCLUSIONS 414 

Among women with a BMI of 40 or more there were no overall differences on the outcome 415 

of mean GWG between women provided with three sessions at an antenatal healthy 416 

lifestyle service compared to those provided with one session. However multiparous women 417 

offered the enhanced serviced were less likely to gain weight in excess of IOM 418 

recommendations and gained weight at a slower rate after adjusting for baseline 419 

differences. No improvements in any maternal or neonatal outcomes were seen with 420 

additional antenatal healthy lifestyle service visits except for reduced odds of SGA in 421 

multiparous women. However, this study was underpowered to detect changes in some 422 

outcomes with low incidences. Uncertainty remains over the best management of GWG in 423 

women with a BMI of 40 or more. Further research is required to establish the most 424 

effective intervention types and intensities for women of different classes of obesity. A 425 

specific focus on nulliparous women could be suggested given the lack of impact of this 426 

current antenatal healthy lifestyle service on nulliparous women.  427 

 428 

Supplementary Material: Appendix S1. Maternal and neonatal outcomes according to 429 

service intensity for primiparous women 430 

Supplementary Material: Appendix S2. Maternal and neonatal outcomes according to 431 

service intensity for multiparous women 432 

 433 

  434 
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Table 2. Maternal outcomes according to service intensity 563 

Outcome 
 

Low 
intensity 
2009-2011 
(n=315) 

Enhanced 
service 
2012-
2015 
(n=367) 

Crude Mean 
difference (MD) or 
Odds ratio (OR) 
(95% CI) 

Adjusted MD/OR 
(95% CI) a 

Number of antenatal healthy 
lifestyle service appointments 
attended, mean (SD) 

1.2 (1.3) 
(n=314) 

2.2 (1.2) 
(n=363) 

MD 1.1 (0.9-1.2)*** aMD 1.00 (0.8-1.2)*** 

Number of antenatal healthy 
lifestyle service 
appointments, n (%) 

    

0 86 (27.4%) 31 (8.5%) REF REF 
1 143 

(45.5%) 
69 
(19.0%) 

OR 1.34 (0.81-2.21) aOR 1.27 (0.76-2.12) 

2 58 (18.5%) 98 
(27.0%) 

OR 4.69 (2.78-
7.91)*** 

aOR 4.48 (2.62-
7.65)*** 

3 or more 27 (8.6%) 165 
(45.5%) 

OR 16.95 (9.51-
30.22)*** 

aOR 16.08 (8.89-
29.08)*** 

Gestation at first antenatal 
healthy lifestyle 
appointment, mean (SD), wk b 

17.3 (5.4) 
(n=228) 

17.3 (4.8) 
(n=331) 

MD -0.0 (-0.9 to 0.8) aMD -0.1 (-0.9 to 0.8) 

Gestational weight gain, 
mean (SD), kg  

6.6 (7.4) 
(n=264) 

5.7 (6.9) 
(n=296) 

MD -1.0 (-2.2 to 0.2) aMD -1.1 (-2.3 to 0.1) 

Gestation at final weight, 
mean (SD),wk  

38.1 (1.9) 
(n=264) 

36.9 (1.6) 
(n=296) 

MD -1.2 (-1.5 to -
0.9)*** 

aMD -1.2 (-1.5 to -
0.9)*** 

Weekly weight gain, mean 
(SD), kg/wk 

0.24 (0.28) 
(n=264) 

0.21 
(0.25) 
(n=296) 

MD -0.04 (-0.08 to 
0.01) 

aMD -0.04 (-0.09 to 
0.001)c  

Weight gain according to 
Institute of Medicine 
recommendations, n (%) 

    

Too little 104 
(39.4%) 

133 
(44.9%) 

OR 0.95 (0.63-1.45) aOR 1.00 (0.65-1.52) 

Recommended 61 (23.1%) 82 
(27.7%) 

REF REF 

Too much 99 (37.5%) 81 
(27.4%) 

OR 0.61 (0.39-0.95)* aOR 0.63 (0.40-0.98)* 

Vaginal birth, n (%) 166/302 
(55.5%) 

180/347 
(51.9%) 

OR 0.88 (0.65-1.20) aOR 0.87 (0.64-1.19) 

Caesarean birth, n (%) 126/302 
(41.7%) 

150/347 
(43.2%) 

OR 1.06 (0.78-1.45) aOR 1.09 (0.79-1.49) 

Induction of labour (excluding 
Caesarean birth prior to 
labour), n (%) 

112/229 
(48.9%) 

170/273 
(62.3%) 

OR 1.72 (1.21-
2.46)** 

aOR 1.70 (1.19-
2.45)** 

Postpartum haemorrhage 
(estimated blood loss 

500ml), n (%) 

126/301 
(41.9%) 

137/302 
(45.4%) d 

OR 1.15 (0.84-1.59) aOR 1.19 (0.86-1.65) 
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Perineal laceration sustained 
(excluding women with a 
Caesarean birth), n (%) 

106/176 
(60.2%) 

123/192 
(64.1%) 

OR 1.18 (0.77-1.80) aOR 1.14 (0.74-1.76) 

Epidural analgesia (attempted 
or achieved), n (%) 

141/301 
(46.8%) 

170/331 
(51.4%) 

OR 1.20 (0.88-1.64) aOR 1.17 (0.85-1.62) 

General anaesthetic, n (%) 29/303 
(9.6%) 

23/332 
(6.9%) 

OR 0.70 (0.40-1.25) aOR 0.72 (0.40-1.29) 

Shoulder dystocia (excluding 
women with a Caesarean 
birth), n (%) 

8/174 
(4.6%) 

3/193 
(1.6%) 

OR 0.33 (0.09-1.26) aOR 0.29 (0.07-1.14) 

Day of discharge from 
hospital, n (%) 

 

    

Day of birth 46 (15.1%) 35 
(10.2%) 

REF REF 

Day 1 88 (29.0%) 146 
(42.7%) 

OR 2.18 (1.31-
3.64)** 

aOR 2.14 (1.27-
3.60)** 

Day 2 114 
(37.5%) 

99 
(29.0%) 

OR 1.14 (0.68-1.91) aOR 1.31 (0.67-1.91) 

Day 3+ 56 (18.4%) 62 
(18.1%) 

OR 1.46 (0.82-2.57) aOR 1.37 (0.77-2.43) 

Haemoglobin <110g/l at 
booking, n (%) 

6/303 
(2.0%) 

6/349 
(1.7%) 

OR 0.87 (0.28-2.71) aOR 0.99 (0.31-3.15) 

Haemoglobin<105 g/l at 28 
weeks’ gestation, n (%) 

18/289 
(6.2%) 

14/326 
(4.3%) 

OR 0.68 (0.33-1.38) aOR 0.77 (0.37-1.60) 

Haemoglobin<105g/l at 36 
weeks gestation, n (%) 

16/195 
(8.2%) 

23/241 
(9.5%) 

OR 1.18 (0.61-2.30) aOR 1.33 (0.67-2.63) 

Gestational diabetes mellitus 
(excluding those with gastric 
surgery), n (%) 

45/262 
(17.2%) 

75/314 
(23.9%) 

OR 1.51 (1.00-2.29)* aOR 1.49 (0.98-2.26) 

Additional monitoring for 
raised blood pressure, n (%)e 

54/282 
(19.1%) 

59/305 
(19.3%) 

OR 1.01 (0.67-1.53) aOR 1.00 (0.66-1.52) 

* significant at P<0.05 level, ** significant at P<0.01 level, *** significant at P<0.01 level 564 
a Adjusted for deprivation (REF= most deprived quintile) and smoking (REF=non smoker) as these 565 
were the only significant differences in baseline characteristics 566 
b Gestation at first antenatal healthy lifestyle appointment only available for those who attended the 567 
clinic 568 
c This was further away from reaching significance once removing the outlier aMD -0.04 (-0.08, 0.01) 569 
d The new electronic health notes for recording intrapartum care from 2015 made it difficult to 570 
obtain estimated blood loss for many women who gave birth in 2015 571 
e Additional monitoring for raised blood pressure - women receiving monitoring over and above 572 
routine care due to raised blood pressure, including those who went on to be diagnosed with 573 
pregnancy Induced hypertension, pre-eclampsia or HELLP syndrome 574 
 575 
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5.5 Summary and implications for thesis 

Robust, comparative analysis of one antenatal healthy lifestyle service 

appointment versus an enhanced service offering three appointments on 

maternal and infant health outcomes was provided within this study.  

The results of this study showed no overall difference in gestational weight gain, 

although multiparous women showed a small reduction in weight gain in excess 

of Institute of Medicine recommendations. No beneficial effects of the enhanced 

service were noted on clinical outcomes except for a reduction in SGA infants 

among multiparous women.  

 

A comparison of maternal and infant outcomes with the enhanced service 

compared to no service within a neighbouring NHS Trust is presented in the 

following chapter.  
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Chapter 6: Evaluation of an antenatal healthy 
lifestyle service versus a comparison cohort 
 

6.1 Introduction  

This chapter presents Article C, the second article from the quantitative 

component of this programme of research. This is a comparison of the maternal 

and neonatal outcomes among women with a BMI of 40kg/m² or above who 

attended an antenatal healthy lifestyle service to a cohort of women in the 

neighbouring Trust who did not have access to such as service. The aims of the 

study are provided below, alongside the details of publication and impact of the 

article. The full published article is then presented. The chapter concludes by 

summarising the key findings of this component.  

 

6.2 Study aim 

The study aim was to compare pregnancy and birth outcomes for mothers with 

a BMI 40kg/m² who experienced an antenatal healthy lifestyle service with a 

cohort of mothers from a neighbouring comparison NHS Trust without this 

service. The neighbouring NHS Trust was chosen as the comparison cohort 

due to the similar health and demographic profile to the Trust with the antenatal 

healthy lifestyle service. This component of the quantitative research also 

addressed the second aim of the overall programme of research: “To explore 

the impact of a service supporting women with the highest class of obesity to 

achieve adequate GWG and improve maternal and infant outcomes.” 

 

6.3 Published article: Article C 

The manuscript is entitled “A retrospective comparative study of antenatal 

healthy lifestyle service interventions for women with a raised body mass 

index.” It is reproduced in full in the format in which it has been published(333).  
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6.4 Publication and impact 

The article was accepted for publication in Women and Birth on 29th August 

2023. It was published online as an ‘Article in Press’ on 9th September 2023, 

before being published in the February 2024 edition of Women and Birth. 

Women and Birth is a midwifery journal publishing papers that contribute to the 

relevant contemporary research, policy and/or theoretical literature on topics 

around pregnancy, childbirth and the first six weeks postpartum. It is the official 

publication of the Australian College of Midwives. In 2022 Women and Birth had 

an impact factor of 3.8. 

Since publication this article has been self-cited once (as of 31st January 2024). 

The publisher does not track online views, however it has an Altmetric score of 

1 which is average compared to outputs of the same age.  
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6.5 Summary and implications for thesis 

This article provided a comparative analysis of antenatal healthy lifestyle 

service attendance compared to no service on maternal and infant health 

outcomes.  

The study identified that even without any intervention the GWG of women with 

a BMI 40kg/m² was within Institute of Medicine recommendations and lower 

than previously reported within the literature for women with obesity. This is 

important as it demonstrates the potential importance of considering different 

classes of obesity separately. The service was not superior at reducing GWG 

and no maternal or infant clinical outcomes studied were improved with 

antenatal healthy lifestyle service attendance except for a higher rate of 

breastfeeding at discharge from hospital.  

 

An evaluation of the association between antenatal healthy lifestyle service 

attendance and child weight outcomes up to the age of 5 is presented in the 

following chapter. 
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Chapter 7: Association of long term child weight 
outcomes with attendance at an antenatal healthy 
lifestyle service  
 

7.1 Introduction  

This chapter presents Article D, the third article from the quantitative component 

of this programme of research. This is an evaluation of the association between 

providing weight management advice to women with a high BMI during 

pregnancy and long-term child weight status. The aims of the study are 

provided below, alongside the details of publication and impact of the article. 

The full published article is then presented. The chapter concludes by 

summarising the key findings of this component.  

 

7.2 Study aim 

Given the duration since the start of the antenatal healthy lifestyle service, it 

was possible to evaluate the association between service attendance and child 

weight outcomes. This enabled an exploration of any association between the 

provision of healthy lifestyle advice during pregnancy and any long-term 

changes to dietary or exercise patterns within the family that could impact child 

weight. This was done by matching data on antenatal healthy lifestyle service 

attendance with data collected by health visitors, as well as at school entry as 

part of the National Child Measurement Programme. The study aim was to 

explore the association between infant weight outcomes and antenatal healthy 

lifestyle service intervention provision within a hospital Trust for women booking 

for care with a BMI 35kg/m². This addressed the third aim within this 

programme of research: “To investigate the association between providing a 

weight management service to women with a high BMI during pregnancy and 

long-term child weight outcomes.” 
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7.3 Published article: Article D 

The manuscript is entitled “Association of child weight with attendance at a 

healthy lifestyle service among women with obesity during pregnancy”. It is 

reproduced in full in the format in which it has been published(334). 

7.4 Publication and impact 

The article was accepted for publication in Maternal and Child Nutrition on 8th 

January 2024 before being published fully open access in “Early View” on 4th 

February 2024. Maternal and Child Nutrition is a maternal and child health 

journal which addresses nutrition and its outcomes for women and their children 

across the globe. In 2022 Maternal and Child Nutrition had an impact factor of 

3.4.  
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Abstract

Women with obesity during pregnancy are at increased risk of excessive gestational

weight gain (GWG) and other maternal and infant adverse outcomes, which all

potentially increase childhood obesity. This study explored infant weight outcomes

for women with a body mass index (BMI) ≥ 35 kg/m² who were offered an antenatal

healthy lifestyle service. A retrospective cohort study, including linking data from

two separate health care Trusts, was undertaken. Data were collected from

maternity records for women with a BMI ≥ 35 kg/m2 referred to an antenatal

healthy lifestyle service from 2009 to 2015. The respective child's weight outcome

data was additionally collected from health and National Child Measurement

Programme records. Univariate logistic regression determined the odds of childhood

overweight, obesity and severe obesity according to attendance at the antenatal

healthy lifestyle service, GWG and sociodemographic characteristics. Factors

significant (p < 0.05) within the univariate analysis were entered into multiple

logistic regression models. Among women with a BMI ≥ 35 kg/m², 30.4% of their

children were obese at school entry and 13.3% severely obese. Healthy lifestyle

service attendance was not associated with childhood overweight or obesity at any

point within the univariate analysis. At school age multiple regression analysis

showed the odds of overweight and obesity increased with excessive GWG and the

odds of obesity decreased with a parent in a professional occupation, additionally

having a mother who smoked in pregnancy increased severe obesity. Women should

be supported to optimise their BMI before pregnancy. Additionally, rather than

exclusively focusing on changing an individual's behaviour, future interventions

should consider external influences such as the woman's family, friends and

sociodemographic background.
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1 | INTRODUCTION

In the United Kingdom, 32.5% of women are classified as overweight

(body mass index [BMI]: 25–29.9 kg/m²) and a further 26.4% as obese

(BMI ≥ 30 kg/m²) (Baker, 2023). Women affected by overweight or

obesity account for over 50% of maternities, and 22.2% of pregnancies

in the UK were in women with obesity in 2018–2019 (National Health

Service National Health Service [NHS] Digital, 2019a).

Women with overweight or obesity before pregnancy are at high

risk of excessive gestational weight gain (GWG) (Samura et al., 2016).

Obesity during pregnancy and excessive GWG are both associated

with an increased risk of adverse outcomes for both the mother and

the infant. Adverse outcomes for the mother include increased risk of

gestational diabetes (Najafi et al., 2019; Santos et al., 2019), pre‐

eclampsia (He et al., 2020; Santos et al., 2019), preterm birth (Santos

et al., 2019) and caesarean birth (Goldstein et al., 2017; Kim

et al., 2016). The adverse outcomes for the infant include an

increased risk of being large for gestational age (LGA) (Goldstein

et al., 2017; Santos et al., 2019; Shin & Song, 2015), and poorer

breastfeeding outcomes (Huang et al., 2019). Additionally, maternal

obesity and excessive GWG have been associated with increased

childhood obesity (Voerman et al., 2019), as have many of their

associated adverse outcomes such as gestational diabetes, hyper-

tension, reduced breastfeeding (Skrypnik et al., 2019) and caesarean

birth (Masukume et al., 2019). Overall, the proportion of overweight

or obesity in early childhood (2–5 years) estimated to be attributable

to maternal prepregnant obesity and excessive GWG is 10.2% and

11.4%, respectively (Voerman et al., 2019). Rates of childhood

obesity by age 7 have been shown to vary across Europe, with the

lowest prevalence in Denmark (5.7%) and the highest in Greece

(17.1%) (WHO European Region, 2022). In England, the prevalence of

obesity in children when starting school (age 4–5 years) was 10.1% in

2021–2022 (NHS Digital, 2022).

Pregnancy has been suggested as a good opportunity to

influence behaviour change in mothers and their families through

adaptations to lifestyle such as healthy eating, physical activity and

weight management (Phelan, 2010). However, a recent UK survey

found maternal healthy lifestyle service provision for women with

obesity to be inconsistent in availability, BMI eligibility criteria and

content (Fair et al., 2020). Additionally, interviews with providers and

commissioners alongside the above survey also identified uncertainty

among professionals about what constitutes the most suitable service

to tackle maternal obesity (Fair et al., 2020). Antenatal lifestyle

interventions, mainly focussed on healthy eating and physical activity,

have been evaluated within numerous studies and systematic reviews

for their impact on maternal outcomes such as GWG and mode of

birth, as well as neonatal outcomes such as birthweight and

gestational age at birth (Dodd et al., 2014; Fair & Soltani, 2021; Hill

et al., 2013; Thangaratinam et al., 2012). However, little has been

done to date to evaluate pregnancy lifestyle interventions on longer

term infant health. This is despite the impact of maternal health and

diet before and during pregnancy being increasingly understood on

long‐term offspring health and development, through the role of

epigenetics (Aldhous et al., 2018; Lorite Mingot et al., 2017). Within

two systematic reviews of lifestyle interventions during pregnancy

(Dalrymple et al., 2018; Raab et al., 2021) few studies were found

that evaluated childhood anthropometric outcomes up to school

entry. Evidence around the effect of antenatal lifestyle interventions

on long‐term child obesity is especially limited among women with

obesity. This is despite these infants being recognised to be at

increased risk of childhood obesity (Voerman et al., 2019). The need

for studies which explore longer term health outcomes for mothers

and infants of interventions in pregnancy has been recognised

(Goldstein et al., 2016).

Socioeconomic inequalities are known to be strongly associated

with the prevalence of obesity (Nguyen et al., 2023). Obesity is

higher among those with the highest levels of deprivation, and food

insecurity, those from an ethnic minority (Nguyen et al., 2023), as

well as those with lower educational attainment (Devlieger

et al., 2016). These factors therefore need careful consideration

when exploring child's weight status. This study therefore aimed to

explore the association between child overweight and obesity and

attendance at an antenatal healthy lifestyle service intervention,

along with other sociodemographic characteristics, for women with a

BMI ≥ 35 kg/m² when booking for pregnancy care within one hospital

Trust.

2 | METHODS

2.1 | Setting

In England, the NHS provides routine care to all pregnant women.

Non‐NHS care is rare, with only 0.5% of all births in England and

Wales in 2021 taking place in non‐NHS establishments or ‘elsewhere’

(Office for National Statistics [ONS], 2023). In July 2009, a midwife‐led

Key messages

• Among children born to women with a body mass

index (BMI) ≥ 35 kg/m2 almost 50% were classified as

overweight or obese at age 5. Of these, only 15.6% had

been born large for gestational age.

• This brief antenatal healthy lifestyle intervention pro-

vided to mothers with obesity did not significantly

reduce child's overweight or obesity.

• Demographic factors such as household occupation and

maternal smoking during pregnancy were associated

with long‐term childhood obesity.

• More emphasis is required on interventions that support

women to optimise their BMI before pregnancy.

• Future interventions should consider external influences

on the woman for example through a socioecological

framework.
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antenatal healthy lifestyle service was established at Doncaster and

Bassetlaw Teaching Hospitals NHS Foundation Trust which is within

the Yorkshire and Humber region of England. This service was

established in response to the recognition of high rates of maternal

obesity within the local area. When established, the service offered a

low‐intensity intervention to pregnant women with a BMI≥ 35 kg/m2

at their first antenatal appointment which incorporated a visit at

16 weeks of gestation, with additional follow‐up visits available if the

woman wanted them. In July 2012 service provision intensified, offering

women routine appointments at 16, 28 and 36 gestational weeks. Due

to service demands the provision at this point became exclusively for

women with a BMI ≥ 40 kg/m². Midwives ran the service alongside

other professionals such as dieticians and exercise programme provid-

ers, with specialised input from obstetricians and anaesthetists. Women

were provided with support and advice around weight management;

particularly minimising GWG, healthy eating, undertaking physical

activity and breastfeeding. The aim of the clinic was to encourage and

support women to make positive lifestyle choices and behavioural

changes during pregnancy to optimise GWG and improve birth

outcomes. The intention was that these changes could also be sustained

after the birth. For example, women were encouraged to identify

personal goals such as swapping an unhealthy food for a healthier one.

Given that the healthy lifestyle service intervention commenced in 2009

it was possible to evaluate whether it was feasible to determine the

association between pregnancy weight gain and antenatal healthy

lifestyle service attendance on the rate of childhood obesity up to

school age (4–5.5 years). This was done through the linkage of mater-

nity records with health visitors' and National Child Measurement

Programme records of infants' weight at 6–8 weeks, 9–12 months and

school entry (4–5.5 years of age).

2.2 | Data collection

Data were collected from hospital records for all women with a

BMI ≥ 35 kg/m² who were offered the antenatal healthy lifestyle

service between 2009 and 2015. Data extracted from these records

included attendance at the antenatal healthy lifestyle service,

maternal sociodemographic data and GWG, as well as pregnancy

data including complications such as gestational diabetes, mode of

birth and post‐natal data around infant feeding methods. Within the

UK basic neonatal data, as well as the child's NHS number, are also

stored within the maternity hospital records.

Within England, children are routinely weighed by health visitors

at 6–8 weeks and 9–12 months. They are also weighed and measured

by school nurses when starting school (age 4–5.5 years) as part of the

National Child Measurement Programme. Health visitor and school

nurse data are entered into the IT system; SystmOne. Data

were collected from this database for infants born to women within

the above cohort of women (attending antenatal care at the NHS Trust

with the antenatal healthy lifestyle service between 2009 and 2015

with a BMI ≥ 35 kg/m2). Within both the hospital records and the

SystmOne data, the child NHS number was pseudoanonymised to

allow for data linkage. The MD5 hash system was used to

pseudonymise the data. This takes a string of any length and encodes

it into a 32‐character long ‘hash’. Upon entering the same string, the

MD5 hash produced will always be the same. However, it is not

possible to take the MD5 hash and convert it back to the original

string. The NHS Trust data was therefore matched to data from

SystmOne by pairng the MD5 hash code for the child's NHS number

within the two datasets.

2.2.1 | Standard measures

BMI was calculated from weight at the first antenatal appointment

using the formula weight/height squared (kg/m2). GWG was

measured by subtracting weight at the first antenatal appointment

from the final weight measured during pregnancy from the middle of

the third trimester (34 + 0 weeks') gestation onwards. According to

Institute of Medicine (IOM, 2009) guidance, the recommended

weight gain for women with obesity is between 5 and 9 kg. In

accordance with this recommendation, women were classified as

gaining too little weight if they gained less than 5 kg, or as gaining

excessive weight if their GWG was above the 9 kg recommended.

Infant birthweight centiles were calculated using GROW charts (UK

version 8.0.6.1) (Gardosi et al., 2011, 2020). These centiles are

customised according to maternal height, maternal weight, ethnicity,

parity, gestation and infant gender. This has been shown to be more

accurate in populations with overweight and obesity (Pritchard

et al., 2020). Birthweight above the 90th centile for gestational age

was classified as LGA. Gestational diabetes was defined as fasting

blood glucose ≥ 5.3mmmol/L or blood glucose 2 h post 75 g glucose

challenge ≥ 8.5mmol/L.

Child weight percentiles at 6–8 weeks, 9–12 months and at school

entry, as well as BMI percentiles at school entry, were calculated using

the World Health Organization (WHO) Anthro (WHO, 2010) and

AntroPlus (WHO, 2009) software. Children were classified as ‘over-

weight’ if their weight or BMI centile was between the 85th and

94.9th centile or as ‘obese’ if their weight or BMI centile was ≥95th

centile. Additionally, children with severe obesity at school entry were

identified as those with a BMI ≥ 99.6th centile. These classifications

were in accordance with those used by the Office for Health

Improvement and Disparities (OHID) (OHID, 2022a).

Occupation data was collected from women when first attending

for pregnancy care. The woman and their partners' occupations were

coded using the three‐category National Statistics Socio‐economic

Classification system (ONS, 2010). The highest occupation category

for each household (either for the woman or her partner) was utilised

within the analysis. The Index of Multiple Deprivation (IMD) was used

to measure deprivation, as this is the official measure of relative

deprivation in England. The score for each area combines information

from seven domains of deprivation (income, employment, education,

health, crime, housing and living environment) to give one overall

deprivation score from one (most deprived) to 32844 (least deprived)

(Smith et al., 2015). These scores were designated into evenly sized
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quintiles. Quintile 1 included IMD scores 1–6568 and was the most

deprived, quintile 2 included IMD scores 6569–13,137, quintile 3

included IMD scores 13,138–19,706, quintile 4 included IMD scores

19,707–26,275 and quintile 5 included IMD scores 26,276–32,844

which was the least deprived quintile. Due to the limited number of

cases, the least deprived quintiles (quintiles 4 and 5) were then

combined within the analysis.

2.3 | Data analysis

Analysis was undertaken using SPSS 26.0. Univariate logistic

regression was used to assess the association between childhood

overweight, obesity and severe obesity according to uptake of the

antenatal healthy lifestyle service and sociodemographic character-

istics. GWG was the primary intended outcome of the antenatal

healthy lifestyle service, it was therefore also assessed. Given their

links with child obesity within the literature, gestational diabetes,

hypertension, breastfeeding and caesarean birth were additionally

evaluated to determine if they would require adjustment within the

multiple logistic regression models. Odds ratios (OR) and 95%

confidence intervals (95% CI) were calculated.

Any factors that were significant (p<0.05) within the univariate

analysis at any timepoint were included in the multiple logistic regression

main effects model to determine the significance of each variable once

controlling for other factors. Separate models were developed for

childhood overweight or obesity at each of the timepoints 6–8 weeks,

9–12 months and at school entry, as well as severe obesity at school

entry. These models were adjusted for anthropometric measures

including maternal weight when booking for antenatal care, maternal

height, maternal age, birthweight, gestation at birth and infant gender.

Variance inflation factors were used to assess for multicollinearity within

all multiple logistic regression models. The results indicated potential

multicollinearity of marital status and other measures of deprivation due

to moderately high variance inflation factors at all timepoints. Marital

status was therefore omitted from all of the final multiple logistic

regression models. Variance inflation factors were low (<2) between all

other independent variables. Additionally, each model was assessed for a

linear relationship between the continuous independent variables and the

logit transformation of the dependent variable using the Box–Tidwell test

for linearity. Where the assumption for linearity was not met, higher

ordinal terms were included within the model.

The multiple logistic regression model for each separate time-

point was assessed using the Hosmer–Lemeshow goodness of fit test

to determine how well the data fit the model. The presence of

outliers or points of leverage was explored using Cook's distance and

the studentized residuals.

2.4 | Ethical statement

Ethical approval was obtained for this project (IRAS project number

207998).

3 | RESULTS

Of the 1301 women with a BMI ≥ 35 kg/m² attending for antenatal

care and giving birth to a live infant within the Trust from 2009 to

2015, 1146 (88.1%) had at least one child measurement available.

Measurements were available for 91.6% of those attending their first

antenatal appointment from 2009 to summer 2012. However,

measurements were only available for 81.2% of those attending

their first antenatal appointment from summer 2012 to 2015 as only

17 of these children had reached school age when the data was

obtained from SystmOne. The average age of weight was 47.7

(±11.9) days at 6–8 weeks, 9.4 (±1.3) months at 9–12 months and 4.7

(±0.31) years at school entry.

Height was poorly recorded before school age, therefore

overweight and obesity were classified using weight centiles only

at 6–8 weeks and 9–12 months. Figure 1 shows the proportion of

children at each age who were classified as overweight or obese. The

proportion of children with weight ≥ 95th centile increased with age,

being just 2.7% of children at 6–8 weeks, but 22.0% of children by

school entry. When height was also taken into account to calculate

child BMI at school entry, the proportion of children with obesity was

30.4%, with 13.3% of school‐age children having a BMI ≥ 99.6th

centile. Of those with a weight ≥85th centile at 6–8 weeks and 9–12

months 33.0% and 19.5%, respectively, had been born LGA. By

school age, only 15.6% of those with overweight or obesity had been

born LGA.

3.1 | Univariate analysis

Of the 1146 women with at least one child weight available, 79.7%

had attended the antenatal healthy lifestyle service and 20.3% of

women had not attended. Table 1 provides the crude odds of

weight ≥ 95th centile at 6–8 weeks and 9–12 months and of

childhood BMI ≥95th centile and ≥99.6th centile at school entry

and Table 2 the crude odds of weight ≥85th centile at 6–8 weeks and

9–12 months and of childhood BMI ≥85th centile at school entry

according to uptake of the antenatal healthy lifestyle service, GWG

and other sociodemographic characteristics.

There was no difference in the odds of childhood overweight or

obesity at any of the timepoints with healthy lifestyle attendance

compared to no attendance at the service. Infants of women with

excessive GWG according to IOM recommendations had higher odds

of overweight at 6–8 weeks and of overweight or obesity at school

entry. There was also a trend for increased childhood obesity at 9–12

months and severe obesity at school entry with excessive GWG.

However, at 6–8 weeks, only 58.3% of infants with obesity were

born to mothers with excessive GWG, and at 9–12 months and

school age, less than 45% of children with obesity were born to

mothers with excessive GWG.

At school entry childhood overweight and obesity decreased

with lower levels of deprivation. Additionally, at 9–12 months,

childhood obesity decreased with higher household occupations. At
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several timepoints, the odds of childhood overweight or obesity were

also lower for women who were not single when registering for

antenatal care. The infants of women who smoked when attending

their first antenatal appointment had higher odds of obesity and

severe obesity at school entry. Maternal ethnicity, maternal educa-

tion, breastfeeding initiation or breastfeeding at discharge from the

maternity unit, caesarean birth, maternal diabetes and pregnancy‐

induced hypertension or pre‐eclampsia did not significantly increase

the odds of childhood overweight or obesity at any timepoint in this

cohort of women with a BMI ≥ 35 kg/m2.

3.2 | Multiple logistic regression analysis

Multiple logistic regression models for factors associated at the

different timepoints with childhood obesity (Table 3) and overweight

(Table 4) are provided.

Once adjusting for other factors within the analysis, deprivation

no longer added significantly to any of the models. Excessive GWG

continued to increase the odds of obesity at school entry once

adjusting for other factors. GWG outside of the recommended range,

both inadequate and excessive, also increased the risk of overweight

at school entry. Being a smoker at the first antenatal appointment no

longer reached significance for increased odds of obesity at school

entry but remained significant in the multiple logistic regression

model for severe obesity at school entry.

Outliers or extreme points of leverage were only noted within

the models at 6‐8 weeks gestation. The multiple logistic regression

model fitted less well at this timepoint for women gaining weight in

accordance with IOM recommendations or below IOM recommen-

dations due to the limited number of cases of children with obesity

within these categories at this point in time.

4 | DISCUSSION

Prevalence of children with obesity (BMI ≥ 95th centile) by school

entry was high in this cohort at 30.4%, with almost half of children

(48.3%) having either overweight or obesity by school entry. The

proportion of children with obesity at school entry was high

compared to both the national average of 9.7% and the local

prevalence of 11.4% in 2018–2019 (NHS Digital, 2019b). The

proportion of children with severe obesity (BMI ≥ 99.6th centile) at

13.3% was far higher than the national average of 2.4% and the local

prevalence of 3.1% for 2018–2019 (NHS Digital, 2019b). Indeed,

within this cohort of women with a BMI ≥ 35 kg/m2, there were more

children with severe obesity at school entry than there were children

with obesity at school entry (BMI ≥ 95th centile) in the local area

when considering women of all BMI categories. Even when looking

specifically at women with obesity the figures within this cohort were

high, as nationally 26% of children born to mothers with obesity were

themselves obese at school entry, and a further 16% were

overweight (NHS Digital, 2019c). This may in part be due to this

study only including women with class 2 or class 3 obesity as all had a

BMI ≥ 35 kg/m². However, it clearly shows an association between

maternal early pregnancy BMI and childhood weight outcomes up to

F IGURE 1 Classification of weight centiles at 6–8 weeks, 9–12 months and weight and BMI centiles at school entry for children born to
mothers with BMI ≥ 35. BMI, body mass index.
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TABLE 2 Crude ORs and 95% CIs for childhood overweight according to the uptake of the antenatal healthy lifestyle service, gestational
weight gain and sociodemographic characteristics.

Weight ≥85th centile at

6–8 weeks (n = 100/956),
OR (95% CI) p Value

Weight ≥85th centile at

9–12 months (n = 261/878),
OR (95% CI) p Value

BMI ≥85th centile school

entry (n = 327/677),
OR (95% CI) p Value

Number of healthy lifestyle

sessions attended

Not attended REF REF REF

Attended 1.170 (0.667, 2.053) 0.584 0.888 (0.618, 1.274) 0.517 0.762 (0.543, 1.068) 0.115

Weight gain according

to IOM

(n = 838) (n = 771) (n = 601)

Less than recommended 1.405 (0.566, 1.929) 0.888 0.752 (0.505, 1.119) 0.160 1.507 (1.001, 2.269) 0.049*

Recommended REF REF REF

More than

recommended

2.319 (1.323, 4.063) 0.003** 1.360 (0.932, 1.983) 0.111 1.839 (1.229, 2.752) 0.003**

Parity

1 REF REF REF

2 1.824 (1.115, 2.985) 0.017* 0.913 (0.642, 1.296) 0.610 0.957 (0.664, 1.380) 0.815

3+ 0.863 (0.485, 1.533) 0.614 1.005 (0.707, 1.430) 0.976 0.781 (0.538, 1.133) 0.193

Deprivation

Most deprived quintile REF REF REF

Second most deprived

quintile

0.633 (0.364, 1.099) 0.104 1.035 (0.722, 1.483) 0.853 1.089 (0.752, 1.576) 0.653

Middle quintile 0.700 (0.356, 1.375) 0.301 0.861 (0.541, 1.369) 0.527 0.826 (0.512, 1.332) 0.433

Least deprived two

quintiles

0.625 (0.310, 1.259) 0.189 1.049 (0.665, 1.657) 0.836 0.542 (0.322, 0.912) 0.021*

Highest occupation (n = 930) (n = 856) (n = 656)

Managerial and

professional

occupations

0.873 (0.430, 1.773) 0.707 0.911 (0.570, 1.456) 0.696 0.759 (0.462, 1.248) 0.277

Intermediate

occupations

1.635 (0.917, 2.917) 0.096 1.192 (0.785, 1.809) 0.411 1.043 (0.669, 1.627) 0.851

Routine and manual

occupations

1.005 (0.559, 1.806) 0.988 0.861 (0.575, 1.290) 0.468 0.964 (0.633.1.468) 0.864

Housewife/unemployed/

student

REF REF REF

Maternal education (n = 339) (n = 302) (n = 184)

A'Level/equivalent or

lower

REF REF REF

Degree or above 0.794 (0.313, 2.016) 0.627 0.681 (0.360, 1.288) 0.237 0.850 (0.428, 1.689) 0.642

Marital status (n = 951) (n = 874) (n = 676)

Married/civil partner 0.526 (0.283, 0.976) 0.042* 0.768 (0.473, 1.248) 0.287 0.671 (0.388, 1.160) 0.153

Partner 0.525 (0.292, 0.945) 0.032* 0.644 (0.402, 1.030) 0.066 0.701 (0.415, 1.183) 0.184

Single REF REF REF

Smoker at first antenatal

appointment

(n = 955) 0.477 (n = 877) 0.572 (n = 676) 0.580

0.823 (0.482, 1.407) 1.105 (0.781, 1.564) 1.107 (0.773, 1.584)
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5 years later, with increasing maternal weight at the start of

pregnancy associated with an increased risk of childhood severe

obesity at school age. The noticeably higher prevalence of childhood

overweight and obesity within women with the most severe forms of

obesity is of concern given the rising prevalence of obesity within the

United Kingdom. Furthermore, the potential importance of assessing

outcomes separately according to a class of obesity is highlighted.

Compared to GWG within the recommended range, excessive

weight gain (above IOM recommendations) was seen within the

multiple logistic regression analysis within this study to be

associated with increased odds of childhood overweight and

obesity at school entry. Much other research has also looked at

the long‐term association between GWG and offspring obesity

(Lau et al., 2014; Sridhar et al., 2014; Tie et al., 2014; Voerman

et al., 2019). One systematic review found each additional 1 kg of

GWG increased the child's BMI z‐score by between 0.006 and 0.06

units and elevated the risk of overweight or obesity by 1%–23%

after adjusting for confounders (Lau et al., 2014). Further studies

have also shown exceeding IOM guidelines to be associated with a

46% increase in odds of childhood overweight/obesity at age 2–5

years after adjusting for multiple confounding factors (Sridhar

et al., 2014) and to increase the odds of childhood overweight or

obesity from age 2–18 years (adjusted OR: 1.33 [95% CI:

1.18–1.50]) (Tie et al., 2014). The most recent individual partici-

pant analysis has similarly shown excessive GWG to increase early

childhood obesity (age 2–5 years), mid‐childhood obesity (5–10

years) and late childhood obesity (10–18 years) (Voerman

et al., 2019). There is some disagreement over which maternal

BMIs show the most evident effect of excessive GWG on

childhood weight. An American cohort suggested the most notable

effect was among women with a prepregnancy BMI in the

recommended range (Sridhar et al., 2014), but the individual

participant analysis saw the largest effects in women with

prepregnancy obesity gaining excessive weight gain (Tie et al.,

2014). This lack of clarity may in part be due to the inherent

limitations of exploring the association between child weight and

GWG given the issues with GWG measurement, especially

regarding the timing of weighing, and the potential for unmeasured

confounding factors such as familial characteristics to influence

the results (Lau et al., 2014). However, the important impact of

maternal health and diet both before and during pregnancy on

long‐term offspring health and development through the role of

epigenetics is known to be important and requires continued focus

to obtain optimal long‐term childhood outcomes (Aldhous et al.,

2018; Lorite Mingot et al., 2017).

Little has been done to date to evaluate the association between

pregnancy lifestyle interventions and long‐term infant health. Two

systematic reviews of randomised controlled trial (RCT), quasi‐

randomised or cluster randomised study evidence (Dalrymple

et al., 2018; Raab et al., 2021), found only five studies that evaluated

childhood anthropometric outcomes up to 5 years of age (Chiavaroli

et al., 2018; Dodd et al., 2020; Grotenfelt et al., 2020; Kolu

et al., 2016; Ronnberg et al., 2017). Three of these studies recruited

very few children born to women with obesity during pregnancy.

Only 16% of the infants within a Swedish RCT were noted to have

had mothers with obesity (Ronnberg et al., 2017) and within a Finish

TABLE 2 (Continued)

Weight ≥85th centile at
6–8 weeks (n = 100/956),
OR (95% CI) p Value

Weight ≥85th centile at
9–12 months (n = 261/878),
OR (95% CI) p Value

BMI ≥85th centile school
entry (n = 327/677),
OR (95% CI) p Value

Ethnicity (n = 951) (n = 872) (n = 674)

Not W/B 2.060 (0.880, 4.820) 0.096 1.263 (0.579, 2.754) 0.558 1.321 (0.640, 2.724) 0.451

Breastfeeding initiation (n = 941) 0.469 (n = 858) 0.057 (n = 662) 0.398

Yes 1.172 (0.763, 1.800) 1.334 (0.992, 1.796) 1.141 (0.840, 1.549)

Breastfed at hospital

discharge

(n = 923) 0.298 (n = 845) 0.166 (n = 659) 0.884

Yes 1.249 (0.822, 1.897) 1.232 (0.917, 1.656) 0.977 (0.718, 1.330)

Caesarean birth (n = 955) 0.756 (n = 877) 0.154 (n = 676) 0.835

0.934 (0.609, 1.434) 1.240 (0.923, 1.667) 0.967 (0.705, 1.327)

Maternal diabetes (GDM or

pre‐existing)
(n = 840) 0.123 (n = 769) 0.915 (n = 587) 0.768

0.597 (0.310, 1.150) 1.022 (0.687, 1.521) 1.071 (0.680, 1.684)

Pregnancy‐induced
hypertension/

pre‐eclampsia

(n = 882) 0.742 (n = 812) 0.259 (n = 638) 0.581

1.107 (0.605, 2.025) 0.771 (0.492, 1.210) 0.883 (0.568, 1.373)

Abbreviations: BMI, body mass index; CI, confidence interval; GDM, gestational diabetes; IOM, Institute of Medicine; OR, odds ratio; REF, referent

category; W/B, White/British.

*p < 0.05; **p < 0.01.
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RCT, the two women with a BMI ≥ 40 kg/m2 were excluded from the

analysis due to being outliers (Kolu et al., 2016; Luoto et al., 2011).

Within the New Zealand trial women had a mean BMI of

25.4 ± 2.9 kg/m2 in the control group and of 25.5 ± 4.3 kg/m2 in the

exercise group, with no women in the control group having a

BMI ≥ 35 kg/m2 and the maximum BMI in the exercise group being

37.1 kg/m2 (Chiavaroli et al., 2018; Hopkins et al., 2010). The other

two studies looking at the long‐term influence of antenatal

interventions either exclusively focussed on women with overweight

or obesity (Dodd et al., 2020) or recruited a sizable sample of women

with obesity, with 294 of the 493 pregnant women recruited having a

BMI ≥ 30 kg/m2 (Grotenfelt et al., 2020; Rönö et al., 2014). Within

this current study, attendance at the midwife‐led antenatal healthy

lifestyle service was not associated with childhood overweight or

obesity at any timepoint within the univariate analyses. While the

previous research in this area provides limited evidence surrounding

interventions in women with a raised BMI, they similarly showed no

statistically significant differences in child growth at 3–5 years (Dodd

et al., 2020), at 5 years (Grotenfelt et al., 2020; Ronnberg et al., 2017)

or at 7 years (Chiavaroli et al., 2018; Kolu et al., 2016) from a lifestyle

intervention during pregnancy. Of interest, is that while two of the

above studies showed no differences in child BMI, the infants of

mothers who received the intervention compared to those who

received the control, were shown to have worse metabolic health

especially related to lipid metabolism at 5 years (Grotenfelt

et al., 2020) and significantly increased body fat and abdominal

adiposity at 7 years of age (Chiavaroli et al., 2018). The reason for

these differences was unclear within both studies. The lack of

association between childhood weight and attendance at the

midwife‐led antenatal healthy lifestyle service within this study, as

well as in previous RCTs with long‐term follow up could potentially

be due to the limited impact of the interventions on GWG. GWG did

not differ in women attending the antenatal healthy lifestyle service

(Fair & Soltani, 2024), and was only significantly different between

TABLE 4 Multiple logistic regression models of factors significantly associated with childhood overweight (≥85th centile) at each of the
different timepoints.

Weight ≥ 85th centile at 6–8
weeks, Nagelkerke R2 = 0.456,
χ2 = 215.6, p < 0.001, n = 813

Weight ≥ 85th centile at 9–12
months, Nagelkerke R2 = 0.165,
χ2 = 92.9, p < 0.001, n = 749

BMI ≥ 85th centile school

entry, Nagelkerke R2 = 0.134,
χ2 = 61.5, p < 0.001, n = 583

Predictor aOR (95% CI)a p Value aOR (95% CI)a p Value aOR (95% CI)a,b p Value

Weight gain according to IOM

Less than recommended 1.432 (0.656, 3.127) 0.367 0.730 (0.471, 1.131) 0.159 1.815 (1.163, 2.832) 0.009**

Recommended REF REF REF

More than recommended 1.783 (0.880, 3.609) 0.108 0.987 (0.649, 1.501) 0.951 1.651 (1.062, 2.567) 0.026*

Parity

1 REF REF REF

2 1.906 (0.970, 3.744) 0.061 0.866 (0.571, 1.312) 0.496 0.758 (0.492, 1.166) 0.207

3+ 0.911 (0.384, 2.164) 0.833 0.956 (0.590, 1.550) 0.855 0.526 (0.317, 0.871) 0.013*

Deprivation

Most deprived quintile REF REF REF

Second most deprived

quintile

0.527 (0.259, 1.073) 0.077 1.074 (0.702, 1.641) 0.743 1.303 (0.851, 1.995) 0.223

Middle quintile 0.484 (0.192, 1.224) 0.125 0.935 (0.549, 1.595) 0.806 0.887 (0.504, 1.562) 0.679

Least deprived two quintiles 0.757 (0.300, 1.913) 0.557 1.285 (0.742, 2.224) 0.371 0.643 (0.349, 1.186) 0.157

Occupation

Higher managerial or

professional

0.410 (0.147, 1.140) 0.087 0.893 (0.492, 1.621) 0.711 0.577 (0.307, 1.082) 0.087

Intermediate occupations 1.072 (0.493, 2.333) 0.861 1.181 (0.714, 1.953) 0.517 0.828 (0.490, 1.399) 0.482

Routine or manual 0.809 (0.391, 1.674) 0.569 0.917 (0.569, 1.477) 0.720 0.766 (0.470, 1.249) 0.286

Unemployed/housewife REF REF REF

Smoking 1.701 (0.846, 3.421) 0.136 1.375 (0.896, 2.111) 0.145 1.217 (0.782, 1.893) 0.384

Abbreviations: aOR, adjusted odds ratio; BMI, body mass index; CI, confidence interval; IOM, Institute of Medicine; REF, referent category.
aAdjusted for maternal weight when booking for pregnancy, maternal height, maternal age, birthweight, gestation at birth and infant gender.
bAdditionally adjusted for birthweight squared.

*p < 0.05; **p < 0.01.
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control and intervention groups within one of the RCTs (Ronnberg

et al., 2017) and even then GWG was only reduced by 1.1 kg.

Therefore, further establishment of interventions that are effective at

reducing GWG and enhancing clinical outcomes in women with

obesity is warranted. Given that the association between long‐term

child health and intervention, along with other maternal factors, was

similar within this matched data to the results from RCTs, further use

of matched cohort data is suggested as a more cost‐effective solution

for intervention follow up than expensive RCTs.

While 33% of children classified as overweight or obese at

6–8 weeks had been born LGA, this proportion had dropped to only

15.6% of children who were overweight or obese at school entry who

had been born LGA. The literature from several cohort studies has

noted that children born LGA are more likely to be overweight or

obese at 6–12 months (Moschonis et al., 2008) and at 4–6 years old

(Kaul et al., 2019). Within the second cohort study, there was a

39.4% increase in overweight or obesity in children born LGA; with

LGA noted to have a larger impact than maternal diabetes during

pregnancy (Kaul et al., 2019). However, maternal BMI or weight

status was not considered as a confounder within that study (Kaul

et al., 2019) and the other cohort study only classified women as

overweight or not overweight in pregnancy without considering

women with obesity as a separate subcategory (Moschonis

et al., 2008). The literature has also shown high infant birthweight

to be associated with childhood overweight up to 2 years of age in a

meta‐analysis of prospective studies (Weng et al., 2012) and to be a

predictor of overweight/obesity at school age (Apfelbacher

et al., 2008). However, again the second of these studies did not

consider the potential impact of maternal BMI or weight status by

adjusting for this factor within the analysis (Apfelbacher et al., 2008).

The independent risk of being born LGA to a woman with

prepregnancy obesity therefore remains unclear.

Caesarean birth was not linked to childhood obesity in this

sample of women with raised BMI. Numerous previous studies and

reviews have shown Caesarean birth to be linked to an increased risk

of overweight or obesity up to school age (Kaul et al., 2019; Keag

et al., 2018). However, limitations of previous research have been

noted especially around the lack of adjustment for maternal BMI

(Masukume et al., 2019). A British study that carefully adjusted for

maternal prepregnancy BMI showed no association between mode of

birth and childhood overweight and therefore hypothesised that the

previously noted link was likely to be mediated by the additional risk

of giving birth by Caesarean with a raised maternal BMI (Masukume

et al., 2019). An additional review of prenatal factors that predict

later childhood obesity found Caesarean birth may influence

childhood obesity (Liao et al., 2019); however, they noted being

born by Caesarean is also linked with antibiotic exposure and poor

early breastfeeding, both of which are other factors known to be

associated with childhood obesity.

Once controlling for other factors within the multiple logistic

regression analysis, infants of women who smoked at the first

antenatal appointment had higher odds of severe obesity at school

entry, as well as a trend towards increased obesity at school entry,

but not at earlier timepoints. Several meta‐analyses have also

previously identified that infants of mothers who smoked during

pregnancy are at higher risk of overweight and obesity during

childhood (Riedel et al., 2014; Weng et al., 2012). Within one

previous meta‐analysis, the effect of higher childhood obesity in

children of women who smoked during pregnancy remained after

excluding studies that did not adjust for potential confounders

including maternal BMI, parental education and birthweight (Riedel

et al., 2014). A further systematic review of prediction models of

childhood overweight or obesity from 1 to 13 years also found

smoking during pregnancy to be significantly associated with over-

weight and obesity within four of the eight included models

(Ziauddeen et al., 2018). The association between smoking and child

weight may only be evident by school entry within this study as

smoking during pregnancy is known to increase the risk of having

infants of low birthweight (Inoue et al., 2017). There may therefore

be a lag before seeing an association between smoking during

pregnancy and childhood obesity, as the infant has first to overcome

the initial growth restriction during pregnancy.

There was also a relationship between childhood weight and

socioeconomic status within this study. It was noted that lower

deprivation levels were no longer significantly associated with

lower levels of childhood overweight or obesity at school entry

once controlling for other factors, including household occupa-

tion. However, being in a household where no‐one was in

employment increased childhood obesity at different timepoints.

Others have also previously noted the importance of socio-

demographic factors. An American study has shown the highest

prevalence of overweight (BMI ≥ 85th centile) in elementary

school among those of low socioeconomic status, although the

potentially confounding effects of maternal BMI or birthweight

were not considered within this study (Moreno et al., 2013). A

further Canadian cohort found childhood overweight and obesity

decreased at age 4–6 years with increasing household income

(Kaul et al., 2019). The systematic review of prediction models of

childhood overweight or obesity from 1 to 13 years also found

that sociodemographic factors such as marital status, paternal and

maternal education, paternal income, maternal occupation and

ethnicity were included within different models, although each

factor was only present within one of the eight included models

(Ziauddeen et al., 2018). However, it clearly shows the importance

of developing interventions that do not just focus on the mother

as an individual during pregnancy, but on wider social determi-

nants of health. Consideration should be given to utilising a

socioecological framework when developing future interventions

that incorporates not only the woman, but other influences

including her family and home, work and peers, community,

industry and government and culture and society, as well as the

interaction between these aspects (Hill, 2021). Additionally, given

the large proportion of children with overweight and obesity born

to women with a raised pregnancy BMI demonstrated within this

study, the importance for long‐term child health of addressing

maternal weight before pregnancy is highlighted.
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4.1 | Strengths and limitations

This cohort study explored the association between an antenatal

healthy lifestyle service and child weight among a large number of

women with a BMI ≥ 35 kg/m2, a category often lacking in previous

research. Additionally, it is one of the few studies taking advantage of

data linkage to investigate long‐term infant weight outcomes. Some

limitations however need to be acknowledged. p values were not

corrected for multiple hypothesis testing within the analysis. It is

acknowledged that the large number of statistical tests performed

increases the risk of a type I error. Some of the statistically significant

findings may therefore be due to chance. There was variation within

the timing of data collection for each infant at the different

timepoints. However, to account for this weight and BMI were

converted into age‐appropriate centiles within the analysis. Further-

more, retrospective data collection is well known for its limitations

around data collection completeness (Hasson et al., 2015). It was

particularly evident within this study that education was poorly

documented within the maternity notes. While factors within the

analysis were identified within the literature, the retrospective nature

of the study also limited the availability of some factors, for example,

longer‐term breastfeeding outcomes. Additionally, childhood anthro-

pometric data was collected within routine care and therefore

recorded by various personnel, which may limit standardisation.

Finally, the wider generalisability of the study is limited by the higher

rate of social deprivation within the cohort than across England in

general (Office for Health Improvements and Disparities, 2022b).

5 | CONCLUSION

Matching data between two datasets was shown to be feasible using

pseudoanonymised data. Current data did not suggest any associa-

tion between healthy lifestyle service attendance compared to no

attendance on the odds of childhood overweight or obesity up to

school entry. Sociodemographic characteristics such as household

occupation and maternal smoking during pregnancy were noted to be

associated with long‐term childhood obesity. Future interventions

need to consider how to address wider determinants of health and

not just the individual woman's behaviour.
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7.5 Summary and implications for thesis 

This article considered the association between attendance at an antenatal 

healthy lifestyle service and long-term child weight up to the age of 5 years. It 

also considered the influence of other sociodemographic characteristics on child 

weight.  

The research showed that almost a third of children born to women with a BMI 

35kg/m² were classified as obese by the age of 5 years. Antenatal healthy 

lifestyle service attendance was not associated with the odds of childhood 

overweight or obesity at any timepoint up to the age of 5 years. Childhood 

obesity was however significantly associated with excessive gestational weight 

gain, household occupation and maternal smoking when booking for pregnancy 

care.  

 

 

Given the lack of impact of the antenatal healthy lifestyle service on clinical 

outcomes related to pregnancy or on long-term child weight, determining 

women’s experiences of weight management during pregnancy and the 

perceived barriers and facilitators to weight management was essential. This 

was explored through qualitative interviews and is presented in the next 

chapter.  
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Chapter 8: Experiences of weight management 
during pregnancy in women with a BMI of 
40kg/m² or above 

 

8.1 Introduction  

This chapter presents Article E, the final study from the programme of research. 

This was a qualitative exploration of the experiences of weight management 

among women with a BMI of 40kg/m² or above. The aims of the study are 

provided below, alongside the details of publication and impact of the article. 

The full published article is then presented. The chapter concludes by 

summarising the key findings of this qualitative element of the research 

programme.  

 

8.2 Aim of the qualitative component 

The overview of systematic reviews presented within this thesis, alongside the 

quantitative components of the research programme have demonstrated the 

limited impact of lifestyle interventions in women with obesity on GWG or other 

clinical outcomes, including on child weight outcomes up to 5 years of age. 

Quantitative research however cannot contextualise these results. Qualitative 

research can provide such context by considering factors that may impact upon 

women’s ability to manage their weight during pregnancy. The development of 

the interview schedule (Appendix I) was informed by the lack of impact of the 

antenatal healthy lifestyle service noted within the results from the quantitative 

phase. This is an essential component of a sequential explanatory mixed 

methods design.  

This qualitative component therefore aimed to explore the experiences of 

antenatal healthy weight service provision in women with a BMI 40kg/m², 

alongside the barriers and facilitators experienced by these women to weight 

management during pregnancy. This addressed the final aim of this programme 
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of research: “To explore the experiences of weight management during 

pregnancy among women with the highest class of obesity”.  

 

8.3 Published article: Article E 

The title of the published article was “”Everything is revolved around me being 

heavy … it’s always, always spoken about.” Qualitative experiences of weight 

management during pregnancy in women with a BMI of 40kg/m² or above.” It is 

reproduced in full on the following pages, in the format in which it was 

published(335). The supplementary data to accompany this article can be found 

in Appendix I. 

 

8.4 Publication and impact 

The article was accepted for publication in PLOS One and was published fully 

open access in June 2022. PLOS One is a multi-disciplinary, fully open access, 

peer reviewed journal. It is focussed on scientific rigour regardless of subject 

area. In 2022 PLOS One had an impact factor of 3.7.  

