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Abstract

Examining inequalities in behavioural weight management

interventions — Jack Michael Birch

Interventions designed to support individuals to change their health behaviours, such as
behavioural weight management interventions, typically require a high amount of personal
agency (such as time, money, and education) to be effective. As a result, these interventions
may benefit advantaged groups with greater resources more than those who are less
advantaged, and consequently may be inequitable and exacerbate health inequalities.
However, there is currently limited empirical evidence about whether behavioural weight

management interventions contribute to inequalities in overweight and obesity.

This thesis has examined whether there are inequalities in the attendance and effectiveness
of behavioural weight management interventions using data from of randomised controlled
trials. Across four projects, | considered inequalities in these interventions in a range of
individual-level characteristics captured by the PROGRESS-Plus framework (Place of
residence, Race/ethnicity, Occupation, Gender/sex, Education, Socioeconomic status, Social
capital, Plus other factors where discrimination may occur such as age and sexual orientation)
and across a range of different outcomes (uptake, adherence, weight loss, weight loss

maintenance, eating behaviour, physical activity, wellbeing, and mental health).

My first project was a systematic review of inequalities in the uptake of, adherence to, and
effectiveness of behavioural weight management interventions (thesis Chapter 2). |
narratively synthesised data from 103 trials and summarised findings in harvest plots. Fifty-
six trials considered inequalities in relation to at least one of intervention or trial uptake
(n=15), intervention adherence (n=15), trial attrition (n=32), or weight outcome (n=34). Most
trials found no inequalities gradient for trial uptake, intervention adherence and trial attrition.
If a gradient was observed, it favoured those considered ‘more advantaged’. A limitation of
this systematic review is that the individual analyses in each trial are unlikely to be sufficiently
powered to detect inequalities in intervention effectiveness should they exist, and that the

data and analyses reported were not similar enough to be meta-analysed. A way to mitigate



these limitations is to access individual-level data from trials so that data can be harmonised

and appropriate analyses conducted across all trials.

Consequently, my second project was a two-stage individual participant data meta-analysis
(IPD-MA) of UK-based trials of behavioural weight management interventions (thesis
Chapters 3-5). | obtained and harmonised data from 12 out of 14 eligible trials and reanalysed
each trial to consider if there were inequalities in 1) the effectiveness of interventions at 12-
month follow-up, and 2) attendance of these interventions. | then meta-analysed the relevant
coefficients. The difference in weight loss between the intervention and control groups was
0.98kg larger for male compared to female participants, despite lower overall weight loss in
men. The difference between intervention and control weight change was 2kg larger for
participants of a White ethnicity compared to those from other ethnic groups, showing that
these interventions may contribute to inequalities in obesity by ethnicity. | also found some
evidence that behavioural weight management interventions had less effect in those who
lived in areas of higher deprivation, although this was not consistent across the deprivation
gradient. The intervention effect did not differ by occupation, education, socioeconomic
status (annual household income), social capital (marital status), and age. There was no
association between attendance and ethnicity, occupation, gender/sex, education,
socioeconomic status (IMD and annual household income), social capital (marital status), and

age.

The first two studies in this thesis focused on inequalities in effectiveness of behavioural
weight management interventions at the 12-month follow up time point. Generally, there is
a paucity of follow up data beyond this time point in UK-based randomised controlled trials.
However, in the WRAP (Weight loss Referrals for Adults in Primary Care) trial there was an
opportunity to consider if there are inequalities in the weight trajectories of participants up
to five-year follow up. In the third study of this thesis, | conducted cohort analyses using data
from the WRAP trial to consider if there are inequalities in weight change from one- to five-
years post intervention baseline (thesis Chapter 6). This is important as weight regain often
occurs post intervention. | did not find evidence of inequalities by ethnicity, occupation,
gender, education, nor socioeconomic status, though older age was associated with lesser

weight regain or greater weight loss between one- and five-years post-intervention.
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The final project in this thesis used data from a trial of a web-based intervention to support
weight management during Covid-19 (SWiM-C, thesis Chapter 7). | codesigned the baseline
demographics questionnaire for this trial; as a result, data across a broad range of PROGRESS-
Plus criteria were collected, such as access to green space, food insecurity, and perceived
social support. | considered if there were differential effects of the SWiM-C intervention
across a range of outcomes including weight, eating behaviour, physical activity, wellbeing,
and mental health. | found that the intervention had a differential effect by marital status; it
had a greater effect on weight, eating behaviour, and mental health in those who were living
as single versus those who were married, in a civil partnership or cohabiting. | also found
evidence that the SWiM-C intervention had a greater effect on weight in those who were
unable to work due to sickness or disability versus those who were working full-time or were
self-employed. | did not find evidence of a differential intervention effect by the other
PROGRESS-Plus characteristics on weight, nor did | find consistent evidence of differential

intervention effectiveness on the remaining outcomes.

Overall, this thesis makes several important contributions to the field. First, | identified
characteristics in which there are inequalities in the effectiveness of behavioural weight
management interventions. | found that these interventions have a greater effect in men
(versus women) and that this effect was produced by men gaining weight overall in the
control group; weight loss in the intervention group was similar between men and women. |
also found that these interventions were more effective in participants from White, versus
minority, ethnic groups, meaning they likely exacerbate existing health inequalities by
ethnicity. Second, there were several of the PROGRESS-Plus characteristics | did not find
evidence of inequalities in behavioural weight management interventions by, such as
occupation, education, and socioeconomic status (particularly annual household income).
Similarly, | did not find evidence of inequalities in attendance to behavioural weight
management interventions. Third, | assessed the representativeness of trial participants and
reporting of inequality related data in trials of behavioural weight management interventions.
| found that, beyond gender or sex and age, the PROGRESS-Plus characteristics were
inconsistently reported and that trials of behavioural weight management interventions were
not representative of the population living with overweight and obesity. The fourth

contribution of my thesis to the field is that it adds data to the field where there was a
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previous paucity of data; this is particularly the case in Chapters 6 and 7 which were the first
analyses of inequalities in weight regain following weight loss intervention (Chapter 6) and in

outcomes other than weight (Chapter 7).

Future research should further explore the inequalities by ethnicity to ensure the effects of
behavioural weight management interventions do not widen existing health inequalities, and
how to better engage men into generic behavioural weight management interventions given

their effectiveness.
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Chapter 1 Introduction

1.1 Chapter overview

In this thesis, | examined whether there are inequalities in behavioural weight management
interventions for adults living with overweight or obesity. There is theoretical suggestion that
interventions that require individuals to apply a large amount of personal resource (such as
time, money, and education) to take effect — such as behavioural weight management
interventions — are susceptible to widening health inequalities. However, there is limited
empirical evidence underpinning whether inequalities are actually generated, exacerbated,
or attenuated by behavioural weight management interventions. My thesis uses a mix of
novel evidence synthesis approaches and secondary data analysis of large randomised
controlled trials to provide evidence to better understand if there is a differential impact of

these interventions and in which characteristics these inequalities occur.

This introduction defines and discusses the key concepts of the thesis; particularly focusing
on health inequalities, overweight and obesity, and interventions for overweight and obesity.
It provides the overall rationale for my thesis and acts a reference point for the rationale of

each of the studies | have conducted that are discussed in Chapters 2-7.



1.2 Health inequalities

1.2.1 Definition

The term ‘health inequalities’ is widely used across academia and policy. It usually refers to
systematic patterns in mortality and morbidity between different social groups. However, the
term is contested, and it is therefore necessary to begin by considering some of the different

definitions and ideas involved.

The definition of health inequalities used in this thesis is from McCartney et al., and was
developed in a literature review that synthesised existing definitions of health and health
inequalities (including equity-based terms). This defined health inequalities as “systematic,
avoidable and unfair differences in health outcomes that can be observed between
populations, between social groups within the same population or as a gradient across a
population ranked by social position”.* There is overlap between the definitions of health
inequalities, health inequities and health disparities. Some consider health inequities to be
health differences that are unjust, unfair or avoidable, in the process restricting health
inequalities to being the observed differences, without placing a value judgement on whether
they are unfair or avoidable.?® Health inequalities may occur in disease prevalence and
mortality,*~ distribution of risk factors for disease,>®!3 and in access to and uptake and

effectiveness of interventions.*14-18

This thesis focuses on inequalities in high-income countries, in particular the United Kingdom
[UK], where there are many examples of health inequalities by the characteristics outlined in
section 1.2.2 below. It is important to note that health inequalities exist between and within
countries, as well as across the income spectrum.'® For example, eighty-seven percent of
premature mortality due to non-communicable disease occurs in low- and middle-income
countries.'® Together with the continued higher incidence of infectious disease in low- and
middle-income countries, this has contributed to the ‘double burden of disease’ in these

countries.20-22

In the UK, there are large differences in life expectancy between those from the least- and
most-deprived communities.?>?4 For example, healthy life expectancy (i.e. years spent in good
health) at birth was 19.3 years less for females and 18.6 years less for males born in the most

deprived areas versus those born in the least deprived areas between 2018 and 2020.2°> There



are similarly stark inequalities in total life expectancy too; for example, in Glasgow the gap in
life expectancy between the richest and poorest 10% of the population has grown from 12.4
to 15.4 years in men and 8.6 to 11.6 years in women between 2002 and 2019.2° Whilst these
are significant gaps between the most and least deprived segments of the population, the
impact of deprivation is not just binary — it exists as a gradient. There is strong evidence that
there is a health gradient within countries at all levels of income (within low-, middle-, and
high-income countries), including in the UK.?” Often, as the level of disadvantage increases,
so does the adverse outcome. For example, a gradient in the prevalence of obesity in the

England is observed as the level of socioeconomic deprivation increases.?®

1.2.2 Characteristics in which health inequalities may occur: the PROGRESS-Plus

framework.

In addition to socioeconomic deprivation, health inequalities occur across many other
personal characteristics. These characteristics include ethnicity, gender or sex, sexual
orientation, and education. Inequalities can also arise due to interactions between these
characteristics, for example the health of black women with less formal education might be
significantly worse than would be linearly predicted by the individual effects of any of these
characteristics in isolation. There are different ways of categorising the many characteristics
in which inequalities in health may be observed. Several of these are encompassed in what
have been legally defined as “protected characteristics” in the United Kingdom (UK) in the
Equality Act 2010.%° This act states that the public sector has a duty to make strategic
decisions in a way that seeks to reduce inequalities in outcomes — not just in health — that
occur from the disadvantage experienced by individuals with one or more of the protected
characteristics. These protected characteristics are defined as: age, disability, gender
reassignment, marriage and civil partnership, pregnancy and maternity, race, religion or
belief, sex, and sexual orientation. Other measures that could indicate socioeconomic
disadvantage, such as occupation type or social class are not included. Specifically for health
inequalities, organisations such as NHS England have a legal requirement to reduce
inequalities in access to healthcare services as well as healthcare outcomes (stated in the

Health and Social care Act 2012).3° To achieve this, evaluation of policy impact — including



healthcare interventions — on health inequalities must take place to ensure that strategic

decisions by healthcare organisations do not exacerbate health inequalities.

Inequalities are known to exist in characteristics beyond those protected in law, for example
by income and education attained. There are differences in inequality definitions used
between the protected characteristics and in wider research. The Equality Act (2010) suggests
socioeconomic disadvantage occurs across the stated protected characteristics. However,
frequently in research, socioeconomic disadvantage is considered as an additional
characteristic (often categorised by income level or area-level deprivation calculated using
the indices of multiple deprivation). A fuller range of characteristics for which inequalities
may be observed, are outlined in the ‘PROGRESS-Plus’ acronym, which ensures that
inequalities are considered beyond socioeconomic status.3! This includes: Place of residence,
Race/ethnicity, Occupation, Gender/sex, Religion, Education, SES, Social capital, and other
factors that could discriminate including sexual orientation and disability. Table 1-1, adapted

from Attwood et al., defines and gives example measures of each of these criteria.3?

A key feature of the PROGRESS-Plus characteristics is that occupation and education are
considered separately from socioeconomic status; they are often considered to measures of
socioeconomic status themselves as both occupation and education may indicate the amount
of resource, privilege, power, and someone’s position within a hierarchy.33 By distinguishing
them from socioeconomic status, greater consideration can be given to how features distinct
to each of these characteristics may impact upon health. For example, the number of years
of education someone attains is likely to impact on someone’s ability to engage with an
intervention, especially one with complex content, differently to someone’s current
employment status (such as if someone is working full-time, part-time, or is unable to work).
Similarly, area-level deprivation is likely to affect someone’s health, and public health more
generally, differently to income. Area-level deprivation could affect what healthcare services
are available in an area, the quality of public sector services, and availability of leisure
activities. Income may impact on what food someone can afford to buy and prepare, whether
they can afford public or private transport, or whether they can afford to take time away from

work to attend appointments that could benefit their health.



Table 1-1 Definition of PROGRESS-Plus factors

PROGRESS-
Plus Factor

Place of
residence

Race/ethnicity

Occupation

Gender/sex

Religion

Education

Description

Places, and perceptions
of, where individuals live

Racial or ethnic group,
or other classification of
culture, language or
nationality status

Occupational situation,
patterns of work or
features of working
environment

Gender is self-identified
by individuals,
incorporating ideas
around socially
constructed roles and
behaviours

Sex refers to biological
and physiological
characteristics that
define an individual as a
man or woman

Religious affiliation or
system of
religious/spiritual beliefs
or values

Extent and type of
education or other
formal training

Example measures

Post code

Country, state, region, town or community
Urban/rural

Housing characteristics

Distance to attend weight loss session
Local food environment

‘Walkability’

Ethnicity classifications

Country of origin

Language

Other classifications of culture

Professional/skilled/unskilled/unemployed
Unemployed/employed/retired

Full time/part time

Manual/non-manual

Gender
Sex (e.g., male/female classifications)

Religious denomination

Years in education

Level of education attained (e.g. for UK:
GCSE’s, A-Levels, Undergraduate)
Institutions attended (e.g. for USA: high
school/some college/college
graduate/university)



Socioeconomic An individual’s position

status within a hierarchical
social structure.
Measures of
socioeconomic status
aim to capture access to
resources, privilege,
power or control

Social capital Social capital aims to
capture the obligations
and benefits conferred
upon an individual by
their society and social
relationships. Can be
viewed as a measure of
interconnectedness
between an individual
and their social
surroundings or group

Plus Any other factors over
an individual’s life
course that could lead to
discrimination. Examples
include age, disability
and sexual orientation

Adapted from Attwood et al.,*?

Indices of Multiple Deprivation (IMD, UK
only, Scottish Index of Multiple Deprivation);
IMD is a combined measure of relative
deprivation for small areas based on 37
separate indicators across seven domains
(income, employment, education, health,
crime, barriers to housing and services, and
living environment)

Social class

Individual income

Household income

Receiving state welfare (e.g. benefits/free
prescriptions in the UK, Medicaid in the USA)
Asset-based measures (e.g. home or car
ownership)

Occupation class

Marital/relationship status (e.g. single,
cohabiting)

Household size

Social support

Social networks

Civic participation/group membership
Ability to use technology

Self-reported age in years

Physical or emotional/mental health
disability

Self-reported sexual orientation (e.g.
heterosexual, homosexual, bisexual)



1.2.3 Causes of health inequalities

Health inequalities do not occur by chance. They are caused by an unequal distribution of
income, wealth and power.3* They reflect broader structural social and economic inequalities
in society. These broad factors that have an impact on health are referred to as the
‘determinants of health’,3>3% subsets of which include social and commercial determinants of
health. These are described in the Dahlgren and Whitehead ‘rainbow model’ (Figure 1-1).
They describe their model as conceptualising “the main determinants of health for the whole
population” and not a “model of the determinants of inequalities in health”. It is differences
in these factors that contribute to the health inequalities that we observe, for example in
occupational type as shown in the Whitehall studies by Marmot and colleagues and in the
data presented in the Black Report .673738 There are limitations with these studies, however.
In particular, the Black Report focused on the gap between the most and least advantaged
rather than considered the gradient to health that has been established, whilst the Dahlgren
and Whitehead'’s ‘rainbow model’, and the Whitehall studies, report associational rather than
causal data. Whilst causation can be established from observational data when considered
against the Bradford Hill criteria,3® it makes precisely identifying relationships between causal

conditions and diseases more difficult.

Agriculture
and food
production

Age, sex and
constitutional
factors

Source: adapted from Dahlgren and Whitehead, 1991
Figure 1-1 Dahlgren and Whitehead ‘rainbow model’, taken from Dahlgren and Whitehead
2021 3¢



Marmot suggests that some of the main contributors to health inequalities are differences in
the prevalence of behavioural health risk factors (such as unhealthy diet, physical inactivity,
excessive alcohol consumption, and smoking) between different groups. For example,
smoking and obesity prevalence are much higher amongst lower socioeconomic groups.?4°
However, these inequalities, Marmot suggests, are not just caused by the differences in
behavioural risk factors, but that the prevalence of these risk factors are caused by factors
associated with the characteristics that inequalities occur by. These characteristics are
outlined in 1.2.2, and include factors such as someone’s income, education, or occupation.
This is referred to as the “causes of the causes”.? Hence, action on health inequalities,
especially when considering behavioural health risk factors, is required at multiple levels (as
further outlined in 1.4). First, by tackling the social determinants of health that make people
more or less likely to engage in certain health determining behaviours — for example by
reducing the level of socioeconomic deprivation in communities so they can afford to eat a
healthier diet. Second, to enable all to have a realistic possibility of carrying out healthier
behaviours by changing the environment and reducing the likelihood of unhealthy behaviours
from being initiated. Finally, by ensuring interventions for those who already have a
behavioural health risk factor work at least equally across all social groups so that any

effective interventions do not exacerbate health inequalities.

Even where Marmot considers the “causes of causes”, the reasons why someone may have a
particular occupation, a low income, or live in a deprived area are not fully considered. A
contributor of someone’s socioeconomic position, occupation, and attained education is
where they are from, largely informed by the position of their parent(s) in each of these
categories. If someone is from an affluent area, they are more likely to have had access to
better education and work opportunities, that in turn informs their current socioeconomic
status — these inequalities are intergenerational, and can either be entrenched or challenged
by public policy.*4? For ethnicity, it is likely that issues around systemic racism drive
inequalities in health and the determinants of health. Systemic racism affects someone’s
income,® education,** job prospects,* where they live,** access to health and other

services,”*® experience of healthcare,* trust in authority, and social opportunities.>®

There is also a lack of consilience between disciplines, on what health inequalities are, how

to measure them, and how to tackle them ,°%°2 especially linking the social causes of

8



inequality and how these inequalities are actually enacted at the individual-level. For
example, psychosocial pathways offer one explanation of how the social determinants of
health impact on physical and mental health,>>>* where social factors impact an individual’s
state of mind which can affect their health-related behaviours and how the body reacts to
psychobiological processes.>>>>°¢ Similarly, there is evidence to suggest that inflammation
biomarkers are increased when individuals face disadvantage.>’ This includes growing up in
an economically poor family,>® lack of supportive close relationships,®® being stigmatised due
to being sexually- or gender-diverse,®® during unemployment,®® and current low
socioeconomic status.®> A more specific example is how systemic racism is enacted at the
individual level. Perceived racism is associated with physiological pathways such as abnormal
activation of the sympathetic nervous system leading to release of cortisol from internalised
stress,®? increased inflammatory markers,®*® and being directly associated with increased
risk of mental illness and cardiovascular disease and poorer health generally.56-%8 Whilst in
this thesis | examine inequalities in relation to behavioural weight management interventions,
it is important to reflect upon what may be causing people to have had disadvantage prior to

the intervention being offered or taking effect.