Since publication the article has been viewed 1,772 times online and according 

to Google Scholar it has been cited 7 times (as of 31st January 2024). The 

article has an Altmetric score of 20 and is therefore in the top 25% of all 

research outputs scored by Altmetric. 
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Abstract

Introduction
Maternal weight management services have been recognised as a good opportunity to influ-

ence lifestyle and dietary behaviour of mothers and families. Exploring women’s views of

maternal weight management services is paramount to understand what constitutes the

most suitable service. This study therefore explored experiences among women with a

raised body mass index (BMI) of maternal weight management service provision and the

barriers and facilitators to weight management during pregnancy.

Method
Thirteen women with a BMI�40kg/m2 undertook semi-structured interviews around weight

management experiences during pregnancy. Interviews were audio recorded and tran-

scribed verbatim. Inductive thematic analysis was undertaken.

Results
Four themes emerged. 1). "Understanding where I am at" showed current readiness and

motivation of women varied, from being avoidant to being motivated to make changes. 2).

"Getting information" revealed inconsistent information provision during pregnancy. Women

particularly wanted practical advice. Some attempted to find this for themselves from friends

or the internet, however this left some women feeling confused when different sources pro-

vided inconsistent advice. 3). "Difficulties I face" identified physical, emotional and financial

barriers and the strategies some women used to overcome these. 4). "Encountering profes-

sionals–a mixed experience" demonstrated women wanted to be treated with respect and

sensitivity and that how weight management information was addressed was more impor-

tant than who provided it. The fine line professionals tread was demonstrated by women

thinking that they had received inadequate information and yet too much focus was placed

PLOS ONE

PLOSONE | https://doi.org/10.1371/journal.pone.0270470 June 24, 2022 1 / 22

a1111111111
a1111111111
a1111111111
a1111111111
a1111111111

Citation: Fair FJ, Watson H, Marvin-Dowle K,
Spencer R, Soltani H (2022) “Everything is
revolved aroundme being heavy . . . it’s always,
always spoken about.” Qualitative experiences of
weight management during pregnancy in women
with a BMI of 40kg/m2 or above. PLoS ONE 17(6):
e0270470. https://doi.org/10.1371/journal.
pone.0270470

Editor: Frank T. Spradley, University of Mississippi
Medical Center, UNITED STATES

Received: June 22, 2021

Accepted: June 10, 2022

Published: June 24, 2022

Copyright: 2022 Fair et al. This is an open access
article distributed under the terms of the Creative
Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in
any medium, provided the original author and
source are credited.

Data Availability Statement: All relevant data are
provided within the paper and supporting
information. All data is anonymised by presenting
with pseudonyms only.

Funding: This project was independent research
funded by The Burdett Trust for Nursing (BRN/SB/
101010662/179208), the National Institute for
Health Research, Yorkshire and Humber Applied
Research Collaborations (NIHR ARC) (formally the



on their weight and the associated risks during pregnancy without practical solutions to their

weight management challenges.

Discussion
Women were empowered when practical advice was provided, not just the continual repeti-

tion of the risks of being obese during pregnancy. Antenatal weight management services

need to be clear, sensitive and respectful. Services centred on individual women’s needs

and on their current and previous experiences are required. The psychological and social

contexts of weight management also need to be addressed.

Introduction
Globally obesity and overweight (body mass index (BMI)�25kg/m2) has been estimated to

affect 38% of women [1], with rates varying by country. One recent study has found the pro-

portion of women with the most severe form of obesity (BMI�40kg/m2) to vary from 1.6% in

Spain to 9.7% in the United States of America (USA) [2]. Alongside increased overweight and

obesity in the general population over recent decades, maternal obesity during pregnancy has

significantly increased [3,4]. Within England a recent cohort has shown 1.6% of pregnant

women to have a BMI�40kg/m2 [5]. Furthermore, childbearing itself has been acknowledged

to contribute to the rise of overweight and obesity in women [6].

Obesity during pregnancy has been associated with a wide range of adverse outcomes for

both the mother and the infant [7,8]. For the mother this has included increased risk of pre-

eclampsia [9,10], gestational diabetes [8,9], preterm birth [8], induction of labour [7], Caesar-

ean Section [11] and surgical site infection [7]. The adverse outcomes noted for infants born to

women with obesity during pregnancy include increased risk of being large for gestational age

[8], admission to neonatal intensive care [7], stillbirth [11,12], neonatal mortality [11,13] and

childhood obesity [14]. For all of these adverse outcomes women with a BMI�40kg/m2 were

at the greatest risk; with their risk not just being higher when compared to women of normal

BMI but also when compared to women with lower levels of obesity (BMI 30–39.9kg/m2) [15].

Overall, it has been estimated that 23.9% of pregnancy complications are attributable to mater-

nal overweight or obesity prior to pregnancy [8].

Women with obesity prior to pregnancy have also been shown to be more likely to gain

excessive weight during pregnancy [16], with a recent meta-analysis of individual participant

data suggesting 44% of women with obesity gain excessive gestational weight [17]. Increased

gestational weight gain has itself been associated with adverse maternal and neonatal outcomes

both in the short and long term [18], including increased risk of Caesarean Section [17], induc-

tion [19], large for gestational age [18], poorer breastfeeding outcomes [20] and childhood

obesity [14], especially when excessive weight gain occurred in women with obesity.

Traditionally pregnancy has been viewed as a good time to influence maternal healthy life-

style as women are believed to be particularly receptive to healthy eating and physical activity

messages at this time [21]. Furthermore, it has been seen as an opportunity to influence the

long-term health of the woman and her family if changes made during pregnancy were sus-

tained [22]. Many national and international guidelines have therefore recommended counsel-

ling women regarding healthy eating and physical activity during pregnancy [23–25].

However, a recent meta-review of lifestyle interventions during pregnancy has only found a

minimal decrease in gestational weight gain and no other clear benefits on other adverse
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pregnancy outcomes from lifestyle interventions during pregnancy for women with over-

weight or obesity [26].

As the proportion of women with a pre-pregnancy BMI�40kg/m2 has continually

increased globally, understanding how these women approach weight management in preg-

nancy and their attitude towards maternal weight management services is important. The con-

text of the study provided additional significance given the region has been shown to have one

of the highest rates of maternal obesity in England [27]. Deprivation scores have also been

found to be among the worst in England, with indicators such as life expectancy, proportion of

children living in low-income families and employment all falling below the average for

England [27]. Previous research has also suggested potential differences in the experiences of

women with a BMI of 30-40kg/m2 and those with higher BMIs [28], highlighting the necessity

for additional research among women with higher BMIs. While quantitative methods such as

surveys can reach a greater number of participants and allow generalizability of results, qualita-

tive research is considered the most appropriate methodology for providing context through

in-depth exploration of the topic from the participants’ perspective [29]. The aim of this

research was therefore to explore the experiences of maternal healthy weight service provision

in women with a BMI�40kg/m2, alongside the barriers and facilitators experienced by these

women in weight management during pregnancy.

Methods

Theoretical framework

This study used a qualitative interpretive approach, from a constructivism philosophical posi-

tion as the aim was to understand the meanings the women created and attributed to their

experiences [30]. Ontologically the study was grounded in relativism, as the researchers

acknowledged that multiple realities exist which are subjective and shaped through individual

lived experiences. [30,31]. At an epistemological level, a transactional position was adopted.

This recognized that the researchers did not come into the research process as blank slates but

brought with them their own previous histories and perspectives of weight management [30].

It was recognised that this could impact on the interpretation the researchers formed. There-

fore, to ensure trustworthiness of the research reflexivity was undertaken, where the research-

ers critically reflected on how their social background, assumptions, positioning and

behaviour impact on the research process [32,33].

Within the social sciences multiple competing theories exist which allow a phenomenon to

be viewed from multiple perspectives, with each perspective providing a reasonable explana-

tion of a phenomenon [34]. This research was influenced by aspects of both the Capability,

Opportunity, Motivation, Behaviour (COM-B) model [35] and the socio-ecological framework

[36]. The COM-B model views behaviour to be generated from an interaction of capability,

motivation and opportunity [35], while the socio-ecological framework views behaviour being

influenced by multiple levels of factors including intra-personal, inter-personal, organisational,

community and public policy factors [36]. These methodological and theoretical orientations

were used to interpret and understand experiences among women with obesity of weight man-

agement services and their barriers and facilitators to weight management during pregnancy.

Study setting

The exact name of the study setting is not included for data protection and anonymity pur-

poses. The study was conducted in a region within Yorkshire and Humber with high rates of

maternal obesity and deprivation compared to the rest of England [27].
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Recruitment and data collection

A purposive sampling strategy was used. Pregnant women who had a BMI�40kg/m2 when

booking for antenatal care were approached at their 36 weeks gestation anaesthetic review

appointment between December 2018 and February 2019. The 36 weeks gestation review

appointment was chosen as that was the last universal appointment at the maternity unit for

women with a BMI�40kg/m2. Women were offered an interview (face-to-face or over the tele-

phone) or participation in a focus group. All women chose an individual interview. Interviews

were semi-structured using an interview schedule that covered weight management advice

given during this pregnancy, awareness of services and facilitators and barriers to weight man-

agement during pregnancy (see S1 File). The schedule was developed in collaboration with a

maternity service user group to confirm acceptability and clarity to a wide audience. All inter-

views were audio recorded.

Nineteen women expressed an interest in participating in an interview. These women were

followed up with either 2 emails or 2 telephone calls depending upon their stated preference.

After this no further contact was attempted. In total 13 women completed an interview. All

interviews were undertaken by a female interviewer. After 13 interviews no new concepts were

emerging, therefore data saturation was felt to have been achieved and further recruitment

stopped.

Data analysis

Interview data was transcribed, anonymised and managed using NVivo. An inductive or ‘bot-

tom up’ thematic analysis approach was undertaken without trying to fit the data onto a pre-

defined coding structure or theoretical framework [37]. An inductive approach allowed the

themes to be determined from the data rather than the researchers’ preconceptions [37]. A sys-

tematic methodology was used for identifying, analysing and reporting patterns within the

data, applying the six-phase process described by Braun and Clarke [37]. After familiarisation

with the data, two researchers independently open coded the transcripts line by line to summa-

rise the elements discussed. These initial codes were close to and derived from the text. Both

researchers individually grouped and refined the initial codes into categories. From these cate-

gories and through discussion the researchers agreed the themes and sub themes emerging

from the data. All coded data was then fitted within these themes to ensure completeness of

the analytical themes and inclusion of all relevant data. After further reviewing and revision of

the generated themes, clear definitions and names were given to each of the emerging themes.

Development of the themes was iterative and included a reflexive process where the

researchers acknowledged their pre-understanding and biases to ensure the themes remained

close to the original data. The complexity of women’s experiences was reflected by describing

within each theme the contradictory aspects and diverse nature of the multiple realities of the

interviewees. Extensive direct quotations have been presented to illustrate and confirm the

researchers’ interpretations within each theme and subtheme. All interviewees were given the

option of commenting on the initial interpretation for member validation; with four women

choosing this option. The initial themes to which their data had contributed were sent to these

women to confirm their own viewpoint was represented within the researchers’ interpretation.

Ethical considerations

Ethical approval (IRAS 17/EE/0378) and research governance approvals were obtained prior

to commencing this study. Written informed consent was obtained from women prior to

undertaking the interviews. Women were given a £10 voucher to compensate the time they
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had given to participate in the interview. Pseudonyms have been used to protect

confidentiality.

Results
Of the 13 women who participated, nine undertook face-to-face interviews and four telephone

interviews. All women were in the late third trimester of pregnancy. Five women were primi-

gravid, seven women had one previous child and one had 2 previous children. Three women

had experienced care in a different hospital Trust during their previous pregnancy, while the

other women had received care within the same hospital Trust for all of their pregnancies. Six

women had other people present during the interview, three had their partner present, one

their child, one their mother and one both their mother and their partner. However, these

companions only contributed to the interview on three brief occasions and these comments

were not coded within the analysis.

Four themes emerged from the data; “Where I am at”, “Getting Information”, “Difficulties I

face” and “Encountering professionals–a mixed experience”. Fig 1 illustrates the themes and

subthemes.

Where I am at

Historical weight management. Women were noted to be at different stages on their

weight management journey, each bringing their own story of weight management over the

years. Over half of the women described previous efforts at weight management with the

majority using weight management support groups, seeing dieticians or participating in

Fig 1. Themes and subthemes within the analysis.

https://doi.org/10.1371/journal.pone.0270470.g001
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exercise such as going to the gym. Some had also used weight loss shakes, tablets, or followed

special personalised diets. Most had seen success in their previous attempts at weight manage-

ment although many had seen weight return with pregnancies or over time.

“I used to do Slimming World before . . . I have tried like pills, I had stuff like that. I have been
to dieticians and tried the gym.”Danielle

Current readiness and motivation. Some women were already following their own

weight management plans prior to and during pregnancy, noting the fit of certain clothes or

frequently weighing themselves to monitor their own weight gain. These women were moti-

vated to prevent excessive weight gain which would need losing again post pregnancy. The rec-

ognition that everything they were eating was being passed onto the baby also motivated some

women to manage their weight during pregnancy.

“I have been watching my own weight anyway because obviously . . . I put a lot of weight on in
my first pregnancy and then I’ve not really got it off, so I don’t want to put any more on in this
pregnancy.” Joanne

“It’s [my diet’s] changed during pregnancy because I’ve started eating more healthier . . .Mak-
ing it better for the baby.” Emma

While acknowledging a need to address their weight, some women did not feel ready to at

present. These women talked positively about their plans to lose weight in the postnatal period

by increasing exercise or starting to attend a commercial weight management group (private

company offering weight management support that the women could independently access

and finance). Other women however did not want the issues of weight management being

raised, for example declining offers of support from dietetic services or not wanting to receive

information from community midwives around healthy eating or physical exercise. Several

women linked their avoidance of weight management to their low self-confidence.

“I think most women who are overweight and pregnant just feel low in themselves . . . I don’t
know about anyone else, but from my experience that’s how I feel.” Rebecca

Whether or not women felt ready to receive weight management support, they all recog-

nised that the motivation to manage weight had to be internal, with services only able to be

effective if the woman herself was ready to address her weight.

“You can tell somebody something, but if they don’t want to do it they will not do it.”Danielle

For most women, their readiness to receive weight management advice appeared to influ-

ence their acceptability of being weighed during pregnancy. The majority were happy to be

weighed at appointments and felt weighing should be a part of routine practice. In contrast a

few women were ambivalent, not minding one way or the other and two women felt uncom-

fortable with being weighed for example feeling anxious about how much they would weigh

and not wanting to know the figures.

“I have seen a dietician as well with the diabetes side of things. It’s been really useful actually
. . . I get weighed at every appointment that I go to . . . I’m happy to have that.” Zoe
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“I honestly don’t mind [being weighed] because in my opinion it is what it is, I know within
myself if I’ve been over-indulging with things.” Laura

“I don’t like being weighed, but they have got to do what they have got to do.” Lindsay

’I’m already healthy’. Numerous women described themselves as already healthy, eating

healthily and exercising in the recommended way. They were happy with the way things were

and did not see a need to address weight management. Some therefore felt professionals could

offer them no further advice and found it difficult when professionals assumed that their obe-

sity was due to current unhealthy eating.

“Some people are quite happy being the way that they are, and they don’t necessarily feel like
they need to change.” Samantha

“It was very much assumed you must be eating too much or you must be not moving enough.
But actually, I’m more active in pregnancy and I’m eating healthier in pregnancy because I’m
focusing on the baby.”Natalie

It was however noted that the diets several women described as ‘eating healthily’ didn’t

appear to fully fit current healthy eating recommendations:

“Well jacket potatoes, tuna pasta, do you know what I mean. I don’t really like salad or vege-
tables you know what I mean just healthy food.” Joanne

Getting information

Women described a lack of information provision during their pregnancy, confusion when

inconsistent information was given and the information they would have liked to receive.

Lack of specific practical advice. Information provision experiences differed between

women. Many reported receiving no information regarding weight management during their

current pregnancy. When probed further some of these had received information, however

information provision was minimal for example just being handed a leaflet or being told ver-

bally the foods they should or shouldn’t eat while being pregnant. This information was usually

provided at the booking appointment alongside a plethora of other information and women

therefore felt the information was ‘glossed’ over or it remained in a pile of unread leaflets. This

had led to the impression that they had received nothing.

“I have been given leaflets about weight, but I’ve just gone home and then I’ve put them on the
side and just well obviously they’re still in the pile.” Joanne

Those who had received information mainly received it from their community midwife, with

two women with gestational diabetes also receiving information from a dietician and another

couple of women at a hospital midwife appointment. Examples of information provided around

healthy eating included the eat well plate; advice to eat fruit, vegetables, wholegrain foods or com-

plex carbohydrates; advice around portion sizes; avoiding snacks and too much sugar; discus-

sions around iron rich foods; not to try to lose weight during pregnancy and to eat ‘everything in

moderation’. Very few women received information on exercise during pregnancy and where

they did, it consisted of being told to walk, swim or use the treadmill at the gym.

“I’ve also noticed that this time round there’s not been a lot of information on your group
exercises. Like before they’d tell you . . . aqua aerobics or stuff like that and this time I’ve not
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really had that. So I think for women in general I think they need that information of what
they can do, where they can go.” Rebecca

Women wanted specific advice such as menu ideas, meal plans or exercise plans rather than

having to try to work out for themselves what would be beneficial for their body and the baby.

Women also wanted practical advice on weight gain in pregnancy, especially what target

weight gain they should aim for and how to achieve it. Several women had found USA recom-

mendations regarding gestational weight gain on the internet; but were unsure if those guide-

lines were the correct ones for them to follow.

“A meal plan, like a weekly example . . .meal ideas and meal plans, so you know you can fol-
low.” Claire

“For me the weight gain is important because I’m big anyway, so I want to know how much
you’re going to gain or what’s going to make you gain. So you can then work on right well if
that’s what I’m going to gain then I need to cut down and do more exercise.” Rebecca

“They don’t tell you what’s the average [weight gain], like what’s a good weight gain, what’s a
terrible weight gain, . . . what’s going to make things difficult. It was very much a right you are
overweight already, there’s not much else we can do . . . It wasn’t like a how can we prevent
you gaining too much weight that it then becomes difficult for you to do anything?” Chloe

While women wanted practical information a few women felt that professionals could only

really offer general advice. The guidance that pregnant women should not lose weight or go on

restrictive diets, prevented specific support being provided.

“I think sometimes when it comes from like a professional, there’s not really that much that
they can offer, or that’s how it feels, because I don’t think much can be done to a certain extent
but it’s just advice isn’t it.” Alice

For many women the times they were weighed were seen as a missed opportunity to discuss

progress and offer weight management advice, as all too often the professionals just noted

down their weight with no discussion. Women appreciated being encouraged when their

weight gain was minimal or being provided with practical examples of things they could do

about excess weight gain such as eating foods that were more filling to reduce the requirement

to snack. Instead, they often felt that professionals overlooked their success during pregnancy.

“With my community midwife . . . she will tell you how much you have put on and whether
that’s good, bad,maybe slow down,maybe you need to eat some more food.Whereas here
they just sort of write it down and nobody discusses nothing.” Chloe

“I lost over a stone between Christmas and new year because I was poorly. No-one seemed to
really acknowledge any of that. It was just really odd.”Michelle.

“My midwife, she’s been very encouraging in the fact that I haven’t put on much at all, she’s
been really . . .you know encouraging me just to stick with whatever I’m doing.”Natalie

For some the information they received during this pregnancy was deemed adequate

because of the advice they had received during previous pregnancies. They therefore felt advice

should be offered more intensively to first time mothers with optional sessions for subsequent

pregnancies, as some felt it took a while to become familiar with the new concepts introduced.
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“If this was my first pregnancy and I didn’t go there [specialist clinic] I wouldn’t know, I
wouldn’t know what foods would be good for me and the baby. I wouldn’t know what sort of
exercises to do, because that’s another thing that she told me about.” Rebecca

Inconsistent advice. Clear information that was consistent between professionals was

received by some of the women. However, many experienced inconsistencies in information,

for example healthcare providers telling women that the information received from other

healthcare providers was incorrect or differences in the information found in online parenting

forums among women from different geographical areas of the country. One woman even

reported feeling that she had to explain to a professional the policy of referring women with a

raised BMI to consultant led care. It was felt one consistent set of information would be helpful

to avoid women feeling confused as to what was correct.

“I think it’s just a case of consistency across everybody. So that everybody is . . . reading from
the same book. I am getting information from one side and information from another side . . .
and then they don’t talk to one another. So it’s [this] one information–[that] one lot informa-
tion, that never even matches up.” Chloe

Women also found it difficult to work out what to do when professionals told them to eat

healthily but not to lose weight and to allow themselves treats. It left them uncertain of what

actions they should actually take.

“I think you’re between a rock and a hard place to be honest . . . They advise you not to diet
but to eat healthy but to still treat yourself and you’re kind of like, what do I change?” Alice

The support I would like. Electronic resources were particularly desired where women

could access clear information at their own pace, rather than feel overwhelmed by information

during appointments. Many women reported finding information for themselves online or

through apps anyway, for example healthy alternatives to cravings and weight gain guidance,

but often wished they had found such information earlier on in their pregnancy.

“A website that they can go on and look because most of the time when you’re in your appoint-
ments everything just kind of goes in and then you forget certain points of things.” Laura

Feeling socially isolated was also reported, with some women wishing for a group with

other women who were larger like them.

“I found that there’s not many big girls to talk to, that kind of thing. I always felt I was on my
own, that there were a lot of smaller women around in the clinics and . . . it felt like you were
a bit on your own.” Claire

Women felt weekly group support where their progress could be monitored would be bene-

ficial; particularly peer support groups where others could share their encouraging stories,

rather than just professionals discussing information leaflets. Several women felt that their

attendance at a commercial weight management group, which had adapted healthy eating

plans for pregnancy, had been invaluable for getting advice and in providing support for stick-

ing to a healthy diet. A desire was also expressed by some women to be informed about forums

for women with similar pregnancies where they could offer each other support and advice.
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“If you’re in an environment where you’ve got support from other people who are going
through it as well or, like, they share their success story. Rather than just maybe sitting at a
desk and . . . having a midwife, like, just hand you a leaflet showing you what you should be
eating and what you shouldn’t be eating.” Samantha

A few women however voiced that they would not have the confidence to attend group ses-

sions where their weight would be discussed in front of others.

“Some people aren’t confident being around other people with their weight issues as well, like
me.” Emma

Difficulties I face

Pregnancy challenges. Cravings during pregnancy were a struggle for many women as it

was recognised that they craved unhealthy foods. Women wanted more advice on how to con-

trol these and appreciated times practical guidance had been given on healthy ways to obtain

the nutrients craved. One woman had sought this information for herself, finding out what

vitamins or minerals the craving may indicate she was lacking and finding healthy alternatives

to meet this need.

“I’ve got a huge thing for pork, so I’m just constantly eating, bacon and sausages and pork
chops and ham and that’s my main protein source I think at the minute . . .. I’ve always quite
enjoyed bacon, but not as much as literally every day I have to have a bacon bagel.”Natalie

“This time I’ve not craved sweets and chocolate and stuff like that, it’s been the opposite really
. . . It’s made it loads easier.” Joanne

The common ’eating for two’ myth was endorsed by many women’s peers or families.

While many knew it was not true, others wanted more concrete information and explanation

to help them to follow correct advice.

“You hear it from people, oh it’s okay you can have that extra cake because you’re ‘eating for
two’.” Laura

“I suppose that they do always try and say, you know, like, try and reduce your BMI, eating
healthy, don’t do all this ‘eating for two’ kind of things, which I definitely did in my first preg-
nancy because sometimes I think you might—you’re just a bit oblivious to it or a bit naïve
towards the information that they’re giving you and the reasons why they give it you.”
Samantha

Other women found it emotionally difficult to address weight management while pregnant

as they knew they would gain weight as their baby grew. Others described finding it just too

difficult to think about a strict diet while pregnant. Furthermore, women noted weight man-

agement was difficult due to excessive tiredness in early pregnancy, needing to eat during the

night due to hunger and difficulties in exercising when advanced in pregnancy.

“It’s hard isn’t it in pregnancy especially when you get further on, I think you get a bit lazier
don’t you and you get bigger and you’re not exercising, you’re sitting a lot.” Joanne

“I say it’s [watching weight’s] one of the last things I wanted to really focus on, having to like
be strict with diets, especially with having a toddler as well.” Laura
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Practical considerations. Many women were unaware of community-based services that

they could access while pregnant to support them with healthy lifestyle and weight manage-

ment. Furthermore, one woman who was aware of such groups reported barriers to accessing

them as she was told pregnant women could only access the group if they were already mem-

bers prior to pregnancy.

Women also voiced difficulties with eating healthily due to personal taste and difficulty in

accessing fresh rather than convenience food, especially in deprived areas. Time pressures with

a young family or when trying to work were also noted to restrict their ability to access social

support groups, exercise activities or healthy eating. However, those with young children

noted they were more active than in previous pregnancies as they had an active child to follow

around or needed to be physically active to undertake the school run.

“I do confess I am not a healthy eater because I don’t like veg.” Lindsay

“Now with the school run and I’ve got my little one who’s not in his pushchair no more, he
wants to go for walks so now I’ve got the extra time I’m just out and about more.” Rebecca

Financial difficulties. Financial constraints were also discussed, particularly the cost of

buying healthy foods especially if they had to consider their whole family and not just

themselves.

“It’s hard being healthier anyway because I mean if you’ve, if you have a family, fruits not
cheap . . .if you have got to eat seven a day or five a day now like, but it’s not cheap to do
that.” Lindsay

Women also voiced that finance restricted their attendance at commercial weight manage-

ment groups, especially given the emotional difficulty of paying out money to see themselves

gain weight. More co-operation between hospital Trusts and community commercial groups

was desired for example offering free sessions to women during pregnancy. Impending mater-

nity leave made financial matters even more pertinent to some women.

“I know that I did stop going to Slimming World to pay to weigh because for me it was dis-
heartening paying £5 every week when I know that it’s going to say that I’m gaining weight.”
Samantha

Encountering professionals–a mixed experience

Women wanted to be treated with sensitivity when discussing weight management. However,

there was a fine line for professionals with women describing both too much and too little

focus on the issue. In the future, how advice is provided was considered more important to

women than by whom.

To be treated with respect and sensitivity. The way some professionals talked to women

made them feel uncomfortable, patronised and stigmatised due to their weight. Being spoken

to in a demeaning or judgemental way made women feel worse. In contrast a professional’s

positive attitude was appreciated by women and enabled them to think about making changes.

“I just find it quite judgemental here.Very judgemental here . . . Everything is revolved around
me being heavy. And it’s always, always spoken about. That it’s kind of like well this isn’t a
new risk factor!”Michelle
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“I know obviously when people are overweight or whatever it carries a stigma with it, but I
think the way that people speak to you and the way it comes across, it should be looked at
more, if you know what I mean, because if someone’s awful to you and they say it in a negative
way you’re going to leave . . . feeling like crap.Whereas if someone talks to you really nicely
and just says look you just need to do this or whatever then you don’t really like worry about
it as much.” Alice

All too often women also felt their concerns were dismissed and they were not listened to.

They felt policy was frequently adhered to in a rigid way without listening to or addressing

women’s concerns or viewing the woman as an individual. Women also reported questions

they had around the risks of being obese while pregnant or how to mitigate these risks were

left without clarifications.

“I don’t seem to get listened to about that [questioning a policy] which is really frustrating.”
Michelle

Professionals were appreciated when they were friendly, interested, sensitive, encouraging

and had time to listen, explained things well, answered women’s questions or concerns and

provided non-judgemental information. Good communication between the woman and the

healthcare professional and between different healthcare professionals helped women to feel

supported. Health professionals were especially valued where they were committed to help the

woman achieve a good result, for example through positive reinforcement of the healthy

changes the women had made or wanted to make.

“I sat and spoke to the Dietician, she gave us pointers of what kind of food to avoid and how
much to eat of it which, she was really quite friendly and helpful.” Claire

“I didn’t feel uncomfortable, it was really relaxed and it was just nice to talk to someone that
wasn’t patronising or looking down at you.” Rebecca

Treading a fine line. Women reported simultaneously not receiving enough information

around their weight, but also that too much focus was placed on it. Women described exces-

sive focus on the risks associated with their raised BMI during pregnancy along with their

need for consultant led care during pregnancy. These risks were often discussed at every

appointment, leaving them upset and worried. Moreover, women felt frustrated when these

risks were highlighted without any practical advice regarding eating, exercise or weight man-

agement. Women also reported feeling that healthcare providers assumed that they would

have all of the complications associated with a raised BMI.

“It’s consideration of how that person might be feeling. I was already quite nervous and when
you are coming all the time hearing like risk, risk, risk, it doesn’t help. It really doesn’t.”
Michelle

“When I was going [to appointments] I was like right here we go again and you knew what
they were going to say before they said it, but at the same time they didn’t really give you any
information in regard to changing anything . . . it was more kind of . . . that I was overweight
not the fact that you needed to do anything or anything like that.” Alice

“I find it quite amusing when I go for my appointments and it’s always the same midwife that
sees me, there’s always an element of surprise when they take my blood pressure, oh, oh it’s
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perfect, it’s very good. It’s like they expect because I’m bigger that my blood pressure is going to
be too high.”Natalie

After having a scan suggesting the baby was putting on weight rapidly one woman

reported:

“They were like you have got to go, you have got diabetes because you are so big, you have got
to go and get this checked, and I haven’t. But that’s how it was attributed, that there must be
something physically wrong with me because I am big . . . I just felt really bad when I left, . . .
it kind of makes you feel quite deflated. . . . Quite anxiety raising.”Michelle

This constant raising of weight as an issue meant some women felt like not attending fur-

ther antenatal appointments. This was especially reported when women saw different people

at every hospital appointment, with each new individual repeating the same information

around the risks associated with a high BMI.

“I think in the first pregnancy they were a lot, kind of,more forceful with it, in letting you
know . . . Every appointment it was brought up and it really kind of upset me the first time . . .
to a point where I was saying to my partner they should have, like, something on your chart
that says you’ve discussed it. You don’t need to hear it every time you go because you already
know. You’re aware that you’re overweight, you don’t need somebody to tell you at every
appointment, which they did.” Alice

In contrast women reported that some professionals wanted to avoid the issue, either not

wanting to talk about weight or assuming the woman didn’t require support. This was espe-

cially difficult when women themselves reported finding it difficult to ask for help, so appreci-

ated professionals proactively addressing weight management and making them aware of

different options available. One lady who received more intensive support in a previous preg-

nancy really missed this additional advice in her current pregnancy.

“I found xxxx [current] hospital to be a lot more helpful towards me, whereas xxxx [previous
hospital] just left me to it.” Zoe

“I’ve missed the advice and the encouragement because . . . in this one [pregnancy] I’ve not
really seen a lot of people this time, it’s like they’ve just let me get on with it . . . I was quite a
bit . . . gutted I guess that I wasn’t transferred there [maternal obesity service].” Rebecca

Many women felt the focus of maternity care appointments was on the health of the baby.

They longed for more focus on them, to reassure them that they were gaining the right amount

of weight and to provide advice so they could create the best environment for their baby.

“Nobody seems to really give a toss that I’ve been so poorly . . . They just kept saying well the
babies still gaining weight, so you are okay, that’s all they kept saying.”Michelle

“I think it’s got to be a 50/50 where you’re being looked after as well as your baby.We know
your baby’s fine, we know that, but what about the mum?” Rebecca

How not who. Given the difficulties they had previously encountered, in the future it mat-

tered more to women how weight management was approached than who provided advice.

Women desired weight management advice from someone with whom they could establish a
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relationship and who could follow their progress. For many women the ideal person to do this

was their community midwife whom they developed a bond with throughout pregnancy.

Women felt that community midwives knew them as an individual and listened to their con-

cerns. For others they would also be happy to have weight management discussed by dieticians

or health visitors or other professionals such as commercial weight management group consul-

tants. People who had achieved effective weight management themselves were considered to

be the best people to offer advice.

“The midwife actually I find that I have a good bond with her, I trust her opinion. And if she
were to suggest something to me, I would take it on board.” Zoe

“I think I just feel like maybe the SlimmingWorld consultants, especially if they’ve experienced
it themselves, they’re the best people to give you the advice.” Samantha

Discussion
This study highlighted women with a BMI�40kg/m2 felt there was too much emphasis placed

on the potential risks that they faced during pregnancy, which left many feeling anxious and

stigmatised by healthcare providers. Women also reported receiving inconsistent information

with insufficient provision of clear practical advice. Furthermore, women were all at different

stages of readiness to address weight management during their pregnancy.

Within this study women reported an overemphasis on the risks associated with being

obese during pregnancy. Current United Kingdom (UK) National Institute for Health and

Care Excellence (NICE) guidance [24] recommends women with a BMI�30kg/m2 should be

advised of the risks of her being obese during pregnancy for both the health of the mother and

her infant. However, it appeared that this guidance led some women within this and previous

studies to describe that their weight and the associated risks were focussed on repetitively

[38,39] rather than receiving clear information on what to do about it. Others have particularly

noted an emphasis on the risks for women with a BMI�40kg/m2 [38]. Furthermore, women

described that because they were at increased risk it was assumed that they would experience

all of the associated complications [40–42].

Health services’ focus on risk management, rather than taking individual factors into

account, coincides with an increasingly prevalent medical model of care for these women. This

model views pregnant women with obesity as needing to be ‘managed’ by obstetricians

[43,44], as professionals becoming progressively interventionist in an attempt to protect them-

selves from litigation should an adverse outcome occur [45]. However, this focus on risk is at

odds with women’s own focus, as clinical outcomes only cover a subset of the factors they con-

sider to be important during pregnancy [46]. A systematic review of patient reported outcomes

has shown that women with obesity viewed adequate healthcare provider support and an

emphasis on their emotional wellbeing as key elements of care [46]. A move towards a social

model of maternity care is argued for which integrates women’s physiological, psychological

and spiritual wellbeing; with women and professionals working in partnership to support

women to focus on health promoting activities [44]. The social model views the three most sig-

nificant factors for women during pregnancy and childbirth to be choice, continuity of care

and control [47], with maternal satisfaction an important outcome of pregnancy, not just a

live, healthy mother and infant [48].

Treating women with a raised BMI as ‘high risk’ and in need of additional monitoring or

prevented from accessing certain options such as having a waterbirth can increase their feel-

ings of stigmatisation [41–43,49]. Stigma itself has been associated with poorer maternal health
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behaviours, mental health and stress, all of which have a negative impact on infant outcomes

[50]. The stigma women face has also been identified as an issue within almost all of the previ-

ous studies and reviews read [28,38,40,49,51–58]. Stigma is particularly perceived if women

feel weight management advice is offered solely due to their size not due to their need [43] or

when professionals assume that obesity is due to a current lack of exercise or poor eating habits

[39,40,53,55]. Despite evidence showing that BMI does not provide a full picture as it cannot

differentiate adipose tissue from lean body mass [59], health professionals still place an over

emphasis on BMI alone. Furthermore, it has been shown that it is possible to be ‘fit and fat’,

with fitness being more important than fatness for long term prognosis [60]. Of note however

is that women felt equally dissatisfied with the care they received when healthcare professionals

avoided the topic of weight. Others too have noted this to be an issue due to professionals’

worry about women’s potential sensitivity and due to their own discomfort about addressing

weight [28,39,51,52,56,61,62]. A lack of change in the concerns that women have highlighted

regarding stigmatisation over the last decade emphasises how essential it is for enhanced

healthcare providers’ training, to raise their confidence to discuss weight with women and to

approach weight in a way that avoids stigmatisation.

This study has highlighted the lack of uniformity in the care that women with a BMI�40kg/

m2 received around weight management during pregnancy, even within one hospital Trust

over a short period of time. While a few received good information around healthy eating,

physical activity and weight management during pregnancy, the majority of women described

inadequate information provision. The lack of consistency in advice may in part be because of

a lack of clear national guidance, as well as due to limited resources. The emphasis on risk

without concurrent provision of practical advice noted in this and other studies, left many

women feeling dissatisfied, disempowered and feeling guilty about their weight and the impli-

cations this may have on the outcomes of their pregnancy [49,51,55,62]. Women’s information

needs around weight management during pregnancy not being met by healthcare profession-

als has been a recurrent theme within the literature among women with obesity

[28,38,52,54,56,61]. A lack of information around gestational weight gain has been particularly

evident [39,51,52,54] especially in areas without a bespoke weight management service [38].

The information many women described wanting was clear, practical, consistent advice

that incorporated clear strategies for them to implement, not just telling them of the things

they shouldn’t do. Others too have found women with obesity to want constructive advice, for

example around the contents of a balanced diet [62], specific nutritional components required

during pregnancy [53] or how to manage common pregnancy conditions such as morning

sickness and cravings [51]. In contrast both in this study and others, some women reported

feeling that they received no new information from professionals around weight management

[43,55,62]. While the focus of professionals was on adhering to policy and advising women of

the risks associated with being obese during pregnancy, women’s focus was more on their indi-

vidual needs and on their requirement for practical advice. As a result, women frequently per-

ceived that their informational and support needs were inadequately met by professionals.

Provision of information tailored to the individual woman’s needs is therefore essential.

Many of the women who had previously had a baby voiced regret for the choices they had

made in their earlier pregnancies, only realising in retrospect that it was inadvisable to ‘eat for

two’ during pregnancy and that the excess weight gained in pregnancy would need to be lost

after the birth. This is supported by evidence that primigravid women with a BMI�40kg/m2

gain significantly more weight than multigravida women [17]. Many women have also been

noted to almost double their calorie intake during pregnancy [63]. The difference in informa-

tion needs between first and subsequent pregnancies was recognised by several women. One

parous woman was very grateful that she had received support in her first pregnancy even
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though she had not received the same support during her current pregnancy and others raised

the potential requirement for more intensive information provision during the first

pregnancy.

A further theme identified within this current study was ‘where I am at’ depicting the need

to respect women’s previous weight management attempts and the influence they may have on

her readiness to accept or enact advice provided during her pregnancy. The continual focus

for women outside of pregnancy had been around losing weight, the change in advice to not

losing weight during pregnancy but minimising weight gain left some women uncertain of

what they could or should be doing. Others too have recognised that women often have a long

history of trying to manage their weight [38,39,52,53,55]. The majority of the studies we

reviewed that reported this aspect were noted to have included either exclusively or a high pro-

portion of women with a BMI�40kg/m2. Of interest was that some women, both in this study

and in previous research, defined themselves as healthy. For example, women have described

following healthy eating advice such as eating fruit and vegetables or running 10 km; empha-

sising these healthy aspects as countering the risks of obesity during pregnancy [42,43,51,55].

This further highlighted the need for individualised care and sensitivity when providing

advice, without automatically assuming that current energy imbalance is the cause of the wom-

an’s obesity. Furthermore, several women within this and previous studies have described

being unable to think about their weight during pregnancy due to feeling that weight gain was

inevitable, but they had plans to address weight management in the postnatal period

[52,54,55,58]. A lack of focus by healthcare providers on the postnatal period has however

been shown, with pregnancy weight management support ceasing once the baby is born

[38,55]. Assisting women to address weight management in the postnatal period could help to

reduce their BMI prior to any subsequent pregnancies. This is essential given that pre-preg-

nancy BMI has been shown to be a stronger predictor of adverse outcome that gestational

weight gain [64].

Historically pregnancy has been viewed as a ‘teachable moment’ for women due to changes

mainly in their motivation, related to their concern for the developing fetus’s health [21].

Women’s frequent contact with health professionals during pregnancy also provides an oppor-

tune time to deliver health promotion [21]. The COM-Bmodel however sees behaviour as hav-

ing three determinants not just from motivation, but also capability and opportunity [35].

Furthermore, the socio-ecological model views multiple factors influencing behaviour includ-

ing the personal, organisational, community and public policy [36]. This research clearly

showed that while some women were motivated during pregnancy to change their lifestyle,

not all women were personally motivated simply because they were pregnant. Women’s moti-

vation could also be impacted at an organisational level, if they felt stigmatised or unvalidated

by healthcare providers. Women’s psychological capability to achieve weight management

during pregnancy was decreased due to inadequate information provision, in part because of

healthcare providers lack of knowledge and skills leading to their avoidance of conversations

or the provision of inconsistent information at the organisation level. Barriers were also noted

to the women’s physical capability due to personal factors such as the associated tiredness and

cravings in pregnancy, but also due to inter-personal factors such as lack of childcare. Wom-

en’s physical opportunity to achieve weight management during pregnancy was impacted per-

sonally by financial and time constraints, but also at the community level due to a lack of

access to healthy foods or suitable support groups. This study also emphasised the influence on

women’s social opportunity to achieve weight management during pregnancy especially from

organisational factors that resulted in inadequate provider interactions and stigmatisation.

Additionally at the policy level an over emphasis on providing information about the risks and
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a lack of gestational weight management guidance was also detrimental to women’s successful

weight management.

The multi-factorial barriers identified within this research highlight the complexity of

weight management in pregnant women with a raised BMI. While previous research has

mainly concentrated on the woman as an individual, the need for a wider systems approach

for effective management of obesity during pregnancy has been shown [65]. This requires a

focus not just on the woman but also on wider organisational, community and policy factors

that can impact on a women’s ability to achieve weight management [65]. Moving forwards, to

better address the complexity, a better understanding of women’s motivation, capability or

opportunity to change their behaviours during pregnancy is also required [66]. This necessi-

tates a recognition of the competing demands on a woman’s attention during pregnancy,

including financial, emotional and other health promotional activities [67]. Furthermore,

women need support to implement the advice given [28,43] rather than assuming that educa-

tion alone leads to behaviour change [68], as the majority of women with overweight or obesity

indicate that they would like to make diet or physical activity related behaviour changes during

pregnancy but only half feel confident to do so [69]. Providing women with a better under-

standing of the psychological and social context of their eating is essential to achieve this [43].

Furthermore, the amount of control each woman feels she has over her weight requires explo-

ration, alongside her motivation to change [51] so that tailored support can be provided to

women on how to implement advice that is given.

Strengths and limitations

This study exclusively recruited women with a BMI�40kg/m2, whose voices are frequently

missing within the literature around weight management during pregnancy. Several limita-

tions were however acknowledged including that the women were only recruited from one set-

ting and that while the sample was representative of the local population, with all women

being from aWhite background, the views of women from other ethnicities were therefore not

provided. Furthermore, six women who initially expressed an interest could not be followed

up, although this is not too surprising given the proximity of all women to the due date of their

baby when approached. Finally, the women who consented may have held stronger views on

weight management services during pregnancy than the population in general.

It was ensured within the research that the interviewers were not involved in the women’s

care in any way. As part of the process of reflexivity, which is essential in qualitative research

since no research occurs within a vacuum [32,33] it was noted that the researcher who under-

took the face-to-face interviews was a health professional with a BMI in the normal range. This

may have influenced what the women themselves felt comfortable with sharing during the

interviews.

Implications for policy and practice and research

Weight management services during pregnancy need to be sensitive, respectful and centred on

the individual woman and her current and previous experiences to reduce the stigmatisation

that many women currently feel. To empower women, services should particularly focus on

the provision of practical information, however this should not simply become a ‘tick box’

exercise. Information provision should follow a personalised approach that identifies and

adapts to each individual woman’s information needs. To effectively achieve this and to

enhance professional’s confidence around addressing weight management, all professionals

require training on addressing the complex psychological and social context of weight for each

woman, not just on the additional risks that women with obesity face during pregnancy.
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Furthermore, incorporating a range of behaviour change techniques when developing weight

management services and focussing not just on individual factors, but other socio-ecological

factors such as organisational, community and policy aspects is recommended to cater for

women at different stages and with different barriers to weight management [51]. Given the

higher weight gain among primigravid women with a BMI�40kg/m2, it could be argued that

there is an additional requirement to focus on their needs. Services should also give more con-

sideration to the advice and support women receive to tackle their weight in the postpartum

period. Changes to current UK guidance to balance the focus on risk against practical recom-

mendations is also required to combat stigma within maternity care. This requires further

robust evidence of what interventions are effective at promoting weight management during

pregnancy, particularly among women with obesity and within the UK context. A move away

from exclusively using a medical, risk focussed, model of care is required to attend more satis-

factorily to women’s individual needs.

Conclusions
Women with obesity brought into pregnancy their history of past efforts at weight manage-

ment which impacted upon their current motivation to engage with weight management

advice. Services therefore need to be centred on individual women’s needs. Professionals faced

a challenging task to ensure that women received adequate information without leaving them

feeling stigmatised. Advising women of the risks associated with obesity during pregnancy left

women feeling disempowered, unless there was concurrent provision of clear and consistent

advice regarding healthy lifestyles and appropriate gestational weight gain.
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8.5 Summary and implications for thesis 

This chapter has presented the qualitative phase of the programme of research. 

It explored women’s experiences of weight management during pregnancy and 

the barriers and facilitators they experienced to weight management.  

The findings showed that women were at different stages on their weight 

management journey, with some already trying to manage their weight and 

others not feeling a need to address weight management. They described 

facing physical, financial and emotional barriers to achieving weight 

management during pregnancy. Women found that healthcare providers 

frequently highlighted the risks they faced during pregnancy due to their obesity, 

however healthcare providers often did not provide them with practical advice of 

what they could do to mitigate those risks. This left women feeling stigmatised 

and confused.  

This chapter raises issues that need addressing within future interventions for 

them to be more effective and ensure women are not stigmatised. This includes 

ensuring clear practical advice is given and considering group sessions where 

women can meet others to prevent them from feeling socially isolated. Some of 

the inter-related barriers to weight management that women face including 

financial, social and environmental factors also need addressing in future 

interventions to enhance effectiveness.  

 

The following chapter aims to demonstrate how the original aims have been 

answered within the programme of research. It also considers the findings 

across all aspects of the programme of research and integrates them into some 

overarching findings.  
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Chapter 9: Integration of the findings 
 

9.1 Introduction 

This thesis has presented an overview of systematic reviews of lifestyle 

interventions for GWG management in women with overweight or obesity, 

followed by four original research articles; three quantitatively evaluating an 

antenatal healthy lifestyle service for women with obesity and one exploring the 

experiences of weight management during pregnancy among women with a 

BMI 40kg/m².  

This chapter begins by returning to the original research aims and demonstrates 

how they have been answered within this programme of research. The chapter 

then synthesises the findings from the systematic review, and the quantitative 

and qualitative components. As discussed in the methodology chapter (Chapter 

4), a sequential explanatory mixed methods design was followed. Within mixed 

methods research the quantitative and qualitative data are analysed separately 

to answer the research question(308). Within this research, priority was given to 

the quantitative components. The qualitative component then expanded upon 

the quantitative findings. The findings were then compared, contrasted and 

integrated across the different constituent parts of the research to create an 

overarching answer to the research question(308). The integrated findings are 

presented within this chapter. 

 

9.2 Review of the original aims 
The original aims of this programme of research were to address some of the 

gaps identified within the literature. Specifically, these were: 

 To establish from the current research literature the effectiveness of 

lifestyle interventions for women with overweight or obesity for reducing 

GWG and other adverse outcomes for the mother and the infant.  

 To explore the impact of a service supporting women with the highest 

class of obesity to achieve adequate GWG and improve maternal and 

infant outcomes. 
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 To investigate the association between providing a weight management 

service to women with a high BMI during pregnancy and long-term child 

weight outcomes.  

 To explore the experiences of weight management during pregnancy 

among women with the highest class of obesity.  

 

These aims have been addressed throughout this programme of mixed 

methods research. How each has been addressed is discussed below.  

 

To establish from the current research literature the effectiveness of lifestyle 

interventions for women with overweight or obesity for reducing GWG and other 

adverse outcomes for the mother and the infant. 

The first aim was met through the overview of systematic reviews (Chapter 3). 

This concluded that current lifestyle interventions among women with 

overweight or obesity are effective at reducing GWG, but only by a minimal 

amount of between 0.3kg and 2.4kg. The clinical significance of this reduction 

was however questioned, due to the lack of clear benefit of lifestyle 

interventions on maternal and infant adverse health outcomes. 

 

To explore the impact of a service supporting women with the highest class of 

obesity to achieve adequate GWG and improve maternal and infant outcomes. 

This aim was addressed through two separate analyses. The first in Chapter 5 

compared one visit at an antenatal healthy lifestyle service to an enhanced offer 

of three visits at the service. The second analysis in Chapter 6 compared the 

antenatal healthy lifestyle intervention to a comparative cohort of women in the 

neighbouring Trust who were not offered the antenatal healthy lifestyle service. 

Being offered three visits at the antenatal healthy lifestyle service was generally 

ineffective at reducing GWG when compared to both one visit and no service. 

Additionally, except for an increase in the proportion of women breastfeeding at 

discharge compared to the neighbouring Trust no beneficial clinical outcomes 

were noted, with the potential that the antenatal healthy lifestyle service may 
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have made outcomes such as rate of Caesarean births poorer compared to the 

Trust with no service. 

 

To investigate the association between providing a weight management service 

to women with a high BMI during pregnancy and long-term child weight 

outcomes.  

This aim was addressed through matching data from the pregnancy records 

with data from health visitor records and the National Child Measurement 

Programme (Chapter 7). This concluded that there was no effect of attending 

the antenatal healthy lifestyle service on child overweight or obesity at 6-8 

weeks, 9-12 months or at school entry.  

 

To explore the experiences of weight management during pregnancy among 

women with the highest class of obesity.  

This aim was addressed through the qualitative interviews with women with a 

BMI 40kg/m² (Chapter 8). These interviews showed that women felt too little 

emphasis was placed on providing them with clear, consistent advice regarding 

healthy lifestyles and appropriate GWG especially with regards to practical 

advice. This left women feeling disempowered. However simultaneously women 

described too much focus on the risks that being obese during pregnancy may 

pose. As a result, many described feeling stigmatised and dreaded attending 

antenatal care appointments.  

 

9.3 Integration of the research findings 

The key findings of this programme of research were the limited impact of 

antenatal healthy lifestyle services, the importance of socio-demographic 

context, the role of parity and the influence of stigma and therefore the need to 

refine interventions. Each of these integrated findings will be discussed below.  
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9.3.1 Integrated finding 1 – Lack of impact of antenatal healthy 

lifestyle services 

The effectiveness of any intervention aimed at managing GWG or promoting 

healthy lifestyle in pregnancy is essential. The first integrated finding was 

evident across the research components. Results from the overview of 

systematic reviews of interventions that aimed to reduce GWG showed a small 

reduction in GWG of between 0.3kg and 2.4kg within the different meta-

analyses. The results within the quantitative phase were similar. When 

comparing the impact of the antenatal healthy lifestyle service women receiving 

the enhanced service gained 0.9kg less GWG than those receiving the low 

intensity service. Those receiving the enhanced service also gained 0.9kg less 

GWG than women within the comparison cohort who did not receive an 

antenatal healthy lifestyle service. In neither instance did the difference in GWG 

reach significance. Weight gain above IOM recommendations was lower within 

the enhanced service compared to the low intensity service, however the 

gestation at which women’s final weight was recorded was also lower within the 

enhanced service, meaning these women had less time over which to gain 

weight. When using rate of weight gain to account for the differences in 

gestation at which women were weighed, no differences were evident between 

the low intensity and enhanced service. Of interest was the lower proportions of 

women gaining over IOM recommendations than expected, even among those 

who had received no antenatal healthy lifestyle service. 

The overview of systematic reviews also showed no consistent impact of 

interventions aimed to reduce GWG on clinical outcomes such as GDM, pre-

eclampsia, Caesarean birth, preterm birth or birthweight. Within the quantitative 

phase of the research programme minimal impact of the healthy lifestyle service 

was also noted on pregnancy, birth and early postnatal outcomes or on longer 

term child weight outcomes. The only clinical outcome to favour the service 

compared to the comparison cohort was the increased rate of breastfeeding at 

discharge from hospital. While macrosomia was also reduced with the antenatal 

healthy lifestyle service, this was mainly due to differences in gestation at birth, 

with no differences noted in the proportion of infants born LGA.  
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The lack of clinical impact of current healthy lifestyle interventions during 

pregnancy, especially on clinical outcomes is an important overarching theme 

within this research.  

 

9.3.2 Integrated finding 2 – The importance of socio-demographic 

context 

Within the quantitative research component, fewer women with a BMI 40kg/m² 

were in the most deprived quintile in 2012-2015 compared to 2009-2011. While 

the most extreme forms of obesity had therefore become less related to 

deprivation over time, over 50% of women booking for pregnancy with a BMI 

40kg/m² between 2012 and 2015 were still within the most deprived quintile. 

Women who were from the most deprived quintile were also less likely to attend 

the antenatal healthy lifestyle service. Additionally, when considering other 

factors closely related to deprivation, women who smoked at booking or whose 

highest household occupation was in the housewife, unemployed or student 

category rather than employed were also less likely to attend the antenatal 

healthy lifestyle service. Within the long-term child weight outcomes, deprivation 

per se was not significantly associated with childhood overweight or obesity 

once controlling for other confounders. However, women from households with 

some form of employment were less likely to have a child with obesity and 

women who smoked when booking for pregnancy care were significantly more 

likely to have a child with severe obesity by school entry, with a trend also 

towards being more likely to have a child with obesity at school entry. The 

difficulties of achieving a healthy lifestyle among women from deprived 

backgrounds was further highlighted within the qualitative research. Women 

talked about the competing demands they faced financially. Finance acted as a 

barrier to buying healthy foods which were seen as more expensive. 

Additionally, it prevented some women from accessing commercial support 

groups such as Slimming World due to the cost implications. 

This therefore highlights the need to look not just at the individual when 

developing interventions, but at the wider social context.  
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9.3.3 Integrated finding 3 – The role of parity 

The differential impact of lifestyle interventions according to parity was another 

integrated finding across the different research components.  

Within the quantitative analysis comparing the enhanced antenatal healthy 

lifestyle service to one service visit, subgroup analysis revealed that parous 

women had a lower average GWG than nulliparous women. Parous women 

also had a significantly lower proportion of women with GWG above 

recommendations and a significantly reduced rate of weight gain with the 

enhanced service. Additionally, after adjusting for confounding factors parous 

women had fewer infants born SGA with the enhanced service. Long-term 

follow-up also suggested that once controlling for other factors, women with 

three or more children were less likely to have a child who was overweight by 

school entry than women with just one child. Evidence from the qualitative 

phase further supported differences between nulliparous and parous women. 

Women talked about being naïve during their first pregnancy, voicing regret 

over gaining too much weight that they needed to lose again afterwards. This 

made some women more determined not to gain excessive weight during their 

subsequent pregnancies. Several women also recognised that they needed 

more information around achieving a healthy lifestyle during their first 

pregnancy. They therefore felt services should focus on nulliparous women, 

with additional optional input available for parous women. This was also evident 

within the quantitative findings as nulliparous women were significantly more 

likely to attend the antenatal healthy lifestyle service than parous women.  

 

9.3.4 Integrated finding 4 – The influence of stigma 

The influence of stigma was another integrated finding to emerge from this 

research. Within the qualitative research some women described supportive 

encounters with healthcare providers where these professionals helped women 

to achieve a good result in terms of their weight management. They were 

appreciated by women. In contrast many women described feeling stigmatised 

and judged by professionals. This included when the risks of obesity were 

continually repeated by multiple healthcare providers throughout pregnancy 

without any practical support or advice on how to mitigate the risks. There was 
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also an assumption by some professionals that women would get all of the 

complications associated with obesity during pregnancy. Additionally, some 

women perceived professionals to be dismissive of their concerns. Other 

professionals completely avoided the issue of weight during pregnancy. It was 

clear from the qualitative research that this component of feeling stigmatised 

cannot be ignored if professionals are to provide effective care during 

pregnancy and to develop successful interventions. 

 

9.3.5 Integrated finding 5 – The need to refine interventions 
The final integrated finding is a culmination of the previous integrated findings, 

revealing a need to refine interventions. This integrated finding covered the 

three aspects; the components that need to be incorporated into interventions, 

the timing of interventions and the format of interventions.  