1.3 Overweight and obesity

1.3.1 Epidemiology and prevalence

Overweight and obesity are used to describe when an individual has excess body fat that
presents an increased risk to their health.®®~’! Overweight and obesity are associated with an
increased risk of several non-communicable diseases including type 2 diabetes,
cardiovascular disease, dementia, and some cancers (e.g., endometrial, bowel and post-
menopausal breast).”>73 Further, there is the issue of the ‘double burden of malnutrition’ —
where a high prevalence of adult overweight and obesity coexists alongside childhood
undernutrition (stunting and wasting).”*’¢ Consequently, those living with overweight and
obesity are at increased risk of premature mortality versus those within a healthy weight
range.”” Overweight and obesity also has a wider impact beyond physical health; there are
also psychological,”®7? social (including weight bias and stigma),®® and economic implications.

The latter was estimated to be around S2 trillion in 2014 worldwide (a more contemporary



figure does not appear to have been produced to date),®! and £58 billion annually in the UK

using data from 2020.82

Body Mass Index [BMI] is a frequently used screening tool for overweight and obesity; a BMI
of 25 kg/m? may indicate someone has overweight and a BMI of 30 kg/m? indicates an
individual may have obesity. The prevalence of some obesity-related diseases, such as type 2
diabetes, occurs at lower levels of BMI for people from minority ethnic groups. This is
particularly the case for those of South Asian, Chinese, Middle Eastern, Black African or
African-Caribbean ethnicities.”®838* Hence, the National Institute for Health and Care
Excellence in England recommend using BMI cut offs of 23 kg/m? for overweight and 27.5
kg/m? for obesity in people of these ethnicities.”® There is suggestion that further refinement
is needed to ensure appropriate BMI category cut offs are used for people of non-White

ethnicities.®3

The prevalence of people living with overweight and obesity is increasing globally.® It has
tripled worldwide since 1975 and in 2016 the World Health Organization reported that 1.9
billion adults (39% of the population) had overweight, of which 650 million (13%) were living
with obesity. In 2014, the McKinsey Global Institute estimated that by 2030 the overall
worldwide prevalence of overweight and obesity could increase to 50%.8! It is already the
case in the United Kingdom that the prevalence of overweight and obesity has exceeded 50%.
Specifically in England, the Health Survey for England in 2019 estimated that 28.0% of adults
live with obesity and a further 36.2% have overweight.® This prevalence has increased over
time, moving from 55% of the population living with overweight or obesity in 1995 to 64% in
2019.% The prevalence and increasing prevalence of overweight and obesity is comparable
across the other devolved nations of the UK (66%, 61% and 65% in Scotland, Wales and

Northern Ireland respectively).88°1

1.3.2 Inequalities in overweight and obesity prevalence

Observational data suggest there are inequalities in overweight and obesity across some of
the PROGRESS-Plus criteria. | focus on data from the UK, but many of the inequalities

discussed here are mirrored in other high-income countries. Table 1-2 outlines where there

10



is, and is not, evidence of inequalities in prevalence of overweight and obesity in the UK. There

is evidence of inequalities in prevalence by ethnicity, education and SES.%°2-%6
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Table 1-2 Prevalence of overweight and obesity in adults in England by PROGRESS-Plus

characteristics (data from Office for Health Improvement and Disparities Public Health Profiles

England in 2021/22)°"

PROGRESS-Plus
characteristic
Place of residence

Ethnicity

Occupation
Gender/sex

Religion
Education

Socioeconomic status

Social capital
Plus (age)

Plus (disability)

12

Overweight and obesity prevalence data
(% of population with obesity)
Regions with highest prevalence (based on Sport
England Survey data)®®:

North East, North West, East Midlands and West
Midlands

Regions with lowest prevalence:
London and South

Asian (57.6)

Black (70.8)

Chinese (33.1)

Mixed (60.1)

Other (59.4)

White British (65.2)

White Other (59.1)

Unemployed (65.8)

Employed (65.3)

Female (58.4)

Male (69.1)

No data available

No formal qualifications (71.0)

Level 1 and below (lower GCSE, 68.1)
Level 2 (GCSEs or equivalent, 68.3)
Level 3 (A-Levels, 67.3)

Level 4 (Higher education, 60.1)
Indices of multiple deprivation:

Most deprived quintile (70.8)

Least deprived quintile (59.1)

Data for marital status not available
18-24 (36.9)

25-34 (56.2)

35-44 (64.3)

45-54 (69.6)

55-64 (72.8)

65-74 (70.8)

75-84 (71.4)

Lives with a disability/disabled (72.2)
No disability (61.7)



For ethnicity, data from England (Table 1-2) shows that the prevalence of overweight and
obesity in adults is highest in Black and White British ethnic groups. Prevalence is lowest in
Chinese and “Asian” (all Asian ethnicities excluding Chinese) ethnic groups. Evidence of
inequalities by socioeconomic status (using area-level indices of multiple deprivation as an
indicator of SES) suggests that prevalence of obesity is higher in those living in the most
deprived versus the least deprived areas and this is consistent across the four devolved
nations (England, Scotland, Wales and Northern Ireland) of the UK.%¢-1°1 However, in England
and Scotland there only appears to be a gradient of deprivation and obesity prevalence in
women and not men;®>9%100.102 this js consistent across other high- and upper-middle-income

countries.?

In England, there is also evidence of inequalities in obesity prevalence by place of residence,
with prevalence in adults highest in the North East, North West, East Midlands and West
Midlands and lowest in London and the South.®® A significant contributor of this is the
inequality seen in obesity by area-level deprivation, with a higher concentration of
deprivation seen in these regions. There is also evidence that lesser educational attainment

is associated with a greater prevalence of obesity in adults.®®

Regarding other PROGRESS-Plus characteristics, there is evidence that the prevalence of
overweight and obesity is either less consistent or higher in more advantaged groups. For
gender/sex, when overweight and obesity are combined the prevalence is higher in men, but
the prevalence of obesity alone is higher in women.®®1% Prevalence generally increases with
age and peaks at age 55 to 64 (men) and 65 to 74 (women) before declining.®® For sexual
orientation, a lower proportion of lesbian, gay, or bisexual adults have overweight or obesity

than heterosexual adults.%®

When inequalities in prevalence of overweight and obesity are observed, their causes are
likely to be multi-factorial, including: the higher financial and time cost of healthier diets,
greater exposure to unhealthy takeaway food outlets, and higher food insecurity.03-106
People who have food insecurity are more likely to have unhealthy diets, consume fewer
fruits and vegetables, and have overweight and obesity.!%” Given these inequalities, it is
important to consider if interventions for those living with overweight and obesity are

effective in groups in which the prevalence of obesity is known to be higher.
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1.4 Public health intervention approaches

1.4.1 Population vs high-risk approaches and levels of prevention

Interventions to reduce the prevalence of disease and preventable risk factors in a population
are often framed as targeting either a ‘population” as whole or being focused on ‘high-risk’
individuals. The conceptual issues around these approaches were outlined in Rose’s ‘Sick
Individuals and Sick Populations’.1°® Population-level interventions seek to shift the
distribution of risk by affecting a small change in across the whole population risk spectrum,
generally having the greatest overall positive contribution to health. Conversely,
interventions targeted at high-risk groups have a greater impact upon individual risk, but
overall have a lesser contribution to population health. This is known as the ‘prevention
paradox’. A study of the relative contributions of population and high-risk approaches to
population health in the Netherlands between 1970 and 2010 demonstrates this, as it
estimated that interventions using the high-risk approach accounted for approximately a

quarter of the total health gain achieved by preventive interventions.%®

A. Targeted high-risk
strategy

5.
>

B. Population shift
strategy

Population density
maseas!p Joysu ailﬁ|osq\-;""

Risk intensity

Figure 1-2 Effect of high-risk versus population-level approaches to reducing disease risk in a
population, taken from Feldman 2017

¥..

In addition to being targeted towards populations or high-risk groups, public health

interventions also focus on different levels of prevention. Primary prevention is taking actions
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to reduce the incidence of a disease or the prevalence of risk factors for disease.!1%112
Interventions targeting primary prevention may seek to change the social and environmental
conditions by affecting change at a policy level to promote good health (such as increasing
active travel infrastructure or the soft drink industry levy). Alternatively, they may be more
targeted at subgroups in the population which are more susceptible to developing a disease
or risk factor.!'® For example, offering dietary or physical activity interventions to prevent
someone of a healthy weight from developing obesity, in particular to children and their
families.''411> There is some suggestion in the literature that interventions that are at a policy-
level or change the social or environmental conditions and have an impact on an entire
population should be described as primordial prevention,!'>!1® and that interventions
delivered to individuals are primary prevention,''’ but this is not universal across the
literature. Secondary prevention is the early identification and treatment of a disease,
offering intervention before the symptoms of a disease fully develop.!1%112114 For overweight
and obesity, this consists of interventions that can help people to lose weight to a level where
they no longer have overweight or obesity. Behavioural weight management interventions
meet the definition of secondary prevention.!'* Finally, tertiary prevention is reducing the
implications of an ongoing condition that has a long-lasting impact.1'%1? For obesity, tertiary
prevention focuses on preventing an individual’s obesity increasing in severity or taking
actions to treat the associated diseases that develop as a result of obesity (such as Type 2

Diabetes Mellitus).18

1.4.2 Differing impact on inequalities and role of ‘agency’

In considering only the population-wide impact, Rose’s paper overlooks the differential
impact interventions may have on health across different groups in the population, meaning
that the shifts in risk that Rose hypothesises may not occur equitably across the population.*®
Even though population-level interventions, such as taxation (such as for tobacco and
alcohol),*?2%121 gre suggested as the most likely intervention type to have a positive impact on
health inequalities, these interventions only have a small impact on individuals. Therefore,
those at high-risk —such as those who are already using tobacco or have overweight or obesity

— will be in need of more intensive, individual-level interventions to reduce their risk.1??
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However, It is suggested that individual-level interventions targeted towards high-risk groups

are more likely to exacerbate health inequalities than population-level interventions.!®

A possible mechanism causing the differential impact on inequalities of interventions
targeting populations versus high-risk groups is the level of agency — or personal resource —
required for the intervention to take effect. People who are disadvantaged may have less
personal agency or have less freedom in how to enact their agency. Adams et al., propose
that public health interventions sit across two continuums;*23 the first being Rose’s population
vs high-risk continuum, and the second being the amount of personal agency required from
an individual for them to receive a benefit from the intervention. Further to this, it has been
suggested by Adams et al., that the level of individual agency required for an intervention to
take effect is a mechanism by which interventions may generate inequalities; the greater the
amount of agency required for the intervention to be enacted, the more likely “intervention-
generated inequalities” are to occur.’® For example, interventions requiring active-decision
making, whether they are population-level (e.g. changing purchasing habits according to
front-of-pack nutritional information), or targeted at high-risk individuals (e.g. attending a
commercial weight loss programme), may be more likely to exacerbate inequalities than
interventions requiring very little agency such as fluoridation of tap water or decreasing

convenience food portion sizes.'??

A similar framework for conceptualising intervention impact on inequalities was suggested by
Backholer et al.,.'?* The main difference between the two frameworks is the non-agency
continuums used; Adams et al., use high-risk vs population levels, whereas Backholer et al.,
use micro- (such as homes or workplaces) vs macro-level (such as national or community
level) as the other continuum. An important factor to note around the two intervention
agency frameworks highlighted here is that they may imply that those who are disadvantaged
(socioeconomically or otherwise) do not have agency, but this is not the case. Rather, all
people have agency and a level of decision making in how they apply their agency. For those
who are disadvantaged, they may have to focus their more limited agency on providing for
themselves or their families which means they have less agency to be enacted on health
interventions. Both frameworks were developed to consider obesity prevention interventions
in particular. The Backholer et al., framework was used to explore socioeconomic inequities

in obesity and obesity-related behaviours in a systematic review.'?> Focusing on universal
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policies, the review found no differences in the equity of agentic, agento-structural or
structural interventions, therefore failing to provide evidence supporting the Backholer et al.,
framework. As the authors of the review suggest, this was likely due to the few agentic
policies that were included in the review, therefore making it difficult to fully consider any

differential impact between the intervention types.

Another feature of interventions that are targeted towards high-risk groups, that may make
them more likely to exacerbate health inequalities, is that they often require several steps for
the intervention to take effect, which all present opportunities for inequalities to be
generated. Tugwell and colleagues have suggested that the equity of interventions should be
considered iteratively;261%7 as explained by White, Adams, and Haywood, this essentially
suggests that the effectiveness of an intervention depends on equity in access to the
intervention itself, healthcare practitioner compliance or patient adherence, and diagnostic
accuracy.!® As suggested by Welch et al,, it is important to consider this ‘equity-effectiveness
loop’ systematically to fully understand the impact public health interventions have on

inequalities.*?’

1.4.3 Other contributors of differential intervention effects

In addition to agency, there are other contributors to the differential effectiveness of
interventions. Two likely contributors are 1) interventions being designed and tested with a

limited diversity of participants and 2) differences in healthcare experiences.

First, there are historic inequalities in who are involved as participants in the development of
public health and healthcare interventions. Historically, participants in trials of interventions
prior to their implementation into practice are more likely to have been male, of a White
ethnicity, and of higher SES.'?%'* Therefore, these interventions may not be as effective in
groups not included in their development and trialling. Second, delays in offering prompt
treatment or intervention to certain groups may reduce the effectiveness of an intervention.
There are many examples in the literature of women and people from minority ethnic groups,
for example, being less likely to be provided with prompt treatment,'3>14! or being less likely
to access healthcare services.'*? These may arise from stereotypes, health literacy, and lack

of trust in authority.!*3
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1.4.4 Management and intervention of obesity

It is not possible to just take primary (or primordial) prevention approaches to reduce the
prevalence of obesity, especially given how highly prevalent obesity is in countries such as the
UK (as outlined in 1.3.1). Approaches seeking to shift the population risk curve (as highlighted
in Figure 1-2 in section 1.4.1) will not sufficiently reduce the risks associated with obesity in
those who already live with obesity. Therefore, it is necessary to have provision for secondary
prevention interventions, such as behavioural weight management interventions, to help

those who have overweight or obesity to manage their weight.

According to the National Institute for Health and Care Excellence [NICE], these interventions
are generally multi-component programmes that aim to reduce an individual’s energy intake
and increase physical activity by changing their behaviour.** They often take the form of
weekly sessions, where participants partake in sessions on different topics over the course of
an intervention. In the UK, for example, these interventions may be delivered by, or referred
to from, primary care providers — primary care patients may be given access to 12-weeks of a
commercial programme, paid for by the NHS. Behavioural weight management interventions
have been shown to be effective in promoting weight loss in those with overweight or

obesity.14>1%6 Further, they are also likely to be cost-effective to provide.'*’

In England, [NICE] provides guidance for healthcare practitioners around which circumstances
healthcare interventions should be offered. In their guidance on obesity identification,
assessment, and management [CG189], they recommend that in the first instance adults with
obesity are offered behavioural intervention to change their dietary and physical activity
behaviours.” Should intervention at this point not be successful, or a person’s obesity be
more severe, then they may be referred onto more specialist behavioural programmes or to
further pharmacological interventions in a ‘Tier 3’ setting (Figure 1-3). These may include
prescription of orlistat if a person’s BMI is >30 kg/m? or >28 kg/m? with an additional weight-
related risk factor, or liraglutide or semaglutide for those with a BMI >35 kg/m? or at a lower
threshold if someone has additional risk factors or has an ethnicity where type 2 diabetes and

other weight-related diseases are known to occur at lower thresholds. Further referral to Tier
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4 bariatric surgery services may be offered if someone’s BMl is >40 kg/m? (or >35 kg/m? with

additional risk factors).

e Bariatric surgery

e Specialised weight management
(behavioural/pharmacotherapy)

o ‘Lifestyle management’
(primary care/community/
commercial interventions)

e Universal prevention
services

Figure 1-3 ‘Tiers’ of weight management provision in the United Kingdom. Adapted from
Wilding 2018 and Local Government Association 202148149

In this PhD, | focus on behavioural weight management interventions, particularly those that
are offered through primary care or can be self-referred and accessed via commercial
providers. | focus on these interventions in particular as it is suggested that behavioural
weight management interventions require a high degree of individual agency in order for
someone to benefit from the intervention.'?®* This makes them potentially susceptible to
increasing or generating inequalities in obesity. As they are widely available, it is important to
consider if they work well for all groups, or if inequalities in uptake, effectiveness, or weight
change outcomes are present. For example, should behavioural weight management
interventions be shown to have lower uptake or effectiveness in people from
socioeconomically deprived areas then they could be contributing to inequalities in the

prevalence of overweight and obesity.

1.5 Inequalities in the management of overweight and obesity

As highlighted in section 1.3.2, it is important to consider the different intervention stages in

which inequalities may occur; otherwise, the true impact of an intervention on inequalities
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may be missed. Where inequalities have been considered in other public health interventions,
such as in school-based health promotion,**® to improve diet quality,’>%'>? for smoking
cessation,'?7>> or for cardiovascular disease prevention,*® the focus has predominantly
been on the differential effectiveness of an intervention (i.e., if there are differences in
intervention outcome by socioeconomic position, gender or sex, or ethnicity). A useful model,
building on key foundational work in the field, is presented in a recent paper by Veinot,
Mitchell and Ancker.’®157.158 For health informatics interventions, they suggested that
interventions generate or enact inequalities when they are “(a) more accessible to, (b)
adopted more frequently by, (c) adhered to more closely by, or (d) more effective in
socioeconomically advantaged groups such as those with more resources or education”. |
present an adapted version of these intervention stages related specifically to weight

management in Figure 1-4.

Inequality in
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o who is able
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inequality intervention by h etgln i food)
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Figure 1-4 Behavioural weight management intervention stages in which inequalities may
occur. Informed by Veinot, Mitchell and Ancker 20188
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1.5.1 Empirically assessing inequalities in the management of overweight and

obesity using data from randomised controlled trials

In Chapters 2-7, | analyse data from randomised controlled trials [RCTs] to examine
inequalities across different stages of behavioural weight management intervention. RCTs are
commonly used to guide decisions on healthcare provision.'®® They are considered as the
‘gold-standard’ of evidence on effectiveness when rigorously conducted,'%%161 where
randomisation allows for causality to be established between the intervention and outcome.
However, from a health inequalities perspective, the differential effectiveness of
interventions are often not reported,'*® and the data relevant to the characteristics in the
PROGRESS-Plus framework are often not collected at baseline.'>1%2 Demographic data at
baseline are typically used to assess successful randomisation and to enable adjustment for
baseline imbalances rather than to investigate potential effect modification.'> Reviews of
how many trials consider equity or differential effectiveness of the studied intervention have
frequently found that fewer than half of RCTs report any sub group analyses by the

characteristics included in the PROGRESS-Plus framework.160,163,164

There is some debate about the methodological validity of conducting subgroup analyses in
RCTs to establish the differential effectiveness of interventions.'® They do not have the same
level of controlling for confounders that the primary analyses, underpinned by randomisation
across intervention and control groups, possess. Further concerns include such analyses not
being conducted in response to prespecified hypotheses and that subgroup analyses against
each of the PROGRESS-Plus criteria “should not be used as a ‘shopping list’ to dredge for
subgroup differences —a compelling pre-hoc argument is needed” (and therefore constituting
multiple testing).1%>1%¢ For overweight and obesity, as presented in section 1.3.2, there is
evidence of inequalities in prevalence by characteristics including ethnicity, gender or sex,
socioeconomic position, and age. Consequently, it is important to consider if behavioural
weight management interventions add to — or could potentially mitigate — these inequalities.
In addition, given the primary care relevance of behavioural weight management
interventions, and the widespread inequalities in healthcare access and utilisation across
most PROGRESS-Plus characteristics (such as place of residence (urban vs rural), ethnicity, and
socioeconomic position), there is justification for examining if these inequalities are also

present in behavioural weight management interventions. This provides one of the
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foundations for the systematic review presented in Chapter 2 and the individual participant

data meta-analysis presented in Chapters 3-5.