 

9.3.5.1 Intervention components  

It was clear within the overview of systematic reviews that current interventions 

aimed at reducing GWG are very heterogenous. For example, healthy eating 

interventions offered women between one and 16 dietary sessions lasting 

between 5 minutes and 2 hours. Similarly, physical activity could simply be 

providing women with a pedometer or generic encouragement to ‘be active’ 

during pregnancy or could adopt a more structured approach with physical 

activity sessions offered from once a month to five times a week. It was unclear 

within many of the interventions included within the overview of reviews what 

specific behaviour change components the intervention was targeting. 

Additionally, very few interventions focused on psychological components or on 

using the behavioural strategy of social support. Within the qualitative research 

women described wanting, but largely not receiving, very practical advice such 

as meal plans, exercise plans, weight gain guidance or how to manage 

pregnancy cravings. Women also noted the importance of encouragement. 

They wanted their progress monitoring and commented upon so they knew if 

they were doing well or if they needed to make more adjustments. Co-design of 

future interventions with women is essential to ensure they are sensitive to 

women’s needs. The behaviour change techniques they incorporate also need 
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clearly articulating to allow the most effective components of lifestyle 

interventions during pregnancy to be established.  

 

9.3.5.2 Intervention timing 

As well as a lack of impact of interventions during pregnancy noted within this 

research, several factors pointed to the need to address weight management at 

additional points in time. The long-term quantitative data showed that children 

born to women with obesity were at greatly increased risk of obesity at school 

entry compared to the general population. Interestingly, within this cohort of 

women with a BMI 35kg/m², once confounding factors were adjusted for within 

the multiple logistic regression analysis, increased weight when booking for 

pregnancy was not associated with any additional risk of childhood overweight 

or obesity within any of the models. To reduce the risk of childhood obesity it 

therefore seems that a woman’s BMI is ideally reduced to less than 35kg/m² at 

the start of pregnancy. To achieve this preconceptual or intra-conception 

interventions will be required. This was further substantiated by women within 

the qualitative component who described being provided with a plethora of 

public health information during pregnancy which they could not assimilate. 

Additionally, it was clear that not all women were ready to consider making 

changes to their lifestyle during pregnancy, with some women talking about 

wanting to make changes during the postnatal period. By better considering the 

place a woman is at on her weight management journey and offering 

interventions at different points in the reproductive cycle, rather than just 

assuming that pregnancy is a teachable moment will better enable women to 

achieve their goals regarding weight management. 

 

9.3.5.3 Intervention format  

Within the qualitative component many women described wanting contact with 

other women ‘like them’ in pregnancy i.e. others with a raised BMI. Many felt 

this could best be achieved through a group scenario that involved peer 

support. Women also talked about wanting to have digital resources available to 

look at in their own time as they felt unable to retain the information that was 

provided during appointments. 
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Future interventions must therefore consider multiple additional aspects to 

address weight management among women with obesity during their 

childbearing years. 

  

9.4 Summary 

As described within this chapter, the original aims have been addressed 

throughout this programme of research. The findings from the different research 

components have been integrated into five overarching findings. The following 

chapter will discuss each of these integrated findings in turn, situating them in 

the wider research literature and evidence base.   
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Chapter 10: Discussion 
 

10.1 Introduction  

As seen in the integration of findings chapter (Chapter 9), five main overarching 

themes emerged from this research: the limited impact of antenatal healthy 

lifestyle services on clinical outcomes; the influence of stigma; the importance of 

socio-demographic context; the role of parity and finally the need to refine 

interventions. These provide insight into the needs and experiences of women 

with the most extreme forms of obesity during pregnancy and the impact this 

has on their own health, as well as the health of their infant. Each theme is 

discussed below in the context of the wider academic literature and the current 

knowledge base on the topic. Finally, the strengths and limitations of this 

programme of research are considered.  

 

10.2 Discussion of key findings 
10.2.1 Lack of impact of antenatal healthy lifestyle services 

The findings of this programme of research indicated a lack of impact of the 

evaluated antenatal healthy lifestyle service, as well as previous randomised 

controlled trial interventions once synthesised into an overview of systematic 

reviews. Additionally secondary analysis of the data from this cohort showed 

that the number of appointments attended at the antenatal healthy lifestyle 

service was not a predictor of GWG(336).  

 

Three other UK based observational studies have evaluated specialist antenatal 

clinics, one(337) among women with a BMI 30kg/m², one(338) among women with 

a BMI 35kg/m² and the final one(339) for women with a BMI 40kg/m².  

Only an abstract evaluation of the first service is reported, which was a six-week 

community based course that 57% of women completed(337). They reported 

some differences between those who completed and those who did not 

complete the course, including a higher intake of fruit and vegetables, less 
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sedentary behaviour, and more self-efficacy towards engaging in physical 

activity, although there were no actual changes in physical activity(337).  

Within the second study, women with a BMI 35kg/m² were invited to attended 

midwife-led education around diet and exercise, alongside receiving personal 

guidance around dietary change(338). They found average GWG was lower 

among women who attended the service (4.5kg), compared to women who did 

not attend (10.3kg), with the most impact among women with a BMI 40kg/m² 
(338). Those attending the intervention also had a reduction in gestational 

hypertension and pre-eclampsia and increased rates of breastfeeding at 

discharge from hospital, but no difference in mean birthweight or 

prematurity(338). However, half of women approached about taking part in the 

education intervention chose not to do so. Women who attended the 

educational sessions may therefore have been more motivated to manage their 

GWG, which could explain the significant impact on GWG. It was not however 

possible to formally evaluate this as data such as motivation, readiness to 

engage with lifestyle changes or influence of other commitments such as time 

pressures were not collected(338). Attendance within the educational intervention 

study also differed markedly from our study where 27.4% of women did not 

attend the healthy lifestyle service appointment when offered one appointment 

and only 8.5% when offered three appointments. 

The final observational study evaluated a specialist clinic for women with class 

III obesity(339). A limitation of this study however was that women could choose 

whether to attend the specialist clinic or routine care, resulting in those 

attending the service having significantly higher BMI and being more likely to be 

nulliparous(339). While GWG was not reported, women attending the specialist 

service had slightly fewer neonates with low birthweight(339). However, women 

attending the specialist clinic were also more likely to be screened for and to 

have GDM, to be induced, to give birth by Caesarean and to require more 

obstetric triage visits(339). The differences noted in baseline characteristics 

however make it difficult to evaluate the specialist clinic service per se.  

 

Further randomised controlled trial (RCT) evidence has additionally been 

published after the inclusion periods of the systematic reviews incorporated into 

the overview. Eight additional RCTs of interventions among women with 
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overweight or obesity or with subgroup analysis for those women were found. 

The additional RCTs were from five different countries including four RCTs from 

the USA(257,340-342) and one RCT each from Germany(256), New Zealand(343), 

Sweden(258) and the UK(344). The majority of interventions targeted both diet and 

physical activity(256-258,340,341,344), with one just focussing on nutrition and weight 

gain(343) and the final study stated the intervention was to control GWG but did 

not provide specific details of how this was achieved(342). One study also 

incorporated behavioural strategies to reduce stress(257). One intervention was 

largely telephone based(257) and one was app based(258).  

The impact of the RCTs on GWG was mainly positive. Three studies found total 

GWG was significantly lower, with GWG being 1.6kg(340), 2.2kg(257) and 

2.68kg(342) less with the intervention. Three studies found no significant 

difference in total GWG, although GWG was lower in the intervention group 

within two of these studies, 1.33 kg lower in the first study(258) and 1.7kg lower in 

the second(343). Only in one study was GWG higher in women with obesity in the 

intervention group by 0.9kg(256). All three studies reporting rate of weight gain 

found this was significant with two finding the rate of weight gain was lower in 

the intervention group than the control group(257,340) and one finding the 

intervention group were more likely to gain the recommended weekly rate(341). 

However, when considering GWG in accordance with IOM recommendations 

only one study found significantly fewer women in the intervention group 

exceeded recommendations(257) with the other studies all reporting no difference 

in those exceeding recommendations(256,340,341,343,344).  

Several studies considered the impact of the intervention on diet and physical 

activity. Interventions resulted in changes to maternal diet such as consumption 

of fewer calories(257), better healthy eating scores(258), more fruit(342), less 

fat(341,342) and higher fibre in the diet(341). However, changes in physical activity 

between control and intervention groups were not seen(257,258,341). Additionally, 

one study looked at maternal biomarkers and found no differences between 

control and intervention groups(258).  

Similarly to the previous research, these new RCTs showed limited impact on 

any clinical outcomes. There were no significant differences between the control 

and intervention groups in most studies reporting clinical outcomes including in 

GDM(256,257,340,343), pregnancy induced hypertension(257,340), rate of Caesarean 
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birth(257,340,343,345), preterm birth(257,340,343), stillbirth(343) or admission to neonatal 

intensive care(340,343). Additionally, two studies suggested more adverse 

outcomes in the intervention group. In the first of these studies the intervention 

group had higher rates of pre-eclampsia, preterm birth and admission to 

neonatal intensive care, although the significance was not reported(341). The 

second study found increased rate of elective Caesarean birth in the 

intervention group with this difference remaining after adjusting for maternal 

BMI(256).  

When considering birthweight outcomes four studies found no significant 

differences between control and intervention groups(257,340,343,345). One final 

study that included women with a BMI 18.5kg/m² found that after adjusting for 

maternal BMI, average birthweight was 44g lower in the intervention group, 

however as separate figures were not given for women with obesity it is unclear 

whether the intervention had a specific impact on women with a higher BMI(256). 

No studies found any differences in LGA or SGA with the 

intervention(256,257,340,343).  

This lack of effectiveness of interventions across a range of clinical outcomes is 

suggested to be the primary reason behind the lack of cost effectiveness of 

lifestyle interventions to reduce excessive GWG in women with overweight or 

obesity seen within a systematic review(346). They found the intervention was 

cost effective in only one of the six included studies that had considered cost 

effectiveness(346).  

 

Both this programme of research and other published evidence highlight the 

continued lack of certainty over the most effective interventions to optimise 

GWG and clinical outcomes in women with obesity during pregnancy. The lack 

of effectiveness of interventions during pregnancy at reducing the risks 

associated with pre-pregnancy obesity such as GDM and infant macrosomia 

means more emphasis is required on normalising maternal weight prior to 

pregnancy(40).  
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10.2.2 Stigma/ communication 

Within the qualitative aspect of this programme of research women described 

feeling stigmatised when professionals continually highlighted the risks of 

obesity during pregnancy without providing clear practical advice on how to 

mitigate the risks. Women also reported some professionals were dismissive of 

their concerns. It is essential to understand stigma and how healthcare 

providers can reduce stigma, both are therefore discussed below.  

 

10.2.2.1 Cause of stigma 

Healthcare providers are seen to make assumptions and hold stereotypes 

about women with obesity. This can include thinking that women with obesity 

are lazy, lacking will power and self-discipline, unsuccessful, unintelligent, 

lacking in motivation and unwilling to try lifestyle modifications(347-349). This 

stereotyping of women with overweight and obesity is a key component of 

weight stigma(349), with internalised stigma seen as leading to shame(350).  

To understand shame and stigma regarding weight gain and obesity in 

pregnancy an understanding of Foucault’s ideas around truth and knowledge 

are a crucial concept. Foucault viewed knowledge circulated at a societal level 

to become the dominant discourse(351). This dominant discourse has the power 

to create ‘norms’ which shape the way individuals think and act(351). For 

example, obesity is believed to be self-induced and within the individual’s 

control(352). Women with obesity are deemed to be outside of the social ‘norm’ of 

having a BMI in the normal range and considered personally responsible for 

achieving a recommended BMI(353,354). Additionally, women with obesity during 

pregnancy are increasingly viewed as responsible for the health of their fetus 

and a plethora of pregnancy risks(353,354), which they can manage through 

multiple individual lifestyle behaviours(353). Knowledge is therefore provided by 

the medical profession, including around the risks of maternal obesity and 

excessive GWG, to encourage individuals to monitor and change their 

behaviour(353). This is a form of what Foucault calls ‘biopower’, where control of 

the individual’s physical body is used to regulate the wider population(355) and 

individuals are judged by whether they achieve the ascribed ‘norms’.  
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Western healthcare is mainly based on a medical model which emphasises the 

risk discourse. Pregnancy is viewed as a time where risks must be identified 

and appropriately managed, with obesity viewed as one of those risks(356). It is 

this focus on maternal risks and weight, which lead women to feel blamed for 

any negative consequences that may arise during pregnancy(349,356). Indeed, 

some believe weight stigmatisation in the perinatal period is a direct result of 

policies that focus on management of women with a raised BMI during 

pregnancy, birth and postpartum(356,357). In particular, the increased monitoring 

and screening for women with a raised BMI during pregnancy, while viewed by 

some women as reassuring, can also lead to feelings of blame and 

shame(349,356). Some women however reject the ‘obesity identity’ portrayed on 

them during pregnancy, seeming largely unaware of the risk based discourse 

around obesity in pregnancy(358) or viewing the additional monitoring as an 

intrusion which they must comply with to prove their ‘normality’(356). 

Placing the emphasis on self-management and self-responsibility of obesity 

however ignores the genetic and biological factors that science has shown play 

a role in the development and maintenance of obesity(347). It is also known that 

once weight is gained it is very hard to lose, as the body resists attempts at 

weight loss, with weight regain common after lifestyle interventions(359). 

Additionally, viewing obesity as the personal responsibility of the individual 

disregards the societal factors and social influences associated with obesity 

such as the decrease in manual labour and energy expenditure within the 

population at the same time as increased availability and affordability of 

unhealthy foods(347). Higher rates of obesity among those from deprived areas 

and certain ethnic minorities means that focusing on self-responsibility for 

obesity further enhances social and health inequalities among those already 

marginalised with fewer resources to maintain a healthy lifestyle due to reasons 

beyond their individual control(360). Consideration of socio-ecological factors 

such as deprivation and the obesogenic environment is therefore essential(360). 

Further exploration of the intersectionality of discrimination especially around 

weight, gender, ethnicity and occupation is also required(349).  
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10.2.2.2 Prevalence of stigma 

For most women pregnancy is not the first time they will experience weight 

stigma, with many feeling stigmatised within previous healthcare 

encounters(357). Weight stigma from healthcare providers is reported by 69% of 

people with obesity(361). Stigma is also perpetuated by the media with 72% of 

media images in the United States deemed as stigmatising to people with 

obesity(361). In a survey of over 4000 adults across four different countries 

(Australia, New Zealand, UK, USA) respondents were more likely to stigmatise 

people with obesity if they identified over-eating, emotional eating or food 

addiction as causes of obesity, compared to those who viewed obesogenic 

environmental, physiological regulation or control mechanism malfunction as 

the cause of obesity(362). Many respondents felt that obesity could be ‘cured’ by 

following a healthy lifestyle, including 62% of healthcare providers and 80% of 

respondents who were not healthcare providers(362). Those who thought obesity 

could be ‘cured’ or entirely prevented through lifestyle choices were more likely 

to stigmatise individuals with obesity(362).  

Experiencing weight stigma is more common among women than men(361). 

Stigma can also be experienced on the grounds of gender, race, class and 

ability(361). Given the known links between obesity and deprivation(21), lower 

levels of education(16,20) and ethnicity(352) sources of stigma other than weight 

may also interact with and shape women’s experiences of weight stigma during 

pregnancy(354). Weight related stigma may especially adversely affect those 

without the economic, social or emotional resources to follow the health 

promotion advice they have been provided(356).  

 

10.2.2.3 The impact of stigma 

Women with obesity describe healthcare providers’ scepticism of their reports of 

healthy eating and physical activity behaviours due to assumptions about their 

current lifestyle(352,354). Research is conflicting over whether conjectures about a 

woman’s diet can be based solely on her BMI. A survey of Polish women in 

early pregnancy found women with overweight or obesity were significantly 

more likely to report eating a prudent (healthy) diet and less likely to eat a 

Western diet than women with a BMI in the recommended range(363). However, 
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others have demonstrated a less healthy diet in women with obesity. One 

Swedish cohort study found a higher BMI in early pregnancy was associated 

with greater consumption of white bread, meat and processed foods such as 

French fries, pizza, snacks and soft drinks at 34 weeks gestation and less 

consumption of cereals and fruits(364). Two further studies based in Europe and 

the United States similarly showed women with obesity to have a poorer dietary 

quality than women with a BMI in the recommended range(365,366). However, 

given unhealthy eating patterns are not synonymous with raised BMI, automatic 

referral to dieticians is viewed as contentious by many women with obesity who 

feel it only advances the misconception that women with obesity eat unhealthily 

and do not exercise(356). 

There is a general misperception that weight stigmatisation may motivate 

people into losing weight(347). However, most evidence suggests the opposite is 

true. Weight stigma leads to less participation in physical activity or 

sports(347,349,367), decreased motivation to exercise and decreased perceived 

competence in physical activity(367). Increased nutritional intake has also been 

associated with experiencing weight stigma(349,367), including unhealthy eating 

patterns such as binge eating and overeating(347,350,367). A survey of over 500 

women who were either pregnant or postpartum showed that the higher the 

number of sources a woman experienced weight stigma from, the more likely 

she was to report maladaptive eating behaviour during pregnancy and the 

postnatal period, even after controlling for factors such as pre-pregnancy BMI, 

age, ethnicity, parity and income(368). Given the impact of weight stigma on 

exercise and nutritional habits, it is of no surprise that weight stigma has been 

associated with increased weight retention in the postnatal period(368), long-term 

weight gain(349,367) and being less likely to achieve a weight loss of 10% or more 

of body weight regardless of baseline BMI(367). 

A range of mental ill health conditions have also been associated with weight 

stigma both during the perinatal period and in the wider population. This 

includes depressive symptoms(347,368,369), stress during pregnancy and the 

postnatal period(368), anxiety(350,369), low self-esteem(347,369), body image 

dissatisfaction(347,369) and avoidance of social contact(350). These associations 

remained significant in several studies that controlled for factors such as pre-

pregnancy BMI, age, ethnicity, parity and income(347,368). There was particular 
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concern over the association with depression, given that depression itself is 

linked to poorer maternal-infant bonding, infant development and breastfeeding 

difficulties(349). 

Weight stigma itself may also contribute to some of the negative adverse 

outcomes associated with obesity(347). Prolonged stress has been associated 

with long-term negative health outcomes such as heart disease and stroke, both 

of which are normally attributed to obesity per se, but the stress pathway may 

offer an alternative explanation(370). Research has also shown weight related 

bullying to elevate the recipient’s blood pressure(367). Additionally, experiences 

of weight discrimination increase circulating C-reactive protein levels which is a 

marker of systemic inflammation(367). Furthermore, a systematic review of 33 

studies found that weight stigma in adults with overweight and obesity was 

associated with diabetes risk(369).  

Heightened concerns about maternal obesity(360), alongside weight stigma(349) 

may in fact drive some of the adverse pregnancy outcomes associated with 

maternal obesity. Assumptions about the pathology women may experience 

during pregnancy due to their size can often mean they cannot access the care 

they would like(354). Practices which restrict choice over the environment for birth 

such as being refused midwife care settings, water birth and active birth all lead 

to women with obesity giving birth in settings associated with higher rates of 

intervention and possibly leading to an unintended cascade of interventions 

simply from being labelled as ‘high risk’ at the start of pregnancy due to obesity 

rather than looking at other individual risk factors(371). Indeed, in this programme 

of research the increased emphasis placed on maternal obesity may offer one 

possible explanation for the higher Caesarean section rate within the antenatal 

healthy lifestyle service compared to the Trust with no service, which remained 

after adjusting for differences in baseline characteristics and rates of GDM. 

Healthcare providers perception of women with obesity being at higher risk has 

been associated in other research with differential treatment including earlier 

decisions to proceed to Caesarean during the second stage of labour(372). It may 

therefore be that by highlighting women with maternal obesity and their potential 

associated risks through their referral to the antenatal healthy lifestyle service 

may have inadvertently led to the higher Caesarean rates.  
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Additionally, some academics feel that healthcare providers who hold weight 

biases would provide substandard care(352). Weight stigma can therefore result 

in unhealthful behaviours such as avoidance of healthcare services(350,354). 

Additionally, in pregnancy if weight stigma causes the woman to feel they need 

to change their antenatal care provider it can impact on continuity of care(349). 

There is concern that disengagement from health and social care services due 

to the current shaming approach could end up being a far greater threat to long-

term child health than maternal obesity itself(360).  

It is also important to note that the current rhetoric around individual 

responsibility for obesity potentially means that effective public health strategies 

to tackle obesity are not implemented and inadequate funding is ringfenced for 

obesity(347). This was specifically noted in a survey, which found that higher 

levels of weight stigma among respondents was associated with a low 

prioritisation of government funding to tackle obesity(362). Thus, weight stigma 

could directly influence decision-making and offer an explanation into the 

current lack of prioritisation of research and support in this area despite the 

prevalence and impact(362). We therefore need further understanding of the 

impact of stigma outside of healthcare for example in the media, family and 

workplace(349). 

 

10.2.2.4 Education for healthcare providers 

Given the prevalence and impact of weight stigma, particularly from healthcare 

providers, it is important to consider healthcare provider educational needs to 

tackle stigma.  

 

10.2.2.4.1 Current advice around gestational weight gain 

A narrative review of 54 studies found a large proportion of women described 

not receiving guidance on GWG, ranging within the included studies from 17% 

to 90.5% of women(280), with an additional survey finding 26% of women 

reporting not receiving GWG advice from healthcare providers(373). Of interest 

was that more healthcare providers report providing GWG advice than women 

report receiving it(280). Counselling regarding GWG was also often inaccurate, 

with women receiving conflicting advice around GWG management from 
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professionals(280). One review found that the proportion of healthcare providers 

accurately able to identify GWG recommendations according to the woman’s 

BMI varied from 4% to 80% within the included studies(280). A scoping review of 

14 articles further highlighted the lack of awareness among healthcare 

providers of GWG guidance for women with obesity(374). It therefore follows that 

the proportion of women reporting receiving GWG guidance in line with IOM 

recommendations is low, ranging from 26.3%(373) to 50%(375). A further study 

exclusively considering women with overweight or obesity reported 24% of 

women knew the correct GWG recommendations, although only 17% had been 

correctly informed of GWG guidance by a healthcare provider(376). A survey of 

women in early pregnancy identified that half of women would like to receive 

more information around GWG management(375), particularly guidance around 

how to avoid excessive GWG and recommendations around specific nutritional 

components required during pregnancy(377). Receiving adequate guidance is 

important as those not receiving any guidance are more likely to gain GWG 

below recommendations prevalence ratio (PR) 1.26 (95% CI 1.02-1.56) as well 

as above recommendations PR 1.17 (95% CI 1.04-1.32)(373).  

The impact of obesity on the advice provided to women is slightly unclear. A 

narrative review found that healthcare providers were more likely to counsel 

women about GWG if they were overweight or obese(280). It was suggested this 

may partly be due to the healthcare providers being aware of the lower GWG 

range for women with overweight or obesity than women with a BMI in the 

recommended range. However, it is also likely to reflect healthcare provider 

stigma and assumptions that women with overweight or obesity are less likely to 

engage in healthy lifestyle activities and so more likely to need advice(280). In 

contrast others have found women with obesity to be asked fewer lifestyle 

questions within antenatal appointments(374), shown less approval and receive 

fewer affirming comments from healthcare providers than women with a BMI in 

the recommended range(352). 

The readiness of midwives to provide support according to model of maternity 

care has been explored within a focus groups(378). A continuity model of care 

provides women with care by a consistent midwife throughout pregnancy and 

the postpartum period and sometimes during the birth. Midwives practising in a 

continuity model of care reported more readiness to address weight 
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management through woman-centred interventions and were more likely to 

regularly weigh women and offer specific advice(378). Continuity model midwives 

showed more awareness of the women’s environment and availability of food 

for example recognising that those living in hostels would have limited choice as 

their food is provided(378). The continuity model also enabled the midwife to build 

a relationship of trust with the woman from which conversations could be 

initiated and discussions followed up(378,379). 

 

10.2.2.4.2 Barriers to providing weight management advice during pregnancy 

Within the literature, one of the most frequently cited barriers to healthcare 

providers giving advice around weight management was limited time in 

appointments(36,280,348,377,378,380-383). The sensitivity of the topic was also widely 

seen as a barrier to weight management discussions during 

pregnancy(36,280,348,352,357,359,374,380-383) with healthcare providers concerned about 

coming across as judgemental(36,382), not wanting to cause discomfort or offence 

to women(36,280,353,381,382) or make women dread or avoid coming to antenatal 

appointments(378). One survey found 28.5% of healthcare providers agreed or 

strongly agreed that it was difficult to discuss maternal obesity(36). This meant 

healthcare providers avoided conversations around weight 

management(359,374,381) or only engaged in conversations instigated by the 

woman or if the woman was viewed as receptive(348,381). Healthcare providers 

also reported being very careful about how GWG was addressed(382), which 

could lead to using vague or indirect comments to address weight(374). However, 

a qualitative study of women with obesity who declined weight management 

services during pregnancy reported that being referred to the service was 

acceptable to them, that it did not illicit any negative emotions and that they 

expected the midwife to provide them with information that would increase their 

awareness of available services(384).  

The literature widely reports healthcare providers lack of confidence in 

addressing weight management(280,348,374,378,382). Healthcare provider’s own 

struggles with weight especially influenced their confidence to address GWG 

management(36,382,383) due to the difficulty of promoting advice they did not 

follow themselves(378). weight management during pregnancy (280,377,381,382) and 

lack of knowledge(348,382) including around how to support behaviour change(348). 
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Research has also shown confusion among midwives about the distinction 

between healthy eating, including aspects such as food hygiene, and weight 

management, with them tending to assume that healthy eating was 

synonymous with weight management(381). While generally aware of iron and 

folate deficiency during pregnancy, the importance of other nutritional 

components such as vitamins A, B, C, D, zinc and iodine was not 

recognised(381). Additionally, midwives struggled to state how care provided 

would differ for a woman with a BMI of 32 compared to a woman with a BMI of 

38(381). It is therefore unsurprising that the majority (74%) of healthcare 

providers in one survey(36) and all midwives in a separate study(378) wanted 

additional training; especially around the risks of maternal obesity(36,374), GWG 

advice for women with obesity, the safety of dieting and exercising during 

pregnancy(36), and how to sensitively discuss the issue of weight 

management(36,374,378). Some healthcare providers also report uncertainty over 

BMI thresholds required for referral to local services(381), with training therefore 

requested around the available support services(374). While multiple professional 

societies have developed guidance related to maternal obesity, little has been 

done to enhance healthcare providers’ skills in communicating these messages 

to women(385). Training around how to communicate risk, awareness of stigma 

and increasing healthcare provider confidence to discuss obesity and weight 

management is essential to reduce stigma(349) and address healthcare providers 

reluctance to engage in discussions around weight management due to their 

concerns over stigma(386).  

A further barrier reported by healthcare providers to weight management 

discussions is their lack of belief that the information they provide will make any 

difference to the woman’s behaviour, especially changing long-term 

choices(280,348,382,383). Healthcare providers perceive women to be 

uninterested(380,382), with only 31% of healthcare providers thinking that people 

with obesity are motivated to lose weight(387). However, this has not been 

demonstrated within an online survey of adults with obesity which found 46% of 

respondents were concerned about the health effects of their excess weight, 

almost half (48%) wanted to lose weight, and only 20% were uninterested in 

losing weight in the next 6 months(387). While 68% of people with obesity wanted 

the healthcare provider to initiate a conversation about weight, 71% of 
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healthcare providers assumed people would be uninterested in a conversation 

around losing weight(387). Among those who had discussed their weight with a 

healthcare provider, 35% found conversations around weight either very or 

extremely helpful(387). Interestingly only 3% of people with obesity stated that 

they would be offended by such a conversation(387). Healthcare providers 

reticence to address weight management with some women may lead to 

inequitable access to services(380).  

Healthcare providers generally considered weight management was part of their 

role but recognised their limitations and wanted support from a multi-disciplinary 

team, for example dieticians(348). Some healthcare providers also voiced 

uncertainty over whose role it was to discuss GWG management with 

women(280,383), with midwives assuming discussions occurred as part of an 

onward referral, for example to the anaesthetic clinic(381).  

A final barrier identified to providing GWG advice was the lack of clear 

guidance(348) especially around a healthy GWG pattern in UK guidance(381). The 

absence of clear guidance can largely be attributed to the lack of effective 

interventions for improving maternal and infant clinical outcomes(284). Limited 

resources to provide women with more detailed advice was also 

noted(348,378,383), with healthcare providers wanting more readily available 

resources to use within appointments, such as flashcards or infographics(382). 

Additionally, many midwives were found to normalise obesity given the rising 

prevalence in society(381). 

 

10.2.2.4.3 Healthcare provider training content 

Organisations and institutions providing midwifery education are responsible for 

ensuring students are sensitive and non-judgemental towards antenatal women 

with obesity(388). Healthcare providers must be aware of stigma to prevent 

unacceptable practice(388). Healthcare provider students also need opportunities 

to reflect on their own views around obesity during pregnancy, as well as their 

attitude towards their own weight(389). It is essential that women themselves are 

involved in the development of any training content(383).  

A recent expert review emphasised the importance of healthcare provider 

knowledge and training to discuss nutrition with women prior to and during 



238 

pregnancy, as well as having the necessary time within appointments(390). 

Limited research has however been conducted into the most effective 

interventions for healthcare providers. An initial systematic review of 

interventions to support healthcare providers to promote weight management 

among pregnant women with obesity found no literature, with all interventions at 

that point focussed on changing the woman’s behaviour(391). This lack of focus 

on the healthcare providers was despite numerous barriers to providing GWG 

management involving the healthcare providers themselves(391). A more recent 

systematic review of interventions to support healthcare providers caring for 

women with obesity or providing GWG advice found interventions were 

generally well received by healthcare providers(392). Training alongside adding 

alerts into the electronic records were particularly effective at improving GWG 

counselling(392). Interventions to address specific knowledge needs were 

generally well evaluated by healthcare providers and improved their confidence, 

although some felt that actual implementation in a real world setting would take  

too much time within appointments(392). It is therefore of concern that while 

healthcare provider skills or knowledge in specific areas were improved within 

the incorporated studies, none assessed how this translated into actual 

practice(392). The review also found that training around motivational 

interviewing improved open ended question asking, but also increased closed 

questions and information giving and made no difference to healthcare 

providers empathy scores, despite this being a key component of motivational 

interviewing(392). Motivational interviewing was also seen within a separate 

scoping review to help healthcare providers to become more aware of their own 

communication style(374). The most recent review of healthcare professional 

training around GWG found midwives confidence increased after training and 

women felt better understood and more supported by the healthcare 

provider(383). However limited influence has been seen to date from any 

healthcare provider training on actual GWG(383). A recent cluster randomised 

trial of training sessions to improve midwives’ confidence as well as information 

resources to share with women found the intervention increased midwives’ self 

efficacy and intention to address areas such as weight communication, healthy 

eating, physical activity, weight management and signposting to other 

services(393). However, more research in this area is required to determine the 

most effective content for healthcare provider training.  
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Concerns regarding weight and obesity stigma led the World Health 

Organization (WHO) to develop a technical document(361). To reduce bias and 

address weight stigma the WHO has proposed sharing best knowledge and 

practices locally and nationally; as well as prioritising the exploration of weight 

stigma within different areas including health, public policy and education(361). 

Others have noted the importance of language used by healthcare providers, 

particularly person centred language, to reduce stigma and prevent potential 

disruption of the healthcare provider-client relationship through lack of 

engagement with services(359). A person centred approach is essential given 

that women react differently to discussions depending on their character, 

circumstances, body image and reasons for obesity as well as the approach 

used by the healthcare provider(36). Components that facilitate healthcare 

providers to establish conversations around obesity are detailed in Box 10.1. A 

particular emphasis needs to be on ‘how’ things are said not just on ‘what’ is 

said(383). Additionally healthcare providers need to be fully aware of the socio-

ecological factors associated with obesity such as deprivation and 

education(388). These factors are considered further within the next section of 

this thesis.  

 

10.2.3 The importance of socio-demographic factors and social-

ecological context  

This programme of research showed differences according to socio-

demographic characteristics. Women who smoked at booking or whose highest 

household occupation was in the housewife, unemployed or student category 

rather than employed were less likely to attend the antenatal healthy lifestyle 

service. Additionally highest household occupation and smoking status when 

booking for pregnancy care were associated with child obesity or severe obesity 

at school entry. It is also important to note that within this research half of those 

with a BMI 40kg/m² were from the most deprived quintile.  
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Our understanding of the impact of socio-ecological factors is hampered by the 

limited focus within most research on these contextual factors. For example, a 

recent systematic review of the uptake of weight management interventions for 

adults with overweight or obesity showed that only 56 of the 103 included 

interventions considered any potential differential impact due to inequalities(395). 

This was despite all interventions reporting more than one characteristic, such 

Box 10.1. Factors to facilitate healthcare providers to establish 
conversations around obesity and gestational weight management 

Develop a good rapport before discussing weight(36,379,394). 

Seek permission to talk about weight then ask open-ended questions to allow the 
woman to raise concerns or avoid conversations(359). 

Don’t make assumptions about the person’s diet or exercise habits(359,379).  

Listen to and believe their lived experience(354,357). 

Treat the woman as an individual, not just as a weight category, and provide 
woman centred care(357).  

Identify the woman’s own concerns and circumstances(394). 

Talk about ‘some people’ generically rather than ‘you’ specifically(359).  

Where possible avoid the word ‘obesity’ as women can find this stigmatising. If 
the term is utilised, use person first language e.g. ‘woman with obesity’ rather 
than ‘obese woman’(388,394). 

Remember that increased risk does not equate to certainty that the woman will 
experience the outcome.  
Ensure conversations are evidence based(359). 

Emphasise the potential benefits for the baby of addressing weight management 
during pregnancy(36). 

Re-enforce small positive changes, as this can lead to more changes(359,394). 

Collaborate to set meaningful targets rather than focus on negative long-term 
consequences(359). 

Focussing on health benefits, rather than an ideal weight reduces stigma(347). 
Signpost to other services(359). 

Encourage people to try different things until they find something that works for 
them as everyone responds differently to interventions(359). Encourage people to 
return if one intervention isn’t working(359). 
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as age, ethnicity, occupation or socio-economic status, gender, education and 

area of residence. The review found less than 15% of studies considered 

whether there were any differences in intervention uptake or intervention 

adherence, 31.1% considered differential attrition and 30.1% considered 

differences in weight outcomes according to socio-demographic factors(395). 

One study found healthcare providers generally showed good awareness of the 

wider determinants of obesity and weight such as family influence, socio-

economic deprivation, psychological and genetic causes and the impact of 

ethnicity and culture(348). However, a qualitative evidence synthesis revealed 

that women felt healthcare providers simply viewed their energy balance, 

without considering the other challenges they face such as social, physical or 

psychological barriers(396). The importance of considering the socio-ecological 

context of obesity is therefore highlighted(396). The wider literature available on 

the impact of socio-ecological factors is considered below.  

 

10.2.3.1 Deprivation 

Household deprivation is classified in many ways, including household income, 

deprivation, socio-economic status or occupation status.  

Secondary analysis of the data used within this programme of research has 

considered the association between GWG and measures of deprivation. It 

found women from the 2nd most deprived quintile gained more GWG than 

women in the most deprived quintile(336). This remained significant after 

adjusting for other socio-demographic factors(336). Similarly, women living in a 

household with any form of employment gained more GWG than women who 

lived in a household where the highest occupation was classified as housewife, 

student or unemployed, however this only remained significant where the 

highest household occupation was a manual occupation once adjusting for 

other factors(336). A separate qualitative evidence synthesis viewed higher socio-

economic status as a facilitator to adequate GWG(396).  

Lower GWG among those from the most deprived households may partly be 

due to food insecurity preventing adequate nutrition. While one study found no 

significant association between household income and diet quality(365), other 

research has shown poorer diet quality among those with higher levels of 
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deprivation(363,366,397). For example, one study found current dietary quality was 

higher among pregnant women of higher socioeconomic status(397). A separate 

cohort of Polish mothers identified two dietary patterns(363). The first ‘prudent’ 

diet was high in fruit, vegetables, whole grain, poultry and low fat dairy products. 

This diet was associated with high socio-economic status and was more likely 

among married women(363). The second diet type was the Western diet which 

was characterised by high intake of refined carbohydrates, processed meats 

and low intake of whole grains. This diet type was more commonly seen in 

those of low socioeconomic status and among unmarried women(363). An 

individual participant meta-analysis of European cohort studies also found that 

women from low income households had a lower dietary quality compared to 

women from high income households(366). Those from low and middle income 

households were also less likely to have an anti-inflammatory diet than those 

from a high income household(366). Poorer diet in pregnancy may in part stem 

from a lack of understanding of the developmental origins of health and 

disease, as research demonstrates this is lower among those of low 

socioeconomic status(397).  

A systematic review that considered intervention uptake, adherence and 

attrition according to inequalities mainly showed either no difference or favoured 

the least deprived(395). Only 4 studies evaluated inequalities in respect to 

intervention uptake, with inconclusive results as some analyses favoured the 

less advantaged, some the more advantaged and some showed no differences 

in intervention uptake(395). Intervention adherence was no different according to 

inequalities in twenty analyses, but adherence was higher in more advantaged 

groups in 11 analyses, especially among those with a full time occupation, 

married, from a less deprived background or older(395). Similarly, most analysis 

found no difference in trial attrition according to inequalities, but those that did 

find a difference showed that participants who were older and less deprived 

were more likely to have been followed up within the intervention(395). It was 

however acknowledged that there was insufficient power within many of the 

individual studies which may have led to the lack of significance(395). The impact 

of inequalities should therefore not be ignored when developing interventions.  
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10.2.3.2 Education 

Several studies have considered dietary quality according to education level. 

One study found that education was not significantly associated with diet 

quality(365). However, the remaining studies found higher education levels were 

associated with better diet including better overall diet quality, a more anti-

inflammatory diet(366), a diet rich in fruit, vegetables, fish and whole grains(364), 

consumption of a prudent diet rather than a Western style diet(363) and 

increased intake of macronutrients such as vitamins, folate, iron and calcium, as 

well as dietary fibre(364). Women with a tertiary education were also less likely to 

overestimate appropriate GWG(375). One study considered dietary appointment 

attendance according to educational attainment among women with obesity and 

found no significant difference in those who did or did not attend(398). 

 

10.2.3.3 Smoking 

One study of a lifestyle intervention for pregnant women with obesity looked 

specifically at those who did not attend an initial dietary advice appointment and 

found those women more likely to smoke than women who did attend(398). When 

considering diet quality, one study found women who smoked had poorer diet 

quality and a more pro-inflammatory diet during pregnancy(366). Within one USA 

cohort poorer diet quality during pregnancy was found among women who had 

ever smoked not just current smokers(365). Women who smoked in early 

pregnancy were also more likely to eat a Western diet than non-smokers(363) 

and within a Swedish cohort smoking prior to pregnancy was associated with 

higher consumption of white bread, meat and processed foods such as French 

fries, pizza, snacks and soft drinks and less consumption of fish and fruit(364). 

Smoking has also been negatively associated with intake of macronutrients 

such as vitamins, folate, iron and calcium as well as dietary fibre(364).  

 

10.2.3.4 Psychosocial aspects 

As well as considering socio-demographic factors it is also essential to consider 

psychosocial aspects. It is recognised that psychological issues may precede 

obesity, with the woman’s mental wellbeing affecting their weight, however lack 

of psychological wellbeing may also develop because of weight related 
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difficulties(399). Without addressing these underlying issues, any changes in 

lifestyle are likely to be temporary(379). Within the literature maternal obesity is 

noted to be associated with depression, anxiety and binge eating disorder for 

diagnosed disorders and at sub-clinical levels(399). Maternal body dissatisfaction 

during pregnancy and the postnatal period are also suggested to increase both 

maternal and child obesity, highlighting the need to consider modifiable 

psychosocial factors within interventions(400).  

Numerous studies have looked at the association between psychosocial factors 

and GWG. When looking at stress and anxiety, two reviews found that these 

psychosocial factors were not associated with excessive GWG(223,224). While 

one review has found no association between depression and excessive 

GWG(224), another suggested depression was associated with excessive 

GWG(223). This association between excessive GWG and depression may be 

explained as depressive symptoms are associated with poorer diet quality 

during pregnancy(365) and women themselves describe stress and depression 

as barriers to making behaviour changes related to nutrition or physical 

activity(401). Several reviews have considered the association between self-

efficacy or self-esteem and excessive GWG. One review found no association 

between them(223), but another suggested that women with high self-efficacy 

scores for healthy eating had lower GWG(224). Self-efficacy is especially linked 

with motivation as to initiate a behaviour you must believe that change can be 

achieved(399). Women with obesity are particularly believed to need support with 

self efficacy and low self-esteem, for example by addressing a woman’s 

negative self talk(399). Both reviews also found that body image dissatisfaction 

was associated with excessive GWG(223,224) as were concerns about weight 

gain, inaccurate perceptions of body weight, having a higher than 

recommended target weight gain, and less knowledge about GWG(224). A further 

study has considered the impact of childhood maltreatment (such as physical 

abuse, emotional abuse or neglect) and found no association with excessive 

GWG(402). However, when just considering women with prenatal anxiety, 

maternal history of childhood maltreatment was significantly associated with 

excessive GWG, including after adjusting for confounders such as maternal BMI 

and ethnicity(402). The importance of considering multiple psychosocial factors is 

therefore highlighted. However, healthcare provider training to achieve this is 
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essential as an integrative review demonstrated that although many midwives 

were aware of the association between obesity and psychological wellbeing, 

they felt inadequately trained to address it competently(399). 

The impact of social support on GWG has also been considered. Perceived lack 

of social support has been associated with excessive GWG(223). A qualitative 

evidence synthesis has also suggested numerous social barriers to following 

healthy lifestyle choices during pregnancy, including friends or family 

encouraging the woman to overeat, family members not wanting to follow a 

healthy diet and loneliness(396). Women also reported pressure to follow family 

advice over that of the healthcare provider(396). In contrast a supportive family 

can be a facilitator of effective GWG management(396). Social support has also 

been recognised as an enabler of physical activity in pregnancy(403). In contrast 

a lack of social support such as no one to exercise with(396,404) or family 

disapproving of exercise during pregnancy and the lack of social norms(401) or 

cultural norms(403) regarding physical activity during pregnancy are all viewed as 

barriers to physical activity in pregnancy(396,404). Women themselves report 

wanting weight management services during or after pregnancy to include their 

partners, so that they understand the importance of supporting the woman(405). 

A further barrier to undertaking physical activity during pregnancy is women’s 

perceptions that they are already active(396,404), especially as gentle walking was 

viewed as all that was required during pregnancy(396).  

 

10.2.3.5 Environmental factors 

A qualitative evidence synthesis of women’s views of GWG found women 

reported struggling with enacting healthy lifestyle advice during pregnancy due 

to physical, social and environmental factors over which they did not have any 

control(396). Environmental barriers identified include ready access to fast 

food(396), difficulty accessing fresh food(396), a lack of childcare to undertake 

physical activity(380,396,401,403,404), a lack of time for physical activity or to plan and 

make healthy nutritional choices(396,403,404), difficulty in fitting exercise or weight 

management service attendance in around work commitments(380,401,406) and the 

cost implications of both buying fresh food or undertaking physical 

activity(396,403,404). One service that provided home based visits reported high 

levels of acceptability among women, with the convenience of home visits seen 
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as an advantage(405). Women also felt more at ease discussing weight within 

their own home(405). Additional barriers at the environmental /organisational 

level were adverse weather which could affect outdoor exercise(396,403,404), a lack 

of physical activity facilities(403,404), poor transportation links to physical activity 

venues(401,404) or weight management services(406), as well as a lack of 

programmes targeted at pregnant women(403,404). One study has also 

considered the impact of environment on diet, with a Western (unhealthy) style 

diet shown to be more likely and a prudent style diet less likely in women living 

in more rural areas (an area with a smaller number of inhabitants)(363). It was 

suggested this may partly be due to limited access to varied food sources within 

rural areas(363). 

The above research highlights the importance of future interventions addressing 

some of these barriers, particularly family engagement, social support(404) and 

environmental barriers for those from deprived backgrounds. 

 

10.2.4 Parity 

This programme of research found the enhanced service was more effective at 

managing GWG among multiparous women. Indeed, secondary analysis of 

factors associated with GWG found that compared to nulliparous women, those 

with one previous child gained on average 2.5kg less and those with two or 

more previous children gained 3.2kg less(336). This difference between 

nulliparous and parous women remained significant after adjusting for 

potentially confounding factors(336). However, parous women were also less 

likely to have GWG recorded(336). This may be linked to parous women also 

being significantly more likely not to attend the antenatal healthy lifestyle service 

as seen within Article B of this research programme. Parous women were 

therefore not present at the 36 week appointment when women were usually 

weighed. Fewer parous women having a GWG available may have influenced 

the results, as women choosing not to routinely attend the healthy lifestyle 

service may also have been more likely to have a higher GWG. 

An individual participant meta-analysis found similar results to ours, showing 

that multiparous women gained less GWG on average than nulliparous women 

within both univariate analysis [-1.12kg (95% CI -1.55 to -0.69kg)] and 
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multivariate analysis that accounted for baseline weight differences [-0.73kg 

(95% CI -1.24 to -0.23kg)(221). A separate systematic review and meta-analysis 

looking specifically at parity as a risk factor of excessive GWG showed a more 

complex picture as their crude analysis found that parity was both positively and 

negatively associated with GWG in different studies(216). Within the 32 studies 

providing data for this outcome, 14 found primiparous women gained more 

weight during pregnancy, 9 studies reported multiparous women to gain more 

weight and 10 studies found no association between parity and weight gain(216). 

However, when only including the 16 studies that controlled for pre-pregnancy 

BMI within the meta-analysis, average GWG in parous women compared to 

nulliparous women almost reached significance (weighted average effect -0.08, 

95% CI -0.19, 0.03)(216). A further meta-analysis that considered the differential 

effect of interventions according to parity, found no difference in GWG 

according to parity; with multiparous women receiving an intervention gaining 

0.1kg (95% CI -0.60 to 0.39kg) less on average than nulliparous women(221). 

This differed from our research where the enhanced antenatal healthy lifestyle 

service was more effective in multiparous women at reducing GWG.  

A Danish lifestyle intervention for pregnant women with obesity found women 

who did not attend the initial dietary advice appointment or who declined 

randomisation into the study were more likely to be multiparous(398). They 

hypothesised nulliparous women may be more willing to change their behaviour 

during pregnancy to optimise fetal health(398). Parous women may also be less 

likely to seek out information in their current pregnancy, instead relying on 

previous ‘experience’ of pregnancy(397). However, our qualitative study (Article 

E) suggested the opposite as parous women with a BMI 40kg/m² described 

themselves as more engaged with nutritional advice in their second 

pregnancy(335). They described themselves as being ‘naïve’ in their first 

pregnancy and did not want to repeat their previous excessive GWG(335). 

Additionally, parous women generally have a higher BMI at the start of 

pregnancy than nulliparous women(216) and those with two or more previous 

children are more likely to have obesity during their next pregnancy(21). As GWG 

decreases with increasing BMI(2), the discrepancy in BMI between nulliparous 

and parous women may also partly explain their lower GWG.  
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Before considering a focus on nulliparous women within interventions, it is 

essential to consider women’s awareness of GWG and healthy eating advice in 

pregnancy and their actual diet quality.  

 

10.2.4.1 Awareness of weight gain and healthy eating guidance 

One survey exploring women’s knowledge of GWG, found one third of women 

could identify a GWG that was consistent with guidelines(375). However, parous 

women were not more likely than nulliparous women to over or underestimate 

an appropriate GWG range(375). Several studies have also looked at women’s 

awareness of healthy nutrition. Two studies found lower nutritional knowledge 

among nulliparous women. The first was a small scale study of 27 women 

which showed that only 16.7% of nulliparous women passed the Nutrition 

Knowledge Questionnaire compared to 40% of those who had a previous 

pregnancy(407). They also showed that after providing nutritional education 

66.7% of both multiparous and nulliparous women showed adequate nutritional 

knowledge(407). Regardless of parity, education therefore improved nutritional 

knowledge. A second study found nutritional knowledge was generally poor 

among all ethnic minority women but was particularly low among women who 

had never had a pregnancy(408). Interestingly, they found most women were 

certain that they could engage in healthy behaviours such as eating a healthy 

diet or undertaking physical activity, but very few actually undertook these 

behaviours(408). In contrast, a final study that looked at women’s understanding 

of the developmental origins of health and disease was higher among those of 

lower parity(397). However, developmental origins of disease awareness was far 

lower than general understanding of pregnancy advice such as not ‘eating for 

two’, not smoking during pregnancy and taking daily vitamins(397). Those with 

better knowledge of the developmental origins of health and disease had better 

diet quality in pregnancy(397). This suggests communicating to pregnant women 

the importance of pregnancy health and nutrition for long-term fetal 

development and health may encourage adherence to better nutrition during 

pregnancy and therefore optimise the child’s long-term health outcomes(397). 

Although some differences in nutritional knowledge have been shown above, 

when exploring intention for healthy eating during pregnancy, it was found that 

parity alongside area of residence (metropolitan or not) only accounted for a 
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small proportion of the variance (just 3%) within a multiple regression model(409). 

This study did not however explore whether an intention for healthy eating 

actually changed future behaviour.  

 

10.2.4.2 Diet quality and physical activity during pregnancy 

Differences in diet quality according to parity have also been noted. A 

suboptimal diet is common during pregnancy(365), with most studies finding 

poorer diet quality among multiparous women. An increasing number of 

previous births is associated with poorer dietary quality(365,366,397) and a more 

pro-inflammatory diet(366). A further study also found parous women were less 

likely to have a prudent diet type (high in fruit, vegetables, whole grain, poultry 

and low fat dairy products) and more likely to have a Western diet type (high 

intake of refined carbohydrates, processed meats and low intake of whole 

grains) than nulliparous women, however this did not reach significance(363). 

When entering maternal characteristics into a multivariable model, only 

increasing parity and decreasing BMI remained significantly associated with a 

Western style diet(363). A Swedish cohort that considered macronutrient intake at 

34 weeks pregnancy also found increasing parity was associated with increased 

intake of sugar, fatty acids, and lower levels of vitamin B6 and E, but slightly 

higher intake of wholegrain than nulliparous women(364). 

Physical activity during pregnancy shows similar differences according to parity. 

One study showed multiparous women were more physically inactive than 

nulliparous women(410). When physical activity was split into quartiles, 36.4% of 

the women in the lowest quartile were nulliparous and 63.6% were 

multiparous(410). Overall, 34.9% of nulliparous women reached the 

recommended level of physical activity (the highest quartile) compared to only 

19.9% of multiparous women(410). 

It could have been argued from this programme of research that nulliparous 

women require more focussed interventions due to their higher GWG. However, 

the wider evidence base generally shows multiparous women have poorer diet 

quality, lower physical activity levels during pregnancy and only equivalent 

knowledge around GWG recommendations. Therefore, parous women could 

benefit from nutritional education to improve diet quality(366) and encouragement 
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to participate in physical activity. Effective counselling of women regardless of 

parity appears to be essential to ensure all women have the information 

required around GWG management and nutritional adequacy during pregnancy. 

This is especially important as pregnancy places additional nutritional demands 

on the woman(49). 

 

10.2.5 Refining interventions  

Given the lack of effect of traditional diet and physical activity interventions on 

GWG and clinical outcomes, noted within this research as well as previous 

literature especially for women with obesity, there is recognition of a need to 

refine interventions(411). This requires a better understanding of the individual 

components of any intervention, group interventions should be considered, 

interventions need to consider the socio-ecological context and not just target 

an individual’s behaviour and there should be a change of focus onto the 

preconception period. Each of these aspects will be discussed below.  

 

10.2.5.1 Better consideration of the detail within interventions 

Many lifestyle interventions in pregnancy do not provide adequate detail for 

effective replication and differ in outcome measures. Additionally, the lack of 

clarity around the most appropriate diet to follow in pregnancy to provide 

adequate fetal nutrition is debated. These areas all need closer consideration in 

future interventions.  

 

10.2.5.1.1 Understanding of individual components 

The literature has highlighted a need for a better understanding of the key 

components of effective lifestyle interventions(412). One review has specifically 

looked into different aspects of interventions to determine which were predictive 

of success(264). No optimal intervention characteristics could be determined for 

aspects such as the trimester in which the intervention started, how long the 

intervention lasted, how many hours contact the woman had and the type of diet 

advised(264). They however suggested that training professionals to initiate 

conversations around weight management during pregnancy may be effective 
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and that interventions delivered 1-3 times may be equally effective as those 

delivered 4-7 or 8 or more times(264). Fewer sessions may help to reduce 

women’s feeling of being barraged by repetitive discussions about their weight 

throughout pregnancy.  

The necessity for a deeper understanding and consideration of behaviour 

change components incorporated into interventions has also been emphasised. 

A comprehensive Behaviour Change Technique Taxonomy of specific 

techniques used within interventions has been developed(413). This allows 

clearer identification and reporting of the active behaviour change components 

within complex interventions. This then permits more effective comparison 

between studies and replication of effective components within future studies. A 

review of behaviour change components incorporated in gestational weight 

management studies however found techniques were poorly reported(265). 

Where behaviour change techniques could be identified within studies, 

‘feedback and monitoring’, ‘shaping knowledge’, and ‘goals and planning’ were 

the most successful categories(265). A wider review of any public health 

intervention aimed at changing behaviour during pregnancy found that the main 

approach used was education(414). Additionally, the studies all aimed to increase 

women’s empowerment. To achieve this over half of the studies focussed on 

‘skills and competencies’, for example by supporting women to develop new 

competencies, on ‘innovation’ by encouraging women to be open to changing 

their behaviour, on ‘goal setting’ and by increasing ‘self-efficacy’(414). The 

success of these different behaviour change components was however variable 

within the included studies(414). 

The uniqueness of pregnancy as a time for behaviour change has been 

recognised, however a recent study concluded that current models do not 

satisfactorily explain changes in healthy eating behaviour during pregnancy(415). 

For example, the teachable moments model which views natural life transitions 

such as pregnancy as a motivator for behaviour change, does not account for 

women’s experiences of physical symptoms during pregnancy or for external 

influences on the woman’s behaviour particularly social, practical or 

environmental influences(415). Additionally, the bidirectionality of some 

influencing factors were not fully accounted for within the teachable moments 

model. For example, strong emotions elicited through stigma or judgement 
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could encourage women to change their behaviour in either direction, e.g. 

increasing or decreasing physical activity(415). In contrast to the teachable 

moments model some women also describe pregnancy as a time when they 

can eat what they want and not have to worry about the social and cultural 

expectations around weight control(406,416).  

The other model that was considered was the COM-B model, with all of the 

factors viewed to influence behaviour change during pregnancy mapping onto 

the model(415). However, neither model adequately accounted for the changing 

nature of factors influencing behaviour as pregnancy progresses, such as 

increased fatigue or decreased nausea, which could influence the effectiveness 

of interventions at different stages in pregnancy(415). When considering the utility 

of the two models to explain changes in healthy eating behaviours, the COM-B 

model only explained 18.4% of the variance, and the teachable moments model 

only accounted for 9% of the variance(417). Therefore, the need to develop a 

pregnancy specific model has been suggested(417). 

Monday Clinic was established in 2009 following on from the Confidential 

Enquiry into Maternal and Child Health report into maternal deaths published in 

2007 highlighting that women with obesity were disproportionately represented 

among those who died during pregnancy or in the year after birth within the 

UK(418). As a result maternal obesity became a priority area for both researchers 

and practitioners to reduce preventable maternal morbidity and mortality. Given 

the high rates of maternal obesity within the Trust(319) the need to commence a 

service to support these women in pregnancy was recognised. However the 

establishment of Monday Clinic pre-dated the National Institute for Health and 

Care Excellence guidance on weight management before, during and after 

pregnancy(10). The service also preceded the publication of the COM-B model of 

behaviour change(290) and the subsequent taxonomy of behaviour change(413). 