There have been several prior systematic reviews that have explored the equity of
behavioural weight management interventions by some of the PROGRESS-Plus
characteristics.10%12>145167-178 The characteristics considered were ethnicity,6%-74 gender or
sex, 17>7177 and socioeconomic position.10212>178 The findings of these systematic reviews are
discussed in more detail in Chapter 2 (section 2.2), but this previous systematic review
literature is disparate in nature and is inconsistent in how it has considered inequalities in
weight management across the PROGRESS-Plus characteristics. To date there has been no
meta-analyses of published analyses of inequalities in trials of behavioural weight

management interventions.

Instead, reviews have relied on narratively reporting the analyses conducted in individual
trials. In Chapter 2, | conducted the most comprehensive narrative review to date, and used
Harvest Plots to synthesise published analyses of inequalities in trials of behavioural weight
management interventions across all PROGRESS-Plus criteria. Given that most trials are only
sufficiently powered to detect a difference in main outcome by trial arm, it is unlikely that
these individual-trial subgroup analyses will be sufficiently powered. Moreover, because trials
are not powered to identify inequalities, many studies do not report these analyses. In
Chapters 3-5, | address these limitations by conducting a meta-analysis of individual
participant data, which requires the central collation, aggregation, and reanalysis of individual
participant data from all relevant trials, regardless of whether they have previously reported
these analyses.?’180 This allows for data in each study to be analysed and defined in a uniform
way, overcoming heterogeneity issues associated with using aggregate data. Individual
participant data meta-analyses may provide sufficient statistical power to consider whether

there are inequalities in uptake, attendance and effectiveness of interventions.17%:18!

Where subgroup analyses of the effectiveness of behavioural weight management
interventions have taken place, this is commonly completed using data from the 12-month
follow-up time point — reflecting that many trials only collect data until this time point. Where
data from trials are available until five years of follow-up, they show that weight regain is

common.® |t is, therefore, important to consider if there are particular demographic groups

22



where this weight regain is more likely to occur. In Chapter 6, | analysed data from the Weight

loss Referrals for Adults in Primary care [WRAP] trial to consider this.

There is also the issue, more generally, of a lack of data across some of the PROGRESS-Plus
characteristics where there is a lack of evidence in either the prevalence of overweight and
obesity or differential intervention effects by measures of these characteristics. For example,
links between measures of place of residence (such as proximity to parks or green spaces)
and social capital (such as perceived social support), and differential effects of behavioural
weight management interventions are not well established. This is important to examine as
both opportunities for physical activity and social support are likely to influence an
individual’s ability to manage their weight. Hence, provided these analyses are considered
exploratory, there is justification for conducting them. This explains the approach taken to
my development of the demographics questionnaire and analyses conducted in Chapter 7,
where | considered inequalities in the 12-month outcomes of the Supporting Weight

Management during Covid-19 [SWiM-C] trial of a weight gain prevention intervention.

The SWiM-C trial also offered an opportunity to consider if there are inequalities in the impact
of a weight management intervention on outcomes in addition to weight change. This is
important to consider as there is evidence that behavioural weight management
interventions may also impact on other health outcomes. These outcomes may be
determinants of weight, such as physical activity and eating behaviour traits,®3718> put it is
also important to consider if the intervention impacts on other outcomes - as the intervention
could have an adverse unintended impact on outcomes that are not the primary focus of the
intervention. This includes mental health outcomes such as anxiety, depression, and
wellbeing.'® Examination of inequalities in the impact of the SWiM-C intervention on these

outcomes is presented in Chapter 7.
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1.6 Thesis aims and structure

The overall primary aim of my thesis is to examine the nature and extent of inequalities in the
uptake of, adherence to, and effectiveness of behavioural weight management interventions
in adults. What each chapter covers in terms of the uptake of, adherence to, or effectiveness

of behavioural weight management interventions is presented in Figure 1-5.

Chapter 2:
I Systematic review

Chapter 3: 1
Methods of IPD-MA 1

I Chapterd4: | | Chapter5: | 1 Chapter6: |
| IPD-MA 11 IPD-MA 11 WRAP |
|_ attendance_| |_effectiveness | 1 _analyses _|I

|_ Eha_ptzrﬁ Tl

| SWIM-C |

| _analyses I

Stages of a behavioural weight management intervention

Baseline Service Intervention Intervention Intervention Intervention
health provision uptake adherence effectiveness maintenance

Figure 1-5 Stages of a behavioural weight management interventions and corresponding
thesis chapters

In Chapter 2, | conducted a narrative synthesis using Harvest plots to assess if inequalities
were present in trials of behavioural weight management interventions conducted in

‘economically developed’ countries. The aims of Chapter 2 were to:

i. Summarise the number and characteristics of trials of behavioural weight
management interventions that report measures of inequalities as defined by the

PROGRESS-Plus criteria.

ii. ldentify, describe and synthesise published trial data on inequalities in the uptake of,

adherence to, and effectiveness of behavioural weight management interventions.
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iii.  Synthesise data on differential attrition in trials of behavioural weight management

interventions.

Chapters 3-5 covers an individual participant data meta-analysis using individual level data
from 12 UK-based trials to assess if there are inequalities in the attendance to and
effectiveness of behavioural weight loss interventions. Chapter 3 describes the methods |
used and summarises the included trials, the PROGRESS Plus characteristics | obtained

individual-level data for, and how these data were harmonised.
Chapter 4 focused on the attendance data acquired in the IPD-MA project and aimed to:

iv.  Quantify the extent that attendance at behavioural weight management interventions

differed by individual characteristics that stratify health opportunities and outcomes.

Chapter 5 contains the results of two sets of analyses focusing on the weight outcomes and

aimed to:

v. Quantify to what extent the effectiveness of behavioural weight management
interventions (defined as the difference in weight change between intervention and
control) differed by individual characteristics that stratify health opportunities and

outcomes (defined using the PROGRESS-Plus Framework).

vi.  Quantify to what extent the weight outcomes of those who have participated in a
behavioural weight management trial (defined as weight change in the overall cohort)

differed by individual characteristics that stratify health opportunities and outcomes.

Chapters 6 and 7 focus on analyses within single trials. In Chapter 6, | used data from the
Weight loss Referrals for Adults in Primary care [WRAP] trial as it is one of the few UK-based
trials that offers to the opportunity to consider if there are inequalities in the weight loss

maintenance phase post one-year follow up. Therefore, the aim of Chapter 6 was to:

vii.  Investigate if there are inequalities in weight change following participation in a

weight loss intervention by analysing data from the WRAP trial as a cohort.

In Chapter 7, | used data from the Supporting Weight Management during Covid-19 [SWiM-
C] trial, which evaluated a remotely delivered acceptance and commitment therapy-based

intervention to help people with overweight or obesity to manage their weight during the
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Covid-19 pandemic. This trial contains data on a range of characteristics for which health
inequalities are known to occur across a range of health outcomes including weight, physical

activity, mental health, and eating behaviour traits. Therefore, in Chapter 7 | aimed to:

viii.  Identify if there are inequalities in the effectiveness of the SWiM-C intervention on

weight change.

ix. ldentify if there are inequalities in the effectiveness of the SWiM-C intervention in

outcomes that are determinants of an individuals’ weight.

X. ldentify if there are inequalities in the effectiveness of the SWiM-C intervention in

outcomes where there was a significant intervention effect at four or 12 months.

At the end of the thesis, Chapter 8 presents the overall discussion of my thesis. It brings
together the findings of the four studies presented in Chapters 2-7, and highlights a) the key
contributions this thesis makes to the literature; b) strengths and limitations of the overall

thesis; and c) implications for public health policy, practice, and research.

Finally, Chapter 9 contains the cited references and Chapter 10 contains all appendices that

are referred to in Chapters 2-7.
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Chapter 2 Systematic review of inequalities in the
uptake of, adherence to, and effectiveness of

behavioural weight management interventions

The results presented in this chapter have been published with the following citation: Birch
JM, Jones RA, Mueller J, McDonald MD, Richards R, Kelly MP, Griffin SJ, Ahern AL (2022). A
systematic review of inequalities in the uptake of, adherence to, and effectiveness of
behavioral weight management interventions in adults. Obesity Reviews. 23(6), e13438.

doi:10.1111/0br.13438.187

The protocol for this systematic review was published with the following citation: Birch JM,
Griffin SJ, Kelly MP, Ahern AL (2020). Inequalities in the uptake of, adherence to and
effectiveness of behavioural weight management interventions. BMJ Open (2020) 10(11),
e039518. doi:10.1136/bmjopen-2020-039518.188

This systematic review has also been presented at the following conferences: UK Society for
Behavioural Medicine Annual Scientific Meeting 2021 (oral presentation); UK Association for
the Study of Obesity Hot Topics 2021 (oral presentation); Society of Social Medicine and
Population Health 2021 (poster presentation); and the European Congress on Obesity 2022

(poster presentation).