The individual components incorporated into the antenatal healthy lifestyle 

service were therefore not considered when the service was established and 

proved difficult to determine in retrospect given the intentional flexibility within 

the service to cater to each woman’s individual needs. This limits the evidence 

obtained from evaluating Monday Clinic for the design, development and 

implementation of any future interventions. However, a new framework for 

developing and evaluating complex interventions has now been established 
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jointly between the Medical Research Council (MRC) and the National Institute 

for Health Research (NIHR)(419). This takes into account recent developments in 

theory and the need to ensure that research is efficient, useful and 

impactful(419). This framework has six core elements. 1). The need to consider 

the context of the intervention. 2). Development and refining of the theory as to 

how the intervention is expected to lead to the anticipated effects as this can 

inform transferability of interventions between different settings. 3). Engaging 

with stakeholders at every phase of the research from development through to 

implementation and evaluation. 4). Identification of key uncertainties at each 

stage of the research to frame the research questions. 5). Intervention 

refinement to improve intervention acceptability and feasibility. 6). Consideration 

of the economic costs versus benefits of the research(419). Future interventions 

within this area should therefore make use of this framework to ensure their 

optimum impact on health outcomes(419).  

 

10.2.5.1.2 Appropriateness of outcome measures 

To successfully determine the effectiveness of interventions that aim to optimise 

GWG, minimising bias in GWG measurement is essential(420). Weight at the first 

antenatal appointment is suggested as the best starting point, as this is less 

biased than self-reported preconceptual weight(420). A review has shown that 

20% of women misreported their pre-pregnancy weight by 4.5kg or more, with 

20% of women misclassified as underweight, overweight or obese when using 

preconception weight(420). Additionally, where weight at birth has not been 

obtained, it is essential to adjust for gestation at the final weight(420), as has 

been done within this programme of research. This is required as a review 

found that when weighed at 37 weeks only 47% of women exceed IOM 

guidance compared to 62% of women when weighed at 41 week gestation(420). 

Similarly, when adjusting for gestational age at the final weight 57% of women 

exceeded IOM guidance compared to only 37% when not adjusting for 

gestation at final weight(420). Gestation at the final weight is therefore an 

important confounder when considering the impact of GWG on adverse 

pregnancy outcomes(420). 

It is well recognised that calibration of medical equipment is essential to ensure 

reliability of measures. However, other factors influencing weight are rarely 



254 

addressed within research. For example, it is usual to weigh women fully 

clothed, but clothing weight itself varies across the year(421). The time of day an 

individual is weighed can also affect weight. Additionally, weight in non-

pregnant individuals varies across the week, with weekend weight gain and 

midweek weight loss, resulting in weight being highest on a Sunday and 

Monday and lowest on a Friday(422,423). Variation has also been noted according 

to season, with weight especially increasing over the Christmas season and to a 

smaller extent over holiday periods(423). Therefore, research needs to consider 

any potential impact of these natural variations. 

There is also debate over whether IOM recommendations for women with 

obesity are applicable to all classes of obesity and as noted in Chapter 2 some 

have suggested far stricter GWG limits for women with a BMI 40kg/m². Studies 

vary in their suggested recommendations with one suggesting a weight loss of 

7.6kg during pregnancy for women with obesity was associated with the lowest 

predicted prevalence of 5 adverse outcomes; preterm birth, LGA, SGA, weight 

retention and childhood obesity(204). A weight loss of 5kg for women with a BMI 

40kg/m² has been associated with the lowest incidence of both LGA and 

SGA(205). Additionally, the presence of one or more adverse outcomes out of 

pre-eclampsia, gestational hypertension, GDM, Caesarean birth, preterm birth 

and SGA or LGA was lowest with a GWG between 0-5.9kg in women with a 

BMI 40kg/m² in a final individual participant metanalysis(20). The optimal GWG 

for each BMI category is further debated as while GWG guidance has been 

based on the prevention of complications such as SGA, LGA and Caesarean 

within observational studies, there is a lack of evidence that actually complying 

with the recommendations produces health benefits for the mother or child(277). 

It is suggested that future guidance should look at different classes of obesity 

separately(277) and consider GDM and pre-eclampsia among the complications 

for women with obesity as these are the most common adverse pregnancy 

outcomes for this group of women(277). Additionally, the pattern of weight gain 

requires closer assessment as early pregnancy weight gain is thought to be the 

strongest predictor of adverse maternal and infant outcomes(390). Finally, it is 

recognised that IOM guidance has largely been established from Caucasian 

cohorts, with the IOM cautioning that additional research is required before 

universal acceptance of GWG guidance for women of all ethnicities(420). Full 
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evaluation of different BMI thresholds in women of different ethnicities is 

particularly required(420).  

More consideration of the long-term impact of any interventions is also vital, for 

example maternal weight retention in the postnatal period and childhood 

overweight and obesity, as most interventions of pregnant women with obesity 

currently do not consider long-term outcomes(277).  

 

10.2.5.1.3 Better understanding of diet in pregnancy per se 

Our understanding of the impact of maternal diet on fetal development and 

long-term child health outcomes is developing. It is suggested that dietary 

intake should increase in pregnancy by no more than 10% above 

recommendations for the non-pregnant population(277). However, the specific 

components that should be included within a pregnancy diet for optimal fetal 

and subsequent infant growth are still debated(390). Specific diets for pregnant 

women with overweight or obesity are especially insufficiently understood.  

Within the general population, a Mediterranean diet which is high in whole 

grains, fruit, vegetables and seafood is considered one of the healthiest dietary 

patterns(161). Among young adults the Mediterranean diet improves 

microvascular function which may reduce the risk of cardiovascular disease(424). 

Several reviews have explored the benefits of a Mediterranean diet during 

pregnancy and found that it reduces complications including GDM, 

prematurity(425,426), preeclampsia(425), Caesarean birth, urinary tract infections 

and low birthweight(426) and results in lower GWG(425). A Mediterranean diet is 

also suggested to reduce long-term offspring metabolic ill-health(161,426). 

Separate reviews similarly showed that diets higher in vegetables, fruits, whole 

grains, nuts, and fish and lower in meat and highly processed grains were 

associated with lower rates of gestational hypertension, pre-eclampsia, 

GDM(427) and lower rates of preterm birth(428) but no conclusions could be drawn 

about dietary patterns in pregnancy and birthweight outcomes(428). It should 

however be noted that most current research has been conducted in Caucasian 

women who have access to healthcare throughout pregnancy(427,428) and that 

many current studies poorly adjust for confounding factors(428). To establish the 

optimal nutritional pattern more consideration of the timing of individual 
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nutritional components on adverse outcomes is required, as the optimal diet 

may vary throughout the course of pregnancy(390). Furthermore, it is possible 

that the most advantageous diet may vary between individuals, given the 

complex interaction between an individual’s epigenome, environment and 

metabolism(390). 

Given our incomplete understanding of the specific nutritional components 

required during the preconceptual period and pregnancy, guidance currently 

varies. For example, the International Federation of Gynecology and Obstetrics 

(FIGO) have developed recommendations for preconception nutrition, which 

includes a requirement to ensure adequate folate, iron, calcium, vitamin D, 

iodine and vitamin B12(429). This is of particular importance given that women 

with overweight or obesity have higher rates of vitamin B12, vitamin D and 

folate deficiency during pregnancy than women with a BMI in the recommended 

range(159). A recent Early Nutrition project group endorsed recommendations for 

pregnant women to avoid vitamin A and to eat two portions of oily fish, or 

alternatively to take omega 3 supplements(277). An expert review has suggested 

that the phrase “eat better, not more” is best suited to pregnancy(390). For 

example, nutritional density can be achieved through whole foods, fruit, 

vegetables, legumes, whole grains, and omega 3 from nuts, seeds and fish 

instead of poor quality processed fats(390). It is recommended to limit red meat, 

highly processed foods and processed meats, with diets limited in these 

components less likely to lead to excessive energy intake(390).  

To summarise, dietary advice around healthy eating given to non-pregnant 

adults may not be the most beneficial diet to follow for pregnant women. More 

research is required into the specific nutritional components that optimise GWG, 

as well as maximise maternal and infant health. This will ensure the dietary 

advice provided to pregnant women is optimal.  

 

10.2.5.2 Group care 

Several women within the qualitative component of this research programme 

stated that they would have liked access to group support for gestational weight 

management. Previous research generally shows group care is as effective as 

individual care. A systematic review of 89 RCTs found that interventions to 
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optimise GWG were more effective, particularly for physical activity, when 

delivered as a group or when combining group and individual elements(264). A 

further systematic review considered the effectiveness of group antenatal care 

per se, including 13 studies with the majority targeting a specific population, for 

example adolescents, women with obesity or women from a specific 

ethnicity(430). They found no differences in excessive or recommended GWG 

with group prenatal care compared to usual care, although GWG was not 

consistently a primary outcome within the included studies(430). Two studies 

within the systematic review provided results for women with obesity. The first 

study exclusively recruited women with obesity and found they gained 

significantly less GWG with prenatal group care (5.29kg) compared to traditional 

care (8.64kg)(431). Subgroup analysis in the second study found no difference in 

either total GWG or GWG in accordance with IOM guidance for women with 

obesity receiving group care compared to traditional care(432). The difference in 

results may be explained by the first study(431) specifically focussing on GWG 

management through six one hour sessions around nutrition, compared to a 

discussion around nutrition typically only included in the first group session 

within the second study(432). A separate review of healthcare providers 

experiences of delivering group care found they were mainly positive about the 

experience(433). They particularly felt able to provide women with more personal 

care and continuity of care(433). Healthcare providers also felt it was a better use 

of their time and they valued the peer support community that developed within 

group care(433). Providers also felt that group care enhanced women’s autonomy 

and independence(433). Additional research is required into the effectiveness of 

group care for women with obesity and the potential impact that social support 

may have on both clinical and psychological outcomes. However, not all women 

included within the qualitative component of this research programme would 

have welcomed this type of antenatal care, so the woman’s preferences 

regarding care delivery should also be considered.  

 

10.2.5.3 Consider the social ecological context not just focus on the individual 

Traditionally pregnancy has been viewed as a teachable moment as a woman’s 

motivation shifts as she becomes aware of the health risks associated with 

pregnancy and takes on the new social and emotional role as she transitions to 
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motherhood(434). However, viewing pregnancy as an opportune time to provide 

lifestyle advice to women, only reinforces the individual approach and 

responsibility for weight(352). True reproductive justice requires tackling structural 

inequalities, as well as social, economic and political injustices(360). This can be 

achieved by employing a wider socio-ecological perspective. The social-

ecological model considers demographics factors (such as age, income, 

education), as well as psychological aspects (anxiety, depression, stress, body 

image) and social elements (social support, culture), as well as organisational 

or governmental policy(299). This removes the individual from being the centre of 

focus, which can lead to stigmatisation and blame(299). Consideration of wider 

socio-ecological context is rarely seen within the literature. A review of public 

health interventions aimed at changing any behaviour during pregnancy found 

that organisational change did not come up in any of the studies, with education 

being the main approach(414). An overview of systematic reviews of interventions 

to improve healthcare providers weight management behaviours for the general 

population not just in maternity also highlighted a need to address more 

organisational and system-level barriers(386).  

To be effective complex interventions must consider complex social inequalities. 

This requires the development of interventions that support women who live in 

socio-economic disadvantage(396,412,435,436) and address factors such as 

education, parity and age(435). This is essential as some women do not have 

access to resources to appropriately manage GWG(396). Furthermore, 

environmental changes are needed to enable healthful choices(347,360). For 

example, adequate access to exercise programmes within a community is 

required otherwise the boost in energy many women experience in the second 

trimester will not lead to effective behaviour change and increased physical 

activity(434). Some socially disadvantaged women may also need support with 

the cost implications of buying fresh food or accessing physical activity 

programmes(396). Limiting advertisement and selling of nutritionally poor and 

energy dense foods and beverages is also required, at the same time as 

helping families to develop good food habits and lifestyles(385). A focus on 

addressing social support is also important(435). The women’s partner and family 

especially have an influence on the woman’s motivation, opportunity and 
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capability(434). Co-production of interventions with women is an effective way to 

ensure they are non-stigmatising and address women’s actual needs(412).  

Psychological components need incorporating into interventions to optimise 

GWG(223) and into national policy regarding weight management in 

pregnancy(399) as these are frequently interrelated with obesity(349). It is essential 

that interventions target psychological factors such as body image 

dissatisfaction(411,435,436), self-efficacy(411,436), concerns about weight(411), 

depression, anxiety, stress and maternal self-esteem(435). Interventions also 

need to target internal motivation as it is a key component required to make 

behavioural changes(411). Women themselves have also called for more psycho-

social support around how to manage weight in pregnancy(356). However, a 

recent review of interventions to prevent excess GWG, found only one study 

directly addressed psychosocial factors within the intervention by using 

cognitive behavioural therapy to challenge unhelpful cognitions(411). The review 

also noted that pregnancy food cravings were very common, especially for high 

calorie sweets and carbohydrates(411). As cravings are cognitively motivated, 

psychosocial approaches to help women manage their cravings during 

pregnancy were also suggested(411).  

A whole systems approach to obesity which considers the multifactorial drivers 

behind obesity and weight management is viewed as essential by some 

academics(437). A systems approach has multiple features including capacity 

building, relationship development, effective communication, policy 

development, clear leadership, and effective monitoring and evaluation(437). A 

systematic review of 65 articles on whole systems approaches for health 

challenges such as obesity, smoking and alcohol consumption found effective 

approaches fully engaged with community partners and allowed time to build 

relationships and trust with the local community(437). Additionally, successful 

approaches embedded the intervention in a wider policy context, undertook 

local evaluation and had adequate finance(437). However, it was acknowledged 

that research into whole systems approaches is still limited and further 

evaluation is required(437). 

 



260 

10.2.5.4 Preconception care 

Maternal lifestyle prior to and during pregnancy is viewed as essential, as 

epigenetics underpin the intergenerational cycle of obesity(438). The need to 

focus on maternal weight status prior to pregnancy to reduce childhood 

obesity(164,167) and optimise the health of future generations is increasingly being 

recognised(277). A focus on the preconception period is considered more 

important for reducing childhood obesity than focussing on pregnancy 

complications such as GDM and hypertension(167), with pre-pregnancy BMI 

believed to predict adverse perinatal outcomes to a greater extent than 

GWG(390). Additionally, excessive weight gain in early pregnancy is thought to 

be the strongest predictor of adverse outcomes, highlighting the importance of 

targeting interventions at the preconception or early pregnancy phases(390). 

Traditionally the preconception period is viewed as the 3 months prior to 

conception, which correlates with the average time for fertile couples to 

conceive(439). However, to adequately address public health risk factors such as 

diet and obesity much longer is deemed necessary, from several months to 

several years(439).  

The need for a dual focus at both individual and population levels, the 

effectiveness of current approaches in the preconception period and the 

willingness of women to delay conception to address their weight are all 

considered below.  

 

10.2.5.4.1 A dual focus 

Optimising maternal health requires a dual approach that focuses on women 

who are planning pregnancy, but also improving general population 

health(438,440,441). This is essential as most women do not plan pregnancy far 

enough in advance to influence outcomes which require a longer time scale 

such as achieving adequate weight reduction(438,440). However, simply providing 

education is rarely enough to effectuate behaviour change(440). Population 

engagement is needed so that individuals remain motivated to change and are 

supported socially, environmentally and at a societal level to undertake 

preconception health improvements(440). To ensure health inequalities are 

reduced not widened preconception interventions also need to consider 
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environmental determinants to health(440,441). For example, behaviour change 

cannot occur unless the woman has resources available including access to 

healthy foods(440). Additionally, it is acknowledged that women who are 

healthiest are least likely to experience difficulty in accessing care, therefore 

support is needed for those most at risk to avoid increasing social 

inequalities(442). To engage the wider population, all healthcare services need to 

be involved, not just maternity services, to take advantage of any contact with 

healthcare providers(440). Effective preconception care requires strong local and 

national leadership to support social change(440). The Netherlands serves as a 

positive case example in a high income country. They have successfully 

promoted preconception health that reaches the poorest communities by 

addressing social deprivation, harnessing political will and considering 

determinants of maternal ill-health(440). 

As well as focussing on both women and the wider population, a combined 

focus on physical activity and healthy nutrition is required to support women to 

modify their BMI prior to conception(277). Maternal diets are known to fall below 

nutritional recommendations in both high and low income countries, including 

the UK(439). Current UK guidance for the preconception period focuses almost 

exclusively on nutritional adequacy, without considering physical activity(438). 

The lack of physical activity recommendations is concerning as women’s pre-

pregnancy activity is an important determinant of their physical activity level 

during pregnancy, therefore establishing exercise patterns during the 

preconception period is essential(438). The guidance is also criticised for lacking 

specific recommendations(438). For example, restricting eating to a 10-12 hour 

window during the day may assist with weight loss in the preconception 

period(438). High intensity intermittent exercise, which comprises short bursts of 

intense activity interspersed with low-to-moderate intensity exercise, is also 

viewed as potentially beneficial for the preconception and antenatal periods(438). 

However further research is required into timing of nutrition and high intensity 

intermittent exercise to understand their feasibility and impact on weight and 

glycaemic control in the preconception population, as well as whether they have 

an additive benefit or whether each intervention is as effective separately(438). It 

is also important that any preconception weight management intervention 

should be linked with continued support during the antenatal period(443). 
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10.2.5.4.2 Research in the preconception and interpregnancy periods 

A review of randomised controlled interventions to support women of 

childbearing age with overweight or obesity found that the majority focussed on 

preventing GWG (53%) or promoting weight loss or preventing weight retention 

in the postnatal period (21%) or a combination of the two (16%)(444). Only 10% 

of studies looked at women of childbearing age in general, with only one RCT 

directly supporting women in the preconception period(444). It was therefore not 

currently possible to determine the optimal delivery mode, intensity or duration 

of preconception interventions(444). A further systematic review exploring dietary 

patterns either before or during pregnancy on the risk of hypertensive disorders, 

GDM, preterm birth and birthweight also highlighted limited evidence within the 

preconception period(445).  

Several reviews, incorporating both randomised and observational studies, 

have considered interventions in the preconception period. One review of 

women who intended to become pregnant showed women receiving a lifestyle 

intervention had greater weight loss during the study and lower resultant BMI 

compared to those in a control group(446). Similarly, a review that specifically 

focussed on women with obesity found most non-surgical interventions 

achieved a weight loss of between 4-6kg regardless of whether they were 

healthy eating, physical activity, behavioural or combined interventions(443). 

These interventions lasted between 27 days and 6 months. However only 4 

studies recruited more than 100 women, studies were affected by high dropout 

rates, and most studies did not include a control arm to establish superiority of 

the intervention over no care(443). Another review among women with infertility 

showed lifestyle interventions increased weight loss(447). However, the minimal 

weight loss achieved through lifestyle modifications is discordant with current 

recommendations of achieving a ‘healthy’ weight prior to pregnancy, which for 

women with extreme obesity would require far greater levels of weight loss(443). 

Weight loss expectations prior to pregnancy must be realistic with regards to 

what the evidence shows is achievable(443). Additionally, it is thought that 

everyone has a ‘biological set point’ for weight, which means that most women 

who lose weight will regain it again(443). Therefore, preconceptual interventions 

need to occur early enough to allow time to lose the required weight, but not so 

early before pregnancy that weight loss is regained(443).  
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When considering fertility outcomes, those receiving a lifestyle intervention have 

an increased natural pregnancy rate(446), but no differences in achieving 

pregnancy overall (whether naturally or assisted)(446). The evidence among 

women with overweight or obesity and infertility is however conflicting. One 

review found lifestyle interventions increased natural conception rates as well 

as the likelihood of any pregnancy (natural or infertility treatment) and increased 

livebirth compared to no intervention(447). A second review found lifestyle 

interventions improved pregnancy and livebirth rates in two included studies, 

but no difference was shown in three other included studies(448). Combining 

lifestyle interventions with medication similarly found no significant difference in 

livebirth rates compared to standard care(448). The limited differences in 

outcomes were likely to have been impacted by the minimal weight loss 

achieved and sustained within the interventional trials for both lifestyle and 

medication interventions(448). 

Other pregnancy outcomes have also been considered, although maternal and 

infant outcomes are under-reported within many studies(447). In the review of 

women who intended to become pregnant, no differences were found in 

birthweight or pregnancy complications such as preterm birth or neonatal 

mortality among those receiving a lifestyle intervention(446). However, a review 

of women with overweight or obesity found that lifestyle interventions aimed at 

preconception weight loss reduced the risk of hypertensive disorders in 

pregnancy and pre-eclampsia(449). An additional recent RCT of a drink 

supplement in the preconception period containing probiotics and micronutrients 

decreased preterm birth(450), and was associated with a 20% shorter length of 

second stage of labour and reduced blood loss at birth(451). However, it showed 

no impact on GDM, birthweight(450), induction of labour or mode of birth(451).  

Given the difficulties of recruiting women in the preconception period who are 

not experiencing infertility concerns, several researchers have focussed on the 

postnatal period as this is the preconception period of any subsequent 

pregnancy(452). Several reviews have shown that weight loss between 

pregnancies is associated with decreased birthweight and while it increased the 

risk of having an SGA infant(452,453), it was protective against recurrent LGA in 

women with overweight or obesity(452). In contrast research suggests weight 

gain between pregnancies is associated with increased risk of GDM, 
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hypertensive disorders, Caesarean birth, having an LGA infant(452,453), 

prematurity(452), stillbirth(453), and childhood obesity(452). Tackling weight change 

between pregnancies may therefore optimise outcomes in any subsequent 

pregnancy(452). However more research is required to assess the feasibility, 

acceptability and effectiveness of interventions between pregnancies with a 

particular focus on women from disadvantaged backgrounds(452) as well as from 

different ethnicities. Women also report multiple barriers to intervention 

participation in the postnatal period such as lack of sleep, stress and limited 

spare time. Postnatal interventions would therefore need to be supportive 

around these factors such as offering home visits, childcare or enable self-

monitoring for example by providing weighing scales at home(440).  

 

10.2.5.4.3 Women’s willingness to delay conception 

It is essential to understand women’s willingness to delay conception to engage 

with preconception lifestyle interventions. A survey of women accessing fertility 

treatment found 69% of women with overweight or obesity were already 

attempting weight loss strategies at the time of completing the survey(454). While 

47% of women with overweight or obesity were interested in receiving medically 

supervised support to lose weight, only 16% of women with obesity were willing 

to delay fertility treatment for more than 3 months(454). There was no effect of 

age or length of infertility on the willingness to delay fertility treatment(454). A 

separate study found 65% of women with obesity were willing to delay removing 

a contraceptive device by 6 months to undertake a meal replacement plan 

aimed at losing weight(455). Women’s willingness to delay conception therefore 

requires further study, but current evidence suggests women may be willing to 

delay conception for 3-6 months to undertake lifestyle modification. 

 

In summary, while there is limited current evidence the potentially low cost, but 

large health return makes the preconception period an area worth further 

investigation(440). However, any further investigation should place a focus on 

minimising stigma, as little is currently known about weight stigma in the 

preconception period(349). 
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10.3 Strengths and limitations 

This programme of research had multiple strengths. The large sample of 

women with BMI 40kg/m² was bigger than in most previous studies. 

Additionally, the research showed that data matching between datasets was 

feasible which allowed the association between attendance at the antenatal 

healthy lifestyle service intervention and long-term child weight to be assessed. 

Such long-term evaluation of pregnancy interventions on child weight was 

particularly limited in previous research. This programme of research was one 

of very few UK based studies to opportunistically assess maternal obesity 

management in a real life situation, including its long-term impact. It has paved 

the way for future cohort studies or big data analyses using existing data to 

answer key public health challenges within the maternal and infant health field.  

A strength of the overview of systematic reviews, was that discrepancies in 

results within the different included reviews were investigated by returning to the 

original studies. The overview of reviews then either highlighted these 

inconsistencies or corrected data inaccuracies. This minimised the ongoing 

impact of errors in data extraction and inadvertent inclusion of studies within the 

systematic reviews that did not fully meet the original review’s inclusion criteria.  

There were various limitations within this programme of research that also need 

to be considered. Limitations for each aspect are detailed within each included 

article individually. However, limitations applicable to all aspects of the research 

programme are detailed below. 

Within the field in general, heterogeneity of interventions in terms of type of 

intervention makes comparisons difficult. Most GWG management interventions 

do not adequately report the behaviour change components and techniques 

incorporated within the study(265). This was also a limitation within this study. 

Having not been present when the antenatal healthy lifestyle service was 

established meant it was very difficult to fully determine the behaviour change 

components utilised within the service. This was partly due to the service 

wanting to be flexible to each individual woman’s need, but it made it difficult to 

evaluate the content of the service. It was also not possible to assess the 

provider-client relationship within the intervention and how this may have 

influenced the service impact.  
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Additionally, there was heterogeneity in the gestation of weighing for both the 

first and last weight from which GWG was calculated. This was especially an 

issue for the average gestation at the final weight between women offered the 

low intensity service and enhanced service. To account for this rate of GWG 

was considered which averaged weight gain over the time between first and last 

weight in pregnancy.  

The retrospective nature of the study was a limitation for all aspects of the 

quantitative research. Retrospective data is known for issues regarding data 

completeness. This particularly affected the utility of the variable maternal 

education as this was poorly recorded within the medical notes. There were 

also issues around our primary outcome GWG as weight was only recorded 

from 34 weeks gestation onwards in 25% of women within the comparison 

cohort, compared to 79% of women offered the antenatal healthy lifestyle 

service. Retrospective data also limits the researcher to the variables available, 

rather than necessarily all variables of interest. For example, if data had been 

collected prospectively it would have been possible to collect data around 

maternal diet so specific components could have been assessed for their 

impact on GWG. Other factors like psychological well-being could also have 

been assessed, as these can mediate the impact of any intervention. 

Additionally, more accurate collection and categorisation of medical 

complications experienced during pregnancy would have been possible with 

prospective data collection, as well as gathering data on longer term 

breastfeeding outcomes.  

All qualitative data was only collected from one Trust and the quantitative data 

was collected from only two neighbouring Trusts. Both Trusts had very few 

women of non-White British ethnicity compared to the national picture. The 

Trust demographics therefore limit both the quantitative and qualitative 

components with regards to applicability to a diverse ethnic population.  

Among women who were offered the antenatal healthy lifestyle service, those 

who were already parous gained less weight during pregnancy. However, a 

lower percentage of parous women had GWG recorded compared to 

nulliparous women, which could have influenced the results as those who had a 

GWG recorded may have been more motivated to monitor their weight gain.  
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10.4 Summary 

This chapter has discussed the key integrated findings from this programme of 

research in relation to the existing literature and wider evidence base. The 

chapter demonstrated that the lack of impact of the antenatal healthy lifestyle 

service seen within this programme of research corresponds with much of the 

literature within this area.  

The stigma faced by women with obesity during pregnancy was also 

considered. The causes of stigma and the wide spread prevalence within 

healthcare was highlighted. The impact of stigma on women’s weight related 

behaviours and mental health were discussed, as well as the potential influence 

of stigma on pregnancy related adverse outcomes. The requirement for more 

healthcare provider training to reduce stigma was highlighted.  

The chapter also discussed the importance of socio-ecological context when 

addressing weight management, as well as the potential different needs and 

intervention impact on women of different parities.  

This points to a requirement to refine the type of interventions we currently 

deliver. Interventions particularly need to explicitly detail the behaviour change 

strategies they aim to address; more consideration should be given to 

addressing weight management in the preconception period and a focus 

beyond the individual is essential when considering gestational weight 

management. The strengths and limitations of this programme of research have 

also been discussed, alongside their potential implications.  

 

The next and final chapter concludes this programme of research by exploring 

the original contribution of each element of the research. The implications of the 

findings of this programme of research on policy and practice are considered, 

alongside identifying potential avenues for future research.  
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Chapter 11: Conclusions 
 

11.1 Introduction 

This chapter discusses the original contribution of this programme of research 

to the overall topic area. Recommendations for research, practice and policy 

are also given.  

 

11.2 Original contribution of this research to knowledge 

Systematic reviews originally evolved within healthcare due to the large volume 

of primary research rendering decision-making for policy makers and 

practitioners difficult, especially in the face of contradictory evidence(456,457). As 

systematic reviews have increasingly been published, clinicians can again be 

left feeling overwhelmed by the plethora of evidence. Therefore, the 

requirement for overviews of reviews which compare and contrast current 

systematic reviews and provide an overall body of available information on a 

given topic is increasingly recognised(456). Given the rising number of systematic 

reviews within the area of lifestyle interventions in pregnancy with authors 

reporting contrasting results, including for women with overweight or obesity, a 

systematic synthesis of current reviews was deemed imperative. This provided 

an overall body of evidence that evaluated the most appropriate interventions 

for assisting women with overweight or obesity to avoid excessive GWG. Article 

A, the overview of systematic reviews, therefore added clarity within this area by 

collating the global evidence and providing an up-to-date summary of previously 

published works. By focussing on a wide range of maternal and infant outcomes 

it was able to demonstrate the limited impact of lifestyle interventions on clinical 

outcomes. 

The quantitative work contained in Articles B, C and D has made a positive 

contribution to the field in several ways. Firstly, the analysis added evidence on 

both the short-term impact of a real-life lifestyle intervention among women with 

a BMI 40kg/m² and on the long-term outcome of infant weight among women 

with a BMI 35kg/m² attending an antenatal healthy lifestyle service. This is 

particularly important given the under-representation of women with a BMI of 



269 

35.0-39.9kg/m² and of those with a BMI 40kg/m² in previous research(2). 

Secondly, the work explored the effect of an antenatal lifestyle service in a real-

life clinical situation. Pragmatic interventions are increasingly recognised as the 

ideal way to determine the impact of interventions under real-world 

conditions(458). The work therefore added to the debate over the most effective 

interventions for effective weight management during pregnancy for women with 

the highest classes of obesity. Article C provided new insights into the impact of 

an antenatal healthy lifestyle service in comparison to an NHS Trust that did not 

provide a specific service. Interventions to date have varied widely in intensity, 

ranging from simply providing information through to providing in depth 

interventions with multiple contacts every week during pregnancy. Finding the 

most effective intervention intensity has major cost implications for rolling out 

any effective intervention. The changing intensity within the delivery of the 

antenatal healthy lifestyle service provided a unique opportunity to evaluate the 

impact of the change to service intensity. Article B therefore further informed the 

debate around intervention intensity.  

Finally, Article D provided a unique analysis by matching data from maternity 

records and child health records. Data matching in this way has not previously 

been undertaken within the UK. While much research had previously looked at 

the long-term impact of GWG on offspring obesity(164,252), little had been done to 

evaluate the association between pregnancy lifestyle interventions and long-

term infant health, especially in women with obesity. This is despite the long-

term impact of maternal health and diet prior to and during pregnancy on 

offspring health and development through the role of epigenetics being 

increasingly understood(160,161). This work therefore contributed original 

knowledge around the association between antenatal healthy lifestyle service 

provision and long-term childhood weight outcomes up to age 5 in women with 

a BMI 35kg/m². Unlike previous research, this was undertaken exclusively in 

women with obesity and was in an English cohort.  

In addition to the quantitative work, the qualitative interviews in Article E 

explored the experiences of antenatal weight management among women with 

a BMI 40kg/m². While there was existing research into the experiences of 

women with a raised BMI, those with a BMI in the higher ranges were less well 
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represented within the literature. It was therefore important to add these 

women’s voices to the evidence base.  

 

11.3 Implications for research 

This programme of research has identified numerous avenues for further work 

within the area.  

Given the lack of benefit of gestational weight management interventions on 

maternal and infant clinical outcomes it is essential to explore the practicality 

and impact of interventions in the preconception or inter-conception periods.  

Whether focussed on the preconception, inter-conception or antenatal period, 

future interventions should make use of the Medical Research Council (MRC) 

and the National Institute for Health Research (NIHR) framework for developing 

and evaluating complex interventions(419) to ensure their optimum impact on 

health outcomes. As part of this the context of the intervention needs to be 

considered. This includes placing more emphasis on socio-ecological factors 

within interventions, rather than simply focussing on individual behaviour. 

Consideration should be given to environmental, social, organisational, 

community, economic and policy factors that are barriers to weight 

management for women, as well as the interaction between these 

components(299). For example, rather than simply focussing on traditional 

lifestyle interventions that encourage the individual with healthy eating and/or 

physical activity components, the psychological components need incorporating 

into interventions to optimise GWG(223). This includes addressing body image 

dissatisfaction(411,435,436), self-efficacy(411,436), depression, anxiety, stress and 

maternal self-esteem(435) as they are all interrelated with obesity(349). More 

consideration is also required of the influence of the woman’s family and 

friends, how childcare accessibility, affordability and availability may impact her 

choices, how the environment in which she lives plays a role such as the 

cooking and fresh food storage options within her home, the types of food 

outlets or shops within her local area, the safety of her local area to participate 

in activities such as walking and the availability of local parks or leisure 

centres(459). Wider environmental influences also need to be considered. 

Commercial companies produce processed foods and beverages that are 
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nutritionally poor and energy dense which they promote through advertisement. 

This increases their prominence and appeal in comparison to non-processed 

foods which are not promoted in the same way. This determines product 

placement within shops, as well as availability(459) with shops stocking different 

food items in different stores to maximise their expected sales.  

Any future interventions will also need to develop a theory as to how the 

intervention is expected to lead to the anticipated effects as this would allow 

better identification of effective components in managing GWG and maternal 

obesity to inform transferability of interventions between different settings. This 

may include consideration and explanation of the behaviour change 

components incorporated within the intervention. Additionally, engaging with 

stakeholders at every phase of the research from development through to 

implementation and evaluation is essential for any new intervention. Co-

designing interventions with women will ensure they are sensitive to women’s 

needs. It is essential to include as stakeholders women that are traditionally 

less likely to engage with services, including those from the most deprived 

quintile, who are not employed outside the home or who smoke, as well as 

those from ethnic minorities to enhance intervention acceptability to this group 

of women. The voices of the healthcare providers expected to deliver any 

intervention or provide weight management advice also need to be sought to 

identify potential barriers to implementation and how these could be addressed 

including through adequate training to enhance confidence.   

Any lifestyle intervention that incorporates healthy eating or physical activity 

components should investigate the required frequency of contacts and the most 

beneficial level of supervision. This will enable a full understanding of the 

economic costs of the intervention to achieve the most benefit.  

This programme of research clearly showed that any intervention evaluating 

weight management in women with obesity requires a relevant control group. 

While randomisation to the intervention or control group is the ‘gold standard’ as 

it controls for both known and unknown confounders allowing causal 

relationships to be established(460), pragmatic trials with adequate controlling for 

confounders can also provide valuable insight into how interventions work in 

real life settings. Whatever study design is chosen a relevant control group is 

crucial given the wide range of GWG seen in different regions across the globe, 
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as well as variations over time. The need for robust, independent evaluation of 

any intervention was also clearly shown and is imperative to determine cost 

effectiveness of services and is essential before wider implementation or 

resource investment.  

It is also essential that future research consider the different classes of obesity 

separately. Current evidence points to differences in effectiveness of 

interventions, but also differing levels of GWG that cause adverse outcomes 

within each subgroup of obesity. More careful consideration of different classes 

of obesity will enable clarification of the ideal GWG for each class of obesity, as 

well as more targeted approaches to supporting women with a BMI 40kg/m² 

with weight management prior to and during pregnancy. More UK based studies 

or big data analyses are particularly recommended to assess the impact of 

GWG for each BMI class on both maternal and infant short- and long-term 

outcomes. 

To reduce heterogeneity between studies, a universal convention for the 

measurement of GWG would be beneficial. As a minimum adjustment for 

gestation at final weight is required where actual weight at birth is not recorded.  

When compiling an overview of systematic reviews, researchers should be alert 

for inaccuracies within the included systematic reviews to prevent perpetuation 

of any errors.  

 

11.4 Implications for practice 

Weight management services in pregnancy must be sensitive, respectful and 

centred on the individual woman. Implementation of a personalised approach is 

essential, for example considering women’s previous experience of weight 

management and her current readiness, rather than providing the same advice 

to everyone using a tick box approach. Services should focus on the provision 

of practical information, for example menu plans, exercise plans and recipes as 

this was what women requested. Most women within our interviews reported 

that they did not receive any information around physical activity in pregnancy. 

Therefore providing more advice around physical activity recommendations, 

benefits and its safety in pregnancy needs to be a particular priority for 

healthcare providers. Additionally, healthcare providers should develop ways to 
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promote effective group support either physically or electronically which allows 

peer interaction and encouragement for the women that would like this option, 

while also continuing to offer individual care for women that lack confidence to 

engage with a group format. Any group support established should be 

monitored to ensure it provides the required engagement and support to enable 

women to make effective behaviour changes.   

Women expressed a preference for discussing weight management in the 

context of a trusting relationship. They also valued opportunities to discuss their 

weight with the same person on multiple occasions so that their progress could 

be monitored and supported. Where staffing levels are adequate to 

accommodate a continuity of midwifery care model, this should be provided to 

women to enable ongoing conversations throughout pregnancy that can follow 

the woman’s progress and support her with any adjustments that are required 

throughout her pregnancy.  

For healthcare providers to effectively address weight management during 

pregnancy, healthcare provider training is needed both as part of continued 

professional development as well as within pre-registration education. Training 

is required on the impact of stigma, how to sensitively address weight 

management and understanding of the complex psychological, social and 

environmental context in which weight management occurs. Many women with 

obesity felt that their healthcare providers assumed that they would encounter 

every associated adverse outcome, which only perpetuated the stigma that 

these women felt. There therefore also needs to be training for healthcare 

providers that increased risk of certain conditions among women with obesity 

does not mean that everyone with obesity will encounter those adverse events.  

Calibrated weighing scales should be more readily available within all clinical 

environments as most women appreciated receiving encouragement when their 

weight gain was good and being provided with personalised support when 

weight gain was more than ideal.  

As digital records become increasingly the norm within maternity care it 

provides an ideal opportunity for alerts to be set for healthcare providers to help 

them remember to incorporate aspects of weight management into each 

antenatal appointment. It also provides an ideal format in which to incorporate 

practical advice around healthy eating and physical activity for women that they 
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can access at a time convenient to them. Where not provided digitally, 

resources incorporating practical advice should be readily available and 

accessible for women including those whose first language is not English or 

whose cultural expectations and norms around food differ.  

Weight management services need to consider appropriate support of women 

not just during pregnancy but also in the preconception and postnatal periods, 

as the postnatal period will be the preconception period for any subsequent 

pregnancy. 

 

11.5 Implications for policy 

Current NICE guidance is felt to perpetuate weight stigma by stating that 

women with obesity should be informed of the risks during pregnancy, without 

explicitly detailing the practical advice they should be offered to manage GWG. 

This has led to a situation where healthcare providers adhere to policy by 

advising women of the risks associated with being obese during pregnancy, 

while women themselves are focussed more on their individual needs and on 

their requirement for practical advice. This leaves women feeling disempowered 

as their informational and support needs are not addressed by healthcare 

providers. Policy updates should provide detailed and explicit advice regarding 

healthy eating, physical activity and weight management in pregnancy and how 

healthcare providers can tailor this information for each individual woman so 

that her needs are addressed. Policy updates should also consider the impact 

of weight stigma on pregnancy outcomes and how stigma can be reduced 

during the perinatal period. As part of this policy updates should detail the 

biological, demographic, social, psychological, environmental, and 

organisational aspects that are known to be wider determinants of obesity so 

that all healthcare providers understand that obesity is not simply due to the 

lifestyle choices that a woman makes. Additionally, policy updates should 

encourage research into interventions that effectively address these wider 

determinants of obesity rather than focusing predominantly on individual 

lifestyle interventions.   

Policy updates should also recommend midwife continuity of care during 

pregnancy and the postnatal period for women with obesity where feasible. 
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11.6 Implications for other PhD students 

Throughout my PhD journey I have learnt that undertaking a PhD is about more 

than just producing a thesis. It is about developing as an individual. So much of 

my learning has been through interactions with other PhD students and 

researchers and learning from the challenges they were facing within their 

research. Additionally, I have attended numerous study days, workshops and 

seminars. These have served to broaden my understanding of research 

methodology and enhance my development as a researcher in areas related to 

my PhD topic and methodology, as well as in other unrelated areas. It has 

made me think about the diverse ways in which research questions can be 

answered and given me inspiration for avenues that I might want to explore as a 

post doc researcher. Attendance at topic related conferences during my PhD 

studies has also served to enhance my understanding of the current issues and 

advances within the field and influenced my understanding of the topic, as well 

as the interpretation of the results of this programme of research. It has also 

meant that I have been able to discuss my work with other researchers 

interested in this field. My advice to any PhD student would be to take hold of 

every opportunity that presents itself to you during your PhD journey, you will be 

amazed at how much they benefit you as you seek to become an independent 

researcher.  

 

11.7 Summary 

This thesis summarises a comprehensive, pragmatic mixed methods 

programme of research around the effectiveness of GWG management 

interventions for women with obesity. The findings suggest that although current 

interventions are sometimes effective at reducing average GWG, they are 

largely ineffective at influencing clinical outcomes. Additionally, current services 

leave many women with obesity feeling stigmatised, due to an excessive focus 

on the risks of obesity in pregnancy without providing practical advice or support 

on how to mitigate the risks.  

The research has identified numerous areas that require further exploration, 

which have been captured in the implications for research, practice, and policy 

sections. Most notably the need for future interventions to address wider 
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demographic, social, psychological, environmental, and organisational aspects 

has been highlighted. The current evidence also suggests more emphasis on 

addressing weight management prior to pregnancy may be needed to provide 

beneficial outcomes for the mother and their child.  

  



277 

References 
1. Hurston ZN. Dust Tracks on a Road. London: Virago Press Limited; 1986. 

2. Siega-Riz AM, Bodnar LM, Stotland NE, Stang J. The current 

understanding of gestational weight gain among women with obesity and 

the need for future research. National Academy of Medicine Perspectives. 

Washington DC: National Academy of Medicine; 2020.  

3. Public Health England. Health of women before and during pregnancy: 

health behaviours, risk factors and inequalities. An updated analysis of the 

maternity services dataset antenatal booking data. London: Public Health 

England; 2019. 

4. Lutsiv O, Mah J, Beyene J, McDonald SD. The effects of morbid obesity 

on maternal and neonatal health outcomes: a systematic review and meta-

analyses. Obesity Reviews. 2015;16(7):531-546. 

5. Deputy NP, Sharma AJ, Kim SY, Hinkle SN. Prevalence and 

characteristics associated with gestational weight gain adequacy. 

Obstetrics & Gynecology. 2015;125(4):773-781. 

6. Goldstein RF, Abell SK, Ranasinha S, Misso M, Boyle JA, Black MH, et al. 

Association of gestational weight gain with maternal and infant outcomes. 

A systematic review and meta-analysis. JAMA. 2017;317(21):2207-2225.  

7. Davenport MH, Ruchat S-M, Sobierajski F, Poitras VJ, Gray CE, Yoo C, et 

al. Impact of prenatal exercise on maternal harms, labour and delivery 

outcomes: a systematic review and meta-analysis. British Journal of 

Sports Medicine. 2018;53(2):99-107.  

8. Davenport MH, Meah VL, Ruchat S-M, Davies GA, Skow RJ, Barrowman 

N, et al. Impact of prenatal exercise on neonatal and childhood outcomes: 

a systematic review and meta-analysis. British Journal of Sports Medicine. 

2018;52(21):1386-1396. 

9. Muktabhant B, Lawrie TA, Lumbiganon P, Laopaiboon M. Diet or exercise, 

or both, for preventing excessive weight gain in pregnancy. Cochrane 

Database of Systematic Reviews. 2015;Issue 6:CD007145. 

doi:10.1002/14651858.CD007145.pub3.  

10. National Institute for Health and Care Excellence (NICE). Weight 

management before, during and after pregnancy. NICE public health 



278 

guidance, PH27. London: National Institute for Health and Care 

Excellence; 2010 

11. Denison FC, Aedla NR, Keag O, Hor K, Reynolds RM, Milne A, et al. on 

behalf of the Royal College of Obstetricians and Gynaecologist (RCOG) 

Care of women with obesity in pregnancy. Green-top Guideline No. 72. 

BJOG: An International Journal of Obstetrics and Gynaecology. 2018 

12. Fair F, Marvin-Dowle K, Arden M, Soltani H. Healthy weight services in 

England before, during and after pregnancy: A mixed methods approach. 

BMC Health Services Research, 2020;20:572. 

13. World Health Organization (WHO). Obesity: Preventing and managing the 

global epidemic. Report of a WHO consultation. WHO technical report 

series 894. Geneva: World Health Organization; 2000. 

14. National Academies of Sciences, Engineering, and Medicine. Current 

Status and Response to the Global Obesity Pandemic: Proceedings of a 

Workshop. Washington DC: The National Academies Press; 2019. doi: 

10.17226/25273. 

15. National Health Service (NHS) Digital. Health Survey for England, 2021: 

Data tables. NHS Digital; 2022. Available from: https://digital.nhs.uk/data-

and-information/publications/statistical/health-survey-for-

england/2021/health-survey-for-england-2021-data-tables [Accessed 3rd 

August 2023]. 

16. Devlieger R, Benhalima K, Damm P, Van Assche A, Mathieu C, Mahmood 

T, et al. Maternal obesity in Europe: where do we stand and how to move 

forward? A scientific paper commissioned by the European Board and 

College of Obstetrics and Gynaecology (EBCOG). European Journal of 

Obstetrics & Gynecology and Reproductive Biology. 2016;201:203–208. 

17. Heslehurst N, Rankin J, Wilkinson JR, Summerbell CD. A nationally 

representative study of maternal obesity in England, UK: Trends in 

incidence and demographic inequalities in 619 323 births, 1989-2007. 

International Journal of Obesity. 2019;34(3):420-428. 

18. National Health Service (NHS) Digital. NHS Maternity Statistics 2018-

2019. NHS Digital; 2019. Available from 

https://files.digital.nhs.uk/D0/C26F84/hosp-epis-stat-mat-summary-report-

2018-19.pdf [Accessed 7th November 2023]. 



279 

19. Jebeile H, Kelly AS, O'Malley G, Baur LA. Obesity in children and 

adolescents: epidemiology, causes, assessment, and management. The 

Lancet Diabetes & Endocrinology. 2022;10(5):351-65. 

20. Voerman E, Santos S, Inskip H, Amiano P, Barros H, Charles M-A, et al. 

as part of the LifeCycle Project-Maternal Obesity and Childhood 

Outcomes Study Group. Association of Gestational Weight Gain With 

Adverse Maternal and Infant Outcomes. JAMA. 2019;321(17):1702-1715.  

21. Walker IV, Cresswell JA. Multiple deprivation and other risk factors for 

maternal obesity in Portsmouth, UK. Journal of Public Health. 

2019;41(2):278–286. 

22. Nguyen G, Boath A, Heslehurst N. Addressing inequalities and improving 

maternal and infant outcomes: the potential power of nutritional 

interventions across the reproductive cycle. Proceedings of the Nutrition 

Society. 2023;82(3):241-252. 

23. Johnstone A, Lonnie M on behalf of the FIO-Food Project team. The cost-

of-living crisis is feeding the paradox of obesity and food insecurities in the 

UK. Obesity. 2023;31(6):1461-1462.  

24. Mensink GBM, Schienkiewitz A, Haftenberger M, Lampert T, Ziese T, 

Scheidt-Nave C. Overweight and obesity in Germany: Results of the 

German Health Interview and Examination Survey for Adults (DEGS1). 

Bundesgesundheitsblatt. 2013;56(5-6):786-794.  

25. Bello JK, Bauer V, Plunkett BA, Poston L, Solomonides A, Endres L. 

Pregnancy Weight Gain, Postpartum Weight Retention, and Obesity. 

Current Cardiovascular Risk Reports. 2016;10(1):1-12. 

26. World Health Organization (WHO) expert consultation. Appropriate body-

mass index for Asian populations and its implications for policy and 

intervention strategies. The Lancet. 2004;363:157–63. 

27. Abrahim M, Hand B. Is it Time to Consider Body Mass Index as Bad 

Medical Information (BMI). Journal of Obesity and Nutritional Disorders. 

2021;6(1):145. 

28. Mahadevan S, Ali I. Is body mass index a good indicator of obesity? 

International Journal of Diabetes in Developing Countries. 2016;36(2):140-

142. 



280 

29. Adab P, Pallan M, Whincup PH. Is BMI the best measure of obesity? BMJ. 

2018;360:k1274. 

30. Czernichow S, Kengne AP, Huxley RR, Batty GD, de Galan B, Grobbee D, 

et al. Comparison of waist-to-hip ratio and other obesity indices as 

predictors of cardiovascular disease risk in people with type-2 diabetes: a 

prospective cohort study from ADVANCE. European Journal of 

Cardiovascular Prevention and Rehabilitation. 2011;18(2):312-319. 

31. Guzman Ortiz E, Bueno Hernandez N, Melendez Mier G, Roldan Valadez 

E. Quantitative systematic review: methods used for the in vivo 

measurement of body composition in pregnancy. Journal of Advanced 

Nursing. 2021;77(2):537-549. 

32. Lavie CJ, De Schutter A, Milani RV. Healthy obese versus unhealthy lean: 

the obesity paradox. Nature Reviews Endocrinology. 2015;11:55-62. 

33. Tomiyama AJ, Hunger JM, Nguyen-Cuu J, Wells C. Misclassification of 

cardiometabolic health when using body mass index categories in 

NHANES 2005–2012. International Journal of Obesity. 2016;40:883-886. 

34. Blüher M. Mechanisms in Endocrinology: Are metabolically healthy obese 

individuals really healthy? European Journal of Endocrinology. 

2014;171(6):R209–R219.  

35. Sharma AM, Campbell-Scherer DL. Redefining obesity: beyond the 

numbers. Obesity. 2017;25(4):660-661. 

36. Heslehurst N, Dinsdale S, Sedgewick G, Simpson H, Sen S, Summerbell 

CD, et al. An Evaluation of the Implementation of Maternal Obesity 

Pathways of Care: A Mixed Methods Study with Data Integration. PLoS 

ONE. 2015;10(5):e0127122.  

37. Chung JH, Melsop KA, Gilbert WM, Caughey AB, Walker CK, Main EK. 

Increasing pre-pregnancy body mass index is predictive of a progressive 

escalation in adverse pregnancy outcomes. The Journal of Maternal-Fetal 

& Neonatal Medicine. 2012;25(9):1635-1639. 

38. Santos S, Voerman E, Amiano P, Barros H, Beilin LJ, Bergström A, et al. 

Impact of maternal body mass index and gestational weight gain on 

pregnancy complications: an individual participant data meta-analysis of 

European, North American and Australian cohorts. BJOG: An International 

Journal of Obstetrics and Gynaecology. 2019;126(8):984-995. 



281 

39. Saravanan P, on behalf of the Diabetes in Pregnancy Working Group and 

Maternal Medicine Clinical Study Group. Gestational diabetes: 

opportunities for improving maternal and child health. The Lancet Diabetes 

and Endocrinology. 2020;8(9):793-800. 

40. Stubert J, Reister F, Hartman S, Janni W. The Risks Associated With 

Obesity in Pregnancy. Deutsches Ärzteblatt International. 

2018;115(16):276-283. 

41. Najafi F, Hasani J, Izadi N, Hashemi-Nazari S-S, Namvar Z, Mohammadi 

S, et al. The effect of prepregnancy body mass index on the risk of 

gestational diabetes mellitus: A systematic review and dose-response 

meta-analysis. Obesity Reviews. 2019;20(3):472-486. 

42. Vats H, Saxena R, Sachdeva MP, Walia GK, Gupta V. Impact of maternal 

pre-pregnancy body mass index on maternal, fetal and neonatal adverse 

outcomes in the worldwide populations: A systematic review and meta-

analysis. Obesity Research & Clinical Practice. 2021;15(6):536-545. 

43. D’Souza R, Horyn I, Pavalagantharajah S, Zaffar N, Jacob C-E. Maternal 

body mass index and pregnancy outcomes: a systematic review and 

metaanalysis. American Journal of Obstetrics & Gynecology MFN. 

2019;1(4):100041. 

44. Shin D, Song WO. Prepregnancy body mass index is an independent risk 

factor for gestational hypertension, gestational diabetes, preterm labor, 

and small- and large-for-gestational-age infants. The Journal of Maternal 

Fetal & Neonatal Medicine. 2015;28(14):1679-1686. 

45. CEMACE. Maternal obesity in the UK: findings from a national project. 

London: Centre for Maternal and Child Enquires; 2010.  

46. Zhang Y, Xiao C-M, Zhang Y, Chen Q, Zhang X-Q, Li X-F, et al. Factors 

associated with gestational diabetes mellitus: A meta-analysis. Journal of 

Diabetes Research. 2021;6692695. 

47. Ahmed B, Sultana R, Greene MW. Adipose tissue and insulin resistance in 

obese. Biomedicine & Pharmacotherapy. 2021;137:111315. 

48. Catalano PM, Shankar K. Obesity and Pregnancy: mechanisms of short 

and long term adverse consequences for mother and child. BMJ. 

2017;356:j1. 



282 

49. Fair F, Soltani H. Nutrition and metabolism during pregnancy. Ch 23. In 

Rankin J (Ed.). Physiology in childbearing: with anatomy and related 

biosciences. Edinburgh: Elsevier; 2024. 

50. Yao D, Chang Q, Wu Q-J, Gao S-Y, Zhao H, Liu Y-S, et al. Relationship 

between Maternal Central Obesity and the Risk of Gestational Diabetes 

Mellitus: A Systematic Review and Meta-Analysis of Cohort Studies. 

Journal of Diabetes Research. 2020;6303820. 

51. Heslehurst N, Ngongalah L, Bigirumurame T, Nguyen G, Odeniyi A, Flynn 

A, et al. Association between maternal adiposity measures and adverse 

maternal outcomes of pregnancy: systematic review and meta analysis. 

Obesity Reviews. 2022;23(7):e13449. 

52. Rahnemaei FA, Abdi F, Pakzad R, Sharami SH, Mokhtari F, Kazemian E. 

Association of body composition in early pregnancy with gestational 

diabetes mellitus: A meta-analysis. PLoS ONE. 2022;17(8):e0271068. 

53. Vézina-Im L-A, Nicklas TA, Baranowski T. Intergenerational Effects of 

Health Issues Among Women of Childbearing Age: a Review of the 

Recent Literature. Current Nutrition Reports. 2018;7:274-285. 

54. Poorolajal J, Jenabi E. The association between body mass index and 

preeclampsia: a meta-analysis. The Journal of Maternal-Fetal & Neonatal 

Medicine. 2016;29(22):3670-3676. 

55. Schiavone MJ, Pérez MP, Aquieri A, Nosetto D, Pronotti MV, Mazzei M, et 

al. The Role of Obesity in the Development of Preeclampsia. Current 

Hypertension Reports. 2024. https://doi.org/10.1007/s11906-024-01299-z. 

56. Hayward CE, Higgins L, Cowley EJ, Greenwood SL, Mills TA, Sibley CP, 

et al. Chorionic plate arterial function is altered in maternal obesity. 

Placenta. 2013;34(3):281-287. 

57. Walani SR. Global burden of preterm birth. International Journal of 

Gynecology & Obstetrics. 2020;150(1):31-33.  

58. Vogel JP, Chawanpaiboon S, Moller A-B, Watananirun K, Bonet M, 

Lumbiganon P. The global epidemiology of preterm birth. Best Practice & 

Research Clinical Obstetrics & Gynaecology. 2018;52:3-12. 

59. Allotey J, Zamora J, Cheong-See F, Kalidindi M, Arroyo-Manzano D, 

Asztalos E, et al. Cognitive, motor, behavioural and academic 

performances of children born preterm: a meta-analysis and systematic 



283 

review involving 64,061 children. BJOG: An International Journal of 

Obstetrics and Gynaecology. 2018;125(1):16-25.  

60. Marchi J, Berg M, Dencker A, Olander EK, Begley C. Risks associated 

with obesity in pregnancy, for the mother and baby: a systematic review of 

reviews. Obesity Reviews. 2015;16(8):621-638. 

61. Pigatti Silva F, Souza RT, Cecatti JG, Passini Jr R, Tedesco RP, Lajos GJ, 

et al. Role of Body Mass Index and gestational weight gain on preterm 

birth and adverse perinatal outcomes. Scientific Reports. 2019;9:13093. 