2.1 Contributions

| designed this study with Dr Amy Ahern, Prof Simon Griffin, and Prof Mike Kelly. | extracted
the relevant trials from the USPSTF review and performed the updated search. | conducted
the title/abstract and full text screening in duplicate with Dr Rebecca Jones. | performed data
extraction along with Dr Rebecca Jones, Dr Julia Mueller, Matthew McDonald, and Dr Rebecca
Richards. | produced the Harvest plots and narratively synthesised the findings, which were

revised following input from all co-authors.
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2.2 Background

As introduced in Chapter 1 (section 1.5.1), several previous systematic reviews have
considered the relationship between characteristics in which inequalities may occur and the
effectiveness of interventions for overweight or obesity. The United States Preventive
Services Taskforce [USPSTF] considered the overall effectiveness of behavioural and
pharmacological interventions for overweight and obesity,'4*3 and provided narrative
comment about some aspects of inequality. The authors found that unless the intervention
was targeted towards a specific ethnicity, ethnicity and socioeconomic status [SES] were
frequently not reported. In studies in which these were reported, most participants were
White and of mid-to-high SES. Another systematic review, from Szinay et al., considered if
inequalities were present in the uptake, engagement, and effectiveness of mobile-delivered
interventions for weight-related behaviours by characteristics such as age, gender, ethnicity,
education, and occupation.’®” They found that analyses in uptake, engagement, and

effectiveness by these characteristics were inconsistent in reporting and observed results.

The other previous systematic reviews that | identified focused on a single characteristic for
which inequality may occur (one of race or ethnicity, gender, and SES). Seven reviews
focussed on race or ethnicity.'®8174 Two only included interventions that were targeted
towards Latinos in America'®®’® and one only included interventions that were tailored
towards African American women.'®® Four systematic reviews included studies if they
reported more than one race or ethnicity represented in their sample. Haughton et al.,*”2
found that only 2/60 studies of weight loss interventions conducted analysis of differential
attendance by ethnicity and 8/60 conducted analysis of differential outcome by ethnicity.
Across 71 trials of interventions that focused on using technology for weight loss, Rosenbaum
et al., found that there was low enrolment (trial uptake) of racial minorities.’? Fitzgibbon et
al., included all trials (n=25) that reported including Black women (not only trials of
interventions that were targeted towards Black women).1’° They found that Black women had
lower weight loss and higher study attrition than other groups but no differences in
intervention adherence. Tussing-Humphreys et al., reviewed 17 studies of behavioural weight
loss maintenance interventions that included African American women,*’* and found that
African American women generally lost less weight during the weight loss phase and regained

more weight during the maintenance phase when compared to Caucasian women.
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Also identified were systematic reviews that considered gender in behavioural weight
management trials.1”>"1’7 These reviews found that males are generally under-represented in
trials of behavioural weight management interventions,’> that male-only interventions may
effectively engage and assist men in achieving weight loss but,'’® in interventions that are

delivered to males and females, attained weight loss was similar.1’’

Three systematic reviews synthesised data on inequalities by SES.10212>178 Q|stad et al., in a
review of universal policies for obesity in adults and children, found no evidence to support
the theory that interventions targeted towards individuals/households, such as behavioural
weight management interventions, were more likely to be inequitable (i.e., less effective in
groups with higher disadvantage) than population-level interventions.'?® However, Olstad et
al., noted that this may have been due to the few ‘agentic’ (i.e. interventions requiring a high
amount of personal agency in order to take effect, as outlined in Chapter 1, section 1.4.2)
policies included in the review. In an earlier review, Hillier-Brown et al., considered
effectiveness of individual-, community-, and population-level interventions at reducing
socioeconomic inequalities in obesity.!%? The authors identified evidence from interventions
targeting deprived groups, rather than those aimed at the population more generally. The
authors only included studies reporting differential effects by SES, and only looked at
outcome measures rather than process measures (such as uptake and trial attrition). Finally,
McDonald et al., found that trials of male-only behavioural weight management interventions
rarely considered socioeconomic status in their design or recruitment, and few trials

considered if there was differential effectiveness by socioeconomic status.'’®

The highlighted systematic reviews generally focused on a single PROGRESS-Plus
characteristic. It is useful to examine all of the PROGRESS-Plus characteristics in a single
review to gain a broader understanding of inequalities and identify any under-researched
characteristics. Furthermore, some of the previous systematic reviews restricted their
inclusion criteria to specific races or ethnicities'®®73 or a specific sub-category of behavioural
intervention.'’ Few reviews assessed if there were inequalities at trial stages other than
weight outcome, especially in reviews that focused on SES.10212> |t js important to understand
at what stage inequalities in behavioural weight management interventions occur in order to
effectively address them. In addition, previous reviews — such as in the USPSTF systematic

review — have focused their consideration of inequalities to the main published trial paper.
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Research questions around inequalities are often explored in subsequent publications; it is
important to review all publications from trials for this data. In this chapter, | systematically
reviewed the evidence concerning inequalities in the uptake, attendance and effectiveness of
adult behavioural weight management interventions across the full range of PROGRESS Plus

characteristics.

2.3 Aims

The aims of this chapter were to:

e Summarise the number and characteristics of trials of behavioural weight
management interventions that report measures of inequalities as defined by the
PROGRESS-Plus criteria.

¢ Identify, describe and synthesise trial data on inequalities in the uptake of, adherence
to, and effectiveness of behavioural weight management interventions.

e Synthesise data on differential attrition in trials of behavioural weight management

interventions.

2.4 Methods

| conducted this systematic review according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis [PRISMA] guidelines and the PRISMA-Equity extension.81%0 The
protocol was published in BMJ Open and registered on PROSPERO (CRD42020173242).188 The
search strategy and eligibility criteria replicated those from the USPTF systematic review.'4° |
used the USPSTF review due to the comprehensive search strategy used in the review which
increased the likelihood of identifying relevant trials of behavioural weight management

interventions for inclusion.

2.4.1 Eligibility Criteria

1 Participants: adults aged 18 years and over with overweight or obesity (body mass index

[BMI] > 25 kg/m? with no upper limit) who were deemed suitable (either by the applicable
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study team or healthcare practitioner) for behavioural weight loss or behavioural weight
loss maintenance interventions. Participants may have additional risk factors such as
hypertension, dyslipidaemia, impaired glucose tolerance or impaired fasting glucose.
Studies were excluded if the population was not selected based on a weight-related
measure, included participants with BMI<25 kg/m?, were selected based on having a
chronic disease where weight loss is part of disease management, was selected based on
being pregnant, or if the intervention was targeted at parents to change behaviour of
children. Only studies conducted in member countries of the Organisation for Economic
Collaboration and Development [OECD] were eligible, as per the search strategy used in

the USPSTF report.

Interventions: behavioural weight management interventions with the primary aim of
supporting weight loss or weight loss maintenance. Studies were included if they were
conducted in, or were applicable to, primary care settings. Interventions may have been
delivered alone or as part of a wider multicomponent intervention targeting diet and
nutrition, physical activity, sedentary behaviour, or a combination of these. Interventions
may include, but were not limited to, assessment with feedback, advice, provider training,
goal-setting, or exercise referral. Studies of pharmacological and surgical interventions
were excluded unless the trial included behavioural only and control arms. Interventions
were considered feasible for application to primary care if they were conducted in a
healthcare setting or are widely available in the community at a national or regional level
(such as commercial weight loss programmes, text-message based interventions);
examples of settings that are not relevant to primary care include interventions delivered

in inpatient settings, or in residential care homes.

Comparators: wait-list control, usual care, or minimal intervention (such as generic print

or electronic materials).

Outcomes: studies must report a weight outcome (weight change in kg, >5% weight loss,

or change in waist circumference) at either the 12- or 18-month follow up.
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5 Study designs: randomised or cluster-randomised controlled trials [RCTs]. Studies that

were not available in English were excluded.

2.4.3 Search strategy and information sources

| adopted a two-stage search strategy to identify relevant publications. The first stage
involved identifying ‘parent’ RCTs (trials included in the USPSTF review).'%! | then replicated
the search used in the USPSTF review to identify relevant trials published since the USPSTF
database search date (June 2017). The updated search was performed on 5% March 2020 in
Medline, Cochrane CENTRAL and PsycInfo. The search strategy used in Medline is shown in

Table 2-1.

34



Table 2-1 Literature search strategy applied in Medline

1 Obesity/

2 Obesity, Morbid/

3 Overweight/

4 Obesity, Metabolically Benign/

5 Weight loss/

6 obesS. ti.

7 overweight.ti.

8 weight.ti.

9 (adipos$ or body fat).ti.

10 (obes$ or overweight or weight loss).ti,ab.

11 limit 10 to ("in data review" or in process or "pubmed not medline")
121or2or3ord4or5or6or7or8or9orll

13 Weight Reduction Programs/

14 Behavior Therapy/

15 Cognitive Therapy/

16 Counseling/

17 Directive Counseling/

18 Self-Help Groups/

19 counselS.ti,ab.

20 (behavs$ adj3 (therap$ or program$ or intervention$)).ti,ab.

21 Health Education/

22 Diet, Reducing/

23 Diet, Fat-Restricted/

24 Caloric Restriction/

25 Diet Therapy/

26 (dietS adj counsel$).ti,ab.

27 (diet$ adj education$).ti,ab.

28 (nutrition$ adj counsel$).ti,ab.

29 (nutrition$ adj education$).ti,ab.

30 (nutrition$ adj intervention$).ti,ab.

31 (dietS adj (modifS or therapy or intervention$ or strateg$)).ti,ab.
32 ((diet or dieting or slim$) adj (club$ or organi?ation$)).ti,ab.

33 (weight reduc$ adj dietS).ti,ab.

34 (weightwatcherS or weight watcher$).ti,ab.

35 Exercise/

36 Exercise Therapy/

37 Motor Activity/

38 Physical Conditioning, Human/

39 Physical Fitness/

40 physical activity.ti,ab.

41 (exercise adj3 (therap$ or programs$ or intervention$)).ti,ab.