62. Hong X, Hao K, Ji H, Peng S, Sherwood B, Di Narzo A, et al. Genome-

wide approach identifies a novel gene-maternal pre-pregnancy BMI 

interaction on preterm birth. Nature Communications. 2017;8:15608.  

63. Sandall J, Tribe RM, Avery L, Mola G, Visser GHA, Homer CSE, et al. 

Short-term and long-term effects of caesarean section on the health of 

women and children. The Lancet. 2018;392(10155):1349-1357.  

64. Kim SS, Zhu Y, Grantz KL, Hinkle SN, Chen Z, Wallace ME, et al. 

Obstetric and Neonatal Risks Among Obese Women Without Chronic 

Disease. Obstetrics & Gynecology. 2016;128(1):104-112. 

65. Chu SY, Kim SY, Schmid CH, Dietz PM, Callaghan WM, Lau J, et al. 

Maternal obesity and risk of cesarean delivery: a meta-analysis. Obesity 

Reviews. 2007;8(5):385-394. 

66. Lindberger E, Poromaa IS, Ahlsson F. Impact of maternal central adiposity 

on infant anthropometry and perinatal morbidity: A systematic review. 

European Journal of Obstetrics & Gynecology and Reproductive Biology: 

X. 2020;8:100117.  

67. Carlson NS, Hernandez TL, Hurt KJ. Parturition dysfunction in obesity: 

time to target the pathobiology. Reproductive Biology and Endocrinology. 

2015;13:1-4. 

68. Uyl N, de Jonge E, Uyl-de Groot C, van der Marel C, Duvekot J. Difficult 

epidural placement in obese and non-obese pregnant women: a 

systematic review and meta-analysis. International Journal of Obstetric 

Anesthesia. 2019;40:52-61.  

69. D’Souza R, Horyn I, Jacob C-E, Zaffar N, Horn D, Maxwell C. Birth 

outcomes in women with body mass index of 40kg/m² or greater stratified 



284 

by planned and actual mode of birth: a systematic review and meta-

analysis. Acta Obstetricia and Gynecologica Scandanavica. 

2021;100(2):200-209.  

70. Adane AA, Shepherd CCJ, Lim FJ, White SW, Farrant BM, Bailey HD. The 

impact of pre pregnancy body mass index and gestational weight gain on 

placental abruption risk: a systematic review and meta analysis. Archives 

of Gynecology and Obstetrics. 2019;300:1201-1210.  

71. Iacovelli A, Liberati M, Khalil A, Timor-Trisch I, Leombroni M, Buca D, et 

al. Risk factors for abnormally invasive placenta: a systematic review and 

meta-analysis. The Journal of Maternal-Fetal & Neonatal Medicine. 

2020;33(3):471-481.  

72. Wu Y, Kataria Y, Wang Z, Ming W-K, Ellervik C. Factors associated with 

successful vaginal birth after a cesarean section: a systematic review and 

meta-analysis. BMC Pregnancy and Childbirth. 2019;19:360.  

73. Ellis JA, Brown CM, Barger B, Carlson NS. In uence of Maternal Obesity 

on Labor Induction: A Systematic Review and Meta-Analysis. Journal of 

Midwifery & Women’s Health. 2019;64(1):55-67. 

74. Heslehurst N, Vieira R, Hayes L, Crowe L, Jones D, Robalino S, et al. 

Maternal body mass index and post-term birth: a systematic review and 

meta-analysis. Obesity Reviews. 2017;18(3):293-308.  

75. Muglu J, Rather H, Arroyo-Manzano D, Bhattacharya S, Balchin I, Khalil A, 

et al. Risks of stillbirth and neonatal death with advancing gestation at 

term: A systematic review and meta-analysis of cohort studies of 15 million 

pregnancies. PLoS Medicine. 2019;16(7):e1002838. 

76. United Nations Children’s Fund. From the first hour of life. Making the case 

for improved infant and young child feeding everywhere. New York: 

UNICEF; 2016.  

77. World Health Organization (WHO). The optimal duration of exclusive 

breastfeeding: Report of an expert consultation. Geneva: World Health 

Organization; 2001.  

78. Victora CG, Bahl R, Barros AJD, França GVA, Horton S, Krasevec J, et al. 

Breastfeeding in the 21st century: Epidemiology, mechanisms, and lifelong 

e ect. The Lancet. 2016;387(10017):475-490.  

79. Garcia AH, Voortman T, Baena CP, Chowdhurry R, Muka T, Jaspers L, et 

al. Maternal weight status, diet, and supplement use as determinants of 



285 

breastfeeding and complementary feeding: a systematic review and meta-

analysis. Nutrition Reviews. 2016;74(8):490-516.  

80. Huang Y, Ouyang Y-Q, Redding SR. Maternal Prepregnancy Body Mass 

Index, Gestational Weight Gain, and Cessation of Breastfeeding: A 

Systematic Review and Meta-Analysis. Breastfeeding Medicine. 

2019;14(6):366-374. 

81. Nomura K, Minamizono S, Nagashima K, Ono M, Kitano N. Maternal Body 

Mass Index and Breastfeeding Non-Initiation and Cessation: A 

Quantitative Review of the Literature. Nutrients. 2020;12(9):2684.  

82. Achike M, Akpinar-Elci M. The role of maternal prepregnancy body mass 

index in breastfeeding outcomes: a systematic review. Breastfeeding 

Medicine. 2021;16(9):678-686. 

83. Bish MR, Faulks F, Amir LH, Huxley RR, McIntyre HD, James R, et al. 

Relationship between obesity and lower rates of breast feeding initiation in 

regional Victoria, Australia: an 8-year retrospective panel study. BMJ 

Open. 2021;11:e044884.  

84. Hashemi-Nazari S-S, Hasani J, Izadi N, Najafi F, Rahmani J, Naseri P, et 

al. The effect of pre-pregnancy body mass index on breastfeeding 

initiation, intention and duration: A systematic review and dose-response 

meta-analysis. Heliyon. 2020;6(12):e05622.  

85. Bever Babendure J, Reifsnider E, Mendias E, Moramarco MW, Davila YR. 

Reduced breastfeeding rates among obese mothers: a review of 

contributing factors, clinical considerations and future directions. 

International Breastfeeding Journal. 2015;10:21.  

86. Segura Pérez S, Richter L, Rhodes EC, Hromi Fiedler A, Vilar Compte M, 

Adnew M, et al. Risk factors for self reported insufficient milk during the 

first 6 months of life: A systematic review. Maternal and Child Nutrition. 

2022;18(S3):e13353. 

87. Chang Y-S, Glaria AA, Davie P, Beake S, Bick D. Breastfeeding 

experiences and support for women who are overweight or obese: A 

mixed-methods systematic review. Maternal and Child Nutrition. 

2020;16(1):e12865. 

88. Keely A, Lawton J, Swanson V, Denison FC. Barriers to breast-feeding in 

obese women: A qualitative exploration. Midwifery. 2015;31(5):532-9. 



286 

89. Lyons S, Currie S, Smith DM. Learning from women with a body mass 

index (BMI)  30 kg/m2 who have breastfed and/or are breastfeeding: a 

qualitative interview study. Maternal and Child Health Journal. 

2019;23:648-56. 

90. Lyons S, Currie S, Peters S, Lavender T, Smith DM. The perceptions and 

experiences of women with a body mass index 30kg/m² who breastfeed: 

A meta-synthesis. Maternal and Child Nutrition. 2019;15(3):e12813.  

91. Lyons S, Currie S, Peters S, Lavender T, Smith DM. The association 

between psychological factors and breastfeeding behaviour in women with 

a body mass index (BMI) 30kgm-2: a systematic review. Obesity 

Reviews. 2018;19(7):947-959.  

92. Claesson IM, Larsson L, Steen L, Alehagen S. “You just need to leave the 

room when you breastfeed” Breastfeeding experiences among obese 

women in Sweden–A qualitative study. BMC Pregnancy and Childbirth. 

2018;18:1-0. 

93. McKenzie SA, Rasmussen KM, Garner CD. Experiences and perspectives 

about breastfeeding in “public”: a qualitative exploration among normal-

weight and obese mothers. Journal of Human Lactation. 2018;34(4):760-7. 

94. Andreas NJ, Hyde MJ, Gale C, Parkinson JRC, Jeffries S, Holmes E, et al. 

Effect of Maternal Body Mass Index on Hormones in Breast Milk: A 

Systematic Review. PLoS ONE. 2014;9(12):e115043.  

95. Amaral Y, Marano D, Oliveira E, Moreira ME. Impact of pre-pregnancy 

excessive body weight on the composition of polyunsaturated fatty acids in 

breast milk: a systematic review. International Journal of Food Sciences 

and Nutrition. 2019;71(2):186-192.  

96. Leghi GE, Netting MJ, Middleton PF, Wlodek ME, Geddes DT, 

Muhlhausler BS. The impact of maternal obesity on human milk 

macronutrient composition: A systematic review and meta-analysis. 

Nutrients. 2020;12(4):934.  

97. Daniel AI, Shama S, Ismail S, Bourdon C, Kiss A, Mwangome M, et al. 

Maternal BMI is positively associated with human milk fat: a systematic 

review and meta-regression analysis. The American Journal of Clinical 

Nutrition. 2021;113(4):1009-1022. 



287 

98. Steinig J, Nagl M, Linde K, Zietlow G, Kersting A. Antenatal and postnatal 

depression in women with obesity: a systematic review. Archives of 

Women’s Mental Health. 2017;20:569-585.  

99. Dachew BA, Ayano G, Betts K, Alati R. The impact of pre-pregnancy BMI 

on maternal depressive and anxiety symptoms during pregnancy and the 

postpartum period: A systematic review and meta-analysis. Journal of 

Affective Disorders. 2021;281:321-330.  

100. Faria-Schützer DB, Surita FG, Nascimento SL, Vieira CM, Turato E. 

Psychological issues facing obese pregnant women: a systematic review. 

The Journal of Maternal-Fetal & Neonatal Medicine. 2017;30(1):88-95.  

101. Nagl M, Linde K, Stepan H, Kersting A. Obesity and anxiety during 

pregnancy and postpartum: A systematic review. Journal of Affective 

Disorders. 2015;186:293-305. 

102. Lagadec N, Steinecker M, Kapassi A, Magnier AM, Chastang J, Robert S, 

et al. Factors influencing the quality of life of pregnant women: a 

systematic review. BMC Pregnancy and Childbirth. 2018;18:455.  

103. Allotey J, Stallings E, Bonet M, Yap M, Chatterjee S, Kew T, et al. Clinical 

manifestations, risk factors, and maternal and perinatal outcomes of 

coronavirus disease 2019 in pregnancy: living systematic review and 

meta-analysis. BMJ. 2021;370:m3320.  

104. Smith ER, Oakley E, Grandner GW, Rukundo G, Farooq F, Ferguson K, et 

al. Clinical risk factors of adverse outcomes among women with COVID-19 

in the pregnancy and postpartum period: a sequential, prospective meta-

analysis. American Journal of Obstetrics and Gynecology. 

2023;228(2):161-177. 

105. Turan O, Hakim A, Dashraath P, Jeslyn WJL, Wright A, Abdul-Kadir R. 

Clinical characteristics, prognostic factors, and maternal and neonatal 

outcomes of SARS CoV 2 infection among hospitalized pregnant women: 

A systematic review. International Journal of Gynecology and Obstetrics. 

2020;151(1):7-16.  

106. La Verde M, Riemma G, Torella M, Cianci S, Savoia F, Licciardi F, et al. 

Maternal death related to COVID-19: A systematic review and meta-

analysis focused on maternal co-morbidities and clinical characteristics. 

International Journal of Gynecology & Obstetrics. 2021;154(2):212-219.  



288 

107. Boots C, Stephenson MD. Does obesity increase the risk of miscarriage in 

spontaneous conception: a systematic review. Seminars in Reproductive 

Medicine. 2011;29(6):507-513. 

108. Huan Z, Yongping L, Lu L, Min Z, Xingzhi C, Yulong Q. Maternal pre-

pregnancy risk factors for miscarriage from a prevention perspective: a 

cohort study in China. European Journal of Obstetrics & Gynecology and 

Reproductive Biology. 2016;206:57-63. 

109. Cavalcante MB, Sarno M, Peixoto AB, Júnior EA, Barini R. Obesity and 

recurrent miscarriage: A systematic review and meta-analysis. The Journal 

of Obstetrics and Gynaecological Research. 2019;45(1):30-38.  

110. Lisonkova S, Muraca GM, Potts J, Liauw J, Chan W-S, Skoll A, et al. 

Association between prepregnancy body mass index and severe maternal 

morbidity. JAMA. 2017;318(18):1777-1786. 

111. Robijn AL, Bokern MP, Jensen ME, Barker D, Baines KJ, Murphy VE. Risk 

factors for asthma exacerbations during pregnancy: a systematic review 

and meta-analysis. European Respiratory Review. 2022;31:220039.  

112. Knight M, Nair M, Tuffnell D, Shakespeare J, Kenyon S, Kurinczuk JJ, 

(Eds.) on behalf of the MBRRACE-UK. Saving Lives, Improving Mothers’ 

Care. Lessons learned to inform maternity care from the UK and Ireland 

Confidential Enquiries into Maternal Deaths and Morbidity 2013–15. 

Oxford: National Perinatal Epidemiology Unit; 2017.  

113. Knight M, Bunch K, Tuffnell D, Shakespeare J, Kotnis R, Kenyon S, et al. 

(Eds.) on behalf of MBRRACE-UK. Saving Lives, Improving Mothers’ Care 

- Lessons learned to inform maternity care from the UK and Ireland 

Confidential Enquiries into Maternal Deaths and Morbidity 2015-17. 

Oxford: National Perinatal Epidemiology Unit; 2019.  

114. Knight M, Bunch K, Patel R, Shakespeare J, Kotnis R, Kenyon S, et al. 

(Eds.) on behalf of MBRRACE-UK. Saving Lives, Improving Mothers’ Care 

Core Report - Lessons learned to inform maternity care from the UK and 

Ireland Confidential Enquiries into Maternal Deaths and Morbidity 2018-

20. Oxford: National Perinatal Epidemiology Unit; 2022.  

115. Zhang C, Wu Y, Li S, Zhang D. Maternal pre-pregnancy obesity and the 

risk of shoulder dystocia: a meta-analysis. BJOG: An International Journal 

of Obstetrics and Gynaecology. 2018;125(4):407–413. 



289 

116. Ende H, Lozada MJ, Chestnut D, Osmundson S. Risk factors for atonic 

postpartum hemorrhage: A systematic review and meta-analysis. 

Obstetrics & Gynecology. 2021;137(2):305-323.  

117. Aune D, Mahamat-Saleh Y, Norat T, Riboli E. Body mass index, 

abdominal fatness, weight gain and the risk of urinary incontinence: a 

systematic review and dose-response meta-analysis of prospective 

studies. BJOG: An International Journal of Obstetrics and Gynaecology. 

2019;126(12):1424-1433.  

118. Barbosa L, Boaviagem A, Moretti E, Lemos A. Multiparity, age and 

overweight/obesity as risk factors for urinary incontinence in pregnancy: a 

systematic review and meta-analysis. International Urogynecology 

Journal. 2018;29:1413-1427.  

119. Wuytack F, Begley C, Daly D. Risk factors for pregnancy-related pelvic 

girdle pain: a scoping review. BMC Pregnancy and Childbirth. 

2020;20:739. 

120. Wuytack F, Daly D, Curtis E, Begley C. Prognostic factors for pregnancy-

related pelvic girdle pain, a systematic review. Midwifery. 2018;66:70-78.  

121. Li Z, Cheng Y, Wang D, Chen H, Chen H, Ming W-K, et al. Incidence Rate 

of Type 2 Diabetes Mellitus after Gestational Diabetes Mellitus: A 

Systematic Review and Meta-Analysis of 170,139 Women. Journal of 

Diabetes Research. 2020;3076463.  

122. Xu Y, Shen S, Sun L, Yang H, Jin B, Cao X. Metabolic Syndrome Risk 

after Gestational Diabetes: A Systematic Review and Meta-Analysis. PLoS 

ONE. 2014;9(1):e87863.  

123. Cattani L, Neefs L, Verbakel JY, Bosteels J, Deprest J. Obstetric risk 

factors for anorectal dysfunction after delivery: a systematic review and 

meta-analysis. International Urogynecology Journal. 2021;32:2325-2336.  

124. Negrato CA, Gomes MB. Low birth weight: causes and consequences. 

Diabetology & Metabolic Syndrome. 2013;5:49.  

125. Tsantekidou I, Evangelinakis N, Bargiota A, Vrachnis N, Kalantaridou S, 

Valsamakis G. Macrosomia and fetal growth restriction: evidence for 

similar extrauterine metabolic risks but with differences in pathophysiology. 

The Journal of Maternal-Fetal & Neonatal Medicine. 2022;35(25):8450-

8455. 



290 

126. Chiavaroli V, Derraik JGB, Hofman PL, Cutfield WS. Born large for 

gestational age: bigger is not always better. The Journal of Pediatrics. 

2016;170:307-311.  

127. Yu Z, Han S, Zhu J, Sun X, Ji C, Guo X. Pre-Pregnancy Body Mass Index 

in Relation to Infant Birth Weight and Offspring Overweight/Obesity: A 

Systematic Review and Meta-Analysis. PLoS ONE. 2013;8(4):e61627. 

128. Gaudet L, Ferraro ZM, Wen SW, Walker M. Maternal obesity and 

occurrence of fetal macrosomia: a systematic review and meta-analysis. 

Biomed Research International. 2014;640291.  

129. Liu P, Xu L, Wang Y, Zhang Y, Du Y, Sun Y, et al. Association between 

perinatal outcomes and maternal pre-pregnancy body mass index. Obesity 

Reviews. 2016;17(11):1091-1102. 

130. Dai R-X, He X-J, Hu C-L. Maternal pre-pregnancy obesity and the risk of 

macrosomia: a meta-analysis. Archives of Gynecology and Obstetrics. 

2018;297:139-145. 

131. Nguyen G, Hayes L, Ngongalah L, Bigirumurame T, Gaudet L, Odeniyi A, 

et al. Association between maternal adiposity measures and infant health 

outcomes: A systematic review and meta analysis. Obesity Reviews. 

2022;23(10):e13491. 

132. He X-J, Qin F-Y, Hu C-L, Zhu M, Tian C-Q, Li L. Is gestational diabetes 

mellitus an independent risk factor for macrosomia: a meta-analysis? 

Archives of Gynecology and Obstetrics. 2015;291:729-35. 

133. Leng J, Li W, Zhang S, Liu H, Wang L, Liu G, et al. GDM Women's pre-

pregnancy overweight/obesity and gestational weight gain on offspring 

overweight status. PLoS ONE. 2015;10(6):e0129536.  

134. Cook KM, LaMarre A, Rice C, Friedman M. "This isn't a high-risk body": 

Re-framing risk and reducing weight stigma in midwifery practice. 

Canadian Journal of Midwifery Research and Practice. 2019;18(1):26-34. 

135. Voldner N, Frøslie KF, Bø K, Haakstad L, Hoff C, Godang K, et al. 

Modifiable determinants of fetal macrosomia: role of lifestyle-related 

factors. Acta Obstetricia et Gynecologica Scandinavica. 2008;87(4):423-

429. 

136. Currie LM, Woolcott CG, Fell DB, Armson BA, Dodds L. The association 

between physical activity and maternal and neonatal outcomes: A 



291 

prospective cohort. Maternal and Child Health Journal. 2014;18:1823–

1830.  

137. Goto E. Dose–response association between maternal body mass index 

and small for gestational age: a meta-analysis. The Journal of Maternal-

Fetal & Neonatal Medicine. 2017;30(2):213-218. 

138. Higgins L, Mills TA, Greenwood SL, Cowley EJ, Sibley CP, Jones RL. 

Maternal obesity and its effect on placental cell turnover. The Journal of 

Maternal-Fetal & Neonatal Medicine. 2013;26(8):783-788. 

139. Hayward CE, Cowley EJ, Mills TA, Sibley CP, Wareing M. Maternal 

obesity impairs specific regulatory pathways in human myometrial arteries. 

Biology of Reproduction. 2014;90(3):65. 

140. Aune D, Saugstad OD, Henriksen T, Tonstad S. Maternal body mass 

index and the risk of fetal death, stillbirth, and infant death: a systematic 

review and meta-analysis. JAMA. 2014;311(15):1536-1546. 

141. Huo N, Zhang K, Wang L, Wang L, Lv W, Cheng W, et al. Association of 

Maternal Body Mass Index With Risk of Infant Mortality: A Dose-Response 

Meta-Analysis. Frontiers in Pediatrics. 2021;9:650413.  

142. Johansson S, Villamor E, Altman M, Bonamy A-KE, Granath F, 

Cnattingius S. Maternal overweight and obesity in early pregnancy and 

risk of infant mortality: a population based cohort study in Sweden. British 

Medical Journal. 2014;349:g6572. 

143. Meehan S, Beck CR, Mair-Jenkins J, Leonardi-Bee J, Puleston R. 

Maternal obesity and infant mortality: a meta-analysis. Pediatrics. 

2014;133(5):863-871.  

144. Zhu T, Tang J, Zhao F, Qu Y, Mu D. Association between maternal obesity 

and offspring Apgar core or cord pH: a systematic review and meta-

analysis. Scientific Reports. 2015;5:18386.  

145. Fonseca DG, Souza-Carmo MC, Ruas RN, Pereira SS, Teixeira LG, 

Alvarez-Leite EJ. The Potential Role of Leptin in the Regulation of 

Maternal Weight during Pregnancy and Its Impact on Neonate Weight and 

Apgar. Obesities. 2024;4(1):24-34. 

146. Zheng Z, Yang T, Chen L, Wang L, Zhang S, Wang T, et al. Increased 

maternal Body Mass Index is associated with congenital heart defects: An 

updated meta-analysis of observational studies. International Journal of 

Cardiology. 2018;273:112-120.  



292 

147. Zhu Y, Chen Y, Feng Y, Yu D, Mo X. Association between maternal body 

mass index and congenital heart defects in infants: A meta-analysis. 

Congenital Heart Disease. 2018;13(2):271–81. 

148. Liu X, Ding G, Yang W, Feng X, Li Y, Liu H, et al. Maternal body mass 

index and risk of congenital heart defects in infants: A dose-response 

meta-analysis. BioMed Research International. 2019;1315796.  

149. Cai G-J, Sun X-X, Zhang L, Hong Q. Association between maternal body 

mass index and congenital heart defects in offspring: a systematic review. 

American Journal of Obstetrics and Gynecology. 2014;211(2):91-117.  

150. Hedermann G, Hedley PL, Thagaard IN, Krebs L, Kvist Ekelund C, 

Sørensen TIA, et al. Maternal obesity and metabolic disorders associate 

with congenital heart defects in the offspring: A systematic review. PLoS 

ONE. 2021;16(5):e0252343. 

151. Xiao D, Qu Y, Huang L, Wang Y, Li X, Mu D. Association between 

maternal overweight or obesity and cerebral palsy in children: A meta-

analysis. PLoS ONE. 2018;13(10):e0205733. 

152. Jadresi  L, Au H, Woodhouse C, Nitsch D. Pre-pregnancy obesity and risk 

of congenital abnormalities of the kidney and urinary tract (CAKUT)—

systematic review, meta-analysis and ecological study. Pediatric 

Nephrology. 2021;36:119-132.  

153. Blanco R, Colombo A, Suazo J. Maternal obesity is a risk factor for 

orofacial clefts: a meta-analysis. British Journal of Oral and Maxillofacial 

Surgery. 2015;53(8):699-704. 

154. Izedonmwen OM, Cunningham C, Macfarlane TV. What is the Risk of 

Having Offspring with Cleft Lip/Palate in Pre-Maternal Obese/Overweight 

Women When Compared to Pre-Maternal Normal Weight Women? A 

Systematic Review and Meta-Analysis. Journal of Oral and Maxillofacial 

Research. 2015;6(1):e1.  

155. Chen C, Kaushal N, Scher DM, Doyle SM, Blanco JS, Dodwell ER, et al. 

Clubfoot Etiology: A Meta-Analysis and Systematic Review of 

Observational and Randomized Trials. Journal of Pediatric Orthopaedics. 

2018;38(8):e462-e469.  

156. Huang H-Y, Chen H-L, Feng L-P. Maternal obesity and the risk of neural 

tube defects in offspring: A meta-analysis. Obesity Research & Clinical 

Practice. 2017;11(2):188-197.  



293 

157. Vena F, D'Ambrosio V, Paladini V, Saluzzi E, Di Mascio D, Boccherini C, 

et al. Risk of neural tube defects according to maternal body mass index: 

A systematic review and meta-analysis. The Journal of Maternal-Fetal & 

Neonatal Medicine. 2022;35(25):7296-7305.  

158. van der Windt M, Schoenmakers S, van Rijn B, Galjaard S, Steegers-

Theunissen R, van Rossem L. Epidemiology and (patho) physiology of 

folic acid supplement use in obese women before and during pregnancy. 

Nutrients. 2021;13(2):331. 

159. Yang Y, Cai Z, Zhang J. The effect of prepregnancy body mass index on 

maternal micronutrient status: a meta-analysis. Scientific Reports. 

2021;11:18100. 

160. Aldhous MC, Hor K, Reynolds RM. Epigenetics and diet in pregnancy. In: 

Lammi-Keefe CJ, Couch SC, Kirwan JP, eds. Handbook of nutrition and 

pregnancy. Second Edition. Cham: Nutrition and Health, Humana Press; 

2018. pp 163-181.  

161. Mingot DL, Gesteiro E, Bastida S, Sánchez-Muniz FJ. Epigenetic effects of 

the pregnancy Mediterranean diet adherence on the offspring metabolic 

syndrome markers. Journal of Physiology and Biochemistry. 2017;73:495-

510. 

162. O’Reilly JR, Reynolds RM. The risk of maternal obesity to the long-term 

health of the offspring. Clinical Endocrinology. 2012;78(1):9-16. 

163. Heslehurst N, Vieira R, Akhter Z, Bailey H, Slack E, Ngongalah L, et al. 

The association between maternal body mass index and child obesity: A 

systematic review and meta-analysis. PLoS Medicine. 

2019;16(6):e1002817. 

164. Voerman E, Santos S, Patro Golab B, Amiano P, Ballester F, Barros H, et 

al. Maternal body mass index, gestational weight gain, and the risk of 

overweight and obesity across childhood: An individual participant data 

meta-analysis. PLoS Medicine. 2019;16(2):e1002744. 

165. Mannino A, Sarapis K, Moschonis G. The effect of maternal overweight 

and obesity pre-pregnancy and during childhood in the development of 

obesity in children and adolescents: A systematic literature review. 

Nutrients. 2022;14(23):5125.  

166. Castillo-Laura H, Santos IS, Quadros LCM, Matijasevich A. Maternal 

obesity and offspring body composition by indirect methods: a systematic 



294 

review and meta-analysis. Cadernos de Saúde Publica. 

2015;31(10):2073-2092. 

167. Golab BP, Santos S, Voerman E, Lawlor DA, Jaddoe VWV, Gaillard R, on 

behalf of the Maternal Obesity Childhood Outcomes (MOCO) Study Group 

Authors. Influence of maternal obesity on the association between 

common pregnancy complications and risk of childhood obesity: An 

individual participant data meta-analysis. The Lancet Childhood & 

Adolescent Health. 2018;2(11):812-821. 

168. Kawasaki M, Arata N, Miyazaki C, Mori R, Kikuchi T, Ogawa Y, et al. 

Obesity and abnormal glucose tolerance in offspring of diabetic mothers: A 

systematic review and meta-analysis. PLoS ONE. 2018;13(1):e0190676. 

169. Ziauddeen N, Roderick PJ, Macklon NS, Alwan NA. Predicting childhood 

overweight and obesity using maternal and early life risk factors: a 

systematic review. Obesity Reviews. 2018;19(3):302-312.  

170. Santos Ferreira DL, Williams DM, Kangas AJ, Soininen P, Ala-Korpela M, 

Davey Simth G, et al. Association of pre-pregnancy body mass index with 

offspring metabolic profile: Analyses of 3 European prospective birth 

cohorts. PLoS Medicine. 2017;14(8):e1002376.  

171. Mech P, Hooley M, Skouteris H, Williams J. Parent-related mechanisms 

underlying the social gradient of childhood overweight and obesity: a 

systematic review. Child: care, health and development. 2016;42(5):603-

624.  

172. Greenberg MVC, Bourc’his D. The diverse roles of DNA methylation in 

mammalian development and disease. Natural Reviews Molecular Cell 

Biology. 2019;20:590-607. 

173. Dunford AR, Sangster JM. Maternal and paternal periconceptional 

nutrition as an indicator of offspring metabolic syndrome risk in later life 

through epigenetic imprinting: A systematic review. Diabetes & Metabolic 

Syndrome: Clinical Research & Reviews. 2017;11(Supp 2):S655-S662. 

174. Fernandez-Jimenez N, Fore R, Cilleros-Portet A, Lepeule J, Perron P, 

Kvist T, et al. A meta-analysis of pre-pregnancy maternal body mass index 

and placental DNA methylation identifies 27 CpG sites with implications for 

mother-child health. Communications Biology. 2022;5:1313. 

175. Zhou J, Zhang F, Zhang S, Li P, Qin X, Yang M, et al. Maternal pre

pregnancy body mass index, gestational weight gain, and pubertal timing 



295 

in daughters: a systematic review and meta analysis of cohort studies. 

Obesity Reviews. 2022;23(5):e13418. 

176. Lahti-Pulkkinen M, Bhattacharya S, Wild SH, Lindsay RS, Räikkönen K, 

Norman JE, et al. Consequences of being overweight or obese during 

pregnancy on diabetes in the offspring: a record linkage study in 

Aberdeen, Scotland. Diabetologia. 2019;62:1412-1419. 

177. Kajantie E, Osmond C, Eriksson JG. Gestational hypertension is 

associated with increased risk of type 2 diabetes in adult offspring: the 

Helsinki Birth Cohort Study. American Journal of Obstetrics & Gynecology. 

2017;216(3):281.e1–281.e7. 

178. Hidayat K, Zou S-Y, Shi B-M. The influence of maternal body mass index, 

maternal diabetes mellitus, and maternal smoking during pregnancy on 

the risk of childhood-onset type 1 diabetes mellitus in the offspring: 

Systematic review and meta-analysis of observational studies. Obesity 

Reviews. 2019;20(8):1106-1120. 

179. Wang H, Zhang Z, Liu Y, Yang J, Zhang J, Clark C, et al. Pre-pregnancy 

body mass index in mothers, birth weight and the risk of type I diabetes in 

their offspring: A dose-response meta-analysis of cohort studies. Journal 

of Gynecology Obstetrics and Human Reproduction. 2021;50(2):101921.  

180. Eitmann S, Mátrai P, Németh D, Hegyi P, Lukács A, Bérczi B, et al. 

Maternal overnutrition elevates offspring’s blood pressure—A systematic 

review and meta analysis. Paediatric and Perinatal Epidemiology. 

2022;36(2):276-287. 

181. Ludwig-Walz H, Nyasordzi J, Weber KS, Buyken AE, Kroke A. Maternal 

pregnancy weight or gestational weight gain and offspring's blood 

pressure: A systematic review. Nutrition, Metabolism and Cardiovascular 

Diseases. 2022;32(4):833-852. 

182. Àlvarez-Bueno C, Cavero-Redondo I, de la Criz LL, Notario-Pacheco B, 

Martínez-Vizcaíno V. Association between pre-pregnancy overweight and 

obesity and children’s neurocognitive development: a systematic review 

and meta-analysis of observational studies. International Journal of 

Epidemiology. 2017;46(5):1653-1666. 

183. Sanchez CE, Barry C, Sabhlok A, Russel K, Majors A, Kollins SH, et al. 

Maternal pre-pregnancy obesity and child neurodevelopmental outcomes: 

a meta-analysis. Obesity Reviews. 2018;19(4):464-484. 



296 

184. Zhang S, Lin T, Zhang Y, Liu X, Huang H. Effects of parental overweight 

and obesity on offspring’s mental health: A meta-analysis of observational 

studies. PLoS ONE. 2022;17(12):e0276469. 

185. Adane AA, Mishra GD, Tooth LR. Maternal pre-pregnancy obesity and 

childhood physical and cognitive development of children: a systematic 

review. International Journal of Obesity. 2016;40:1608-1618. 

186. Jenabi E, Bashirian S, Khazaei S, Basiri Z. The maternal prepregnancy 

body mass index and the risk of attention deficit hyperactivity disorder 

among children and adolescents: a systematic review and meta-analysis. 

Korean Journal of Pediatrics. 2019;62(10):374-379. 

187. Li L, Lagerberg T, Chang Z, Cortese S, Rosenqvist MA, Almqvist C, et al. 

Maternal pre-pregnancy overweight/obesity and the risk of attention-

deficit/hyperactivity disorder in offspring: a systematic review, meta-

analysis and quasi-experimental family-based study. International Journal 

of Epidemiology. 2020;49(3):857-875.  

188. Wang Y, Tang S, Xu S, Weng S, Liu Z. Maternal body mass index and risk 

of autism spectrum disorders in offspring: A meta-analysis. Scientific 

Reports. 2016;6:34248.  

189. Li Y-M, Ou J-J, Liu L, Zhang D, Zhao J-P, Tang S-Y. Association between 

maternal obesity and autism spectrum disorder in offspring: A meta-

analysis. Journal of Autism & Developmental Disorders. 2016;46:95-102.  

190. Andersen CH, Thomsen PH, Nohr EA, Lemcke S. Maternal body mass 

index before pregnancy as a risk factor for ADHD and autism in children. 

European Child & Adolescent Psychiatry. 2018;27:139-148.  

191. Xu R-T, Chang Q-X, Wang Q-Q, Zhang J, Xia L-X, Zhong N, et al. 

Association between hypertensive disorders of pregnancy and risk of 

autism in offspring: a systematic review and meta-analysis of 

observational studies. Oncotarget. 2018;9(1):1291-1301. 

192. Liu S, Zhou B, Wang Y, Wang K, Zhang Z, Niu W. Pre-pregnancy 

maternal weight and gestational weight gain increase the risk for childhood 

asthma and wheeze: An updated meta-analysis. Frontiers in Pediatrics. 

2020;8:134.  

193. Chen W, Wang L, Yao H, Dai H, Zheng R, Zhang W. Prepregnancy BMI, 

gestational weight gain and risk of childhood atopic dermatitis: A 



297 

systematic review and meta analysis. Pediatric Allergy and Immunology. 

2021;32(5):892-904. 

194. Miao J, Chen Y, Liu X, Ye C, Zhou X, Yang Z, et al. Maternal Body Mass 

Index, Gestational Weight Gain, and Risk of Cancer in Offspring: A 

Systematic Review and Meta-Analysis. Nutrients. 2023;15(7):1601. 

195. Marley AR, Domingues A, Ghosh T, Turcotte LM, Spector LG. Maternal 

body mass index, diabetes, and gestational weight gain and risk for 

pediatric cancer in offspring: A systematic review and meta-analysis. JNCI 

Cancer Spectrum. 2022;6(2):pkac020. 

196. Morgan KL, Rahman MA, Macey S, Atkinson MD, Hill RA, Khanom A, et 

al. Obesity in pregnancy: a retrospective prevalence-based study on 

health service utilisation and costs on the NHS. BMJ Open. 

2014;4(2):e003983. 

197. Lindholm ES, Altman D, Norman M, Blomberg M. Health Care 

Consumption during Pregnancy in relation to Maternal Body Mass Index: 

A Swedish Population Based Observational Study. Journal of Obesity. 

2015;2015:215683.  

198. Denison FC, Norwood P, Bhattacharya S, Duffy A, Majmood T, Morris C, 

et al. Association between maternal body mass index during pregnancy, 

short-term morbidity, and increased health service costs: a population-

based study. BJOG: An International Journal of Obstetrics and 

Gynaecology. 2014;121(1):72-82. 

199. Duncan C. Obesity in pregnancy increases NHS costs by 37%. 2014. 

Available from: https://www-2018.swansea.ac.uk/press-office/news-

archive/2014/obesityinpregnancyincreasesnhscostsby37.php#:~:text=The

%20average%20costs%20to%20the,%C2%A3286%20million%20per%20

year  

200. Morgan KL, Rahman MA, Hill RA, Khanom A, Lyons RA, Brophy ST. 

Obesity in pregnancy: infant health service utilisation and costs on the 

NHS. BMJ Open. 2015;5(11):e008357.  

201. Kuhle S, Muir A, Woolcott CG, Brown MM, McDonald SD, Abdolell M, et 

al. Maternal pre-pregnancy obesity and health care utilization and costs in 

the offspring. International Journal of Obesity. 2019;43:735–743.  

202. Rasmussen KM, Yaktin AL - Institute of Medicine and National Research 

Council Committee to Reexamine IOM Pregnancy Weight Guidelines. 



298 

Weight gain during pregnancy: Re-examining the Guidelines. Washington 

DC: The National Academies Press; 2009.  

203. Bogaerts A, Ameye L, Martens E, Devlieger R. Weight loss in obese 

pregnant women and risk for adverse perinatal outcomes. Obstetrics & 

Gynecology. 2015;125(3):566-75.  

204. Oken E, Kleinman KP, Belfort MB, Hammitt JK, Gillman MW. Associations 

of gestational weight gain with short- and longer-term maternal and child 

health outcomes. American Journal of Epidemiology. 2009;170(2):173-

180. 

205. Devlieger R, Ameye L, Nuyts T, Goemaes R, Bogaerts A. Reappraisal of 

gestational weight gain recommendations in obese pregnant women: a 

population-based study of 337,590 births. Obesity Facts. 2020;13(4):333-

348. 

206. Kapadia MZ, Park CK, Beyene J, Giglia L, Maxwell C, McDonald SD. 

Weight Loss Instead of Weight Gain within the Guidelines in Obese 

Women during Pregnancy: A Systematic Review and Meta-Analyses of 

Maternal and Infant Outcomes. PLoS ONE. 2015;10(7):e0132650.  

207. Kapadia MZ, Park CK, Beyene J, Giglia L, Maxwell C, McDonald SD. Can 

we safely recommend gestational weight gain below the 2009 guidelines 

in obese women? A systematic review and meta-analysis. Obesity 

Reviews. 2015;16(3):189-206.  

208. Martínez-Hortelano JA, Cavero-Redondo I, Álvarez-Bueno C, Garrido-

Miguel M, Soriano-Cano A, Martínez-Vizcaíno V. Monitoring gestational 

weight gain and prepregnancy BMI using the 2009 IOM guidelines in the 

global population: a systematic review and meta-analysis. BMC 

Pregnancy and Childbirth. 2020;20:649. 

209. Rogozi ska E, Zamora J, Marlin N, Betrán AP, Astrup A, Bogaerts A, et al. 

Gestational weight gain outside the Institute of Medicine recommendations 

and adverse pregnancy outcomes: analysis using individual participant 

data from randomised trials. BMC Pregnancy and Childbirth. 2019;19:322.  

210. Kowal C, Kuk J, Tamim H. Characteristics of weight gain in pregnancy 

among Canadian women. Maternal and Child Health Journal. 

2012;16(3):668–676. 

211. Morisset A-S, Dubois L, Colapinto CK, Luo Z-C, Fraser WD. Prepregnancy 

Body Mass Index as a Significant Predictor of Total Gestational Weight 



299 

Gain and Birth Weight. Canadian Journal of Dietetic Practice and 

Research. 2017;78(2):66-73.  

212. Branum AM, Sharma AJ, Deputy NP. Gestational weight gain among 

women with fullterm, singleton births compared with recommendations–48 

states and the District of Columbia, 2016. MMWR (Morbidity and Mortality 

Weekly Report). 2016;65(40):1121. 

213. Ritcher EM. Predictors of Excessive Gestational Weight Gain and Infant 

Birth Weight in Overweight and Obese Postpartum Mothers. [Masters 

Thesis] Cincinnati: University of Cincinnati; 2013. Available on: 

https://etd.ohiolink.edu/acprod/odb_etd/etd/r/1501/10?clear=10&p10_acce

ssion_num=ucin1385114439. [Accessed 7th November 2023]. 

214. Santos S, Eekhout I, Voerman E, Gaillard R, Barros H, Charles M-A, et al. 

Gestational weight gain charts for different body mass index groups for 

women in Europe, North America, and Oceania. BMC Medicine. 

2018;16:201.  

215. Samura T, Steer J, Michelis LD, Carroll L, Holland E, Perkins R. Factors 

Associated With Excessive Gestational Weight Gain: Review of Current 

Literature. Global Advances in Health and Medicine. 2016;5(10):87-93. 

216. Hill B, Bergmeier H, McPhie S, Fuller-Tyszkiewicz M, Teede H, Forster D, 

et al. Is parity a risk factor for excessive weight gain during pregnancy and 

postpartum weight retention? A systematic review and meta-analysis. 

Obesity Reviews. 2017;18(7):755-764. 

217. O’Brien EC, Alberdi G, McAuliffe FM. The influence of socioeconomic 

status on gestational weight gain: a systematic review. Journal of Public 

Health. 2018;40(1):41-55.  

218. Arzhang P, Ramezan M, Borazjani M, Jamshidi S, Bavani NG, 

Rahmanabadi A, et al. The association between food insecurity and 

gestational weight gain: A systematic review and meta-analysis. Appetite. 

2022;176:106124. 

219. Kirchengast S, Hartmann B. Determinants of gestational weight gain with 

special respect to maternal stature height and its consequences for 

newborn vital parameters. Anthropological Review. 2013;76(2):151-162. 

220. Heery E, Kelleher CC, Wall PG, McAuliffe FM. Prediction of gestational 

weight gain – a biopsychosocial model. Public Health Nutrition. 

2015;18(Supp 8):1488-1498. 



300 

221. Rogozi ska E, Marlin N, Jackson L, Rayanagoudar G, Ruifrok AE, Dodds 

J, et al. Effects of antenatal diet and physical activity on maternal and fetal 

outcomes: individual patient data meta-analysis and health economic 

evaluation. Health Technology Assessment. 2017;21(41):1-158.  

222. Fealy S, Attia J, Leigh L, Oldmeadow C, Hazelton M, Foureur M, et al. 

Demographic and social-cognitive factors associated with gestational 

weight gain in an Australian pregnancy cohort. Eating Behaviors. 

2020;39:101430. 

223. Hartley E, McPhie S, Skouteris H, Fuller-Tyszkiewicz M, Hill B. 

Psychosocial risk factors for excessive gestational weight gain: A 

systematic review. Women and Birth. 2015;28(4):e99-e109.  

224. Kapadia MZ, Gatson A, Van Blyderveen S, Schmidt L, Beyene J, 

McDonald H, et al. Psychological antecedents of excess gestational 

weight gain: a systematic review. BMC Pregnancy and Childbirth. 

2015;15:107. 

225. Ren M, Li H, Cai W, Niu X, Ji W, Zhang Z, et al. Excessive gestational 

weight gain in accordance with the IOM criteria and the risk of 

hypertensive disorders of pregnancy: a meta-analysis. BMC Pregnancy 

and Childbirth. 2018;18:281. 

226. Mustafa HJ, Seif K, Javinani A, Aghajani F, Orlinsky R, Alvarez MV, et al. 

Gestational weight gain below instead of within the guidelines per class of 

maternal obesity: a systematic review and meta-analysis of obstetrical and 

neonatal outcomes. American Journal of Obstetrics & Gynecology MFM. 

2022;4(5):100682. 

227. MacDonald SC, Bodnar LM, Himes KP, Hutcheon JA. Patterns of 

gestational weight gain in early pregnancy and risk of gestational diabetes 

mellitus. Epidemiology. 2017;28(3):419–427.  

228. Brunner S, Stecher L, Ziebarth S, Nehring I, Rifas-Shirman SL, Sommer 

C, et al. Excessive gestational weight gain prior to glucose screening and 

the risk of gestational diabetes: a meta-analysis. Diabetologia. 

2015;58:2229–2237.  

229. Faucher MA, Hastings-Tolsma M, Song JJ, Willoughby DS, Bader SG. 

Gestational weight gain and preterm birth in obese women: a systematic 

review and meta-analysis. BJOG: An International Journal of Obstetrics 

and Gynaecology. 2016;123(2):99–206. 



301 

230. Faucher MA, Barger MK. Gestational weight gain in obese women by 

class of obesity and select maternal/newborn outcomes: A systematic 

review. Women and Birth. 2015;28(3):e70–e79. 

231. Su L, Zhang Y, Chen C, Lu L, Sutton D, D'Alton M, et al. Gestational 

weight gain and mode of delivery by the class of obesity: A meta analysis. 

Obesity Reviews. 2022;23(12):e13509.  

232. Xu H, Arkema EV, Cnattingius S, Stephansson O, Johansson K. 

Gestational weight gain and delivery outcomes: A population based cohort 

study. Paediatric and Perinatal Epidemiology. 2021;35(1):47-56. 

233. Brown A, Rance J, Warren L. Body image concerns during pregnancy are 

associated with a shorter breast feeding duration. Midwifery. 

2015;31(1):80-9. 

234. Zimmerman E, Rodgers RF, O’Flynn J, Bourdeau A. Weight-related 

concerns as barriers to exclusive breastfeeding at 6 months. Journal of 

Human Lactation. 2019;35(2):284-91. 

235. Farias DR, Carrilho TRB, Freitas-Costa NC, Batalha MA, Gonzalez M, Kac 

G. Maternal mental health and gestational weight gain in a Brazilian 

Cohort. Scientific Reports. 2021;11:10787. 

236. Qiu X, Zhang S, Yan J. Gestational weight gain and risk of postpartum 

depression: A meta-analysis of observational studies. Psychiatry 

Research. 2022;310:114448. 

237. Salihu HM, Diamond E, August EM, Rahman S, Mogos MF, Mbah AK. 

Maternal pregnancy weight gain and the risk of placental abruption. 

Nutrition Reviews. 2013;71(Suppl. 1):S9-17. 

238. Hung T-H, Chen S-F, Hsu J-J, Hsieh T-T. Gestational weight gain and 

risks for adverse perinatal outcomes: a retrospective cohort study based 

on the 2009 Institute of Medicine guidelines. Taiwanese Journal of 

Obstetrics and Gynecology. 2015;54(4):421-425. 

239. Goldstein R, Teede H, Thangaratinam S, Boyle J. Excess gestational 

weight gain in pregnancy and the role of lifestyle interventions. Seminars 

in Reproductive Medicine. 2016;34(2):e14-e21.  

240. Nehring I, Schmoll S, Beyerlein A, Hauner H, von Kries R. Gestational 

weight gain and long-term postpartum weight retention: a meta-analysis. 

American Journal of Clinical Nutrition. 2011;94(5):1225-1231.  



302 

241. Gilmore LA, Klempel-Donchenko M, Redman LM. Pregnancy as a window 

to future health: excessive gestational weight gain and obesity. Seminars 

in Perinatology. 2015;39(4):296-303. 

242. Kominiarek MA, Peaceman AM. Gestational weight gain. American 

Journal of Obstetrics & Gynecology. 2017;217(6):642-651. 

243. Cnattingius S, Villamor E. Weight change between successive 

pregnancies and risks of stillbirth and infant mortality: a nationwide cohort 

study. The Lancet. 2016;387(10018):558-565.  

244. Oteng-Ntim E, Mononen S, Sawicki O, Seed PT, Bick D, Poston L. 

Interpregnancy weight change and adverse pregnancy outcomes: a 

systematic review and meta-analysis. BMJ Open. 2018;8:e018778.  

245. Teulings NEWD, Masconi KL, Ozanne SE, Aiken CE, Wood AM. Effect of 

interpregnancy weight change on perinatal outcomes: systematic review 

and meta-analysis. BMC Pregnancy and Childbirth. 2019;19:386.  

246. Xu Z, Wen Z, Zhou Y, Li D, Luo Z. Inadequate weight gain in obese 

women and the risk of small for gestational age (SGA): a systematic 

review and meta-analysis. The Journal of Maternal-Fetal & Neonatal 

Medicine. 2017;30(3):357-367.  

247. Chen W, Li B, Gan K, Liu J, Yang Y, Lv X, et al. Gestational Weight Gain 

and Small for Gestational Age in Obese Women: A Systematic Review 

and Meta-Analysis. International Journal of Endocrinology. 

2023;2023:3048171. 

248. Goldstein RF, Abell SK, Ranasinha S, Misso ML, Boyle JA, Harrison CL, 

et al. Gestational weight gain across continents and ethnicity: systematic 

review and meta-analysis of maternal and infant outcomes in more than 

one million women. BMC Medicine. 2018;16:153.  

249. Yao R, Park BY, Foster SE, Caughey AB. The association between 

gestational weight gain and risk of stillbirth: a population-based cohort 

study. Annals of Epidemiology. 2017;27(10):638-644.e1. 

250. Ukah UV, Bayrampour H, Sabr Y, Razaz N, Chan W-S, Lim KI, et al. 

Association between gestational weight gain and severe adverse birth 

outcomes in Washington State, US: A population-based retrospective 

cohort study, 2004–2013. PLOS Medicine. 2019;16(12):e1003009. 



303 

251. Chen H-Y, Chauhan SP. Association between gestational weight gain 

adequacy and adverse maternal and neonatal outcomes. American 

Journal of Perinatology. 2019;36(6):615-623.  

252. Lau EY, Liu J, Archer E, McDonald SM, Liu J. Maternal weight gain in 

pregnancy and risk of obesity among offspring: A systematic review. 

Journal of Obesity. 2014;524939.  

253. Mamun AA, Mannan M, Doi SAR. Gestational weight gain in relation to 

offspring obesity over the life course: a systematic review and bias-

adjusted meta-analysis. Obesity Reviews. 2014;15(4):338-347.  

254. Kheirouri S, Alizadeh M. Maternal excessive gestational weight gain as a 

risk factor for autism spectrum disorder in offspring: a systematic review. 

BMC Pregnancy and Childbirth. 2020;20:645.  

255. Martínez-Hortelano JA, Álvarez-Bueno C, Cavero-Redondo I, Herráiz-

Adillo Á, Berlanga-Macías C, Martínez-Vizcaíno V. Gestational weight gain 

and offspring’s cognitive skills: A systematic review and meta-analysis. 

BMC Pediatrics. 2020;20:533 

256. Kunath J, Günther J, Rauh K, Hoffmann J, Stecher L, Rosenfeld E, et al. 

Effects of a lifestyle intervention during pregnancy to prevent excessive 

gestational weight gain in routine care – the cluster-randomised GeliS trial. 

BMC Medicine. 2019;17:5.  

257. Ferrara A, Hedderson MM, Brown SD, Ehrlich SF, Tsai A-L, Feng J, et al. 

A telehealth lifestyle intervention to reduce excess gestational weight gain 

in pregnant women with overweight or obesity (GLOW): a randomised, 

parallel-group, controlled trial. The Lancet Diabetes & Endocrinology. 

2020;8(6):490-500.  

258. Sandborg J, Söderström E, Henriksson P, Bendtsen M, Henström M, 

Leppänen MH, et al. Effectiveness of a Smartphone App to Promote 

Healthy Weight Gain, Diet, and Physical Activity During Pregnancy 

(HealthyMoms): Randomized Controlled Trial. JMIR Mhealth and Uhealth. 

2021;9(3):e26091.  

259. Ruchat S-M, Mottola MF, Skow RJ, Nagpal TS, Meah VL, James M, et al. 

Effectiveness of exercise interventions in the prevention of excessive 

gestational weight gain and postpartum weight retention: a systematic 

review and meta-analysis. British Journal of Sports Medicine. 

2018;52(21):1347-1356.  



304 

260. Craemer KA, Sampene E, Safdar N, Antony KM, Wautlet CK. Nutrition and 

exercise strategies to prevent excessive pregnancy weight gain: A meta-

analysis. American Journal of Perinatology Reports. 2019;9(1):e92-e120.  

261. Nasiri-Amiri F, Sepidarkish M, Shirvani MA, Habibipour P, Tabari NSM. 

The effect of exercise on prevention of gestational diabetes in obese and 

overweight pregnant women: a systematic review and meta-analysis. 

Diabetology & Metabolic Syndrome. 2019;11:72.  

262. Bennett CJ, Walker RE, Blumfield ML, Ma J, Wang F, Wan Y, et al. 

Attenuation of maternal weight gain impacts infant birthweight: systematic 

review and meta-analysis. Journal of Developmental Origins of Health and 

Disease. 2019;10:387-405.  

263. Chen Y, Ma G, Hu Y, Yang Q, Deavila JM, Zhu MJ, et al. Effects of 

maternal exercise during pregnancy on perinatal growth and childhood 

obesity outcomes: a meta-analysis and meta-regression. Sports Medicine. 

2021;51(11):2329-2347.  

264. Walker R, Bennett C, Blumfield M, Gwini S, Ma J, Wang F, et al. 

Attenuating pregnancy weight gain – what works and why: A systematic 

review and meta-analysis. Nutrients. 2018;10(7):944.  

265. Soltani H, Arden MA, Duxbury AMS, Fair FJ. An analysis of behaviour 

change techniques used in a sample of gestational weight management 

trials. Journal of Pregnancy. 2016;1085916. 

266. Brownfoot FC, Davey M-A, Kornman L. Routine weighing to reduce 

excessive antenatal weight gain: a randomised controlled trial. BJOG: An 

International Journal of Obstetrics and Gynaecology. 2016;123(2):254-

261. 

267. Arthur C, Di Corleto E, Ballard E, Kothari A. A randomised controlled trial 

of daily weighing in pregnancy to control gestational weight gain. BMC 

Pregnancy and Childbirth. 2020;20:223.  

268. Daley AJ, Jolly K, Jebb SA, Lewis AL, Clifford S, Roalfe AK, et al. 

Feasibility and acceptability of regular weighing, setting weight gain limits 

and providing feedback by community midwives to prevent excess weight 

gain during pregnancy: randomised controlled trial and qualitative study. 

BMC Obesity. 2015;2:35 

269. Daley AJ, Jolly K, Jebb SA, Roalfe AK, Mackillop L, Lewis A, et al. 

Effectiveness of a behavioural intervention involving regular weighing and 



305 

feedback by community midwives within routine antenatal care to prevent 

excessive gestational weight gain: POPS2 randomised controlled trial. 

BMJ Open. 2019;9(9):e030174.  

270. National Institute for Health and Care Excellence (NICE). Maternal and 

child nutrition. NICE public health guidance, PH11. London: National 

Institute for Health and Care Excellence; 2008, last updated 2014. 

271. National Institute for Health and Care Excellence (NICE). Surveillance 

report 2017 - Weight management before, during and after pregnancy 

(2010) NICE guideline PH27, Appendix 1. London: National Institute for 

Health and Care Excellence; 2017. Available from: 

https://www.nice.org.uk/guidance/PH27/evidence [Accessed 7th 

November 2023]. 

272. Public Health England. Physical activity guidelines: pregnancy and after 

childbirth; 2019. Available from: 

https://www.gov.uk/government/publications/physical-activity-guidelines-

pregnancy-and-after-childbirth [Accessed 7th November 2023]. 

273. National Institute for Health and Care Excellence (NICE). Behaviour 

change: individual approaches. NICE public health guidance, PH49. 

London: National Institute for Health and Care Excellence; 2014. 

274. Scott C, Andersen CT, Valdez N, Mardones F, Nohr EA, Poston L, et al. 

No global consensus: a cross-sectional survey of maternal weight policies. 

BMC Pregnancy and Childbirth. 2014;14:167.  

275. Grammatikopoulou MG, Theodoridis X, Gkiouras K, Lampropoulou M, 

Petalidou A, Patelida M, et al. Methodological quality of clinical practice 

guidelines for nutrition and weight gain during pregnancy, a systematic 

review. Nutrition Reviews. 2020;78(7):546-562. 

276. Simon A, Pratt M, Hutton B, Skidmore B, Fakhraei R, Rybak N, et al. 

Guidelines for the management of pregnant women with obesity: A 

systematic review. Obesity Reviews. 2020;21(3):e12972.  

277. Koletzko B, Godfrey KM, Poston L, Szajewska H, van Goudoever JB, de 

Waard M, et al. Nutrition during pregnancy, lactation and early childhood 

and its implications for maternal and long-term child health: the early 

nutrition project recommendations. Annals of Nutrition & Metabolism. 

2019;74(2):93-106. 



306 

278. Gete DG, Waller M, Mishra GD. Effects of maternal diets on preterm birth 

and low birth weight: a systematic review. British Journal of Nutrition. 

2020;123(4):446-461. 

279. Smith S, Heslehurst N, Wilkinson JR, Ells LJ. North East Maternal Obesity 

Community Services Audit: A Questionnaire Audit and Qualitative Study. 

North East Public Health Observatory; 2009. ISBN: 978-1-903945-72-8.  

280. Weeks A, Liu RH, Ferraro ZM, Deonandan R, Adamo KB. Inconsistent 

weight communication among prenatal healthcare providers and patients. 

A narrative review. Obstetrical and Gynecological Survey. 

2018;73(8):423–432. 

281. Jones C, Jomeen J. Women with a BMI 30kg/m² and their experience of 

maternity care: A meta ethnographic synthesis. Midwifery. 2017;53:87-95. 

282. Saw L, Aung W, Sweet L. What are the experiences of women with 

obesity receiving antenatal maternity care? A scoping review of qualitative 

evidence. Women and Birth. 2021;34(5):435-446.  

283. Dadouch R, Hall C, Du Mont J, D'Souza R. Obesity in pregnancy–patient-

reported outcomes in qualitative research: a systematic review. Journal of 

Obstetrics and Gynaecology Canada. 2020;42(8):1001-1011. 

284. Fair F, Soltani H. A meta review of systematic reviews of lifestyle 

interventions for reducing gestational weight gain in women with 

overweight or obesity. Obesity Reviews. 2021;22(5):e13199. 

285. Shea BJ, Reeves BC, Wells G, Thuku M. Hamel C, Moran J, et al. 

AMSTAR 2: A critical appraisal tool for systematic reviews that include 

randomised or non-randomised studies of healthcare interventions, or 

both. BMJ. 2017;358:j4008. 

286. Schünemann H, Bro ek J, Guyatt G, Oxman A, editor(s). Handbook for 

grading the quality of evidence and the strength of recommendations 

using the GRADE approach (updated October 2013). GRADE Working 

Group; 2013. Available from: 

https://gdt.gradepro.org/app/handbook/handbook.html [Accessed 31st July 

2023]. 

287. Merriam SB, Tisdell EJ. Qualitative research: a guide to design and 

implementation. Fourth Edition. San Francisco CA: John Wiley and Sons; 

2016.  



307 

288. Grant C, Osanloo A. Understanding, selecting, and integrating a 

theoretical framework in dissertation research: creating the blueprint for 

your “house”. Administrative Issues Journal: Connecting Education, 

Practice and Research. 2014;4(2):12-26.  

289. Anfara VA, Mertz NT. (Eds). Theoretical frameworks in qualitative 

research. 2nd Edition. London: SAGE; 2015.  

290. Michie S, van Stralen MM, West R. The behaviour change wheel: A new 

method for characterising and designing behaviour change interventions. 

Implementation Science. 2011;6:42.  

291. West R, Michie S. A brief introduction to the COM-B model of behaviour 

and the PRIME theory of motivation. Qeios. 2020. 

doi:10.32388/WW04E6.2  

292. Kennelly MA, Ainscough K, Lindsay K, Gibney E, McCarthy M, McAuliffe 

FM. Pregnancy, exercise and nutrition research study with smart phone 

app support (Pears): Study protocol of a randomized controlled trial. 

Contemporary Clinical Trials. 2016;46:92-99.  

293. Flannery C, McHugh S, Anaba AE, Clifford E, O’Riordan M, Kenny LC, et 

al. Enablers and barriers to physical activity in overweight and obese 

pregnant women: an analysis informed by the theoretical domains 

framework and COM-B model. BMC Pregnancy and Childbirth. 

2018;18:178.  

294. Kingsland M, Hollis J, Farragher E, Wolfenden L, Campbell K, Pennell C, 

et al. An implementation intervention to increase the routine provision of 

antenatal care addressing gestational weight gain: study protocol for a 

stepped-wedge cluster trial. Implementation Science Communications. 

2021;2:118.  

295. Saarikko J, Niela-Vilén H, Rahmani AM, Axelin A. Identifying target 

behaviors for weight management interventions for women who are 

overweight during pregnancy and the postpartum period: a qualitative 

study informed by the Behaviour Change Wheel. BMC Pregnancy and 

Childbirth. 2021;21:200.  

296. McLeroy KR, Bibeau D, Steckler A, Glanz K. An ecological perspective on 

health promotion programs. Health Education Quarterly. 1988;15(4):351-

377. 



308 

297. Evenson KR, Moos M-K, Carrier K, Siega-Riz AM. Perceived barriers to 

physical activity among pregnant women. Maternal and Child Health 

Journal. 2009;13(3):364-375. 

298. Goodrich K, Cregger M, Wilcox S, Liu J. A qualitative study of factors 

affecting pregnancy weight gain in African American women. Maternal and 

Child Health Journal. 2013;17(3):432-440.  

299. Hill B. Expanding our understanding and use of the ecological systems 

theory model for the prevention of maternal obesity: A new socioecological 

framework. Obesity Reviews. 2021;22(3):e13147.  

300. Creswell JW, Plano Clark VL. Designing and conducting mixed methods 

research. Third Edition. London: SAGE Publications; 2017. 

301. Tashakkori A, Teddie C. Mixed Methodology. Combining qualitative and 

quantitative approaches. Thousand Oaks: SAGE Publications; 1998. 

302. Mertens DM, Tarsilla M. Mixed methods evaluation. Ch 24 In Hesse-Biber 

SN, Johnson RB (Eds) The Oxford handbook of multimethod and mixed 

methods research inquiry. Oxford: Oxford University Press; 2015. 

303. Greene JC, Caracelli VJ. Defining and Describing the paradigm issue in 

mixed-method evaluation. New Directions for Evaluation. 1997;74(Special 

Issue: Advances in mixed-methods evaluation: The challenges and 

benefits of integrating diverse paradigms):5-17. 

304. Kuhn TS. The structure of scientific revolutions. 2nd Edition. Chicago: The 

University of Chicago Press; 1970.  

305. Morgan DL. Paradigms lost and pragmatism regained. Methodological 

implications of combining qualitative and quantitative methods. Journal of 

Mixed Methods Research. 2007;1(1):48-76.  

306. Creswell JW, Creswell JD. Research Design. Qualitative, quantitative and 

mixed methods approaches. 5th Edition. London: SAGE Publications; 

2018. 

307. Teddie C, Tashakkori A. Foundations of mixed methods research. 

Integrating quantitative and qualitative approaches in the social and 

behavioural sciences. Los Angeles: SAGE; 2009. 

308. Teddie C, Tashakkori A. Overview of Contemporary Issues in Mixed 

Methods Research. Ch 1. In Tashakkori A, Teddie C (Eds.). SAGE 

handbook of mixed methods in social & behaviour research. 2nd Edition 

(p1-41). Thousand Oaks, California: SAGE; 2010. 



309 

309. Sale J, Lohfeld L, Brazil K. Revisiting the quantitative-qualitative debate: 

Implications for mixed methods. Quality & Quantity. 2002;36(1):43-53. 

310. Crotty M. The foundations of social research. Meaning and perspective in 

the research process. London: SAGE publications; 1998.  

311. Lincoln YS, Lynham SA, Guba EG. Paradigmatic controversies, 

contradictions, and emerging confluences, revisited. Ch 5. In Denzin NK, 

Lincoln YS (Eds.) The Sage handbook of qualitative research. Fifth 

Edition. (pp. 108–150). Thousand Oaks: Sage Publications Inc.; 2018. 

312. Phillips DC, Burbules NC. Postpositivism and educational research. 

Lanham, Maryland: Rowman & Littlefield Publishers, Inc.; 2000. 

313. Guba EG, Lincoln YS. Competing paradigms in qualitative research. Ch 6. 

In Denzin NK, Lincoln YS (Eds.). Handbook of qualitative research. (pp. 

105–117). Thousand Oaks: Sage Publications Ltd.; 1994. 

314. Guba EG, Lincoln YS. Paradigmatic controversies, contradictions, and 

emerging confluences. Ch 8. In Denzin NK, Lincoln YS (Eds.). The Sage 

handbook of qualitative research. Third Edition. (pp. 191–215). Thousand 

Oaks: Sage Publications Ltd.; 2005.  

315. Shannon-Baker P. Making Paradigms Meaningful in Mixed Methods 

Research. Journal of Mixed Methods Research. 2016;10(4):319-334.  

316. Greene JC, Hall JN. Dialectics and pragmatism: Being of consequence. 

Ch 5. In Tashakkori A & Teddlie C (Eds.). Sage handbook of mixed 

methods in social & behavioral research. 2nd edition. (pp. 119-144). 

Thousand Oaks, CA: Sage Publications Ltd.; 2010.  

317. Trochim WM, Donnelly JP, Arora K. Research methods: the essential 

knowledge base. Student Edition. Boston, MA: Cengage Learning; 2016. 

318. Wheeldon J, Åhlberg MK. Visualizing Social Science Research: Maps, 

Methods, & Meaning. London: SAGE Publications Ltd.; 2012. 

319. Public Health England. Public Health Outcomes Framework. 2015. 

Available from: https://fingertips.phe.org.uk/profile/public-health-outcomes-

framework [Accessed 7th November 2023]. 

320. Office for National Statistics (ONS). Census 2011 data. 2011. Available 

online from:  https://www.nomisweb.co.uk/census/2011/qs201ew 

[Accessed 7th November 2023]. 

321. Soltani H, Duxbury AMS, Arden MA, Dearden A, Furness PJ, Garland C. 

Maternal Obesity Management Using Mobile Technology: A Feasibility 



310 

Study to Evaluate a Text Messaging Based Complex Intervention during 

Pregnancy. Journal of Obesity. 2015;215:814830. 

322. Thangaratinam S, Rogozi ska E, Jolly K, Glinkowski S, Roseboom T, 

Tomlinson JW, et al. Effects of interventions in pregnancy on maternal 

weight and obstetric outcomes: Meta-analysis of randomised evidence. 

British Medical Journal. 2012;344:e2088. 

323. Office for Health Improvements and Disparities (OHID). Patterns and 

trends in child obesity. A presentation of data from the 2020 to 2021 

National Child Measurement Programme. London: Office for Health 

Improvements & Disparities; 2022.  

324. Tamminen KA, Poucher ZA. Research philosophies. In: Hackfort D, 

Schinke R, (Eds.). The Routledge International Encyclopedia of Sport and 

Exercise Psychology. Volume 1: Theoretical and Methodological 

Concepts. International perspectives on key issues in sport and exercise 

psychology. Abingdon: Routledge; 2020.  

325. Denzin NK, Lincoln YS. Introduction: The Discipline and Practice of 

Qualitative Research. In: Denzin NK, Lincoln YS, editors. The SAGE 

Handbook of Qualitative Research. 5th Edition. pp. 1-26. London: SAGE 

Publications Ltd; 2018.  

326. Poucher ZA, Tamminen KA, Caron JG, Sweet SN. Thinking through and 

designing qualitative research studies: A focused mapping review of 30 

years of qualitative research in sport psychology. International Review of 

Sport and Exercise Psychology. 2020;13(1):163-86. 

327. McCabe JL, Holmes D. Reflexivity, critical qualitative research and 

emancipation: a Foucauldian perspective. Journal of Advanced Nursing. 

2009;65(7):1518-1526. 

328. Dodgson JE. Reflexivity in qualitative research. Journal of Human 

Lactation. 2019;35(2):220-222.  

329. Tomlinson J, Medlinskiene K, Cheong V-L, Khan S, Fylan B. Patient and 

public involvement in designing and conducting doctoral research: the 

whys and the hows. Research Involvement and Engagement. 2019;5:23.  

330. Beauchamp TL, Childress JF. Principles of Biomedical Ethics. 5th Edition. 

Oxford: Oxford University Press; 2001. 

331. Houser J. Nursing Research: Reading, Using and Creating Evidence. 4th 

Edition. Burlington, Massachusetts: Jones & Bartlett Learning; 2016.  



311 

332. The Stationery Office (TSO). Data Protection Act Chapter 29. London: 

TSO; 1998. 

333. Fair FJ, Soltani H. A retrospective comparative study of antenatal healthy 

lifestyle service interventions for women with a raised body mass index. 

Women and Birth. 2024;37(1):197-205.  

334. Fair FJ, Soltani H. Association of child weight with attendance at a healthy 

lifestyle service and sociodemographic characteristics among women with 

obesity during pregnancy. Maternal and Child Nutrition. 

2024;20(2):e13629.  

335. Fair FJ, Watson H, Marvin-Dowle K, Spencer R, Soltani H. “Everything is 

revolved around me being heavy… it’s always, always spoken about.” 

Qualitative experiences of weight management during pregnancy in 

women with a BMI of 40kg/m² or above. PLoS ONE. 

2022;17(6):e0270470.  

336. Fair FJ, Soltani H. Factors associated with gestational weight gain in 

women with morbid obesity. Journal of Obstetrics and Gynaecology. 

2023;43(2):2288228.  

337. Olander EK, Atkinson L, French DP. Evaluation of ‘Just4Mums’–A 

community based healthy eating and physical activity course for obese 

pregnant women. Pregnancy Hypertension: An International Journal of 

Women's Cardiovascular Health. 2014;4(3):236-237. 

338. McGiveron A, Foster S, Pearce J, Taylor MA, McMullen S, Langley-Evans 

SC. Limiting antenatal weight gain improves maternal health outcomes in 

severely obese pregnant women: findings of a pragmatic evaluation of a 

midwife-led intervention. Journal of Human Nutrition and Dietetics. 

2015;28(Supp 1):29-37. 

339. Denison FC, MacGregor H, Stirrat LI, Stevenson K, Norman JE, Reynolds 

RM. Does attendance at a specialist antenatal clinic improve clinical 

outcomes in women with class III obesity compared with standard care? A 

retrospective case-note analysis. BMJ Open. 2017;7(5):e015218. 

340. Cahill AG, Haire-Joshu D, Cade WT, Stein RI, Woolfolk CL, Moley K, et al. 

Weight Control Program and Gestational Weight Gain in Disadvantaged 

Women with Overweight or Obesity: A Randomized Clinical Trial. Obesity. 

2018;26(3):485-491. 



312 

341. Trak-Fellermeier MA, Campos M, Meléndez M, Pomeroy J, Palacios C, 

Rivera-Viñas J, et al. PEARLS randomized lifestyle trial in pregnant 

Hispanic women with overweight/obesity: gestational weight gain and 

offspring birthweight. Diabetes, Metabolic Syndrome and Obesity. 

2019;12:225-238. 

342. Janumula I, Toto-Ramos T, Widen E, Rosenn B, Crane J, Horowitz M. 

Increased Visceral Adipose Tissue Without Weight Retention at 59 Weeks 

Postpartum. Obesity. 2020;28(3):552-562.  

343. Okesene-Gafa KAM, Li M, McKinlay CJD, Taylor RS, Rush EC, Wall CR, 

et al. Effect of antenatal dietary interventions in maternal obesity on 

pregnancy weight-gain and birthweight: Healthy Mums and Babies 

(HUMBA) randomized trial. American Journal of Obstetrics & Gynecology. 

2019;221(2):152.e1-152.13. 

344. Simpson SA, Coulman E, Gallagher D, Jewell K, Cohen D, Newcombe 

RG, et al. Healthy eating and lifestyle in pregnancy (HELP): a cluster 

randomised trial to evaluate the effectiveness of a weight management 

intervention for pregnant women with obesity on weight at 12 months 

postpartum. International Journal of Obesity. 2021;45:1728–1739. 

345. Sandborg J, Henriksson P, Söderström E, Migueles JH, Bendtsen M, 

Blomberg M, et al. The effects of a lifestyle intervention (the HealthyMoms 

app) during pregnancy on infant body composition: Secondary outcome 

analysis from a randomized controlled trial. Pediatric Obesity. 

2022;17(6):e12894.  

346. Bailey C, Skouteris H, Teede H, Hill B, De Courten B, Walker R, et al. Are 

lifestyle interventions to reduce excessive gestational weight gain cost 

effective? A systematic review. Current Diabetes Reports. 2020;20:6. 

347. Puhl RM, Heuer CA. Obesity Stigma: Important Considerations for Public 

Health. American Journal of Public Health. 2010;100(6):1019-1028.  

348. Heslehurst N, Newham J, Maniatopoulos G, Fleetwood C, Robalino S, 

Rankin J. Implementation of pregnancy weight management and obesity 

guidelines: a meta-synthesis of healthcare professionals' barriers and 

facilitators using the Theoretical Domains Framework. Obesity Reviews. 

2014;15(6):462–486. 



313 

349. Hill B, Incollingo Rodriguez AC. Weight stigma across the preconception, 

pregnancy, and postpartum periods: A narrative review and conceptual 

model. Seminars in Reproductive Medicine. 2021;38(06):414-422.  

350. Parker G, Pausé C. Productive but not constructive: The work of shame in 

the affective governance of fat Pregnancy. Feminism & Psychology. 

2019;29(2):250–268. 

351. Foucault M. Truth and power., In Rabinow P, Rose N (Eds.). The essential 

Foucault: Selections from essential works of Foucault, 1954–1984. pp. 

300-318. New York: The New Press; 2003. 

352. Ward P, McPhail D. Fat shame and blame in reproductive care: 

Implications for ethical health care interactions. Women's Reproductive 

Health. 2019;6(4):225-241.  

353. Jette S, Rail G. Resisting, reproducing, resigned? Low-income pregnant 

women's discursive constructions and experiences of health and weight 

gain. Nursing Inquiry. 2014;21(3):202–211.  

354. LaMarre A, Rice C, Cook K, Friedman M. Fat reproductive justice: 

Navigating the boundaries of reproductive health care. Journal of Social 

Issues. 2020;76(2: Special Issue: Reproductive Justice):338-362.  

355. Foucault M. The History of Sexuality, volume 1: The Will to Knowledge. 

[Translated by R Hurley]. London: Penguin Group; 1976/1978. 

356. Lauridsen DS. Between blame and care: women’s ‘needs talk’ about 

obesity interventions in prenatal care. Sociology of Health & Illness. 

2020;42(4):7580771.  

357. Olander EK. Maternal obesity and stigma. Ch 34. (pp. 335-341). In. 

Mahmood TA, Arulkumaran S, Chervenak FA. (Eds). Obesity and 

Obstetrics. 2nd Edition. Amsterdam: Elsevier; 2020.  

358. Norris G. “Labelled High-Risk” Exploring perception of risk during childbirth 

in women with a BMI>35kg/m². [PhD thesis] Edinburgh: Edinburgh Napier 

University; 2019. Available on: https://napier-

repository.worktribe.com/output/2389217/labelled-high-risk-exploring-

perception-of-risk-during-childbirth-in-women-with-a-bmi35kgmxb2. 

[Accessed 3rd July 2023].  

359. Albury C, Strain WD, Le Brocq S, Logue J, Lloyd C, Tahrani A, et al. The 

importance of language in engagement between health-care professionals 



314 

and people living with obesity: a joint consensus statement. The Lancet 

Diabetes & Endocrinology. 2020;8(5):447-455.  

360. Parker G. Mothers at Large: Responsibilizing the pregnant self for the 

“Obesity Epidemic”. Fat Studies. 2014;3(2):101-118.  

361. World Health Organization (WHO). Weight bias and obesity stigma: 

considerations for the WHO European Region. Regional Office for Europe: 

World Health Organization; 2017.  

362. O'Keeffe M, Flint SW, Watts K, Rubino F. Knowledge gaps and weight 

stigma shape attitudes toward obesity. The Lancet Diabetes and 

Endocrinology. 2020;8(5):363-365.  

363. Weso owska E, Jankowska A, Trafalska E, Ka u ny P, Grzesiak M, 

Dominowska J, et al. Sociodemographic, lifestyle, environmental and 

pregnancy-related determinants of dietary patterns during pregnancy. 

International Journal of Environmental Research and Public Health. 

2019;16(5):754. 

364. Stråvik M, Jonsson K, Hartvigsson O, Sandin A, Wold AE, Sandberg A-S, 

et al. Food and Nutrient Intake during Pregnancy in Relation to Maternal 

Characteristics: Results from the NICE Birth Cohort in Northern Sweden. 

Nutrients. 2019;11(7):1680.  

365. Deierlein AL, Ghassabian A, Kahn LG, Afanasyeva Y, Mehta-Lee SS, 

Brubaker SG, et al. Dietary Quality and Sociodemographic and Health 

Behavior Characteristics Among Pregnant Women Participating in the 

New York University Children’s Health and Environment Study. Frontiers 

in Nutrition. 2021;8:639425. 

366. Aubert AM, Chen L-W, Shivappa N, Cooper C, Crozier SR, Duijts L, et al. 

Predictors of maternal dietary quality and dietary inflammation during 

pregnancy: An individual participant data meta-analysis of seven 

European cohorts from the ALPHABET consortium. Clinical Nutrition. 

2022;41(9):1991-2002. 

367. Puhl R, Suh Y. Health Consequences of Weight Stigma: Implications for 

Obesity Prevention and Treatment. Current Obesity Reports. 2015;4:182–

190. 

368. Incollingo Rodriguez AC, Dunkel Schetter C, Brewis A, Tomiyama AJ. The 

psychological burden of baby weight: Pregnancy, weight stigma, and 

maternal health. Social Science & Medicine. 2019;235:112401. 



315 

369. Wu Y-K, Berry DC. Impact of weight stigma on physiological and 

psychological health outcomes for overweight and obese adults: A 

systematic review. Journal of Advanced Nursing. 2017;74(5):1030-1042.  

370. Phelan SM, Burgess DJ, Yeazel MW, Hellerstedt WL, Griffin JM, van Ryn 

M. Obesity stigma and patient care. Obesity Reviews. 2015;16(4):319-

326. 

371. Parker G. Shamed into health? Fat pregnant women’s views on obesity 

management strategies in maternity care. Women's Studies Journal. 

2017;31(1):22-33.  

372. Abenhaim HA, Benjamin A. Higher caesarean section rates in women with 

higher body mass index: are we managing labour differently? Journal of 

Obstetrics and Gynaecology Canada. 2011;33(5):443-448. 

373. Deputy NP, Sharma AJ, Kim SY, Olson CK. Achieving Appropriate 

Gestational Weight Gain: The Role of Healthcare Provider Advice. Journal 

of Women's Health. 2018;27(5):552-560.  

374. Dieterich R, Demirci J. Communication practices of healthcare 

professionals when caring for overweight/ obese pregnant women: A 

scoping review. Patient Education and Counselling. 2020;103(10):1902-

1912. 

375. Willcox JC, Ball K, Campbell KJ, Crawfrod DA, Wilkinson SA. Correlates of 

pregnant women’s gestational weight gain knowledge. Midwifery. 

2017;49:32-39.  

376. Emery RL, Benno MT, Salk RH, Kolko RP, Levine MD. Healthcare 

provider advice on gestational weight gain: uncovering a need for more 

effective weight counselling. Journal of Obstetrics and Gynaecology. 

2018;38(7):916-921.  

377. Lucas C, Charlton KE, Yeatman H. Nutrition Advice During Pregnancy: Do 

Women Receive it and Can Health Professionals Provide it? Maternal and 

Child Health Journal. 2014;18:2465–2478.  

378. Guthrie TM, de Jersey SJ, New K, Gallegos D. Midwife readiness to 

provide woman-centred weight gain support: Exploring perspectives 

across models of care. Women and Birth. 2020;33(6):e567-e573.  

379. Dencker A, Premberg Å, Olander EK, McCourt C, Haby K, Dencker S, et 

al. Adopting a healthy lifestyle when pregnant and obese – an interview 



316 

study three years after childbirth. BMC Pregnancy and Childbirth. 

2016;16:201.  

380. Atkinson L, French DP, Ménage D, Olander EK. Midwives’ experiences of 

referring obese women to either a community or homebased antenatal 

weight management service: implications for service providers and 

midwifery practice. Midwifery. 2017;49:102-109. 

381. McCann MT, Newson L, Burden C, Rooney JS, Charnley MS, Abayomi 

JC. A qualitative study exploring midwives' perceptions and knowledge of 

maternal obesity: Reflecting on their experiences of providing healthy 

eating and weight management advice to pregnant women. Maternal and 

Child Nutrition. 2018;14(2):e12520.  

382. Murray-Davis B, Berger H, Melamed N, Mawjee K, Syed M, Barrett J, et al. 

Gestational weight gain counselling practices among different antenatal 

health care providers: a qualitative grounded theory study. BMC 

Pregnancy and Childbirth. 2020;20:102.  

383. Olander EK, Hill B, Skouteris H. Healthcare professional training regarding 

gestational weight gain: Recommendations and future directions. Current 

Obesity Reports. 2021;10:116-124. 

384. Patel C, Atkinson L, Olander EK. An exploration of obese pregnant 

women’s views of being referred by their midwife to a weight management 

service. Sexual & Reproductive Healthcare. 2013;4(4):139-140. 

385. Arabin B, Timmesfeld N, Noever K, Behnam S, Ellermann C, Jenny MA. 

How to improve health literacy to reduce short- and long-term 

consequences of maternal obesity? The Journal of Maternal-Fetal & 

Neonatal Medicine. 2019;32(17):2935-2942.  

386. Yazdizadeh B, Walker R, Skouteris H, Olander EK, Hill B. Interventions 

improving health professionals’ practice for addressing patients’ weight 

management behaviours: systematic review of reviews. Health Promotion 

International. 2021;36(1):165–177. 

387. Caterson ID, Alfadda AA, Auerbach P, Coutinho W, Cuevas A, Dicker D, 

et al. Gaps to bridge: Misalignment between perception, reality and 

actions in obesity. Diabetes, Obesity and Metabolism. 2019;21(8):1914-

1924.  

388. Olander EK, Scamell M. Teaching students about maternal obesity without 

creating obesity stigma. Nurse Education Today. 2016;42:59-61. 



317 

389. Scamell M, Olander E. Teaching about obesity: Caring, compassion, 

communication and courage in midwifery education. British Journal of 

Midwifery. 2016;24(7):494-499. 

390. Marshall NE, Abrams B, Barbour LA, Catalano P, Christian P, Freidman 

JE. The importance of nutrition in pregnancy and lactation: lifelong 

consequences. American Journal of Obstetrics and Gynecology. 

2022;226(5):607-632. 

391. Heslehurst N, Crowe L, Robalino S, Sniehotta FF, McColl E, Rankin J. 

Interventions to change maternity healthcare professionals’ behaviours to 

promote weight-related support for obese pregnant women: a systematic 

review. Implementation Science. 2014;9:97. doi: 10.1186/s13012-014-

0097-9.  

392. Kominiarek MA, O’Dwyer LC, Simon MA, Plunkett BA. Targeting obstetric 

providers in interventions for obesity and gestational weight gain: A 

systematic review. PLoS ONE. 2018;13(10):e0205268. 

393. Heslehurst N, McParlin C, Sniehotta FF, Rankin J, McColl E. Midwives’ 

survey of their weight management practice before and after the 

GLOWING guideline implementation intervention: A pilot cluster 

randomised controlled trial. PLoS ONE. 2023;18(1):e0280624.  

394. Olander EK, Berg F, Berg M, Dencker A. Offering weight management 

support to pregnant women with high body mass index: A qualitative study 

with midwives. Sexual & Reproductive Healthcare. 2019;20:81-86. 

395. Birch JM, Jones RA, Mueller J, McDonald MD, Richards R, Kelly MP, et al. 

A systematic review of inequalities in the uptake of, adherence to, and 

effectiveness of behavioral weight management interventions in adults. 

Obesity Reviews. 2022;23(6):e13438.  

396. Vanstone M, Kandasamy S, Giacomini M, DeJean D, McDonald SD. 

Pregnant women's perceptions of gestational weight gain: A systematic 

review and meta-synthesis of qualitative research. Maternal and Child 

Nutrition. 2017;13(4):e12374.  

397. McKerracher L, Moffat T, Barker M, McConnell M, Atkinson SA, Murray-

Davis B, et al. Knowledge about the Developmental Origins of Health and 

Disease is independently associated with variation in diet quality during 

pregnancy. Maternal and Child Nutrition. 2020;16(2):e12891.  



318 

398. Gesche J, Renault K, Nørgaard K, Nilas L. Representativeness of 

Participants in a Lifestyle Intervention Study in Obese Pregnant Women - 

the Difference between Study Participants and Non-Participants. Obesity 

Facts. 2014;7(6):351-360.  

399. Wahedi M. Should midwives consider associated psychological factors 

when caring for women who are obese? British Journal of Midwifery. 

2016;24(10):724-735.  

400. Bergmeier H, Hill B, Haycraft E, Blewitt C, Lim S, Meyer C, et al. Maternal 

body dissatisfaction in pregnancy, postpartum and early parenting: An 

overlooked factor implicated in maternal and childhood obesity risk. 

Appetite. 2020;147:104525.  

401. McCloud MB. Health behaviour change in pregnant women with obesity. 

Nursing For Women’s Health. 2018;22(6):471-480.  

402. Diesel JC, Bodnar LM, Day NL, Larkby CA. Childhood maltreatment and 

the risk of pre-pregnancy obesity and excessive gestational weight gain. 

Maternal and Child Nutrition. 2016;12(3):558–568.  

403. Harrison AL, Taylor NF, Shields N, Frawley HC. Attitudes, barriers and 

enablers to physical activity in pregnant women: a systematic review. 

Journal of Physiotherapy. 2018;64(1):24–32.  

404. Coll CVN, Domingues MR, Gonçalves H, Bertoldi AD. Perceived barriers 

to leisure-time physical activity during pregnancy: A literature review of 

quantitative and qualitative evidence. Journal of Science and Medicine in 

Sport. 2017;20(1):17-25.  

405. Atkinson L, Olander EK, French DP. Acceptability of a weight 

management intervention for pregnant and post-natal women with BMI> 

30kg/m2: A qualitative evaluation of a service delivered in primary care 

settings which meets current UK public health guidelines. Maternal and 

Child Health Journal. 2016;20(1):88-96. 

406. Olander EK, Atkinson L. Obese women's reasons for not attending a 

weight management service during pregnancy. Acta Obstetricia et 

Gynecologica Scandinavica. 2013;92(10):1227-1230. 

407. Blondin JH, LoGiudice JA. Pregnant women's knowledge and awareness 

of nutrition. Applied Nursing Research. 2018;39:167-174.  



319 

408. Hackley B, Kennedy HP, Berry DC, D’Eramo Melkus G. A Mixed-Methods 

Study on Factors Influencing Prenatal Weight Gain in Ethnic-Minority 

Women. Journal of Midwifery and Women’s Health. 2014;59(4):388-398.  

409. Malek L, Umberger WJ, Makrides M, ShaoJia Z. Predicting healthy eating 

intention and adherence to dietary recommendations during pregnancy in 

Australia using the Theory of Planned Behaviour. Appetite. 2017;116:431-

441.  

410. Meander L, Lindqvist M, Mogren I, Sandlund J, West CE, Domellöf M. 

Physical activity and sedentary time during pregnancy and associations 

with maternal and fetal health outcomes: an epidemiological study. BMC 

Pregnancy and Childbirth. 2021;21:166.  

411. Blau LE, Hormes JM. Preventing Excess Gestational Weight Gain and 

Obesity in Pregnancy: the Potential of Targeting Psychological 

Mechanisms. Current Obesity Reports. 2020;9:522–529.  

412. Hill B, Skouteris H, Teede H, Savaglio M, Harrison CL. Optimising weight 

gain in pregnancy: key challenges and solutions for maternal obesity 

prevention. Public Health Research & Practice. 2022;32(3): e323222. 

413. Michie S, Richardson M, Johnston M, Abraham C, Francis J, Hardeman 

W, et al. The Behavior Change Technique Taxonomy (v1) of 93 

Hierarchically Clustered Techniques: Building an International Consensus 

for the Reporting of Behavior Change Interventions. Annals of Behavioral 

Medicine. 2013;46(1):81-95. 

414. Zinsser LA, Stoll K, Wieber F, Pehlke-Milde J, Gross MM. Changing 

behaviour in pregnant women: A scoping review. Midwifery. 

2020;85:102680. 

415. Rockliffe L, Peters S, Heazell AEP, Smith DM. Understanding pregnancy 

as a teachable moment for behaviour change: a comparison of the COM-B 

and teachable moments models. Health Psychology and Behavioral 

Medicine. 2022;10(1):41-59.  

416. Keely A, Cunningham-Burley S, Elliott L, Sandall J, Whittaker A. “If she 

wants to eat… and eat and eat… fine! It's gonna feed the baby”: Pregnant 

women and partners' perceptions and experiences of pregnancy with a 

BMI> 40kg/m². Midwifery. 2017;49:87-94. 

417. Rockliffe L, Peters S, Smith DM, Heal C, Heazell AE. Investigating the 

utility of the COM B and TM model to explain changes in eating behaviour 



320 

during pregnancy: A longitudinal cohort study. British Journal of Health 

Psychology. 2022;27(3):1077-1099. 

418. Confidential Enquiry into Maternal and Child Health. Saving Mothers’ 

Lives: Reviewing maternal deaths to make motherhood safer - 2003-2005. 

The seventh report of the Confidential Enquiries into Maternal Deaths in 

the United Kingdom. London: CEMACH. 2007. 

419. Skivington K, Matthews L, Simpson SA, Craig P, Baird J, Blazeby JM, et 

al. A new framework for developing and evaluating complex interventions: 

update of Medical Research Council guidance. BMJ. 2021;374:n2061. 

420. Stamm R, Coppell K, Paterson H. Minimization of bias in measures of 

gestational weight gain. Obesity Reviews. 2020;21(10):e13056. 

421. Whigham LD, Schoeller DA, Johnson LK, Atkinson RL. Effect of clothing 

weight on body weight. International Journal of Obesity. 2013;37:160–161. 

422. Orsama A-L, Mattila E, Ermes M, Van Gils M, Wansink B, Korhonen I. 

Weight rhythms: weight increases during weekends and decreases during 

weekdays. Obesity Facts. 2014;7(1):36-47. 

423. Turicchi J, O’Driscoll R, Horgan G, Duarte C, Palmeira AL, Larsen SC, et 

al. Weekly, seasonal and holiday body weight fluctuation patterns among 

individuals engaged in a European multi-centre behavioural weight loss 

maintenance intervention. PLoS ONE. 2020;15(4):e0232152.  

424. Rogerson D, Maçãs D, Milner M, Liu Y, Klonizakis M. Contrasting effects 

of short-term Mediterranean and vegan diets on microvascular function 

and cholesterol in younger adults: A comparative pilot study. Nutrients. 

2018;10(12):1897. 

425. Liu L, Zhou Y, He L. Mediterranean diet for the prevention of gestational 

diabetes: a meta-analysis of randomized controlled trials. The Journal of 

Maternal-Fetal & Neonatal Medicine. 2022;35(26):10247-10252.  

426. Zaragoza-Martí A, Ruiz-Ródenas N, Herranz-Chofre I, Sánchez-

SanSegundo M, Serrano Delgado VdlC, Hurtado-Sánchez JA. Adherence 

to the Mediterranean Diet in Pregnancy and Its Benefits on Maternal-Fetal 

Health: A Systematic Review of the Literature. Frontiers in Nutrition. 

2022;9:813942.  

427. Raghavan R, Dreibelbis C, Kingshipp BL, Wong YP, Abrams B, Gernand 

AD, et al. Dietary patterns before and during pregnancy and maternal 



321 

outcomes: a systematic review. American Journal of Clinical Nutrition. 

2019;109(Supp 1):705S-728S. 

428. Raghavan R, Dreibelbis C, Kingshipp BL, Wong YP, Abrams B, Gernand 

AD, et al. Dietary patterns before and during pregnancy and birth 

outcomes: a systematic review. American Journal of Clinical Nutrition. 

2019;109(Supp 1):729S-756S. 

429. Hanson MA, Bardsley A, De-Regil LM, Moore SE, Oken E, Poston L, et al. 

The International Federation of Gynecology and Obstetrics (FIGO) 

recommendations on adolescent, preconception, and maternal nutrition: 

“Think Nutrition First”. International Journal of Gynecology and Obstetrics. 

2015;131(S4):S213–S253. 

430. Kominiarek MA, Lewkowitz AK, Carter E, Fowler SA, Simon M. 

Gestational weight gain and group prenatal care: A systematic review and 

meta-analysis. BMC Pregnancy and Childbirth. 2019;19:18.  

431. Harden SM, Beauchamp MR, Pitts BH, Nault EM, Davy BM, You W, et al. 

Group-based lifestyle sessions for gestational weight gain management: a 

mixed method approach. American Journal of Health Behavior. 

2014;38(4):560–9. 

432. Kominiarek MA, Crockett A, Covington-Kolb S, Simon M, Grobman WA. 

Association of group prenatal care with gestational weight gain. Obstetrics 

& Gynecology. 2017;129(4):663–70. 

433. Lazar J, Boned-Rico L, Olander E.K. McCourt C. A systematic review of 

providers’ experiences of facilitating group antenatal care. Reproductive 

Health. 2021;18:180. 

434. Olander EK, Darwin ZJ, Atkinson L, Smith DM, Gardner B. Beyond the 

‘teachable moment’ – A conceptual analysis of perinatal behaviour 

change. Women and Birth. 2016;29(3):e67-e71.  

435. Hill B, Skouteris H, McCabe M, Milgrom J, Kent B, Herring SJ, et al. A 

conceptual model of psychosocial risk and protective factors for excessive 

gestational weight gain. Midwifery. 2013;29(2):110-114.  

436. Fealy S. Antenatal weighing and gestational weight gain. [PhD Thesis] 

Newcastle: University of Newcastle, Australia; 2022.  

437. Bagnall AM, Radley D, Jones R, Gately P, Nobles J, Van Dijk M, et al. 

Whole systems approaches to obesity and other complex public health 

challenges: a systematic review. BMC Public Health. 2019;19:8. 



322 

438. Moholdt T, Hawley JA. Maternal lifestyle interventions: targeting 

preconception health. Trends in Endocrinology & Metabolism. 

2020;31(8):561-569.  

439. Stephenson J, Heslehurst N, Hall J, Schoenaker DAJM, Hutchinson J, 

Cade JE, et al. Before the beginning: nutrition and lifestyle in the 

preconception period and its importance for future health. The Lancet. 

2018;391(10132):1830-1841.  

440. Barker M, Dombrowski SU, Colbourn T, Fall CHD, Kriznik NM, Lawrence 

WT, et al. Intervention strategies to improve nutrition and health 

behaviours before conception. The Lancet. 2018;391(10132):1853-1864.  

441. Stephenson J, Vogel C, Hall J, Hutchinson J, Mann S, Duncan H, et al. 

Preconception health in England: a proposal for annual reporting with core 

metrics. The Lancet. 2019;393(10187):2262-2271.  

442. Public Health England. Making the case for preconception care: Planning 

and preparation for pregnancy to improve maternal and child health 

outcomes. London: Public Health England; 2018.  

443. Price SA, Sumithran P, Nankervis A, Permezel M, Proietto J. 

Preconception management of women with obesity: a systematic review. 

Obesity Reviews. 2019;20(4):510-26. 

444. Hutchesson MJ, de Jonge Mulock Houwer M, Brown HM, Lim S, Moran 

LJ, Vincze L, et al. Supporting women of childbearing age in the 

prevention and treatment of overweight and obesity: a scoping review of 

randomized control trials of behavioral interventions. BMC Women's 

Health. 2020;20:14.  

445. Stoody EE, Spahn JM, Casavale KO. The Pregnancy and Birth to 24 

Months Project: a series of systematic reviews on diet and health. The 

American Journal of Clinical Nutrition. 2019;109(Supp. 1):685S–697S.  

446. Lan L, Harrison CL, Misso M, Hill B, Teede HJ, Mol BW, et al. Systematic 

review and meta-analysis of the impact of preconception lifestyle 

interventions on fertility, obstetric, fetal, anthropometric and metabolic 

outcomes in men and women. Human Reproduction. 2017;32(9):1925-

1940.  

447. Hoek A, Wang Z, van Oers AM, Groen H, Cantineau AE. Effects of 

preconception weight loss after lifestyle intervention on fertility outcomes 

and pregnancy complications. Fertility and Sterility. 2022;118(3):456-462.  



323 

448. Vitek WS, Hoeger KM. Worth the wait? Preconception weight reduction in 

women and men with obesity and infertility: a narrative review. Fertility and 

Sterility. 2022;118(3):447-455. 

449. Schenkelaars N, Rousian M, Hoek J, Schoenmakers S, Willemsen S, 

Steegers-Theunissen R. Preconceptional maternal weight loss and 

hypertensive disorders in pregnancy: a systematic review and meta-

analysis. European Journal of Clinical Nutrition. 2021;75(12):1684-1697.  

450. Godfrey KM, Barton SJ, El-Heis S, Kenealy T, Nield H, Baker PN, et al. 

Myo-inositol, probiotics, and micronutrient supplementation from 

preconception for glycemia in pregnancy: NiPPeR International Multicenter 

Double-Blind Randomized Controlled Trial. Diabetes Care. 

2021;44(5):1091-9. 

451. Chan S-Y, Yong HEJ, Chang HF, Barton SJ, Galani S, Zhang H, et al. 

Peripartum outcomes after combined myo-inositol, probiotics, and 

micronutrient supplementation from preconception: the NiPPeR 

randomized controlled trial. American Journal of Obstetrics & Gynecology 

MFM. 2022;4(6):100714. 

452. Alwan NA, Grove G, Taylor E, Ziauddeen N. Maternal weight change 

between successive pregnancies: an opportunity for lifecourse obesity 

prevention. Proceedings of the Nutrition Society. 2020;79(3):272-82.  

453. Nagpal TS, Souza SCS, Moffat M, Hayes L, Nuyts T, Liu RH, et al. Does 

prepregnancy weight change have an effect on subsequent pregnancy 

health outcomes? A systematic review and meta analysis. Obesity 

Reviews. 2022;23(1):e13324. 

454. Sacha CR, Page CM, Goldman RH, Ginsburg ES, Zera CA. Are women 

with obesity and infertility willing to attempt weight loss prior to fertility 

treatment? Obesity Research & Clinical Practice. 2018;12(1):125-128. 

455. Brackenridge L, Finer N, Batterham RL, Pedram K, Ding T, Stephenson J, 

et al. Pre-pregnancy weight loss in obese women requesting removal of 

their intra uterine contraceptive device in order to conceive: a pilot study of 

full meal replacement. Clinical Obesity. 2018;8(4):244-249.  

456. Aromataris E, Fernandez R, Godfrey C, Holly C, Khalil H, Tungpunkom P. 

Methodology for JBI umbrella reviews. Joanna Briggs Institute reviewers' 

manual. 2014 edition / Supplement (pp. 1-34). Australia: The Joanna 

Briggs Institute; 2014. 



324 

457. Fusar-Poli P, Radua J. Ten simple rules for conducting umbrella reviews. 

BMJ Mental Health. 2018;21(3):95-100. 

458. Battaglia C, Glasgow RE. Pragmatic dissemination and implementation 

research models, methods and measures and their relevance for nursing 

research. Nursing Outlook. 2018;66(5):430-445. 

459. Lee BY, Bartsch SM, Mui Y, Haidari LA, Spiker ML, Gittelsohn J. A 

systems approach to obesity. Nutrition Reviews. 2017;75(suppl_1):94-106. 

460. Torgerson DJ, Torgerson CJ. Designing randomised trials in health, 

education and the social sciences. An introduction. Basingstoke: Palgrave 

Macmillan. 2008. 

 

 

 

  



325 

Appendices  
 

Included appendices: 

Appendix A: Author contribution to each of the included articles and copyright 

permissions 

Appendix B: Prospero registration for the overview of reviews 

Appendix C: Supplementary information for overview of reviews 

Appendix D: Ethical approval letter for the quantitative research component 

Appendix E: Ethical approval letter for the qualitative interviews  

Appendix F: Participant information sheet qualitative interviews 

Appendix G: Participant consent form qualitative interviews 

Appendix H: Supplementary material for the antenatal healthy lifestyle service 

intensity article 

Appendix I: Supplementary information for the qualitative interviews article: the 

interview schedule 

 

 

 

 

 

  



326 

Appendix A: Author contribution to each of the 
included articles  
 

Outputs 

Article A 

Title A meta-review of systematic reviews of lifestyle 

interventions for reducing gestational weight gain in women 

with overweight or obesity. 

Authors Frankie J Fair, Hora Soltani 

Full Reference Fair F, Soltani H (2021). A meta-review of systematic 

reviews of lifestyle interventions for reducing gestational 

weight gain in women with overweight or obesity, Obesity 

Reviews, 22(5):e13199.  

Contribution 

statement 

This piece of work was led by Frankie Fair, who oversaw 

and was involved in all stages of the research process 

including study design and protocol development, 

developing and executing the search strategy, study 

selection, data extraction, critical appraisal, analysis and 

interpretation of the results. Frankie Fair also wrote the 

initial manuscript and agreed the final manuscript for 

submission.  

Permissions The open access article was published in Obesity Reviews 

under the terms of the Creative Commons Attribution – 

Non Commercial -No Derivatives 4.0 International Public 

License (CC-BY-NC-ND), which permits the article to be 

copied and redistributed in any medium or format, so long 

as the author is properly attributed (which, in an academic 

context, usually means citation), that the material is not 

used for commercial purposes and that the material is not 

distributed after being modified or transformed. 

 



327 

Article B 

Title Differing intensities of a midwife-led antenatal healthy 

lifestyle service on maternal and neonatal outcomes: A 

retrospective cohort study. 

Authors Frankie J Fair, Hora Soltani 

Full Reference Submitted to Midwifery 

Contribution 

statement 

Frankie Fair helped with protocol development and 

assisted with data collection. Frankie Fair undertook data 

analysis and interpretation of the data; wrote the initial 

manuscript; and revised the manuscript after input from 

Hora Soltani. 

 

Article C 

Title A retrospective comparative study of antenatal healthy 

lifestyle service interventions for women with a raised body 

mass index. 

Authors Frankie J Fair, Hora Soltani 

Full Reference Fair FJ, Soltani H (2023). A retrospective comparative 

study of antenatal healthy lifestyle service interventions for 

women with a raised body mass index. Women and Birth, 

37(1), 197-205. doi: 10.1016/j.wombi.2023.08.010 

Contribution 

statement 

Frankie Fair assisted with conceptualisation and funding 

acquisition, data curation, formal analysis and 

interpretation of the data, writing the original draft and 

approval of final manuscript. 

Permissions The open access articles published in Women and Birth 

are made available under the Creative Commons CC-BY 

license, which means they are accessible online and 

permit unrestricted use, distribution and reproduction in 

any medium, provided the original work is properly cited.  

 



328 

Article D 

Title Association of child weight with attendance at a healthy 

lifestyle service and sociodemographic characteristics 

among women with obesity during pregnancy 

Authors Frankie J Fair, Hora Soltani 

Full Reference Fair FJ, Soltani H (2024) Association of child weight with 

attendance at a healthy lifestyle service and 

sociodemographic characteristics among women with 

obesity during pregnancy. Maternal and Child Nutrition, 

20(2):e13629. doi: 10.1111/mcn.13629.  

Contribution 

statement 

Frankie Fair helped with protocol development and 

assisted with data collection. Frankie Fair undertook data 

analysis and interpretation of the data; wrote the initial 

manuscript; and revised the manuscript after input from 

Hora Soltani and agreed the final manuscript. 

Permissions This article was published open access in Maternal and 

Child Nutrition and distributed under the Creative 

Commons CC-BY license, which permits unrestricted use, 

distribution and reproduction in any medium, provided the 

original work is properly cited. 

 

Article E 

Qualitative aspect 

Title “Everything is revolved around me being heavy … it’s 

always, always spoken about.” Qualitative experiences 

of weight management during pregnancy in women with 

a BMI of 40kg/m² or above. 

Authors Frankie J Fair, Helen Watson, Katie Marvin-Dowle, 

Rachael Spencer, Hora Soltani.  



329 

Full Reference Fair FJ, Watson H, Marvin-Dowle K, Spencer R, Soltani 

H (2022). “Everything is revolved around me being 

heavy … it’s always, always spoken about.” Qualitative 

experiences of weight management during pregnancy 

in women with a BMI of 40kg/m² or above. PLoS ONE, 

17(6):e0270470. 

Contribution 

statement 

Frankie Fair assisted with development of the protocol; 

undertook face-to-face interviews and some telephone 

interviews, analysed the data, interpreted the data; 

wrote the initial manuscript and revised the manuscript 

after contributions from other authors.  

Permissions The open access articles published in PLoS One are 

available under the Creative Commons Attribution (CC-

BY) license, which means they are accessible online 

without any restrictions and can be re-used in any way, 

subject only to proper attribution of the original authors 

and the source. 

 

 

  



330 

Appendix B: Prospero registration for the 
overview of reviews 
 

  



PROSPERO 
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A meta-review of systematic reviews of lifestyle interventions for reducing gestational 
weight gain in women who are overweight or obese 

Frankie Fair, Hora Soltani 
 
 

Citation 
Frankie Fair, Hora Soltani. A meta-review of systematic reviews of lifestyle interventions for 
reducing gestational weight gain in women who are overweight or obese. PROSPERO 2019 
CRD42019156883 Available from: 
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42019156883 

 
Review question 

 
What is the extent of systematic evidence regarding the effectiveness of lifestyle interventions on gestational 
weight gain in women who are overweight or obese? Lifestyle interventions include dietary interventions, 
physical activity or a combination of both. 

 
Population – pregnant women who are overweight or obese 

 
Intervention – lifestyle interventions, including dietary interventions, physical activity interventions, a 
combination of dietary and physical activity interventions. 

 
Control – usual antenatal care 

Outcome – gestational weight gain 

Study design – systematic reviews of randomised controlled trial evidence 
 

Searches 
 

The databases to be searched are CINAHL, MEDLINE, Maternal and Infant Health, PsycINFO, Scopus, 
DARE, PROSPERO, Cochrane Library. 

 
The search strategy will include search terms around 'pregnancy', 'lifestyle interventions', 'obesity' and 
'systematic review' with Boolean logic used to combine the search terms. 

 
No date restrictions will be used, with databases searched from inception to date. Studies will be limited to 
those published in the English language only. Reviews will only be included where full text articles can be 
obtained. 

 
The reference list of all included systematic reviews will be screened manually for further relevant citations. 

 
The date of the initial searches will be recorded, with the searches re-run prior to the final analysis to identify 
any further systematic reviews for inclusion. 

 
Authors of included systematic reviews will be contacted for further information if required. 

Types of study to be included 
Systematic reviews will be included where the systematic review has only included randomised controlled 
trial evidence. 

Condition or domain being studied 
Any lifestyle intervention aimed at reducing gestational weight gain in women who are overweight or obese. 
Lifestyle interventions can include dietary interventions, physical activity interventions or a combination of 



PROSPERO 
International prospective register of systematic reviews 
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these. 

Participants/population 
 

Inclusion criteria: Systematic reviews of women in the antenatal period who are overweight or obese. 
 

Exclusion criteria: Interventions exclusively pre-conception or in the postnatal period or those including 
women with a BMI in the normal range, unless clear subgroup analysis has been performed on women who 
are overweight or obese. 

Intervention(s), exposure(s) 
Lifestyle interventions, including dietary interventions, physical activity interventions or a combination of both 
aimed at reducing gestational weight gain. 

Comparator(s)/control 
Routine antenatal care. 

Context 
No inclusion/exclusion criteria have been included for the setting. Interventions may be home based, 
community based or in the clinical setting. 

 

Main outcome(s) 
Gestational weight gain. Reviews must include the primary outcome of gestational weight gain to be 
included. 

* Measures of effect 
All measures of gestational weight gain will be included - either weight gain from pre-pregnancy weight or 
from weight at booking. 

 

Additional outcome(s) 
Where reported other outcomes will be reported including adherence to IOM weight gain recommendations, 
changes in dietary intake, physical activity outcomes such as step count. Where reported other maternal and 
neonatal outcomes will also be recorded such as proportion of women with gestational diabetes, birthweight, 
large for gestational age, small for gestational age. 

* Measures of effect 
Not applicable. 

 

Data extraction (selection and coding) 
 

Citations identified by the search strategy will be assessed by the information provided in the title and 
abstract for relevance by one researcher. A second reviewer will screen a sample of 10% of retrieved 
citations. Cases of uncertainty will be resolved by discussion. All reviews considered to be relevant will have 
their full articles reviewed and assessed for inclusion by two independent researchers. Reasons for 
excluding studies at full text will be provided. Screening of search results will be recorded using the PRISMA 
checklist (Moher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G.; Group, P. Preferred reporting items for 
systematic reviews and meta-analyses: The prisma statement. PLoS Med. 2009, 6, e1000097). 

 
Data extraction will be undertaken by two researchers using a pre-defined data extraction table from each 
included systematic review. Data extracted will include: author; date of publication; number of included 
studies, number of women included, interventions included, outcomes. Any ambiguous information will be 
checked with the authors of the systematic reviews or the original studies. 

Risk of bias (quality) assessment 
Included systematic reviews will be assessed for risk of bias using the Assessment of Multiple Systematic 
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Reviews v2 (AMSTAR-2) checklist (Shea BJ, Reeves BC, Wells G, Thuku M, Hamel C, Moran J, et al. 
AMSTAR 2: a critical appraisal tool for systematic reviews that include randomised or non-randomised 
studies of healthcare interventions, or both. BMJ. 2017;358: j4008) by two independent researchers. Any 
disagreement will be resolved by discussion with a third reviewer. 

Strategy for data synthesis 
Where included systematic reviews provide sufficient data, meta-analyses will be pooled. Effect sizes from 
meta-analyses will be converted to standardised mean differences where required. Overlap between 
individual primary studies incorporated into multiple systematic reviews will be taken into account. Any meta- 
analysis addressing the same research question and only analysing a subset of individual studies present in 
another meta-analysis will be excluded from data synthesis. Within each included review I²>50% will be 
classified as high heterogeneity and I²>75% very high heterogeneity. Meta-synthesis using the analytical 
procedure described by Tang et al (2013) will be conducted if heterogeneity is >50%. 
Egger et al (1997) regression asymmetry test will be undertaken to detect any evidence of small study 
effects. Egger’s test p<0.10 alongside a more conservative effect size in the largest study than the random- 
effects model summary estimate will be regarded as indicative of small study effects. 
Ioannidis & Trikalinos (2007) excess of significance test will be used to assess whether the observed number 
of studies with nominally significant results (positive studies, p<0·05) within a meta-analysis is larger than the 
expected number. Excess significance for single meta-analysis will be considered if p<0.10. 
A ‘Summary of Findings’ table will determine the strength of evidence for each outcome. GRADE 
assessment will be based on: risk of bias, inconsistency, indirectness, imprecision, small study effects and 
reporting bias. An overall grade, high, moderate, low or very low will reflect confidence in the evidence. 
Where high heterogeneity (>50%) or lack of sufficient data within included systematic reviews prevents pool 
meta-analysis, a narrative synthesis will be performed. Whether evidence suggests gestational weight gain 
and other secondary outcomes are increased, decreased or there is no change after lifestyle interventions, 
or where results are inconclusive will be assessed. Differences in quality between included reviews will be 
discussed, in addition to comparing findings. 

 

Analysis of subgroups or subsets 
Separate tables will be provided for dietary interventions only, physical activity interventions only, combined 
lifestyle interventions. Further subgroup analysis will be considered on AMSTAR2 areas of weakness within 
included systematic reviews. 

Contact details for further information 
Frankie Fair 
f.fair@shu.ac.uk 

Organisational affiliation of the review 
Sheffield Hallam University 

 

Review team members and their organisational affiliations 
Mrs Frankie Fair. Sheffield Hallam University 
Professor Hora Soltani. Sheffiel Hallam University 

Type and method of review 
Review of reviews, Systematic review 

Anticipated or actual start date 
01 December 2019 

Anticipated completion date 
31 December 2020 

Funding sources/sponsors 
None. 