42 ((lifestyle or life style) adj (modification$ or intervention$)).ti,ab.
4313 or14or150r16or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or
290r30o0r31or32o0r33o0r34or350r36o0r37o0r38or39or40or4lor42
44 12 and 43

45 Obesity/dh, th, dt, rh [Diet Therapy, Therapy, Drug Therapy, Rehabilitation]
46 Obesity, Morbid/dh, th, dt, rh

47 Overweight/dh, th, dt, rh

48 (weight loss adj (intervention$ or program$ or trialS)).ti,ab.

49 (weight reduc$ adj (intervention$ or programs$ or trial$)).ti,ab.
50 (weight management adj (intervention$ or programs$ or trial$)).ti,ab.
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The second stage involved conducting a further Medline search to curate ‘publication
families’ for each eligible included trial. Publication families are all publications , of any type,
that have been produced as a result of the ‘parent’ RCT.'%! To search for these additional
papers that make up the publication family for each RCT, | extracted author and study
identifier (such as trial name or registration identification) information and searched these in

Medline. Each publication family was considered as one study.

2.4.4 Study selection

| included all behavioural weight management interventions identified in the USPSTF report
in the review. The titles and abstracts from the updated search were independently screened
by myself and one other investigator (RAJ) using Covidence systematic review software
(Veritas Health Innovation, Melbourne, Australia). Any discrepancies were resolved by
consensus. Full texts of studies identified from the title and abstract screening as being
potentially relevant were screened independently by myself and RAJ, and conflicts resolved
through discussion. Trials already identified from the USPSTF report and included in the
search results were de-duplicated at this stage. Where necessary, conflicts were discussed

with my primary supervisor (ALA) to reach consensus.

2.4.5 Data extraction

Data extraction was completed by myself using a standardised form and checked by a second
investigator (RAJ, JM, MDMcD, RR). The data extraction form was developed using the
Cochrane Public Health Group data extraction form, the Consolidated Standards of Reporting

Trials 2010 statement, the Template for Intervention Description and Replication checklist,

and the PROGRESS-Plus criteria.31192-134

2.4.6 Outcomes

2.4.6.1 Trial and intervention uptake

Trial uptake was defined as participants accepting an invitation to participate in a trial of a
behavioural weight management intervention. Therefore, | defined differential trial uptake as
whether those who accepted invitation to participate differed from those who declined to

take part by a measure of a PROGRESS-Plus criterion.

Intervention uptake was defined as a participant attending or completing at least one session
of the intervention. Therefore, differential intervention uptake was defined as a statistically
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significant difference between participants attending at least one session of an intervention

versus those who did not, by a measure of a PROGRESS-Plus characteristic.

2.4.6.2 Intervention adherence

Adherence was defined as number of intervention sessions attended out of those offered or
as engagement with any intervention component (such as completion of food diaries or
number of times logged into a mobile application). Differential adherence was defined as a
statistically significant difference in the number of sessions of an intervention attended or
engagement with an intervention component by a measure of a PROGRESS-Plus

characteristic.

2.4.6.3 Trial attrition

Trial attrition was defined as those lost to follow up at the 12-month follow up. If attrition for
the 12-month time point was not reported, data reported up until 18 months of follow up
were extracted instead. Differential trial attrition was considered as a statistically significant
difference in a measure of a PROGRESS-Plus characteristic, between those who were and

were not followed up in the intervention arm at this time point.

2.4.6.4 Weight outcome

Weight-related outcomes (weight change in kilograms, >5% weight loss, or change in waist
circumference in centimetres) at 12-month follow up were extracted. If 12-month follow up
data were not reported, data for the closest time point after 12 months, up to 18 months of
follow up were extracted instead. Differential weight outcome was defined as a statistically

significant difference by a measure of a PROGRESS-Plus characteristic.

2.4.6.5 Categorisation of more and less advantaged groups

| used the PROGRESS-Plus framework and previous inequality-focused systematic reviews to
inform the categorisation of which groups under each PROGRESS-Plus criterion would be
defined as ‘more advantaged’ or ‘less advantaged’.313%1951% ‘More advantaged’ groups were:
urban (Place of residence, people living in urban areas often have more proximal access to
healthcare and other amenities), White (Race/ethnicity), employed full-time (Occupation),
male (Gender or sex), majority religion (Religion), more education (Education), less deprived
— for area based measures — or higher income level (SES), being married (Social capital), and

being older (PLUS). | categorised being older as ‘more advantaged’ as evidence suggests older
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adults have fewer barriers to accessing primary care and are more likely to be offered weight
management intervention in routine practice.®’71% For other measures of the Plus criterion,
| considered those who spoke the predominant language, were born in the country where the

trial was conducted, or were free from disability to be ‘more advantaged’.

Less advantaged groups were defined as: rural (Place of residence), ethnicity other than white
(Race/ethnicity), not employed full-time (Occupation), female (Gender or sex), minority
religion (Religion), less education (Education), more deprived — for area-based measures — or
lower income level (SES), not married (Social capital), and being younger (PLUS). For other
measures of the Plus criterion, those who did not speak the predominant language or were
not born in the country where the trial was conducted, or who had a disability, were

considered to be ‘less advantaged’.

2.4.7 Quality assessment

First, | extracted the categorisation of quality assessment (good, fair, or poor) given to the
studies included in the USPSTF report. Next, | replicated the quality assessment process from
the USPSTF report for the additional studies identified as meeting eligibility criteria.?? Studies
were graded as ‘good’ if follow up was >80%, valid measurement instruments used,
interventions clearly outlined, and confounders were appropriately controlled for, during
analysis. A study was rated as ‘fair’ if some minor limitations occurred. For example, there
may be minor differences in follow up, follow up <80%, or not all potential confounders
accounted for. A ‘poor’ rating was given to a study if major limitations existed, such as
unreliable weight measurement methods (such as self-reported weight), inadequately
conducted randomisation (e.g., not truly randomised), or important confounders were given

little or no consideration.

2.4.7.1 Deviations from original protocol

In the protocol, | originally intended to use Cochrane’s Risk of Bias (RoB) 2 tool to conduct risk
of bias assessment.'® However, upon further reading of the USPSTF report that the search
strategy | used was derived from, | instead aligned the quality assessment methods with those
used in the USPSTF report,'** as the USPSTF method incorporates risk of bias assessment into

its quality assessment of included trials.
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2.4.8 Data synthesis

Due to heterogeneity of intervention types and measures of the PROGRESS-Plus criteria, such
as country-specific measures of socioeconomic status or ethnicity, it was deemed not possible
to conduct a meta-analysis. Therefore, | conducted a narrative review with the addition of
Harvest plots. Harvest plots were originally proposed by Ogilvie et al., as a method of
synthesising evidence of differential effectiveness of public health interventions when a
meta-analysis may not be appropriate.?°! They allow for all available and relevant data to be
used and presented, even when there is heterogeneity in measures used. Several study
features can be graphically demonstrated on a single plot, such as study quality, statistical
significance and sample size. In the Harvest plots in this study, bar height represents the
sample size of the study, with the smallest bars representing studies with 0-200 participants,
and the tallest bars studies with 801+ participants. A study was categorised as favouring a
particular group if a statistically significant difference was observed. The Harvest plots were

produced using Microsoft PowerPoint (version 2016, Microsoft Corporation).
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2.5 Results

The PRISMA Flow Diagram (Figure 2-1) shows the number of papers identified in each stage
of the review.1® A total of 103 studies met the inclusion criteria, 89 of which were extracted
from the USPSTF report and a further 14 identified through the replicated search strategy. As
publication families of each included trial were identified, information was extracted from

266 publications across the 103 studies.

40



Identification

Screening

Identification of studies from USPSTF report

Identification of studies via databases

Records identified from:
USPSTF report (n = 124)

Records sought for retrieval

Records identified from:
Databases (n = 4642)

Record removed before
FCreening:
Duplicate records removed
(n=5}

}

Records title/abstract screened
(n=463T)

Records excluded
(n=4474)

hd

(n=124)

Records not retrisved
n=10)

Records sought for retrieval
(n=163)

Records assessed for eligibility
(n=124)

v

Records not retrieved
(n=0)

Records excluded:
Not a trial of a behavioural
weight management
intervention (n = 35)

Records full-text scresned
(m=163)

Records excluded: (n = 149)
Insufficient follow-up (n = 48)
Ineligible comparator (n = 22)
Duplicate to USPSTF
included study (n = 19)
Ineligible patient population {n
=18)

Ineligible study design (n =

b h 4 - . -
. Ineligible intervention (n = 14
Trials included from USPSTF Trials included from database Ineligible outcome (n E 11) )
report searching Poor quality (n = 3
% (n=89) (n=14) ouattyn=3)

Total trials included
{n=103)

v

Figure 2-1 Preferred Items for Systematic Reviews and Meta-Analysis (PRISMA) flow diagram for the inclusion of studies



2.5.1 Study characteristics

Of the 103 included studies (Table 2-1 and Supplementary Table 1), 90 were trials of
behavioural weight loss interventions [WLs]?°272°! and 13 were of behavioural weight loss
maintenance interventions [WLMs].2%273%4 Across the studies there were a total of 36,805
participants, with the sample size of each study ranging from 30%%° to 2,161 participants.?>®

Sixty-six percent of participants were female. Most studies were from the USA (n=57).

Thirty-six of the included studies explicitly stated that the intervention targeted a specific
group that covered at least one of the PROGRESS-Plus
Criteria.203’205’208’209’211’213’215’216’223’225’228’229’231’232’234’235’238’241’242'244'246_248’251’260’268_

271,275,276,279,283,285,290,295 Ten studies targeted a specific race or ethnic group (such as Black
African-American or Hispanic),209:213,223,229,231,235,242,268,279,290  three targeted specific
occupations,?6%27528 22 studies targeted based on gender or sex (six interventions were
targeted at men?1>225,232,269,275,294 and 16 at
Women211’213’216’223’234’238’246’248’260’267’268’270’271’276’283’295), elght targeted IOW-income
groups,203208,223,231,234.235247,268 and five targeted particular age groups.205:241244,251,295
Participants belonging to certain health groups were also targeted in eight of the studies
identified,20>211,216,228,234,246,271,276 q;ch as postpartum women or those at elevated risk of

breast cancer.