Conflicts of interest 
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Language 
English 

Country 
England 

Stage of review 
Review Ongoing 

Subject index terms status 
Subject indexing assigned by CRD 

Subject index terms 
Female; Humans; Life Style; Obesity; Overweight; Weight Gain; Weight Loss 

Date of registration in PROSPERO 
06 December 2019 

Date of publication of this version 
06 December 2019 

Details of any existing review of the same topic by the same authors 

Stage of review at time of this submission 

Stage Started Completed 

Preliminary searches Yes No 

Piloting of the study selection process Yes No 

Formal screening of search results against eligibility criteria  No No 

Data extraction  No No 

Risk of bias (quality) assessment No No 

Data analysis No No 
 
Versions 

 
 

PROSPERO 
This information has been provided by the named contact for this review. CRD has accepted this information in good 

faith and registered the review in PROSPERO. The registrant confirms that the information supplied for this submission 
is accurate and complete. CRD bears no responsibility or liability for the content of this registration record, any 

associated files or external websites. 

06 December 2019 
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Table S1. Search strategy in CINAHL search VIA EBSCO host  

1. pregnan*  
2. antenatal 
3. perinatal 
4. prenatal 
5. gestatio* 
6. matern* 
7. mother* 
8. gravid* 
9. (MH "Expectant Mothers") 
10. (MH "Prenatal Care") 
11. (MH "Pregnancy") 
12. 1 OR 2 OR 3 OR 4 OR 5 OR 6 OR 7 OR 8 OR 9 OR 10 OR 11 
13. weight management 
14. weight gain 
15. diet* 
16. physical activity 
17. exercise 
18. behavio#r change 
19. lifestyle 
20. (MH "Gestational weight gain")  
21. (MH "Weight Control") 
22. (MH “Weight Reduction Programs”) 
23.  13 OR 14 OR 15 OR 16 OR 17 OR 18 OR 19 OR 20 OR 21 OR 22 
24. obes* 
25. overweight 
26. raised BMI 
27. raised body mass index 
28. high BMI 
29. high body mass index 
30. high body mass 
31. raised body mass 
32. (MH "Obesity") 
33. (MH “Body Mass Index”) 
34. 24 OR 25 OR 26 OR 27 OR 28 OR 29 OR 30 OR 31 OR 32 OR 33 
35. systematic review 
36. meta-analysis 
37. meta analysis 
38. (MH "Meta Analysis") 
39. (MH "Systematic Review") 
40.  35 OR 36 OR 37 OR 38 OR 39 
41. 12 AND 23 AND 34 AND 40 

 

 

  



Table S2. AMSTAR Quality appraisal tool 

Shea BJ, Reeves BC, Wells G, et al. AMSTAR 2: a critical appraisal tool for systematic reviews that include 
randomised or non-randomised studies of healthcare interventions, or both. BMJ. 2017;358:j4008. 

1. Did the research questions and inclusion criteria for the review include the 
components of PICO? 
� Population  
� Intervention  
� Comparator group  
� Outcome GWG  
  
All included:   � Yes             � No  
 
2. Did the report of the review contain an explicit statement that the review methods 
were established prior to the conduct of the review and did the report justify any 
significant deviations from the protocol?   
 
For Partial Yes: The authors state that they had a written protocol or guide that included 
ALL the following:  
� review question(s)  
� a search strategy  
� inclusion/exclusion criteria  
� a risk of bias assessment  
 
For Yes: As for partial yes, plus the protocol should be registered and should also have 
specified:  
� a meta-analysis/synthesis plan, if appropriate,  
� a plan for investigating causes of heterogeneity  
� justification for any deviations from the protocol  
  
� Yes          � Partial Yes           � No 
 
3. Did the review authors explain their selection of the study designs for inclusion 
in the review?  
 
For Yes, the review should provide:  
� Explanation for including only RCTs   
 
� Yes        � No  
 



4. Did the review authors use a comprehensive literature search strategy?   
 
For Partial Yes (all the following):  
� searched at least 2 databases (relevant to research question)  
� provided key word and/or search strategy  
� justified publication restrictions (e.g. language)  
 
For Yes, should also have (all the following):  
� searched the reference lists / bibliographies of included studies (  
� searched trial/study registries  
� included/consulted content experts in the field  
� where relevant, searched for grey literature  
� conducted search within 24 months of completion of the review  
  
� Yes              � Partial Yes                     � No  
 
5. Did the review authors perform study selection in duplicate?  
 
For Yes, either ONE of the following:  
� at least two reviewers independently agreed on selection of eligible studies and 
achieved consensus on which studies to include  
� OR two reviewers selected a sample of eligible studies and achieved good agreement 
(at least 80 percent), with the remainder selected by one reviewer.  
  
� Yes               � No  
 
6. Did the review authors perform data extraction in duplicate?  
 
For Yes, either ONE of the following:  
� at least two reviewers achieved consensus on which data to extract from included 
studies  
� OR two reviewers extracted data from a sample of eligible studies and achieved good 
agreement (at least 80 percent), with the remainder extracted by one reviewer.  
  
� Yes               � No  
 
7. Did the review authors provide a list of excluded studies and justify the 
exclusions?  
 
For Partial Yes:  
� provided a list of all potentially relevant studies that were read in full-text form but 
excluded from the review  
 
For Yes, must also have:  
� Justified the exclusion from the review of each potentially relevant study  
 
 � Yes          � Partial Yes              � No  



8. Did the review authors describe the included studies in adequate detail?  
 
For Partial Yes (ALL the following):  
� described populations  
� described interventions   
� described comparators  
� described outcomes  
� described research designs   
  
For Yes, should also have ALL the following:  
� described population in detail  
� described intervention in detail (including doses where relevant)  
� described comparator in detail (including doses where relevant)  
� described study’s setting  
� timeframe for follow-up  
  
� Yes            � Partial Yes                 � No  
 
9. Did the review authors use a satisfactory technique for assessing the risk of bias 
(RoB) in individual studies that were included in the review?  
 
For Partial Yes, must have assessed RoB from   
� unconcealed allocation 
� lack of blinding of patients and assessors when assessing outcomes (unnecessary for 
objective outcomes such as all cause mortality)  
 
For Yes, must also have assessed RoB from:  
� allocation sequence that was not truly random,  
� selection bias  
  
 � Yes                 � Partial Yes              � No  
 
10. Did the review authors report on the sources of funding for the studies included 
in the review?  
 
For Yes  
� Must have reported on the sources of funding for individual studies included in the 
review.  Note: Reporting that the reviewers looked for this information but it was not 
reported by study authors also qualifies  
  
 � Yes                � No  
 
11. If meta-analysis was performed did the review authors use appropriate methods 
for statistical combination of results?  
 
For Yes:   
� The authors justified combining the data in a meta-analysis   
� AND they used an appropriate weighted technique to combine study results and 
adjusted for heterogeneity if present.  
� AND investigated the causes of any heterogeneity   
  
 � Yes            � No                 � No meta-analysis conducted  
 



12.  If meta-analysis was performed, did the review authors assess the potential 
impact of RoB in individual studies on the results of the meta-analysis or other 
evidence synthesis? 
 
For Yes:  
� included only low risk of bias RCTs  
� OR, if the pooled estimate was based on RCTs at variable RoB, the authors performed 
analyses to investigate possible impact of RoB on summary estimates of effect.   
  
 � Yes                � No                � No meta-analysis conducted  
 
13.  Did the review authors account for RoB in individual studies when interpreting/ 
discussing the results of the review?  
 
For Yes:  
� included only low risk of bias RCTs  
� OR, if RCTs with moderate or high RoB were included the review provided a discussion 
of the likely impact of RoB on the results 
 
 � Yes         � No  
 
14.  Did the review authors provide a satisfactory explanation for, and discussion 
of, any heterogeneity observed in the results of the review?  
 
For Yes:  
� There was no significant heterogeneity in the results  
� OR if heterogeneity was present the authors performed an investigation of sources of 
any heterogeneity in the results and discussed the impact of this on the results of the 
review  
  
 � Yes             � No 
15. If they performed quantitative synthesis did the review authors carry out an 
adequate investigation of publication bias (small study bias) and discuss its likely 
impact on the results of the review?    
 
For Yes:  
� performed graphical or statistical tests for publication bias and discussed the likelihood 
and magnitude of impact of publication bias   
 
 � Yes         � No                  � No meta-analysis conducted  
16.  Did the review authors report any potential sources of conflict of interest, 
including any funding they received for conducting the review?  
 
For Yes:  
� The authors reported no competing interests  
OR � The authors described their funding sources and how they managed potential 
conflicts of interest   
 
 � Yes                 � No  
 

  

  



Table S3. Reasons for excluding articles at full text 

 Reference Reason for exclusion 

1 

The International Weight 
Management in Pregnancy (i-WIP) 
Collaborative Group2 

Research overview commentary on included study 
International Weight in Pregnancy Group 20171 

2 Allen et al 20143 GWG not reported as an outcome

3 
Behnam et al 20184 Published in German – unable to find English 

version other than abstract 
4 Bennett et al 20185 GWG not reported as an outcome
5 Bennett et al 20196 GWG not reported as an outcome
6 Boerger et al 20147 Poster abstract – unable to obtain full text 
7 Brown et al 20178 No overweight/obese subgroup 

8 

Carolan-Olah 20169 Included non-RCT studies (eg cohort, quasi-
experimental, comparative). No overweight / 
obese subgroup 

9 
Craemer et al 201910 Included non-RCT studies (eg controlled studies, 

cross-sectional studies) 
10 Dodd et al 200811 GWG not reported as an outcome
11 Domenjoz et al 201412 No overweight/ obese subgroup 
12 Elliott-Sale et al 201413 Conference abstract for Elliott-Sale et al 201514 
13 Elliott-Sale et al 201414 No overweight /obese subgroup 

14 
Farpour-Lambert et al 201815 Overview of systematic reviews, not systematic 

review 

15 
Fealy et al 201716 Weighing intervention rather than lifestyle 

intervention 

16 
Gardner et al 201117 Included non-RCT studies (eg cohort studies, time 

series studies) 
17 Gresham et al 201418 GWG not reported as an outcome
18 Gresham et al 201619 GWG not reported as an outcome

19 

Guo et al 201920 GWG not reported as an outcome – it was used as 
a measure of intervention intensity. No overweight 
/obese subgroup 

20 

Han, Crowther et al 201221 Includes BMI subgroups, however GWG not a 
primary outcome so subgroup analysis for BMI not 
done on GWG outcome 

21 Han, Middleton et al 201222 No overweight /obese subgroup 

22 
Heslehurst et al 201423 Planned to include not RCT studies (studies of any 

design), GWG not an outcome 

23 

Hill et al 201324 Included non-RCT studies (eg case control, 
historical controls, cohort). No overweight /obese 
subgroup 

24 

Hutchesson et al 202025 Not exclusively focussed during pregnancy (pre and 
post pregnancy as well) and no overweight/ obese 
subgroup 

25 

Kramer & McDonald 200626 Included non-RCT studies (quasi-experimental 
studies). GWG not reported as an outcome. No 
overweight /obese subgroup 

26 Lamina & Agbanusi 201327 No overweight /obese subgroup 



27 
Lassi & Bhutta 201328 Included non-RCT studies (quasi and 

observational). GWG not reported as an outcome 

28 

Liu et al 200529 Included non-RCT studies (controlled studies 
including pre and post-test design). No 
overweight/obese subgroup 

29 Margo-Malosso et al 2017a30 GWG not reported as an outcome

30 
Margo-Malosso et al 2017b31 GWG not reported as an outcome. No 

overweight/obese subgroup 

31 
Margo-Malosso et al 2017c32 Research overview commentary on Margo-Malosso 

et al 2017a30 

32 

Mehdi Hazavehie et al 201633 Included non-RCT studies (any study with a 
comparison group), GWG not reported as an 
outcome, no overweight/obese subgroup 

33 
Mitanchez et al 202034 Overview of systematic reviews, not systematic 

review 
34 Mohsenzadeh-Ledari et al 201935 No exclusively overweight/obese subgroup 

35 

Morisset et al 201036 Included non-RCT studies (eg cross-sectional, 
retrospective, cohort and case-control studies). 
Review rather than systematic review 

36 Muhammad et al 202037 Protocol only 

37 

Muktabhant et al 201538 No overweight/ obese subgroup (women with 
overweight or obesity were combined with GDM to 
form a 'high risk group' for analysis) 

38 
Muktabhant et al 201239 Cochrane review updated by Muktabhant et al 

201538 
39 Nascimento et al 201240 No overweight/obese subgroup 
40 Nasiri-Amiri et al 201941 GWG not reported as an outcome

41 
National Institute for Health and 
Clinical Excellence 201042 

Included non-RCT studies 

42 Olander et al 201943 Prospero protocol – review not yet published 

43 
Peaceman et al 201844 Not a Systematic review - individual RCTs re-

analysed together from a consortium 
44 Perales et al 201645 No overweight/obese subgroup 

45 

Ruifrok et al 201446 No overweight/ obese subgroup. GWG not 
reported as an outcome (analysed as a causal 
factor) 

46 Sanabria-Martinez et al 201547 No overweight/obese subgroup 

47 
Sanabria-Martinez et al 201648 No overweight/obese subgroup. GWG not 

reported as an outcome 

48 
Schlüssel et al 200849 Included non-RCT studies (cross-sectional, case-

control, cohort). No overweight/obese subgroup 

49 
Sebert Kuhlmann et al 200850 GWG not reported (just according to IOM). No 

overweight/obese subgroup 

50 

Shepherd et al 201751 Includes BMI subgroups, however GWG not a 
primary outcome so subgroup analysis for BMI not 
done on GWG outcome 

51 

Skouteris et al 201452 Included non-RCT studies (eg prospective matched 
control). GWG not reported as separate outcome. 
No overweight/ obese subgroup 

52 Streuling et al 201153 No overweight/obese subgroup 



53 Sui et al 201254 Included non-RCT studies (quasi-randomised) 
54 Syngelaki et al 201855 Protocol only  
55 Tanentsapf et al 201156 Included non-RCT studies (quasi-randomised) 
56 Vincze et al 201957 No overweight/ obese subgroup 
57 Walker et al 201858 No overweight/ obese subgroup reported 
58 Wang et al 201659 RCT not a systematic review 
59 Wang et al 201960 No overweight/ obese subgroup 
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Table S4. Overall risk of bias scoring criteria for individual RCTs 

Risk of bias score Criteria 
Low All the reviews that included the trial had rated the domain of bias as 

low risk 
Unclear All the reviews that included the trial had rated the domain of bias as 

either low risk or unclear risk 
High All the reviews that included the trial had rated the domain of bias as 

high risk 
Mixed  Risk of bias for that domain varied widely in the different reviews that 

included the trial including at least one trial rating it as high risk and 
others rating it as low and/or unclear risk 
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Table S6. Subgroup analysis of gestational weight gain by type of intervention 

‡ This review included interventions that only included advice on increasing walking or physical activity within the dietary only subgroup 
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Mundella House 
34 Collegiate Crescent 
Sheffield 
S10 2BP 
 
 
Dear Prof Soltani 
 
Study title: An evaluation of the impact of a midwife-led maternal 

obesity service on pregnancy outcomes and childhood 
obesity. 

REC reference: 16/EE/0280 
Protocol number: 2015-16/HWB-HSC-33 
IRAS project ID: 207998 
 
Thank you for your letter of 13 July 2016 responding to the Proportionate Review  
Sub-Committee’s request for changes to the documentation for the above study. 
 
The revised documentation has been reviewed and approved by the sub-committee. 
 
We plan to publish your research summary wording for the above study on the HRA website, 
together with your contact details. Publication will be no earlier than three months from the 
date of this favourable opinion letter.  The expectation is that this information will be published 
for all studies that receive an ethical opinion but should you wish to provide a substitute 
contact point, wish to make a request to defer, or require further information, please contact 
the REC Assistant Mrs Joanne O'Neil, 

. Under very limited circumstances 
(e.g. for student research which has received an unfavourable opinion), it may be possible to 
grant an exemption to the publication of the study. 

Please note:  This is the 
favourable opinion of the 
REC only and does not allow 
you to start your study at NHS 
sites in England until you 
receive HRA Approval  
 



 

 
Confirmation of ethical opinion 
 
On behalf of the Committee, I am pleased to confirm a favourable ethical opinion for the above 
research on the basis described in the application form, protocol and supporting documentation 
as revised. 
 
Conditions of the favourable opinion 
 
The REC favourable opinion is subject to the following conditions being met prior to the start of 
the study. 
 
Management permission must be obtained from each host organisation prior to the start of the 
study at the site concerned. 
 
Management permission should be sought from all NHS organisations involved in the study in 
accordance with NHS research governance arrangements. Each NHS organisation must 
confirm through the signing of agreements and/or other documents that it has given permission 
for the research to proceed (except where explicitly specified otherwise).  

Guidance on applying for HRA Approval (England)/ NHS permission for research is available in 
the Integrated Research Application System, www.hra.nhs.uk or at http://www.rdforum.nhs.uk.  
 
Where a NHS organisation’s role in the study is limited to identifying and referring potential 
participants to research sites (“participant identification centre”), guidance should be sought 
from the R&D office on the information it requires to give permission for this activity. 
 
For non-NHS sites, site management permission should be obtained in accordance with the 
procedures of the relevant host organisation. 
 
Sponsors are not required to notify the Committee of management permissions from host 
organisations.  
 
Registration of Clinical Trials 

 
All clinical trials (defined as the first four categories on the IRAS filter page) must be registered 
on a publically accessible database. This should be before the first participant is recruited but no 
later than 6 weeks after recruitment of the first participant. 

There is no requirement to separately notify the REC but you should do so at the earliest 
opportunity e.g. when submitting an amendment.  We will audit the registration details as part of 
the annual progress reporting process. 
  
To ensure transparency in research, we strongly recommend that all research is registered but 
for non-clinical trials this is not currently mandatory. 
  
If a sponsor wishes to request a deferral for study registration within the required timeframe, 
they should contact  The expectation is that all clinical trials will 
be registered, however, in exceptional circumstances non registration may be permissible with 
prior agreement from the HRA. Guidance on where to register is provided on the HRA website. 
 
It is the responsibility of the sponsor to ensure that all the conditions are complied with 



before the start of the study or its initiation at a particular site (as applicable). 
 
Ethical review of research sites 
 
The favourable opinion applies to all NHS sites taking part in the study, subject to management 
permission being obtained from the NHS/HSC R&D office prior to the start of the study (see 
“Conditions of the favourable opinion” above). 
 
Approved documents 
 
The documents reviewed and approved by the Committee are: 
 
Document   Version   Date   
IRAS Application Form [IRAS_Form_13072016]    13 July 2016  
IRAS Checklist XML [Checklist_16062016]    16 June 2016  
Letter from sponsor [PI Confirmation of Cover]  1  15 June 2016  
Other [Burdett Approval Letter]  1  04 November 2015  
Other [Cover letter-Clarifications]  1  12 July 2016  
Research protocol or project proposal [Protocol-Final-V1]  1  15 June 2016  
Summary CV for Chief Investigator (CI) [CV-Short]  1  15 June 2016  
 
Statement of compliance 
 
The Committee is constituted in accordance with the Governance Arrangements for Research 
Ethics Committees and complies fully with the Standard Operating Procedures for Research 
Ethics Committees in the UK. 
 
After ethical review 
 
Reporting requirements 
 
The attached document “After ethical review – guidance for researchers” gives detailed 
guidance on reporting requirements for studies with a favourable opinion, including: 
 

Notifying substantial amendments 
Adding new sites and investigators 
Notification of serious breaches of the protocol 
Progress and safety reports 
Notifying the end of the study 

 
The HRA website also provides guidance on these topics, which is updated in the light of 
changes in reporting requirements or procedures. 
 
Feedback 
 
You are invited to give your view of the service that you have received from the National 
Research Ethics Service and the application procedure.  If you wish to make your views known 
please use the feedback form available on the HRA website: 
http://www.hra.nhs.uk/about-the-hra/governance/quality-assurance  
 
We are pleased to welcome researchers and R & D staff at our NRES committee members’ 
training days – see details at http://www.hra.nhs.uk/hra-training/  



 
16/EE/0280   Please quote this number on all correspondence 
 
 
With the Committee’s best wishes for the success of this project. 
 
Yours sincerely 
 

pp. 
 
 
Dr Rebecca Harmston 
Chair 
 

 
 
 
Copy to: Mr Brian  Littlejohn 

 
Mrs Amy Bell, NHS Doncaster CCG and NHS Bassetlaw CCG
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Appendix E: Ethical approval for the qualitative 
interviews  
 

 

  



 
East of England - Essex Research Ethics Committee 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
13 October 2017 
 
Prof Hora Soltani 
Professor of Maternal, Infant and Reproductive Health 
Sheffield Hallam University 
Mundella House, 34 Collegiate Cres 
Collegiate Campus 
Sheffield Hallam University 
S10 2BP 
 
 
Dear Prof Soltani 
 
Study title: Women's experiences of a maternal obesity service 
REC reference: 17/EE/0378 
Protocol number: 2015-16/HWB-HSC-33 
IRAS project ID: 231105 
 
Thank you for your letter of 11 October 2017.  I can confirm the REC has received the 
documents listed below and that these comply with the approval conditions detailed in our letter 
dated 05 September 2017 
 
Documents received 
 
The documents received were as follows: 
 
Document   Version   Date   
Interview schedules or topic guides for participants [Interview V2  26 September 2017 

Please note:  This is an 
acknowledgement letter from 
the REC only and does not 
allow you to start your study 
at NHS sites in England until 
you receive HRA Approval  
 



shedules or topic guides for participants]  
Participant consent form [Participant consent form]  V2  26 September 2017 
Participant information sheet (PIS) [Participant infomration sheet]  V2  26 September 2017 
 
Approved documents 
 
The final list of approved documentation for the study is therefore as follows: 
 
Document   Version   Date   
Evidence of Sponsor insurance or indemnity (non NHS Sponsors 
only) [Sponsor Insurance]  

V1  31 July 2017  

Interview schedules or topic guides for participants [Interview 
shedules or topic guides for participants]  

V2  26 September 2017 

IRAS Application Form [IRAS_Form_21082017]    21 August 2017  
IRAS Checklist XML [Checklist_11102017]    11 October 2017  
Letter from funder [Burdett approval letter]  v1  04 November 2015  
Letters of invitation to participant [Invitation letter]  v1  20 June 2017  
Other [Indemnity]  V1  31 July 2017  
Participant consent form [Participant consent form]  V2  26 September 2017 
Participant information sheet (PIS) [Participant infomration sheet]  V2  26 September 2017 
Research protocol or project proposal [Protocol]  v1  15 June 2016  
Summary CV for Chief Investigator (CI) [SHort CV]  V1  17 August 2017  
 
You should ensure that the sponsor has a copy of the final documentation for the study.  It is 
the sponsor's responsibility to ensure that the documentation is made available to R&D offices 
at all participating sites. 
 
17/EE/0378 Please quote this number on all correspondence 
 
Yours sincerely 
 

Ellen Swainston 
REC Manager 
 
 
E-mail:   
 
 
Copy to: Mr Keith Fildes 

Mrs Emma  Hannaford, NHS Doncaster CCG and NHS Bassetlaw CCG 
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Appendix F: Participant information sheet for the 
qualitative interviews 
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Version 5    07/09/2018 

Maternal weight management service provision 
Participant Information Sheet V5 
September 2018 
 

 
 
 

Participant information sheet  
 
Study title: An evaluation of maternal weight management service 

provision  
Lead Investigator Professor Hora Soltani  
Telephone number  
IRAS project number 231105 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

You will be given a copy of this information sheet to keep 

We would like to invite you to take part in our research study. Before you decide 
we would like you to understand why the research is being done and what it 
would involve for you. Talk to others about the study if you wish. Ask us if there is 
anything that is not clear.  
 
This study is has been approved by the East of England - Essex Ethics Service 
Committee  

Participant name: 

Study Sponsor: Sheffield Hallam University  
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Maternal weight management service provision 
Participant Information Sheet V5 
September 2018 
 

 
 
 
 
The purpose of this study is to 
understand women's experiences of 
maternal healthy weight service 
provision in Doncaster. This includes 
finding out what things you found 
useful about the service and what you 
think could be improved.  
 
 
 
 
 
You have been invited to take part in 
this study as you are having your 
antenatal care in Doncaster and you 
had a BMI 
for antenatal care.  
 
 
 
 
 
Your decision to take part in this study 
is entirely voluntary. You may refuse to 
participate or you can withdraw from 
the study at any time. Your refusal to 
participate or wishing to withdraw 
would not influence in any way current 
or potential future medical care. 
 
 
 
 
 
If you take part in this study you will 
be asked to participate in a group 
discussion about your experiences of 
maternal weight management services. 
This will include questions such as 
whether anyone providing care during 
this pregnancy (or any previous 
pregnancies you may have had) has 
discussed healthy weight gain during 
pregnancy, how this information was 
provided 
might like this to be approached in the 
future. The group will include other 
women who have also received 
antenatal care at Doncaster and have 

. This group 
discussion will be informal and will be 
tape recorded with your consent. 
Alternatively if more convenient you 
could talk about your experiences with 
a researcher in a telephone interview. 
 
If you wish to do so you, you will be 
offered the opportunity to read the 
findings of the study and make 
comments on them, to ensure the 
findings truly capture women’s 
experiences of maternal weight 
management services. 
 
 
 
 
 
You will be given a £10 gift voucher 
when you take part in the focus group 

 to thank you for 
your time.  
 
 
 
 
 
We do not anticipate any risks of 
taking part in this study. 
 

 

 
 
It is hoped that the results of this 
study will help to improve the care 
provided to women during pregnancy 
in Doncaster. It is hoped that learning 
what works well about current service 
provision and what women would like 
to see improved will help to improve 
maternity services.  
 
 
 
 
 
If you have any queries or questions 
please contact: 
 
 
 

1. What is the purpose of this study? 

2. Why have I been invited? 

3. Do I have to take part? 

4. What will happen to me if I take 
part? 

5. Expenses and payments 

6. What are the possible 
disadvantages of taking part? 

7. What are the possible benefits of 
taking part? 

8. What if there is a problem or I want 
to complain? 
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Maternal weight management service provision 
Participant Information Sheet V5 
September 2018 
 

Prof Hora Soltani 
Professor of Maternal and Infant 
Health 
Faculty of Health and Wellbeing 
Sheffield Hallam University 
34 Collegiate Crescent 
Sheffield 
S10 2BP 
Telephone:  
email:h.soltani@shu.ac.uk 
If you would rather contact an 
independent organisation, you can do 
this using the normal Doncaster 
Hospitals procedure and contact the 
Patient Advice and Liaison Service 
(PALS)on:  

 
 
 
 
 
 
All reasonable steps will be taken to 
ensure your confidentiality. 
 
The focus group  
will be recorded and then written up 
word-for-word. Each participant will be 
given a pseudonym (code name). The 
transcript will be kept on a computer. 
All computers used as part of this 
study will be password protected. 
Audio files will be deleted at the end of 
the project. Written transcripts will 
then be kept for as long as they might 
be useful in future research. No 
identifying details will be in any final 
report or any publication, meaning 
people reading these will not be able to 
identify you.   
 
All study documents relating to the 
administration of this research, such 
as the consent form you sign to take 
part, will be kept in a folder called a 
site file or project file. This is locked 
away securely. The folder might be 
checked by people in authority who 
want to make sure that researchers 
are following the correct procedures. 

These people will not pass on your 
details to anyone else.  
 
In the event of a revelation during the 
course of the focus group 
interview of a risk of harm or 
unacceptable professional conduct, 
participant confidentiality may be 
limited to ensure safety of others. If 
any issues were raised throughout the 
study, the researcher will consult with 
her university research support office 
and then discuss the issues with the 
mangers and relevant health care 
professionals in the maternity unit in 
order to take an appropriate action in 
accordance with their professional 
Code of Conduct. 
 
 
 
 
 
The results from this study will be 
used to inform effective maternity care. 
The results will be presented locally to 
the Maternal and Infant Health 
Research Group, as well as being 
written up for publication in peer 
reviewed journals and presented at 
conferences.  
 
 
 
 
 
The sponsor of the study has the duty 
to ensure that it runs properly and 
that it is insured. This study's sponsor 
is Sheffield Hallam University.  
 
 
 
 
 
All research in the NHS is looked at by 
an independent group of people called 
a Research Ethics Committee, to 
protect your safety, rights, wellbeing 
and dignity. This research has been 

9. Will my taking part in this study be 
kept confidential? 10. What will happen to the results of 

the research study? 

11. Who is sponsoring the study? 

12. Who has reviewed this study? 
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September 2018 
 

approved by the East of England - 
Essex Ethics Committee. 
 
 
 
 
 
Sheffield Hallam University is the 
sponsor for this study based in the 
United Kingdom. We will be using 
information from you in order to 
undertake this study and will act as 
the data controller for this study. This 
means that we are responsible for 
looking after your information and 
using it properly. Sheffield Hallam 
University will keep identifiable 
information about you for 4 months 
after the study has finished. 
Your rights to access, change or move 
your information are limited, as we 
need to manage your information in 
specific ways in order for the research 
to be reliable and accurate. If you 
withdraw from the study, we will keep 
the information about you that we 
have already obtained. To safeguard 
your rights, we will use the minimum 
personally-identifiable information 
possible. 
You can find out more about how we 
use your information at: 

-this-
- -
-notice-for-research  

 
 
 
 
 
Yes, the results of the study when 
published will be available and can be 
posted out to you, if you wish. If you 
were interested to know about the 
results before publication we can 
provide a summary of the results for 
you as well. You can obtain these 
results by contacting Hora Soltani.  
 
 
 

 

 

If you have any queries or would like to 
have more information, please contact: 

Prof Hora Soltani 
Professor of Maternal and Infant 
Health 
Faculty of Health and Wellbeing 
Centre for Health and Social Care 
Research 
Sheffield Hallam University 
34 Collegiate Crescent 
Sheffield 
S10 2BP 
Telephone:  
email:h.soltani@shu.ac.uk 
 
 

15. Further information and contact 
details 

14. Will I get to know the results of 
the study? 

13. What about data protection? 
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Maternal weight management service provision 
Participant Consent Form v6 
September 2018 
 

      
 
 

Participant consent form 
 

Study title: An evaluation of maternal weight management 
service provision 

Lead investigator Professor Hora Soltani  
Telephone number  
Approving ethics committee East of England - Essex 
IRAS project number 231105 
 
 
 
 
 
 
 
 Please read the following statements and put your 

initials in the box to show that you have read and 
understood them and that you agree with them 

Please initial 
each box 

1 I confirm that I have read and understood the 
information sheet version 5 dated September 2018 for 
the above study. I have had the opportunity to consider 
the information, ask questions and have had these 
answered satisfactorily. 

 

2  I understand that my involvement in this study is 
voluntary and that I am free to withdraw at any time, 
without giving any reason and without my legal rights 
being affected. 

 

3 I agree to the focus group/telephone interview being 
audio recorded. 
 

 
 
 

4 I agree to anonymised direct quotations from the focus 
group /telephone interview being used in published 
material. 
 

 

5  
I agree to take part in this study 
 

 

 

 

Participant name 
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Maternal weight management service provision 
Participant Consent Form v6 
September 2018 
 

 
 I would like to receive a copy of the initial study results 

to read and comment on to ensure they truly reflect 
women's experiences (If yes please provide contact 
details on attached sheet) 
 

 

 I would like to receive a copy of the study results once 
they are available (If yes please provide contact details 
on attached sheet) 
 

 

 
 
 
To be filled in by the participant 
 
I agree to take part in the above study 
 
 
 
Your name                                 Date                            Signature        
 
 
 
 
 
 
 
 
To be filled in by the person obtaining consent 
 
I confirm that I have explained the nature, purposes and possible effects of this 
research study to the person whose name is printed above.   
 
 
Name of investigator                   Date                            Signature        
 
 
 
 
 
 
 
 
Filing instructions 
 
1 copy to the participant 
1 original in the Project or Site file 
1 copy in the medical notes (if applicable) 
 
 

   

   

Yes    /    No 

Yes    /    No 
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Contact details (if yes to receiving study 
results) 
 
 
 
 
Email address _________________________________________ 
 
 
Postal address _________________________________________ 
 
________________________________________________________ 
 
________________________________________________________ 
 
________________________________________________________ 
 
 
 



375 

Appendix H: Supplementary material for the 
antenatal healthy lifestyle service intensity article 
 

 

 

  



Supplementary Material: Appendix S1. Maternal and neonatal outcomes 
according to service intensity for primiparous women 

Outcome Low intensity 
2009-2011 
(n=81) 

Enhanced 
service 
2012-2015 
(n=125) 

Crude Mean difference 
(MD) or Odds ratio (OR) 
(95% CI) 

Adjusted MD/OR (95% 
CI) a 

Number of antenatal healthy 
lifestyle service appointments, mean 
(SD) 

1.6 (1.6) 2.5 (1.0) MD 0.9 (0.5-1.3)*** aMD 0.9 (0.5-1.1)*** 

Number of antenatal healthy 
lifestyle service appointments, n (%) 

    

0 8 (9.9%) 1 (0.8%) REF REF 
1 42 (51.9%) 19 (15.4%) OR 3.62 (0.42-31.02) aOR 3.04 (0.34-27.10) 
2 21 (25.9%) 36 (29.3%) OR 13.71 (1.60-117.4)* aOR 12.06 (1.35-107.5)* 
3 or more 10 (12.3%) 67 (54.5%) OR 53.6 (6.04-475.3)*** aOR 51.2 (5.48-478.3)** 
Gestation at first antenatal healthy 
lifestyle appointment, mean (SD), 
wk 

16.1 (3.7) 17.3 (4.9) MD 1.2 (-0.1 to 2.5) aMD 1.1 (-0.3 to 2.4) 

Gestational weight gain, mean (SD), 
kg 

8.8 (7.9) 7.6 (7.0) MD -1.2 (-3.4 to 1.0) aMD -1.1 (-3.3 to 1.1) 

Weight gain according to Institute of 
Medicine recommendations, n (%) 

    

Too little  19 (26.8%) 33 (32.4%) OR 1.08 (0.48-2.44) aOR 1.05 (0.45-2.45) 
Recommended 18 (25.4%) 29 (28.4%) REF REF 
Too much 34 (47.9%) 40 (39.2%) OR 0.73 (0.35-1.54) aOR 0.73 (0.33-1.60) 
Gestation at final weight, mean (SD), 
wk 

38.6 (2.0) 37.3 (1.8) MD -1.3 (-1.9 to -0.7)*** aMD -1.3 (-1.8 to -0.7)*** 

Weekly weight gain, mean (SD), 
kg/week 

0.31 (0.28) 0.28 (0.25) MD -0.03 (-0.11 to 0.05) aMD -0.03 (-0.11 to 0.05) 

Birthweight, mean (SD), g 3467 (696) 3402 (619) MD -65 (-252 to 122) aMD -59 (-249 to 130) 
Gestation at birth, mean (SD), wk 39.9 (2.2) 39.5 (2.0) MD -0.35 (-0.96 to 0.25) aMD -0.33 (-0.94 to 0.29) 
Low birthweight (<2500g), n (%) 5/79 (6.3%) 7/117 

(6.0%) 
OR 0.94 (0.29-3.08) aOR 1.03 (0.31-3.44) 

Macrosomia (>4000g), n (%) 11/79 (13.9%) 16/117 
(13.7%) 

OR 0.98 (0.43-2.24) aOR 1.02 (0.44-2.36) 

Small for gestational age (<10th 
centile), n (%) 

16/79 (20.3%) 25/117 
(21.4%) 

OR 1.07 (0.53-2.17) aOR 1.04 (0.50-2.14) 

Large for gestational age (>90th 
centile), n (%) 

10/79 (12.7%) 9/117 
(7.7%) 

OR 0.58 (0.22-1.49) aOR 0.55 (0.21-1.46) 

Preterm (<37+0 weeks), n (%) 6/79 (7.6%) 9/118 
(7.6%) 

OR 1.01 (0.34-2.94) aOR 0.89 (0.29-2.72) 

Postdates (>41+6 weeks), n (%) 2/79 (2.5%) 5/118 
(4.2%) 

OR 1.70 (0.32-9.01) aOR 1.67 (0.31-9.08) 

Vaginal birth, n (%) 34/79 (43.0%) 56/117 
(47.9%) 

OR 1.22 (0.68-2.16) aOR 1.17 (0.65-2.11) 

Caesarean birth, n (%) 38/79 (48.1%) 50/117 
(42.7%) 

OR 0.81 (0.45-1.43) aOR 0.83 (0.46-1.50) 

Induction of labour (excluding 
Caesarean birth prior to labour), n 
(%) 

49/66 (74.2%) 71/109 
(65.1%) 

OR 0.65 (0.33-1.28) aOR 0.65 (0.33-1.28) 

Postpartum haemorrhage 
(estimated blood loss 500ml), n (%) 

45/79 (57.0%) 53/105 
(50.5%)b 

OR 0.77 (0.43-1.39) aOR 0.80 (0.44-1.46) 

Perineal laceration sustained 
(excluding women with a Caesarean 
birth), n (%) 

38/41 (92.7%) 53/65 
(81.5%) 

OR 0.35 (0.09-1.32) aOR 0.33 (0.08-1.39) 

Epidural analgesia (attempted or 
achieved), n (%) 

59/79 (74.7%) 71/113 
(62.8%) 

OR 0.57 (0.30-1.08) aOR 0.52 (0.27-1.01) 

General anaesthetic, n (%) 7/79 (8.9%) 9/113 
(8.0%) 

OR 0.89 (0.32-2.50) aOR 0.99 (0.34-2.82) 



Shoulder dystocia (excluding women 
with a Caesarean birth), n (%) 

3/40 (7.5%) 0/66 (0.0%) - - 

Apgar score at 1 minute <7, n (%) 12/78 (15.4%) 14/113 
(12.4%) 

OR 0.78 (0.34-1.79) aOR 0.83 (0.36-1.95) 

Apgar score at 5 minutes <7, n (%) 2/78 (2.6%) 3/133 
(2.7%) 

OR 1.04 (0.17-6.35) aOR 1.26 (0.20-8.08) 

Neonatal unit admission, n (%) 5/78 (6.4%) 9/111 
(8.1%) 

OR 1.29 (0.42-4.00) aOR 1.41 (0.44-4.48) 

Breastfeeding initiation, n (%) 56/78 (71.8%) 71/114 
(62.3%) 

OR 0.65 (0.35-1.21) aOR 0.57 (0.30-1.10) 

Breastfeeding at discharge from 
hospital, n (%) 

44/77 (57.1%) 44/111 
(39.6%) 

OR 0.49 (0.27-0.89)* aOR 0.43 (0.23-0.80)** 

Day of discharge from hospital, n (%)     
Day of birth 6 (7.6%) 12 (10.3%) REF REF 
Day 1 15 (19.0%) 39 (33.6%) OR 1.30 (0.41-4.09) aOR 1.11 (0.34-3.67) 
Day 2 39 (49.4%) 35 (30.2%) OR 0.45 (0.15-1.32) aOR 0.39 (0.12-1.24) 
Day 3+ 19 (24.0%) 30 (25.9%) OR 0.79 (0.25-2.46) aOR 0.71 (0.22-2.30) 
Sex of infant, n (%)     
Male 36 (45.6%) 63 (53.8%) OR 1.39 (0.79-2.47) aOR 1.42 (0.79-2.56) 
Female 43 (54.4%) 54 (46.2%) REF REF 
Haemoglobin <110g/l at booking, n 
(%) 

1/81 (1.2%) 2/119 
(1.7%) 

OR 1.37 (0.12-15.34) aOR 1.21 (0.11-13.87) 

Haemoglobin<105 g/l at 28 weeks, n 
(%) 

4/77 (5.2%) 2/111 
(1.8%) 

OR 0.34 (0.06-1.88) aOR 0.42 (0.07-2.48) 

Haemoglobin<105g/l at 36 weeks, n 
(%) 

2/55 (3.6%) 2/81 (2.5%) OR 0.67 (0.09-4.91) aOR 0.74 (0.10-5.52) 

Gestational diabetes mellitus 
(excluding those with gastric 
surgery), n (%) 

12/71 (16.9%) 24/112 
(21.4%) 

OR 1.34 (0.62-2.89) aOR 1.29 (0.58-2.86) 

Additional monitoring for raised 
blood pressure, n (%) c 

20/73 (27.4%) 24/104 
(23.1%) 

OR 0.80 (0.40-1.58) aOR 0.75 (0.37-1.52) 

a Adjusted for deprivation (REF= most deprived quintile) and smoking (REF=non smoker)  
b The new electronic health notes for recording intrapartum care from 2015 made it difficult to obtain estimated blood loss 
for many women who gave birth in 2015 
c Additional monitoring for raised blood pressure - women receiving monitoring over and above routine care due to raised 
blood pressure, including those who went on to be diagnosed with Pregnancy I nduced hypertension, pre-eclampsia or 
HELLP syndrome 
* significant at p<0.05 level, ** significant at p<0.01 level, *** significant at p<0.01 level  
 
   



Supplementary Material: Appendix S2. Maternal and neonatal outcomes 
according to service intensity for multiparous women 
Outcome 
 

Low intensity 
2009-2011 
(n=233) 

Enhanced 
service 
2012-2015 
(n=241) 

Crude Mean difference 
(MD) or Odds ratio (OR) 
(95% CI) 

Adjusted MD/OR (95% 
CI)a 

Number of antenatal healthy 
lifestyle service appointments, mean 
(SD) 

1.0 (1.1) 2.1 (1.3) MD 1.0 (0.8-1.3)*** aMD 1.0 (0.8-1.2)*** 

Number of antenatal healthy 
lifestyle service appointments, n (%) 

    

0 78 (33.5%) 30 (12.5%) REF REF 
1 101 (43.3%) 50 (20.8%) OR 1.23 (0.72-2.10) aOR 1.24 (0.71-2.15) 
2 37 (15.9%) 62 (25.8%) OR 4.16 (2.32-7.45)*** aOR 4.20 (2.30-7.64)*** 
3 or more 17 (7.3%) 98 (40.9%) OR 14.32 (7.38-27.78)*** aOR 14.41 (7.27-

28.59)*** 
Gestation at first antenatal healthy 
lifestyle appointment, mean (SD), 
wk 

17.9 (5.9) 17.3 (4.7) MD -0.6 (-1.7 to 0.5) aMD -0.6 (-1.7 to 0.5) 

Gestational weight gain, mean (SD), 
kg 

5.8 (7.1) 4.7 (6.6) MD -1.2 (-2.5 to 0.2) aMD -1.3 (-2.7 to 0.1) 

Weight gain according to Institute of 
Medicine recommendations, n (%) 

 
 
 

   

Too little  85 (44.0%) 100 (51.6%) OR 0.92 (0.56-1.50) aOR 0.92 (0.56-1.53) 
Recommended 43 (22.3%) 53 (27.3%) REF REF 
Too much 65 (33.7%) 41 (21.1%) OR 0.49 (0.28-0.86)* aOR 0.47 (0.27-0.84)* 
Gestation at final weight, mean (SD), 
wk 

37.9 (1.8) 36.6 (1.4) MD -1.3 (-1.6 to -0.9)*** aMD -1.3 (-1.6 to -1.0)*** 

Weekly weight gain, mean (SD), 
kg/week 

0.22 (0.28) 0.17 (0.25) MD -0.05 (-0.11 to 0.00)* 
b 

aMD -0.06 (-0.11 to -
0.01)*c 

Birthweight, mean (SD), g 3465 (603) 3546 (599) MD 81 (-30 to 192) aMD 70 (-41 to 183) 
Gestation at birth, mean (SD), wk 39.2 (1.8) 39.1 (1.9) MD -0.1 (-0.4 to 0.3) aMD -0.1 (-0.4 to 0.3) 
Low birthweight (<2500g), n (%) 10/222 (4.5%) 8/230 

(3.5%) 
OR 0.76 (0.30-1.97) aOR 0.82 (0.31-2.17) 

Macrosomia (>4000g), n (%) 34/222 
(15.3%) 

49/230 
(21.3%) 

OR 1.50 (0.92-2.43) aOR 1.39 (0.85-2.28) 

Small for gestational age (<10th 
centile), n (%) 

49/222 
(22.1%) 

29/230 
(12.6%) 

OR 0.51 (0.31-0.84)** aOR 0.52 (0.31-0.87)* 

Large for gestational age (>90th 
centile), n (%) 

19/222 (8.6%) 29/230 
(12.6%) 

OR 1.54 (0.84-2.84) aOR 1.51 (0.81-2.81) 

Preterm (<37+0 weeks), n (%) 24/223 
(10.8%) 

22/230 
(9.6%) 

OR 0.88 (0.48-1.62) aOR 0.83 (0.44-1.54) 

Postdates (>41+6 weeks), n (%) 1/223 (0.4%) 5/230 
(2.2%) 

OR 4.93 (0.57-42.57) aOR 6.21 (0.71-54.08) 

Vaginal birth, n (%) 132/223 
(59.2%) 

124/230 
(53.9%) 

OR 0.81 (0.56-1.17) aOR 0.79 (0.54-1.16) 

Caesarean birth, n (%) 88/223 
(39.5%) 

100/230 
(43.5%) 

OR 1.18 (0.81-1.72) aOR 1.20 (0.82-1.76) 

Induction of labour (excluding 
Caesarean birth prior to labour), n 
(%) 

63/162 
(38.9%) 

99/164 
(60.4%) 

OR 2.39 (1.53-3.73)*** aOR 2.40 (1.53-3.78)*** 

Postpartum haemorrhage 
(estimated blood loss 500ml), n (%) 

81/222 
(36.5%) 

84/197 
(42.6%) d 

OR 1.29 (0.87-1.92) aOR 1.35 (0.90-2.01) 

Perineal laceration sustained 
(excluding women with a Caesarean 
birth), n (%) 

68/135 
(50.4%) 

70/127 
(55.1%) 

OR 1.21 (0.74-1.97) aOR 1.17 (0.70-1.95) 

Epidural analgesia (attempted or 
achieved), n (%) 

82/222 
(36.9%) 

99/218 
(45.4%) 

OR 1.42 (0.97-2.08) aOR 1.47 (0.99-2.17) 

General anaesthetic, n (%) 22/224 (9.8%) 14/219 
(6.4%) 

OR 0.63 (0.31-1.26) aOR 0.61 (0.30-1.24) 



Shoulder dystocia (excluding women 
with a Caesarean birth), n (%) 

5/134 (3.7%) 3/127 
(2.4%) 

OR 0.62 (0.15-2.67) aOR 0.54 (0.12-2.37) 

Apgar score at 1 minute <7, n (%) 30/221 
(13.6%) 

26/218 
(11.9%) 

OR 0.86 (0.49-1.51) aOR 0.85 (0.47-1.52) 

Apgar score at 5 minutes <7, n (%) 3/221 (1.4%) 2/217 
(0.9%) 

OR 0.68 (0.11-4.09) aOR 0.64 (0.10-4.01) 

Neonatal unit admission, n (%) 15/221 (6.8%) 16/227 
(7.0%) 

OR 1.04 (0.50-2.16) aOR 1.04 (0.49-2.17) 

Breastfeeding initiation, n (%) 103/217 
(47.5%) 

110/223 
(49.3%) 

OR 1.08 (0.74-1.57) aOR 1.03 (0.70-1.50) 

Breastfeeding at discharge from 
hospital, n (%) 

87/215 
(40.5%) 

91/217 
(41.9%) 

OR 1.06 (0.72-1.56) aOR 0.99 (0.67-1.46) 

Day of discharge from hospital, n (%)     
Day of birth 40 (17.8%) 23 (10.2%) REF REF 
Day 1 73 (32.5%) 107 (47.3%) OR 2.61 (1.44-4.72)** aOR 2.57 (1.41-4.70)** 
Day 2 75 (33.3%) 64 (28.3%) OR 1.48 (0.81-2.74) aOR 1.47 (0.79-2.75) 
Day 3+ 37 (16.4%) 32 (14.2%) OR 1.50 (0.75-3.02) aOR 1.40 (0.69-2.85) 
Sex of infant, n (%)     
Male 105 (46.7%) 117 (50.6%) OR 1.17 (0.81-1.69) aOR 1.18 (0.81-1.73) 
Female 120 (53.3%) 114 (49.4%) REF REF 
Haemoglobin <110g/l at booking, n 
(%) 

5/222 (2.3%) 4/230 
(1.7%) 

OR 0.77 (0.20-2.90) aOR 0.89 (0.23-3.46) 

Haemoglobin<105 g/l at 28 weeks, n 
(%) 

14/212 (6.6%) 12/215 
(5.6%) 

OR 0.84 (0.38-1.85) aOR 0.95 (0.42-2.12) 

Haemoglobin<105g/l at 36 weeks, n 
(%) 

14/140 
(10.0%) 

21/160 
(13.1%) 

OR 1.36 (0.66-2.79) aOR 1.53 (0.74-3.19) 

Gestational diabetes mellitus 
(excluding those with gastric 
surgery), n (%) 

33/191 
(17.3%) 

51/202 
(25.2%) 

OR 1.62 (0.99-2.64) aOR 1.64 (0.99-2.70) 

Additional monitoring for raised 
blood pressure, n (%) e 

34/209 
(16.3%) 

35/201 
(17.4%) 

OR 1.09 (0.65-1.82) aOR 1.08 (0.63-1.83) 

a Adjusted for deprivation (REF= most deprived quintile) and smoking (REF=non smoker)  
b no longer significant after removing outlier (MD -0.05, 95% CI -0.10, 0.01) 
c remained significant after removing outlier (aMD -0.05, 95% CI -0.10, -0.001) 
d the new electronic health notes for recording intrapartum care from 2015 made it difficult to obtain estimated blood loss 
for many women who gave birth in 2015 
e Additional monitoring for raised blood pressure - women receiving monitoring over and above routine care due to raised 
blood pressure, including those who went on to be diagnosed with Pregnancy Induced hypertension, pre -eclampsia or 
HELLP syndrome 
* significant at P<0.05 level, ** significant at P<0.01 level, *** significant at P<0.01 level 
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Appendix I: Supplementary information for the 
qualitative interviews article: the interview schedule 
 

 

  



Supplementary Information File 1: Interview schedule 
 

Today I want to concentrate on how you feel about the maternal healthy weight 
service you received. There are no right or wrong opinions; I would like you to feel 
comfortable saying what you really think and how you really feel. 

 

Has anyone discussed weight management with you during your pregnancy?  
- who has discussed it? 
- what has been discussed? 
- were they supportive in the way they discussed it? 
- was the information you were given useful/ or helpful?  
- was the information you got from different people consistent? 
- did you follow any of the advice you were given during pregnancy? 

 if yes - what? 
 how? 
 what did you find easy to do? 
 what was difficult to do? 

 
 if no - why not? 
 what did you find particularly difficult? 
 could anything have been done to make it easier? 

 
(prompt with any further discussions around: 

- appropriate gestational weight gain 
- healthy eating 
- physical activity) 

 
 Have you been weighed at any point in pregnancy? 

- how did you feel about being weighed during pregnancy? 
- how often were you weighed? 
- and by who? 

 
 Have you accessed any community based weight management services 

during pregnancy? ( eg exercise groups, Slimming world. weight watchers 
etc) 

 Are you aware of any that you could access but didn't? 
 
 
For anyone who has had a previous pregnancy: 

 How did service provision in this pregnancy differ from service provision in 
previous pregnancies? 

 
If previous weight management service is mentioned: 

 What were your initial thoughts about the service and being referred to it? 
 Did you attend the service? 
 Could you tell me about any parts you particularly liked?  

o why did you like them? 



o did you feel it was beneficial and helped you in any way? 
o could you share an example? 

 Were there any aspects you didn't like? 
o why not? 
o what specifically didn't you like about it? 

 
 
So thinking of service provision in the future: 
 

 Who would you feel most comfortable getting advice on weight management 
from? 

 What, if anything, do you think could be improved in the services that you 
have received? 

 What barriers do you think women face if following weight management 
advice during pregnancy?  

- Is there any way health professionals could help women to overcome 
these? 

 What things do you think help following weight management advice during 
pregnancy? 

- Is there any way health professionals could help women to take 
advantage of these? 

 
 

 Do you have any further comments you would like to make about the 
services provided or how best to support pregnant women to live healthy 
lifestyles? 
 
 

Thank you again for taking part, we really appreciate it. 
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Results:
A total of 234 parturients were included. Referrals represented
15.1% of the obstetric activity in this facility. There were 26
reasons for referrals and the most common was Maternal care
for pelvic organ abnormalities (19.7%) and premature rupture
of membranes (12.8%). 34.4% of the referrals were unclassifi-
able according to ICD-10. Most of the indications for referrals
(71.4%) did not conform to the list of referral indications of
the NPP. Twenty-eight diagnoses were retained after referrals:
the most common was Maternal care for pelvic organ
abnormalities (15.8%). In 42% of women, reasons for referral
did not match with diagnoses established at the time of the
patients’ admission to hospital.
Conclusions:
The referral system must be analyzed in order to ensure a
maximum level of safety for the mother-child couple through
the formalization of the protocols and the promotion of the
role of peripheral maternity facilities, which are the structures
of first recourse.
Key messages:
� The current referral system in the region of Kasserine still
faces several challenges that need to be addressed in order to
make it more effective.

� Maternal referral systems are an effective measure to help to
reduce preventable maternal deaths, they should be
continuously assessed and revised.

The impact of informal payment on Caesarean
delivery rates in obstetric care in Hungary

Zsuzsanna Veroszta

Z Veroszta1, J Boros1
1Hungarian Demographic R

demografia.hu

Background:
Our objective is to investigate factors increasing the likelihood
of Caesarean sections in Hungary, in particular whether
planned Caesarean deliveries might be a consequence of the
widespread informal payment practice in obstetric care.
Methods:
We use data from the ‘‘Cohort ’18 - Growing Up in Hungary’’
birth cohort study. In the 1st wave a nationwide representative
sample (N= 8,287) of pregnant women was surveyed in 2018/
2019. The 2nd wave was conducted 6 months after childbirth.
Data was analyzed by a multinomial logistic regression model.
The output variable was the type of childbirth: natural (ref.)/
Caesarean/planned Caesarean. The explanatory variables were
informal payment at birth, private/public prenatal care,
maternal health, SES.
Results:
Based on the explanatory model (Pseudo-R2=0.278) the
increased likelihood of planned Caesarean section is associated
with out of pocket payment at birth (Exp(B)=3.749). This
health system related factor absorbs the effect of social
background for the possibility of planned Caesarean section,
since its inclusion in the model reduces the independent
influence of SES. However, the likelihood of planned
Caesarean delivery compared to natural births is also
determined by the mother’ age and physical condition.
Conclusions:
The high Caesarean delivery rates (over 40%) in Hungary are
largely due to features of health system finance, particularly for
planned Caesarean deliveries (22% of births). Although deliveries
basically take place in public hospitals, the presence of an out of
pocket paid private doctor at birth is a frequent and socially
selective factor. Whereas planned Caesarean sections are strongly
determined by SES, at the system level it is channeled into the
various private or informal forms of financing.
Key messages:
� Informal payment within the general public care system
strengthens the social selection in prenatal and delivery care
in Hungary.

� This effect is reflected in the proportion of planned
Caesarean sections.

Evaluating the long-term impact of an antenatal
healthy lifestyle service: retrospective cohort study

Frankie Fair

F Fair1, H Soltani1
1Sheffield Hallam University, Sheffield, UK
Contact: f.fair@shu.ac.uk

Introduction:
Maternal obesity is associated with increased odds of obesity in
the offspring. The antenatal period is considered a good
opportunity to promote lifestyle improvements. The long-term
impact of maternal characteristics and attending a maternal
healthy lifestyle service (MHLS) on childhood risk of over-
weight was evaluated.
Methods:
Women with a body mass index (BMI) �35kg/m2 referred to
one MHLS in England from 2009 were included in a
retrospective cohort study. Pseudo-anonymised data from the
National Child Measurement Programme were matched to data
from women referred to this service. Children were classified as
’overweight’ if their weight centile was �95th centile at 6-8 weeks
or 9-12 months or their BMI was �95th centile at school entry
(4-5 years). Univariate logistic regression determined the odds
ratios (OR) and 95% confidence intervals (CI) of childhood
overweight according to uptake of the MHLS, gestational weight
gain (GWG) and other characteristics.
Results:
The proportion of infants classified as overweight increased
over time [2.8% at 6-8 weeks (20/713), 13.8% at 9-12 months
(89/647) and 30.4% at school entry (206/677)]. The odds of
overweight increased with each unit increase in birthweight
(OR 39.9 95%CI 13.4-119.1 at 6-8 weeks, OR 3.7 95%CI 2.4-
5.7 at 9-12 months and OR 1.9 95%CI 1.4-2.5 at school entry).
GWG above Institute of Medicine recommendations increased
the odds of overweight at 6-8 weeks (OR 2.9 95%CI 1.1-7.4).
Women living in the most deprived quartile (OR 1.6 95%CI
1.1-2.2) or who smoked when booking for antenatal care (OR
1.5 95%CI 1.0-2.2) had increased odds of infant with BMI
�95th centile at school entry. Attendance at a MHLS and
maternal BMI did not significantly impact on child overweight
at any time; however the sample only included women with a
raised BMI.
Conclusions:
Lifestyle during pregnancy, GWG and other wider health
determinants such as deprivation have long lasting effects on
infant health and childhood obesity.
Key messages:
� Overweight at school entry is high (>30%) for women with
a raised BMI when booking for antenatal care.

� Addressing maternal socioeconomic conditions, gestational
weight gain and smoking during pregnancy are key priorities
for the long-term health of children.

Incidence, and mortality associated with primary
postpartum haemorrhage in northwest Ethiopia

Bewket Tadesse Tiruneh

B Tiruneh1, G McLelland1, V Plummer1
1School of Nursing and Midwifery, Monash University, Frankston, Australia

com

Background:
Primary postpartum haemorrhage remains the primary cause of
maternal mortality, in low-resource countries such as Ethiopia.
National datasets about the incidence of primary postpartum
haemorrhage are often limited, incomplete or unavailable.
Objective:
This study was designed to determine the incidence and
mortality associated with primary postpartum haemorrhage
following in-hospital births in Ethiopia.
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Methods:
In 2018, the study team conducted a self-administered survey
among parents of children 0-6 years old living in Yerevan, the
capital of Armenia. Using two stage cluster sampling, 33
kindergartens were chosen as clusters by simple random
sampling and from each cluster 10 parents received a
questionnaire. The study team applied a multivariable logistic
regression model using the backward elimination approach to
finalize the independent predictors of CSS-s use.
Results:
Overall, 263 parents returned completed questionnaires, of
which 26.2% (69) were CSS users. The CSS non-users included
those who did not have a CSS (163) or had a CSS but used it
sometimes, seldom or never (31). The study results showed
that the factors associated with the CSS-s use among Armenian
parents in the adjusted analyses were age in children
(OR= 0.61, p = 0.003), attitude score (OR= 1.53, p = 0.003),
knowledge score (OR= 1.45, p = 0.011) regarding CSS-s,
consistent driver’s side seatbelt compliance (OR= 3.4,
p = 0.005), and monthly expenditures (OR= 3.35, p = 0.024).
Conclusions:
This study was the first exploration of Armenian parents’
practice of CSS-s. Our findings might serve as a starting point
for further research on proper use of CSS among Armenian
parents not only in Yerevan, but across all regions of the
country. The revealed predictors of parental CSS-s use might
be used for the development of fruitful interventions to
enhance the practice of CSS-s in Armenia.
Key messages:
� This was the first-time exploration of CSS-s practice and
predictors of CSS-s use in Armenia, where there is no CSS
law and parents play the sole role in child passenger safety.

� Educational interventions for children and their parents on
the importance of age and size appropriate CSS-s usage will
help increase CSS-s use among Armenian parents.

A ‘‘Flower’’ to improve the lunch at school

Gianmarco Troiano

G Troiano1, M Servegnini2, ML Cirrincione1, E Frittoli3, AM Firmi1,
V Clasadonte1
1ATS Val Padana, Italy
2ASST Crema, Crema, Italy
3Freelance, Italy
Contact: ent.unisi.it

Background:
Children consume at least one main meal a day at school so
ATS Val Padana (Italy) conceived a project called ‘‘Un fiore in
mensa’’ (A flower in canteen) as an acknowledgment of the
quality of the school catering service.
Objectives:
The aim of the project is to assign an award - ‘‘The Flower’’ -
after an inspection during which the entire lunch (from
preparation of meal to the consumption) is examined. It is
necessary to reach at least 10 points to have the ’flower ’ in all 3
essential sections (the ‘‘petals’’): Quality of the menu,
Organization and cleaning of the kitchen and / or other
locals, Collaboration of the teachers. The complete flower
(with 6 petals) is reached with 60 points (in the sections:
General presentation of the refectory, Collaboration between
all the personnel during lunch, Children’s behavior).
Results:
In the 2018-19 edition of the project 79 schools were
examined: 20 (25.32%) were nurseries; 34 (43.04%) were
kindergartens; 25 (31.65%) were elementary school. 36
(45.47%) were private schools. 16 on 79 schools (20.25%)
obtained the flower. In particular: 1 school obtained a 3-petals
certificate; 6 schools obtained a four-petals certificate; 7
schools obtained a five-petals certificate; 2 schools met all
the requirements and obtained the complete six petals

certificate. There wasn’t a statistically significant difference
due to school typology (p = 0.70) or to their management
(p = 0.69). There was a statistically significant difference due to
the examined year (p < 0.01), with better performances in 2019
compared to 2018.
Conclusions:
The interest demonstrated by some schools that didn’t receive
the full flower to resolve some critical aspects confirmed the
utility of the project.
Key messages:
� The project ‘‘A flower in canteen’’ is a way to reward the
school catering service.

� Some schools tried to resolve some critical aspects after the
inspection.

Experiences of maternal weight management services
among women with a raised body mass index

Frankie Fair

F Fair1, H Soltani1
1Sheffield Hallam University, Sheffield, UK
Contact: f.fair@shu.ac.uk

Background:
Obesity is associated with increased maternal morbidity and
mortality. Maternal weight management services (MWMS) are
a good opportunity to influence lifestyle behaviours of
mothers. To understand what constitutes the most suitable
service, women’s views on MWMS are paramount.
Methods:
A purposive sample of 13 women with a BMI�40kg/m2 were
interviewed at 36 weeks gestation. A semi-structured interview
schedule explored their experiences of MWMS provision and
advice, awareness of services and the barriers and facilitators to
antenatal weight management. Interviews were recorded and
transcribed verbatim. Inductive thematic analysis was
undertaken.
Results:
Four themes emerged. ’Understanding where I am at’ showed
women’s readiness and motivation varied, from being avoidant
or unaware of weight as an issue to already making changes.
’Getting information’ revealed while a few women felt that they
received good information during pregnancy most reported a
lack of information or minimal information provided in a
’tick-box’ fashion. Women particularly wanted practical
advice. ’Difficulties I face’ identified physical, emotional and
financial barriers and the strategies some women used to
overcome these. ’Encountering professionals - a mixed
experience’ demonstrated women wanted to be treated with
respect and sensitivity and that how weight management
information was addressed was more important than who
provided it. The fine line professionals need to tread was
evidenced by women thinking they had received inadequate
information and yet that there was too much focus on their
weight and its related risks during pregnancy.
Conclusions:
MWMS should not be seen as a ’tick box’ exercise but should
be woman-centred to assist women to move forward in their
weight management journey, no matter what their starting
point. Women desired practical advice provided in a sensitive,
respectful manner not just the continual repetition of the risks
of being obese during pregnancy.
Key messages:
� Maternal weight management services require a woman-
centred approach to enable women to move forward on
their weight management journey.

� Women want practical, sensitive advice not just the
continual repetition of the risks of being obese during
pregnancy.
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¢xYr�Yr�pq�̈eWq�dXXWrr�pkfYX_W�[YrfkYĵfW[�̂q[Wk�fxW�fWkir�h��fxW��kWpfYZW��hiihqr�dffkYĵfYhq��YXWqrW�£xffe���XkWpfYZWXhiihqr�hkv�_YXWqrWr�j̀�\�b�¤��wxYXx�eWkiYfr�̂qkWrfkYXfW[�̂rW��
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Healthy weight services in England before,
during and after pregnancy: a mixed
methods approach
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Abstract

Background: Maternal overweight and obesity are associated with numerous adverse outcomes including higher
rates of maternal and infant mortality and morbidity. Overweight and obesity before, during and after pregnancy
are therefore a significant public health priority in England. This project explored and mapped healthy weight
service availability at different stages of the childbearing cycle.

Methods: A mixed methods approach included a questionnaire-based survey disseminated through Local
Maternity Systems and semi-structured interviews or focus groups with providers and commissioners. Current
maternal weight service provision was explored along with some of the barriers and facilitators for providing,
delivering and accessing healthy weight services. Descriptive statistics were reported for quantitative data and
content analysis was used for thematic reporting of qualitative data.

Results: A total of 88 participants responded to the survey. All services were offered most frequently during
pregnancy; with healthy eating and/or weight management services offered more often than physical activity
services. Few services were targeted specifically at women with a raised body mass index. There was a high degree
of inconsistency of service provision in different geographical areas.
Several themes were identified from qualitative data including “equity and variation in service provision”, “need for
rigorous evaluation”, “facilitators” to encourage better access or more effective service provision, including
prioritisation, a change in focus and co-design of services, “barriers” encountered including financial and time
obstacles, poor communication and insufficiently clear strategic national guidance and “the need for additional
support”.

Conclusions: There is a need to reduce geographical variation in services and the potential health inequalities that
this may cause. Improving services for women with a raised body mass index as well as services which encourage
physical activity require additional emphasis. There is a need for more robust evaluation of services to ensure they
are fit for purpose. An urgent need for clear national guidance so that healthcare providers can more effectively
assist mothers achieve a healthy weight gain was identified. Commissioners should consider implementing
strategies to reduce the barriers of access identified such as childcare, transport, location and making services free
at the point of use.
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Background
Obesity and overweight (Body Mass Index (BMI) ≥25
kg/m2) affect more than 60% of the adult population [1];
with data from 37 maternity units showing the rate of
first trimester maternal obesity has more than doubled
over the previous 2 decades [2]. Managing the conse-
quences of obesity is estimated to cost the National
Health Service (NHS) £27 billion per year [3]. Childbear-
ing contributes to the rise of overweight and obesity in
women [4]. Raised BMI is associated with increased
short-and long-term adverse outcomes for mothers such
as increased risk of maternal mortality, pregnancy in-
duced hypertension, gestational diabetes, primary post-
partum haemorrhage and interventional birth [5]. For
babies, there are additional risks of stillbirth, large for
gestational age, admission to neonatal units and neonatal
mortality [6–11].
The promotion of healthy lifestyle and healthy weight

before, during and after pregnancy have been suggested
to reduce the risk of pregnancy and birth complications
as well as to minimise the risk of obesity development
and metabolic diseases such as type 2 diabetes in the
long term [12–14]. Implementing preventative strategies
that provide opportunities to enhance lifestyle choices
throughout preconception, pregnancy and the postpar-
tum with the aim of reducing the burden of maternal
obesity and its associated complications have been iden-
tified as top priorities [15]. However, little is known
about the pattern of service provision to support women
and families to enhance their lifestyle and promote
healthy weight gain at such an important life stage.
In 2015 the United Kingdom (UK) government an-

nounced its ambition to halve rates of stillbirth, neonatal
death and maternal death by 2030 [16]. In 2016 ‘Better
Births’ set out the vision for safer, more personalised,
kinder, professional, and more family-friendly maternity
services [16]. While NHS England lead the overall
programme, Public Health England (PHE) leads the im-
plementation of Workstream 9 ‘Improving prevention
and population health’ within the Better Births recom-
mendations [15]. Local Maternity Systems (LMS) have
been established to drive this transformation and are re-
sponsible for developing and implementing a local vision
for transforming maternity services by 2020/2021. In
total forty-four LMS have been established across Eng-
land which include both providers and commissioners
operating together to ensure that women and families
are able to access the services they need in a timely
manner.
This study aimed to explore current service provision

of maternal healthy weight services in England through
a survey of LMS representatives and to determine the
perspectives of key stakeholders on variation in service
provision and related barriers and facilitators locally.

Method
A mixed methods approach was undertaken. It is recog-
nised that combining different research methodologies
in mixed methods research can provide better under-
standing of research questions through triangulation of
results collected from different sources [17]. An online
questionnaire was distributed and analysed. The results
of this were utilised to develop a semi-structured inter-
view schedule which was used to gather further data
from key stakeholders.

Online survey
Using an online Survey Monkey questionnaire, we ex-
plored commissioners’ and providers of healthcare ser-
vices’ views to establish the various range and type of
services available to support women in achieving a
healthy weight and lifestyle prior to pregnancy, during
pregnancy or up to 1 year postpartum (see Add-
itional file 1). The survey included fixed response and
open-ended questions around services available for all
women with regards to healthy eating (services specific-
ally aimed at promoting a healthy diet), physical activity
(services aimed at encouraging exercise) and weight
management (services aimed at weight management
which could address diet, exercise or psychosocial is-
sues). The survey also asked about any services available
for women with a raised BMI (≥25 kg/m2). Where ser-
vices were provided, respondents were asked if the ser-
vice had been evaluated in any way, this could include
local audit or formal external evaluation. Respondents
were also asked if the services provided, were for the
women only or incorporated other family members into
the service and whether service users had been involved
when developing the service.
The survey was disseminated through the national ma-

ternity transformation programme network to all 44
LMS. The questionnaire was initially sent out on 12th
March 2018, followed by a reminder on 24th April 2018.
Further requests were sent to LMS Chairs within regions
where no initial responses were received.

Semi-structured interviews
Individual interviews or focus groups were undertaken
with a purposive sample of key stakeholders within one
region of England. These stakeholders included pro-
viders and commissioners of maternity, public health,
sexual health, contraceptive and health visiting services.
A semi-structured interview schedule informed by the
survey results was developed (see Additional file 2). This
covered services currently provided, services that re-
spondents would like to see provided and factors inter-
viewees felt were facilitators or barriers to service
provision or access.
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Data analysis
Descriptive statistics were reported for the quantitative
component of the survey and simple content analysis
undertaken on the open-ended responses within the
survey.
All interviews and focus groups were audio recorded

and transcribed verbatim. Themes within responses were
identified using a simple content analysis. Transcripts
were initially read to ensure familiarity with the data. In-
terviewees’ responses were then coded inductively by
two researchers to enhance trustworthiness of the find-
ings. Similar and disparate codes were developed into
themes. Two researchers undertook the analysis with the
final themes agreed through discussion.

Results - online questionnaire
Characteristics of respondents
Responses were received from 88 people of whom 39
(44.3%) were commissioners, 43 (48.9%) were providers,
1 (1.1%) was a specialist, 1 (1.1%) worked as both a com-
missioner and provider and four (4.5%) did not answer.
Figure 1 shows the LMS distribution of respondents.

A response was received from 23 of the 44 LMS (52.3%)
within England. Of the fourteen respondents who did
not report which LMS they were from, 11 took no fur-
ther part in the survey.

Service provision for women before, during or after
pregnancy
A total of 68 participants answered questions about ser-
vice availability for all women promoting healthy eating

and/or weight management and 44 responded to ques-
tions about physical activity. Both types of services were
offered most frequently during pregnancy and the time
that services were reported to be offered least was prior
to pregnancy. Healthy eating and/or weight management
services were offered more often than physical activity
services at all stages of the childbearing cycle (See
Fig. 2).
Additional service provision for women with a BMI ≥

25 kg/m2 was low at all stages of the childbearing cycle
(Fig. 2); with very few respondents reporting additional
services (only 7 healthy eating and/or weight manage-
ment services and 3 physical activity services). Similarly
to services for all women, most services were provided
during pregnancy.

Geographical distribution of services
Service availability varied between different LMSs, with
some LMSs reporting no services during the childbear-
ing cycle, some reporting provision across all stages and
some at one or two of the different stages only - prior to
pregnancy, during pregnancy or postpartum.
In all LMS where there were multiple respondents it

was noted that the services reported varied between re-
spondents. This could be from no service availability to
availability across all stages of the childbearing cycle. It
was unclear within our survey whether this was due to
service availability awareness differing between respon-
dents or whether there were differences in service avail-
ability in different NHS Trusts/ clinical commissioning
groups within each LMS.

Fig. 1 Survey responses from the different Local Maternity Systems (LMSs) (n = 88)
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Service components
Services provided varied. They could include basic infor-
mation provision such as the Eat Well Plate [18], safe
exercise in pregnancy guidelines or the physical activity
in pregnancy infographic [19] given by professionals
such as midwives or health visitors. Some areas provided
information about bespoke programmes that women
could access such as aquanatal classes, Cook it Pro-
grammes, leisure centre partnerships or park walks. A
few respondents reported the availability of dietician re-
ferral or could refer women to specific services such as
HENRY (Health, Exercise and Nutrition for the Really
Young) [20].

Family approach to the services
A family approach was reported to be taken in 74.4% of
healthy eating / weight management services and in
57.7% of physical activity services (Fig. 3). Family ap-
proaches included other family members being incorpo-
rated into the service, whole family activities for example

cookery courses or proactive onward referral for family
members. Some respondents also felt that changing the
mothers’ lifestyle would impact the long-term health of
all family members.

Evaluation of the services
Only 35.9% of services encouraging healthy eating or
weight management and 32.0% promoting physical activ-
ity reported to have been evaluated (Fig. 3). Evaluation
was mainly through service user feedback or internal
audit. Only four services had been independently evalu-
ated, either by an independent University or national
evaluation of services such as Slimming World. None of
the services for women with a raised BMI reported they
had been formally evaluated.

Service user involvement in services
Over a third of respondents reported service user in-
volvement (Fig. 3). This included co-creation of the

Fig. 2 Service availability to all women and women with a raised BMI at different childbearing stages

Fig. 3 Services reporting that they had been evaluated, used a family approach or had involved service users
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service, service development through user feedback or
service user involvement on research steering groups.
Results of the survey are also summarised on the info-

graphic in Additional file 3.

Results - semi-structured interviews
Characteristics of participants
Thirteen participants undertook semi-structured individ-
ual interviews (n = 6) or focus groups (two focus groups
with 2 and 5 participants respectively). Participants had
a wide geographical distribution within two LMS and
varied professional roles including council public health
workers (n = 7), specialist or consultant midwives whose
role included public health (n = 4), a health visitor (n =
1) and a council-sports partnership worker (n = 1).

Service provision description from interview participants’
perspectives
Services provided for all women
Services provided for all women were similar to those
described within survey responses, including information
provision by midwives or health visitors (n = 8), HENRY
and it’s follow on initiatives (n = 5) or other initiatives to
promote healthy eating and physical activity (n = 2), ex-
ercise groups such as aquanatal or buggy fit (n = 6) and
referral to local leisure centres (n = 5). Some inter-
viewees also discussed additional provision not men-
tioned by survey respondents including links with
schools and colleges to provide pre-conception educa-
tion (n = 1), achieving Baby Friendly Initiative [21] ac-
creditation or providing breastfeeding support (n = 2),
‘Fitmums and Friends’ and ‘This Girl Can’ - campaigns
to promote women to exercise (n = 1), initiatives

targeting healthy food provision options in vending ma-
chine (n = 2) and the Promotional Guide Tool [22] used
by health visitors to promote conversations with women
regarding lifestyle (n = 1).

Service provision for women with a raised body mass index
Similarly to the survey, there were few services specific-
ally for women with a raised BMI. Some had consciously
move away from targeted services to avoid stigmatisa-
tion, while others had experienced decommissioning of
services due to funding issues (n = 3).

Thematic representation of the interview findings
The themes and subthemes identified from qualitative
data are presented in Fig. 4 and discussed in detail
below.

Equity and variation in service provision
In line with survey results, geographical variation in ser-
vice provision was noted both between areas and within
areas. In one area women within the same NHS Trust
for maternity care could have access to different services
dependent on where they lived, due to councils which
commissioned services having different boundaries to
NHS Trusts.

“I see women on a Wednesday morning and I can
only say you can go to Slimming World if you want
but you’ll have to pay for it yourself and then I see
ladies on a Thursday morning and I say this is the
lovely XXXX [who runs the free local maternity
programme for women with a raised BMI]. It’s just
unequal” Participant 2.

Fig. 4 Thematic representation of key stakeholders’ views on maternal weight management service provision
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Need for rigorous evaluation
Evaluation of services was universally poor. The excep-
tion was the national HENRY programme which had
been independently evaluated [23]. Any local evaluation
described was by monitoring attendance or asking
women for feedback, with changes incorporated into the
service in response to any issues raised.
Respondents felt limited specific guidance on acceptable

weight gain during pregnancy as standards to measure
services against hindered evaluation. One service however
used the Centre for Maternal and Child Enquires maternal
obesity report [7] as a UK baseline for outcomes such as
Caesarean delivery, induction of labour and preterm birth,
with which to compare their service outcomes.

“I think it’s very difficult in pregnancy to evaluate it
properly because we don’t have a true reference range
for what is a healthy weight gain.” Participant 7.

Facilitators for weight management service provision and
access
Suggestions made by interviewees to encourage better
access or more effective service provision, included pri-
oritisation, a change in focus and co-design of services.

Prioritisation
Prioritisation of the first 1000 days by one council had
allowed additional funding to be attained for high priority
areas, to commission additional services. The high-level
initiative Healthy Weight Declaration was also seen to
support local government to develop and implement pol-
icies around healthy weight for example changing food
provision at community cafes or parenting groups [24].

“So there’s things like the healthy weight declaration …
that’s something that we’re trying to take on board here
and it’s very much about changing the culture around
food, activity and the environment essentially. So you
know the food that’s provided in hospital vending ma-
chines or gym vending machines, so that’s been chal-
lenged so that healthier food is provided” Participant 1.

A change in focus
There was a shift from focussing exclusively on weight
onto healthy eating and activity. The importance of es-
tablishing the individual’s current understanding of
weight management and encouraging women to identify
their own goals was also considered to be important, ra-
ther than imposing the provider’s ideas.

“on a general level I think the focus needs to move
away from weight and more onto health of eating
well and moving more and shifting the culture in
that way” Participant 1.

Co-design of services with women
Clear communication with service users to ensure ap-
propriate services are commissioned was considered key
to ensure access. Providing free services, in places with
good transport links, on-site childcare, high visibility
through good marketing and de-centralised services to
reduce the distances women have to travel were all con-
sidered vital to improve service accessibility.

“being commissioned appropriately with discussion
with services and with women ... because sometimes
I think when services are being commissioned they
don’t think about the people who’re actually using
them, so it’s so important asking the right women”
Participant 5.

Providing services for all women was felt to increase
service uptake, by preventing mothers with a raised BMI
feeling stigmatised. This also made sense to providers
given the increasing population levels of overweight and
poor diet and the lower cost associated with embedding
a universal service into existing provision, rather than
paying for an additional service.

“Regardless of people’s weight, we know that people
have poor diets. I think whenever we talk about tar-
geted interventions, we always just come back to we
might as well do it universally” Participant 13.

Barriers to weight management service provision and
access
Numerous barriers that inhibited provision, promotion
and access to healthy lifestyle services were identified.

Financial and time obstacles
Lack of money was the biggest obstacle reported. It pre-
vented services being commissioned, prevented invest-
ment in services and inhibited service delivery. Rural
areas were especially hard hit as running services in
areas where pregnant women were very dispersed was
not cost effective. Money restrictions also equated to
time restrictions within appointments, meaning discus-
sions around healthy eating or referral to available ser-
vices were always a low priority for midwives needing to
address many other topics. The proper evaluation of ser-
vices was also impeded by lack of money.

“It’s a difficult one because the council don’t have
the budget anymore.” Participant 4.

The constant cycle of commissioning, decommission-
ing, revamping and re-commissioning of services as
funding was available made it difficult for practitioners
to stay informed with service availability.
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“I know staff find it so frustrating when things are
coming and going because they say you know it’s fan-
tastic this and the next minute you’re putting a mes-
sage saying actually the services have stopped.”
Participant 5.

Poor communication
Commissioners reported difficulties in evaluating ser-
vices as they were unable to assess the quality of front-
line staff conversations. They also reported frustration at
not receiving information such as attendance when it
was requested from providers, so did not know whether
further promotion of services was required.

“They [midwives] tend to record that a discussion
has to take place, but the quality of the discussion
could vary so I could say, well you know you are
pregnant, now you must eat well and exercise and
then tick my box, or ... it could be a bit more of an
open discussion with a bit more quality to it” Partici-
pant 11.

Lack of clear strategic national guidance
Limited evidence on interventions that positively impact
on pregnancy or neonatal outcomes, coupled with no
national guidelines on weight gain in pregnancy and Na-
tional Institute of Health and Care Excellence (NICE)
guidance that was seen to be out-of-date, made it diffi-
cult for providers to know what services to commission
and how to effectively evaluate current services.

“Our NICE guidelines for weight monitoring, if you
want the truth they are so woolly you could never
evaluate it, because it doesn’t specifically say who to
do what ... It is not a proactive guide in my opinion.”
Participant 4.

“It would help if current NICE guidelines were ap-
propriate … we were so looking forward to them
coming out and … when they did they were very
meek and all they were talking about was about
myth-busting … These guidelines are totally out of
date … they need updating and they need more teeth
as well.” Participant 7.

One respondent felt it also led to NHS trusts all devel-
oping their own thing, when a lot of time and effort
could be saved with national level input.

An uphill struggle
Participants felt the public viewed being overweight as
‘normal’, due to increasing population prevalence. The
media propagated image of healthy eating and physical
activity being middle-class and too expensive for women

from deprived communities also needs addressing to re-
duce inequitable access.

“there is a perception I think that healthy eating and
being physically active is quite a middle-class thing
and I think that’s a real issue ... and that’s not
helped by the media ... I know from experience when
I’ve delivered sessions and it was about sugar and
our children having sugar and she [a mother] was
like I don’t want my child to be an effing snob by not
having sugar.” Participant 1.

Work commitments and employers not facilitating ac-
cess to healthy lifestyle appointments also made it diffi-
cult for women to benefit from services. Finally, women
wanting to lose weight often undertake it themselves ra-
ther than going to a healthcare professional for support
to achieve their goal. Group interventions were espe-
cially felt to inhibit access for some women.

Need for additional support
Educating women
There was a call for more pre-conception education, ei-
ther through schools or a national campaign highlighting
the risks to mother and child of being overweight at
conception, to reduce the number of women with a
raised BMI prior to pregnancy. Incorporating aspects
such as weight maintenance and cooking skills into ante-
natal classes was also suggested.

“ideally you don’t want them to go into pregnancy
overweight … I think you start at school because they
are potentially your mothers of the future.” Partici-
pant 4.

“ideally with women who are overweight it would be
nice if they lost some weight before they got pregnant,
which some of them do, but not all of them because
some of them are oblivious!” Participant 2.

Educating professionals
Training all healthcare professionals prior to registration
was felt to be essential, so healthy eating is an integral
part of the job from the start.

“Ideally we should be starting with the student mid-
wives in university and then the newly qualified
midwives, so that actually, that message is from the
start of their midwifery training. ... No, it’s not an
extra, it’s not something that they learn afterwards,
it’s part of their training.” Participant 4.

Healthcare professionals who themselves were obese
or struggled with their weight were seen to lack
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confidence to raise the topic with women. Training staff
to understand behaviour change theory, personal moti-
vators and to initiate conversations, including those who
traditionally don’t have a public health role, was seen as
crucial to achieve the ethos of Make Every Contact
Count.

“We’re looking at things like workforce development
and … trying to train up parts of the workforce that
perhaps wouldn’t have traditionally been … and
sometimes people from different services have better
relationships with families, we know that a lot of our
housing officers for example, have good relationships
with families.” Participant 13.

Furthermore, service availability for pregnant women
could be improved by training providers on the needs of
pregnant women and how to incorporate them into
existing adult services.

Maternity service changes
Many respondents wanted further maternal obesity ser-
vices, either bespoke or the commissioning of pro-
grammes such as Slimming World for all pregnant
women. Continuity of carer during pregnancy was also
desired to assist with conversations and follow-up re-
garding healthy lifestyle. A desire for personalised trajec-
tories for monitoring weight during pregnancy was also
voiced, however this would require services in place for
onward referral if women’s weight gain exceeded expec-
tations. Better liaison between midwives and health visi-
tors for women with a raised BMI to prevent weight
gain between pregnancies was also called for.

“I think, if we had a secure evidence base that en-
abled us to say, ‘this is a good trajectory for you’, …
similar to ... customised growth charts for plotting a
foetus, ... we could follow them ... But, also we’d need
to know what to say if somebody’s growth exceeds;
what to do, what to offer, where to refer them, how
to help them” Participant 7.

Discussion
Healthy eating, weight management and physical activity
services for all women were varied in nature from noth-
ing or the provision of very basic information to struc-
tured weight management or physical activity
programmes. Service provision for women with a BMI ≥
25 kg/m2 was found to be minimal, particularly for phys-
ical activity interventions. The results regarding avail-
ability of services was consistent between the semi-
structured interviews and the survey.
This study showed clear variation in maternal obesity

service provision across England with a complete lack of

accessible services in a number of areas, especially for
women with a high BMI. Multiple respondents within a
single LMS had differing awareness of service provision.
Participants in the semi-structured interviews suggested
this could have been due both to service inequity be-
tween different areas and also due to the constant
commissioning and decommissioning of services making
it difficult for practitioners to stay informed of service
provision. It is essential therefore that healthcare profes-
sionals who have contact with women prior to preg-
nancy, during pregnancy and postpartum are informed
of up-to-date local service provisions. Clearer national
leadership is also required on the commissioning re-
quirements around maternal healthy weight to help re-
duce geographical variation and the potential health
inequalities that this may cause.
While numerous services had worked hard to involve

service users in the development or update of services,
very few reported being evaluated. The majority of those
that had been evaluated had done so through internal
audit. More needs to be done to formally evaluate ser-
vices. This needs to include evaluation of the effective
behaviour change components of the service through
frameworks such as Michie et al. [25] who developed a
taxonomy of behaviour change techniques used within
interventions. This is in line with Public Health England
who have recommended the application of an evidence
based framework to ensure the embedding of appropri-
ate behaviour change techniques into interventions [26]
and have provided a list of the most effective behaviour
change techniques to use in future weight management
interventions [27]. A recent review of behaviour change
techniques used in gestational weight management trials
has found these techniques are currently poorly reported
[28]. Future services need to more clearly elaborate on
the behaviour change techniques incorporated within
specific interventions, so that active components of in-
terventions can be identified and more readily repro-
duced. There should also be a focus on the extent to
which services are delivering evidence-based interven-
tions as intended. Research has consistently shown that
evidence translation is problematic [29] and calls have
been made to utilise appropriate behaviour change tech-
niques for health professional behaviour change [30].
More concise, clearer and directive national guidance
would also enable existing services to be better evaluated
for effectiveness. This could prevent local areas ‘re-
inventing the wheel’ with a limited budget. NICE should
therefore consider urgently reviewing the maternal obes-
ity guidelines [13] so that they reflect up to date
evidence.
The main barrier identified by participants to provid-

ing and commissioning healthy weight services for the
childbearing population was the lack of, or inconsistency
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in, funding. Funding to public health budgets has seen
significant cuts over recent years which has had signifi-
cant effects on public health services across the board
[31]. To tackle the increasing problem of maternal obes-
ity it is therefore important that good practice is shared
effectively when services have been evaluated robustly
and found to improve maternal health outcomes. This is
required to meet the vision of workstream 9 ‘improving
prevention and population health’ within the maternity
transformation programme to improve health by pre-
venting poor outcomes and improve woman’s health be-
fore, during and after pregnancy [32].
Commissioners should consider implementing strat-

egies to reduce the barriers identified through the inter-
views especially as these are likely to affect women living
in deprived areas disproportionately to their more afflu-
ent counterparts. Initiatives such as de-centralising ser-
vices into local areas with good transport links and
childcare provision may help to facilitate women’s ac-
cess, particularly for women from deprived areas. Mak-
ing all services free at the point of use needs to be
considered, alongside a proper economic evaluation to
determine the cost effectiveness of such a strategy.
These facilitators were also identified in a recent study
addressing how lifestyle interventions could be tailored
to improve access and ultimately outcomes for low
socio-economic populations [33]. The importance of
consulting the target population to better understand
their service needs and to ensure services developed are
relevant and appropriate cannot be overlooked [26].
National educational resources should be developed to

educate women and healthcare providers around healthy
maternal weight prior to pregnancy, during pregnancy
and in the postpartum period. This is necessary both to
maximise the use of available services and to ensure
consistent reliable messaging around maternal healthy
weight.
Previous research has shown regional differences in

the rate of maternal obesity and clear evidence of health
inequalities in relation to a higher incidence of maternal
obesity and its complications among women from Black
and Ethnic Minority (BME) backgrounds and those who
are socially deprived [2, 5, 34]. It is therefore important
to consider sociodemographic predictors of maternal
obesity and its complications in any future research to
ensure equitable service provision.

Limitations of this study
This research was enhanced by the participants in both
phases of the study representing a wide variety of occu-
pations and including both commissioners and pro-
viders. Survey respondents were also geographically well
dispersed across England and the interviewees covered
numerous councils and NHS trusts. However, like any

other survey this represents a self-selected sample of re-
spondents. The fact that only 23 of the 44 LMSs pro-
vided a response to the survey was also a limitation of
the project. However complementary approaches in this
research present findings which indicate discrepancies in
service provision from various key stakeholders’ perspec-
tives. It also highlighted the need for rigorous evaluation
of existing services and equitable provision of services
particularly before and after pregnancy.

Conclusion
Healthy weight service provision varies in different geo-
graphical areas across England. It is therefore important
to ensure all healthcare workers are aware of related ser-
vice provisions. More maternity healthy weight services
are needed with an emphasis on physical activity. Service
provision and access also needs to be encouraged prior
to pregnancy and in the postnatal period, particularly for
those with a raised BMI. To ensure these services are fit
for purpose more robust evaluation is required. Finally,
healthcare providers should be aware of the existing ser-
vices to encourage their uses. They also require clear
guidance and training to support pregnant women
achieve a healthy weight gain.
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Introduction. Maternal obesity and excessive gestational weight gain are associated with multiple adverse outcomes. There is a lack
of clarity on the specific components of effective interventions to support pregnant women with gestational weight management.
Method. All 44 studies within a preexisting review of lifestyle interventions, with a potential to impact onmaternal weight outcomes,
were considered for content analysis. Interventions were classified using Behaviour Change Technique (BCT) taxonomy clusters to
explore which categories of BCTwere used in interventions and their effectiveness inmanaging gestational weight gain.Results.The
most commonly used BCTs were within the categories of “feedback and monitoring,” “shaping knowledge,” “goals and planning,”
“repetition and substitution,” “antecedents,” and “comparison of behaviours.” For diet and mixed interventions “feedback and
monitoring,” “shaping knowledge,” and “goals and planning” appeared the most successful BCT categories. Conclusions. Poor
reporting within studies in defining the BCTs used, in clarifying the differences in processes between intervention and control
groups, and in differentiating between the intervention and research processes made BCT classification difficult. Future studies
should elaborate more clearly on the behaviour change techniques used and report them accurately to allow a better understanding
of the effective ingredients for lifestyle interventions during pregnancy.

1. Introduction

Maternal obesity and excessive gestational weight gain are
associated with adverse outcomes (such as macrosomia,
shoulder dystocia, and gestational diabetes [1, 2]) and are on
the rise. Despite an urgent need for evidence based guidance
to support pregnant women on gestational weight manage-
ment, there is a lack of clarity about effective interventions
and their specific components. Interventions developed to
reduce excessive gestational weight gain and its associated
outcomes generally fit into the broad categories of dietary
only, physical activity only, and mixed approaches utilising
both diet and physical activity components [3]. It is important
to identify which components and specific behaviour change
techniques within these complex interventions are most
effective, since this is needed to inform the development of
future interventions and guidance.

Michie et al. have reported a consensually agreed struc-
tured taxonomy of behaviour change techniques which pro-
vides a framework for a more precise reporting of complex
interventions [4]. The Behaviour Change Technique (BCT)
taxonomy [4] is a useful tool to extract the active components
of interventions, allowing comparisons between the compo-
nent parts of successful and unsuccessful behaviour change
interventions. Several studies [5–7] have used the behaviour
change technique taxonomy described by Michie et al. [8]
to define gestational weight gain management interventions.
However only Currie et al. [9] have used the most up-to-date
clustered BCT taxonomy [4] to code lifestyle interventions
during pregnancy or the postnatal period, in their systematic
review of 14 studies aimed at reducing the decline in physical
activity during pregnancy.

Gestational weight management strategies often rely
on complex interventions involving various interacting
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components. Identification of active components of these
interventions would help in better understanding and inter-
preting the results of the existing systematic reviews. It would
also be helpful to inform the design of new interventions and
their evaluations.

Numerous systematic reviews have evaluated the efficacy
of interventions designed to improve weight outcomes for
mothers [3, 5, 6, 10–14]. Of these most included 9 to 11
interventional studies [5, 10, 11, 13], with one review [14] only
including 5 studies, two reviews including 19 studies [6, 12],
and the final review byThangaratinam et al. [3] of 44 studies.
The reviews by Brown et al. [14],Thangaratinam et al. [3], and
Choi et al. [13] focused exclusively on randomised controlled
trials. Results across the reviews have varied. Streuling et al.
[10] found that physical activity or diet alone interventions
were not effective at reducing gestational weight gain but
interventions based on physical activity and dietary coun-
selling combined with weight monitoring appeared to be
successful. In comparison Choi et al. [13] found that obese
and overweight women allocated to physical activity or phys-
ical activity plus diet interventions in pregnancy had lower
gestational weight gains, with supervised physical activity
being especially effective. Thangaratinam et al. [3] showed
some evidence of effectiveness across all interventions in
reducing gestational weight gain (mean difference (MD)
−1.42, 95% confidence interval (CI) −1.89 to −0.95).They also
reported significant reductions in weight gain in pregnancy
in subgroup analysis for dietary interventions (MD −3.84,
95% CI −5.22 to −2.45), physical activity interventions (MD
−0.72, 95%CI−1.20 to−0.25), and interventionswith amixed
approach (MD −1.06, 95% CI −1.67 to −0.46).

Due to the comprehensive approach in inclusivity and
rigour in Thangaratinam et al.’s [3] review and due to it
being the most highly accessed and cited article within the
field of research of gestational weight management, this was
selected as the source of literature for content analysis in
our review. The aim of this study was therefore to evaluate
the behaviour change techniques included in diet, physical
activity, or mixed interventions with a potential to impact
on maternal or fetal outcomes related to weight and to
identify the categories of behaviour change technique of those
interventions which were effective. To our knowledge, this is
the first study to use the BCT taxonomy to identify techniques
used in a wide range of gestational weight management
lifestyle interventions.

1.1. Objectives. To explore the patterns of behaviour change
techniques used in interventions with a potential to impact
maternal and fetal outcomes related to gestational weight
gain.

2. Methods

2.1. Data Selection. This study was based on the 44 ran-
domised controlled trials of interventions with a potential to
impact maternal or fetal outcomes related to weight which
were included in the HTA commissioned systematic review
[3]. The studies included in the review were focused on diet

only (𝑛 = 13), physical activity only (𝑛 = 18), or mixed
(𝑛 = 13) diet and physical activity interventions for a range
of pregnant women, focussing specifically on overweight and
or obese women in 11 studies. The study selection criteria
and assessments of quality and bias have all been reported
by Thangaratinam et al. [3]. They found that the quality of
studies included in the analysis for gestational weight gain
wasmoderate, but quality for other outcomes such as preterm
delivery and hypertension was low, where there may have
been a risk of publication bias.

2.2. Data Extraction and Synthesis. Michie et al.’s [4] health
behaviour change technique taxonomy was used to identify
the behavioural components of the intervention within each
included study. This taxonomy contains 93 itemised health
behaviour change techniques which are clustered into 16
groupings (see the following list), with each group containing
between 3 and 11 clustered behaviour change techniques. For
practicality of reporting the category groupings were used for
the purpose of this review.

Groupings within Michie et al.’s [4] Hierarchically Clustered
Behaviour Change Technique Taxonomy.Consider the follow-
ing:

(1) Goals and planning.
(2) Feedback and monitoring.
(3) Social support.
(4) Shaping knowledge.
(5) Natural consequences.
(6) Comparison of behaviour.
(7) Associations.
(8) Repetition and substitution.
(9) Comparison of outcomes.
(10) Reward and threat.
(11) Regulation.
(12) Antecedents.
(13) Identity.
(14) Scheduled consequences.
(15) Self-belief.
(16) Covert learning.

Three researchers (H. Soltani, M. A. Arden, and A. M.
S. Duxbury) independently extracted and coded the data, to
improve reliability of the data categorisation. Where there
were differences in coding, the research teamhad a discussion
to reach consensus regarding the codes and categories.

Behaviour change technique categories were classified
as successful or unsuccessful within each study dependent
upon whether a significant difference was found between the
intervention and control group on gestational weight gain.
Due to the heterogeneity of the included studies data was
synthesised narratively and presented in tables and graphs as
statistical synthesis was not possible.
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Figure 1: Behaviour change technique taxonomy categories of the
interventions in included studies (𝑛 = 44 studies).

3. Results

Of the original 44 papers included within theThangaratinam
et al. review [3], one study only consisted of a conference
abstract [26]. Full-text versions of all of the other articles
were obtained. The 44 trials included 7627 women who
had been randomised. Healthcare professionals delivering
the interventions varied across the studies and included
dieticians, nutritionists, clinical psychologists, doctor, nurses,
and midwives.

Table 1 contains study characteristics and the behaviour
change technique categories agreed by the researchers for
each of the included studies [15–59]. It was not possible to
apply any behaviour change taxonomy code to 10 of the stud-
ies. Figure 1 shows the distribution of BCT categories within
the studies. The most commonly used behaviour change
technique clusters were “feedback andmonitoring,” “shaping
knowledge,” “goals and planning,” “repetition and substitu-
tion,” “antecedents,” and “comparison of behaviours.”

There were many studies where the authors could not
agree on the behaviour change techniques involved within
the intervention. The disputed techniques are shown in
Table 2. Eight of the 10 studies for which no behaviour change
technique code was recorded had potentially included BCTs
but the research team could not reach agreement on them.
Two studies [27, 56] included no discernible BCTs. The most
common category where a disagreement occurred between
the authors was “goals and planning,” with 21 of the 22 studies
with a disputed behaviour change technique being discrepant
within this cluster. In only 2 of these 21 studies [21, 23]
was the discrepancy not within the subcategory “goal setting
(behaviour).”

For the studies where it was possible to categorise the
type of behaviour change, BCT category according to type
of intervention was plotted (Figure 2). While all types of
intervention made use of “feedback and monitoring” and
“shaping knowledge” techniques physical activity based inter-
ventions utilised “comparison of behaviours” and “repeti-
tion and substitution” more than dietary or mixed lifestyle
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Figure 2: Behaviour change technique taxonomy categories accord-
ing to intervention type (𝑛 = 34 studies).

interventions. In comparison dietary based and mixed inter-
ventions incorporated “goals and planning” more often.

Gestational weight gain was reported in 34 studies;
however for 6 of these studies no agreement was obtained
for applying a BCT code. The success of each behaviour
change technique according to type of intervention in the
resulting 28 studies is shown in Figure 3. In studies where a
BCT classification could be applied a significant difference in
gestational weight gain between the intervention groups and
control groups was found more often for diet based (𝑛 = 5)
or mixed interventions (𝑛 = 6) compared to physical activity
based interventions (𝑛 = 1).

The prevalence of each BCT category in both success-
ful and unsuccessful interventions for reducing gestational
weight gain is shown in Table 3. The BCT categories present
in 50% or over of the studies with successful interventions
were “feedback and monitoring,” “goals and planning,” and
“shaping knowledge.”

4. Discussion

We have used the Thangaratinam et al. [3] review as an
example of a report incorporating diet, physical activity, and
mixed lifestyle interventions with the potential to impact on
maternal or fetal weight outcomes. Of the 44 studies included
within that review, 34 reported total gestational weight gain.

The most commonly used behaviour change technique
categories were “feedback and monitoring,” “shaping knowl-
edge,” “goals and planning,” “repetition and substitution,”
“antecedents,” and “comparison of behaviours.” To our
knowledge there is only one other study [9] in which lifestyle
interventions in pregnancy or the postpartum have been
classified according to Michie et al.’s BCT taxonomy [4]. The
behaviour change technique components of interventions in
pregnancy aimed at reducing the decline in physical activity
were categorised within that study by Currie et al. [9], with
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Table 2: Discrepant Behaviour Change Technique categorisation across the studies.

Study Discrepant BCT
categorisation

Type of intervention (D =
diet; P = physical activity;

M = mixed)
Badrawi et al. 1992 [26] Goals and planning D
Barakat et al. 2009 [31] Goals and planning P
Barakat et al. 2012 [32] Goals and planning P

Bechtel-Blackwell 2002 [22] Comparison of
outcomes D

Bell and Palma 2000 [42] Goals and planning P
Briley et al. 2002 [23] Goals and planning D
Baciuk et al. 2008 [29]
Cavalcante et al. 2009 [30] Goals and planning P

Clapp 1997 [15] Goals and planning D
Clapp et al. 2000 [33] Goals and planning P
Erkkola 1976 [34] Goals and planning P
Erkkola and Makela 1976 [43] Goals and planning P

Garshasbi and Faghih 2005 [35] Goals and planning
Shaping knowledge P

Lee et al. 1996 [45] Goals and planning P

Marquez-Sterling et al. 2000 [38] Goals and planning
Shaping knowledge P

Ney et al. 1982 [18] Goals and planning D
Ong et al. 2009 [39] Goals and planning P
Prevedel et al. 2003 [40] Goals and planning P
Rae et al. 2000 [25] Goals and planning D
Santos et al. 2005 [41] Goals and planning P
Sedaghati et al. 2007 [28] Goals and planning P
Wolff et al. 2008 [21] Goals and planning D

Yeo et al. 2000 [46]

Goals and planning
Feedback and
monitoring

Shaping knowledge
Repetition and
substitution

P

the 6 most commonly used BCT categories being the same
as those found within this study. Others have used Michie’s
previous taxonomy [8] to code pregnancy and postpartum
lifestyle interventions. All of these found behaviour change
techniques within the categories of “goals and planning”
and “feedback and monitoring” were the most frequently
used [5–7]. Hill et al. [6] and Gilinsky et al. [7] both also
noted “instruction on how to perform the behavior” was
often utilised which sits within the “shaping knowledge”
cluster in the Michie et al. BCT taxonomy [4]. Gilinsky
et al. [7] also identified “set graded tasks” which is often
used in physical activity trials and is classified under the
“repetition and substitution” cluster. Hill et al. [6] found
studies often provided “information on the consequences of
behavior” which corresponds with behaviours in the “natural
consequences” cluster. With the exception of Hill et al.’s
[6] “natural consequences” category, these behaviour change
techniques correspond closely with those found in our study.

When assessing BCT taxonomy categories, there were
disputes among the authors (Table 2), mostly around the
“goal setting (behaviour)” technique. This categorisation was
disagreed on for 15 out of the 18 physical activity interven-
tional studies which could account for “goals and planning”
appearing to be more often incorporated into dietary based
and mixed interventions compared to physical activity inter-
ventions. In the majority of these disputed studies there was
no explicit reference to goal setting within the descriptions
of the intervention procedures provided according to the
BCT taxonomy definition: “set or agree on a goal defined
in terms of the behaviour to be achieved” [4]. Participants
had been assigned to the intervention condition as part of
the research protocol. Although the intervention description
included exercise classes or similar, it was not clear whether
or not a goal had been set or agreed to attend/engage in these
classes, even though this seemed likely to have occurred.
These disagreements may reflect health psychologists stricter
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Table 3: Prevalence of BCT categories within successful and unsuccessful interventions at reducing gestational weight gain.

BCTs present in successful intervention (% of 12
studies)

BCTs present in unsuccessful
intervention (% of 16 studies)

Goals and planning 75.0 50.0
Feedback and monitoring 91.7 75.0
Shaping knowledge 50.0 81.3
Natural consequences 0 6.3
Comparison of behaviour 8.3 56.3
Associations 8.3 0
Repetition and substitution 16.7 68.8
Comparison of outcomes 25.0 18.8
Reward and threat 16.7 6.3
Regulation 8.3 0
Antecedents 25.0 50.0
BCT = Behaviour Change Technique.

0
10
20
30
40
50
60
70
80
90

100

(%
)

Diet based interventions (7 studies)

G
oa

ls 
an

d 
pl

an
ni

ng

Fe
ed

ba
ck

 an
d 

m
on

ito
rin

g

Sh
ap

in
g 

kn
ow

le
dg

e

Re
pe

tit
io

n 
an

d 
su

bs
tit

ut
io

n

C
om

pa
ris

on
 o

f o
ut

co
m

es

Re
gu

la
tio

n

0
10
20
30
40
50
60
70
80
90

100

(%
)

Mixed interventions (9 studies)

Unsuccessful
Successful

G
oa

ls 
an

d 
pl

an
ni

ng

Fe
ed

ba
ck

 an
d 

m
on

ito
rin

g

Sh
ap

in
g 

kn
ow

le
dg

e

C
om

pa
ris

on
 o

f b
eh

av
io

ur

A
ss

oc
ia

tio
ns

Re
pe

tit
io

n 
an

d 
su

bs
tit

ut
io

n

C
om

pa
ris

on
 o

f o
ut

co
m

es

Re
w

ar
d 

an
d 

th
re

at

A
nt

ec
ed

en
ts

0
10
20
30
40
50
60
70
80
90

100

(%
)

Physical activity based interventions (12 studies)
G

oa
ls 

an
d 

pl
an

ni
ng

Fe
ed

ba
ck

 an
d 

m
on

ito
rin

g

Sh
ap

in
g 

kn
ow

le
dg

e

N
at

ur
al

 co
ns

eq
ue

nc
es

C
om

pa
ris

on
 o

f b
eh

av
io

ur

Re
pe

tit
io

n 
an

d 
su

bs
tit

ut
io

n

C
om

pa
ris

on
 o

f o
ut

co
m

es

A
nt

ec
ed

en
ts

Figure 3: Success of intervention on gestational weight gain across intervention type.
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understanding and interpretation of BCT coding, which
does not necessarily match the understanding of clinicians
and emphasises the potential difficulties of translating BCT’s
into practice. Clarification of these ambiguities is required
to enhance the implementation and reporting of BCT’s in
research and practice.

Categories of behaviour change techniques were present
in both effective and ineffective interventions, except for
“regulation” which was only present in one successful diet
based intervention and “association” which was within one
successful mixed intervention. Others who have assessed
behaviour change techniques utilised within interventions
have similarly found behaviour change strategies to be
present in both effective and ineffective studies [5]. Within
this current study physical activity interventions were largely
unsuccessful at managing gestational weight gain, whereas
individual behaviour change techniques within diet based
or mixed interventions were of varied success. However the
success or failure of an intervention could be a result of a
number of factors beyond the specific BCT’s, for example, the
study design, insufficiency of the sample size, or poor fidelity
to intervention processes and attrition rates in the original
studies.

The success or failure of the interventions may have been
influenced by individual BCTs or by the specific combination
of BCTs within the intervention. It was not possible to
statistically analyse the individual effectiveness of BCTs or to
assess the effectiveness of different combinations of behaviour
techniques due to the number of different combinations of
BCTs present within studies, which is a limitation of this
review. However it was noted that successful interventions
always included BCTs from one or both of “goals and
planning” or “monitoring and feedback”. This is in line with
Michie et al.’s [60] findings with regard to healthy eating
and physical activity interventions in the general population,
with what Gilinsky et al. [7] found for interventions effective
at increasing postnatal physical activity and with Harkin
et al. [61] who found larger effect sizes in interventions
incorporatingmonitoring of goal progress.When specifically
looking at gestational weight gain studies utilising explicit
goal setting Brown et al. [14] found a difference in the types
of interventions which were effective at different body mass
indexes (BMIs) with some interventions working best for
women of normal weight and others for women who were
overweight or obese. Future research into effective behaviour
change techniques will need to take account of potential
differential effects across various BMI categories.

The lack of clear and consistent reporting of which
behaviour change techniques were undertaken within each
intervention was a recurrent theme across this study. Poor
reporting, making classification of BCTs difficult, was noted
to occur within three main areas: lack of differentiation
between the intervention processes and the research pro-
cesses of the study; difficulties in determining which com-
ponents were delivered only to the intervention group rather
than to both the intervention and control groups; and
finally poor or vague definitions of the behaviour change
components used. Each of these areas will be discussed in
turn.

Some studies were noted to lack clarity over whether the
incorporated behaviours were part of the intervention or just
part of the study design, for example, glucose monitoring,
blood pressure measurements, and completing question-
naires. If these activities were purely for the researchers own
benefit to determine clinical outcome measures for the study
they would not be part of the intervention and therefore
should not be part of the behaviour change technique
classification; however if participants were given feedback on
the results of blood pressure readings or their current weight
in order to promote behaviour change then these procedures
would be part of the intervention and their component
techniques should be classified This lack of clarity across
the studies made BCT classification difficult.The importance
of clear reporting was also highlighted due to difficulties in
determining which behavioural processes were solely applied
to the intervention group. For example, statements such as
“participants were weighed at each appointment” did not
make it clear if everyone was weighed or just the intervention
group.

Behaviour change technique coding was difficult as some
studies used vague phrases such as “nutrition counselling”
or “education” to describe their interventions and did not
clearly specify what techniques these interventions included.
Furthermore interventions such as water aerobics sessions or
gym access where a fitness instructor was present wouldmost
likely include “how to perform the behavior” or “demon-
strating the behaviour”; however when this was not explicitly
stated it was difficult to identify the techniques and their
effectiveness in a standardised and consistentmanner. Others
have also described the difficultly of applying behaviour
change codes to intervention components due to a lack of
specificity within reports [5].

One study noted by the authors to provide a clear descrip-
tion which allowed rigorous behaviour change technique
codes to be applied was Jeffries et al. [49]. Codes included
“goal setting the outcome” as intervention women were
informed of their optimal weight gain based on their BMI
and Institute ofMedicine (IOM) guidelines and given person-
alised weight gain charts and “self-monitoring the outcome”
as intervention groupwomenwere asked toweigh themselves
every 4 weeks and record it on their chart. In contrast an
example of reporting which made BCT classification difficult
is Bechtel-Blackwell et al. [22]. They conducted an education
based intervention where the intervention group had three
20 minute group sessions which covered: “nutritional needs
specific to the woman’s stage of her pregnancy.” It was not clear
whether these sessions just provided information or worked
through problems to provide solutions (i.e., if you feel sick,
then drink water or go for a walk). No code could therefore
be applied.

When developing intervention studies researchers should
“clearly define and provide a rationale for all behaviour
change techniques that have been included” [62]. Future
studies should use frameworks for intervention design such
as the Behaviour Change Wheel [63] that guide developers
through the process of developing a clear rationale based on
evidence. Reporting behaviour change interventions stating
what has been done using the standardised terms found
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in the behaviour taxonomy would enable other researchers
to understand exactly what the intervention included and
would allow statistical analysis to evaluate the effectiveness of
specific study components.This would provide amore robust
conclusion of the effectiveness of specific BCT categories
at preventing excessive gestational weight gain, facilitating
the replication of successful interventions or intervention
components. The lack of standardised terms in the maternal
obesity intervention literature, and the use of vague terms
such as “nutrition counselling” means that we cannot under-
stand what aspects of the intervention made it successful
and that we cannot properly replicate it in future research.
Without the ability to build on knowledge in this way
researchers will not be able to improve intervention design
in the future.

5. Conclusions

Coding interventions using the BCT taxonomy is valuable
in the field of gestational weight management. However a
better understanding of these techniques, clarity in their
implementation, and reporting in a standard format are
necessary to allow a robust and reliable evaluation of their
efficacy.
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