2.5.2 Quality assessment

As shown in Figure 2-1, three studies were scored as ‘poor’ quality; these were excluded from
the synthesis.3%>307 Of the 14 studies identified in the updated search, 11 were scored ‘fair’
quality and three were scored ‘good’ quality. In total, 74 studies were of ‘fair’ quality and 29

of ‘good’ quality (Appendix 3, Chapter 2 Supplementary Table 1).
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Table 2-2 Characteristics of included trials

Number of Citations

trials (%)

Intervention type

Weight loss 90 (87.4) 202-291

Weight loss maintenance 13 (12.6) 292-304

Database searching vs identification from USPSTF report

Studies identified from database 14 (13.6) 250,280-288,301-304

searching

Studies identified from USPSTF report 89 (86.4) 202-249,251-279,289-300

Trial Location

United States 57 (55.3) 202,203,208-213,218,221-223,229-232,234,235,237,239-247,249-251,253,256,258—
260,262,264,267,268,270,271,273,276-279,281,283,285,289,293,295-297,299,300

United Kingdom 16 (15.5) 204-207,214,215,219,227,233,261,266,280,290,298,301,304

Australia 5 (4.9) 225,282,284,291,294

Finland 5 (4.9) 252,269,274,288,292

Japan 4 (3.9) 226,257,265,303

Germany 3(2.9) 220,263,302

The Netherlands 3(2.9) 224,248,275

Spain 3(2.9) 272,286,287

Canada 2(1.9) 236,255

Sweden 2(1.9) 216,254

Norway 1(1.0) 228

Portugal 1(1.0) 238

Multiple countries 1(1.0) 217

Sample size at baseline

0-200 41 (39.8) 202,210-212,214,216,220,223-225,230,233,237,242,246,247,252,254,256,257,263,265,267—
270,273,276,278,279,285-287,290,294-296,298,302,303

201-400 32 (31.1) 205,208,209,213,218,221,222,226-229,234,235,238,241,243,249,250,253,258,264,277,280—
284,291,292,299,300,304

401-600 15 (146) 203,207,232,236,239,244,245,248,251,260,274,288,289,297,301

601-800 5 (4.9) 215,217,219,262,269

>800 10(9.7) 204,206,240,255,259,261,266,272,275,293

Proportion female at baseline

0% (all male) 6 (5.8) 215,225,232,269,275,294

1-49% 11 (107) 205,214,220,224,239,240,257,263,285,299

50-99% 70 (680) 202,203,206-210,212,217-219,221,226-231,233,235-237,241-245,247,249—
256,258,259,261,262,264-266,272-274,277-282,284,286-293,296-298,300-304

100% (aII female) 16 (15.5) 211,213,216,223,234,238,246,248,260,267,268,270,271,276,283,295

Mean age (years) at baseline*

18-40 11 (10.7) 216,218,225,234,238,241,242,251,252,267,283

41-54 63 (612) 203,204,208,209,211-213,215,217,219,221-223,226-232,235-237,239,240,245,247,249,250,253—
255,259,261-264,266,268-270,273,275,277,278,280-282,284,285,287-290,292,294-298,300—
302,304

>55 28 (27.2) 202,205-207,210,214,220,224,233,243,244,246,248,256—

258,260,265,271,272,274,276,279,286,291,293,299,303

Number of PROGRESS-Plus measures reported at baseline

0 0(0.0)

1 0(0.0)

2 20 (19.4) 210,212,224,226,236,254,263,265,269,272,274,278,287,295-297,300,302,303
3 16 (15.5) 202,209,217,220,251,253,256,257,261,262,266,271,273,279,288,298
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4+ 67 (65.0) 203-208,211,213-216,218,219,221-223,225,227-235,237-250,252,255,258—

260,264,267,268,270,275-277,280-286,289,290,292-294,299,301,304

Number of PROGRESS-Plus measures differential trial uptake considered by

0 89 (864) 202,203,205,207,209,210,212,213,215-223,225-231,233,235,238,239,241-244,246-292,295—
298,301-304
6 (5.8) 214,224,234,236,237,293
4 (3.9) 208,211,232,280
3 (29) 204,206,240
4+ 1(1.0) 245
Number of PROGRESS-Plus measures differential intervention uptake considered by
0 98 (95.1) 202,204,205,207-217,219-233,235-249,251-304
1 3(2.9) 206,218,234
2 0(0.0)
3 0(0.0)
4+ 1(1.0) 203
Number of PROGRESS-Plus measures differential adherence considered by
0 88 (854) 202,205,207,209-217,219,220,222,224,226-233,235,238,240,241,243-249,251-279,281-284,286—
292,295-300
7 (6.8) 206,218,221,234,236,239,242
1(1.0) 225
2(1.9) 237,280
4+ 5 (4.9) 203,204,208,285,293

Number of PROGRESS-Plus measures differential trial attrition considered by

0 71 (68.9) 203,205,206,209,212,214,215,221,222,224,226,230,239-242,244,246-249,251-279,289-292,295—
300,302-304
6 (5.8) 217,218,225,229,233,235
7(6.8) 210,216,228,231,232,236,283
7 (6.8) 202,207,220,223,237,238,280
4+ 12 (11.7) 204,209,211,213,219,227,234,243,245,282,293,301

Number of PROGRESS-Plus measures differential weight outcome considered by
0 72 (699) 202,203,207,211,213,214,216,217,220,221,223,224,226,228-233,236-238,242,243,246-249,251—

258,260-279,285-291,295-300,302-304

10 (9.7) 206,212,218,219,222,225,227,235,282,284
8(7.8) 210,239,244,245,259,281,283,301
7 (6.8) 204,205,209,240,280,292,294

4+ 6 (5.8) 208,215,234,241,250,293

*mean age not available for Perri et al., 1998 2%

2.5.3 Findings

At baseline, all 103 trials reported age and almost all (n=101) reported participant gender or
sex (Figure 2-2). The next most commonly reported baseline measures were race/ethnicity
(n=67), education (n=57), socioeconomic status (n=40), social capital (predominantly marital
status, n=33), and occupation (n=31). Nine trials reported measures (other than age) that
meet the definition of ‘Plus’ according to the PROGRESS-Plus characteristics — the most
common measures meeting this criterion were health literacy and language at home. The
least commonly reported measures at baseline were place of residence (n=1) and religion
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(n=1). Sexual orientation was not reported in any of the included studies. Fifty-six of the 103
trials considered inequalities in intervention or trial uptake (n=15), intervention adherence
(n=15), trial attrition (n=32), or weight outcome (n=34) in relation to at least one PROGRESS-

PLUS criterion.
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Figure 2-2 Number of trials reporting PROGRESS-Plus criteria at each trial stage

2.5.3.1 Inequalities and uptake

2.53.1.1 Trial uptake

Twenty-nine analyses (WLs=28, WLMs=1) across 15 trials (Figure 2-3) examined inequalities

in trial uptake 204,206,208,211,214,224,232,234,236,237,240,245,280,285,293

In the 28 analyses across 14 trials of WLs, 16 analyses found no evidence that trial uptake
favoured more or less advantaged. Three analyses found that trial uptake was highest in ‘less
advantaged’ groups and nine analyses found trial uptake was highest in ‘more advantaged’

groups.

One study (one analysis) considered if differential trial uptake occurred in WLMs trials. This

analysis found no evidence that trial uptake favoured more or less advantaged.
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2.53.1.2 Intervention uptake

Seven analyses across 4 trials (all WLs) considered whether there were inequalities in
intervention uptake (Figure 2-4).203:20623223% One study considered inequalities by race or
ethnicity, two studies considered inequalities by gender, one by SES, one by social capital
(marital status), one by age and one by protocol language (English versus Spanish). One
analysis found that intervention uptake favoured ‘less advantaged’,?°® three analyses found
no gradient,?” two found intervention uptake favoured ‘more advantaged’,>3? whilst one

analysis was unclear in whether it favoured a particular group or not.?*°
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2.5.3.2 Inequalities and intervention adherence
Thirty-nine analyses (WLs=34, WLMs=5) from 15 trials (Figure 2-5) examined inequalities in

intervention adherence.

Thirty-four analyses across 14 trials of WLs examined inequalities in intervention
adherence.203'204'206'208'218'221'225'234'236'237'239'242'280'285 Twenty Of the 34 analyses found no
gradient. Eleven analyses found that intervention adherence favoured more advantaged
groups (i.e., that intervention adherence was highest in these groups) and three found that
intervention adherence was highest in the less advantaged groups. Intervention adherence
was higher in those who had a full-time occupation versus not full-time (3/3 analyses), and

also appeared to be higher in older participants (3/7 analyses).

Five analyses, from one trial, explored inequalities in adherence to WLMs.2%3 Three out of the
five analyses favoured the more advantaged groups (1/1 analysis of ethnicity, 1/1 analysis of
education and 1/1 analysis of age). The remaining two analyses found that intervention

adherence did not favour either less or more advantaged groups.
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2.5.3.3 Inequalities and trial attrition
In total, ninety-three (WLs=78, WLMs=15) analyses across 32 trials considered inequalities in

trial attrition (Figure 2-6).

Seventy-eight analyses from 29 trials assessed inequalities in trial attrition in
WLS.202’204’207’208’210’211’213’216_220’223’225’227_229’231_238’243’245’280’282 The majority Of these ana|yses
(n=59) found that trial attrition favoured no particular group; four analyses found that trial
attrition was lower in less advantaged groups and in 15 analyses trial attrition was lower in
more advantaged groups. Most of the analyses favouring ‘more advantaged’ were of age,
followed by socioeconomic status (i.e., those who were older or of a less deprived
socioeconomic status were less likely to be lost to follow up). There was little evidence to

suggest inequalities in trial attrition by other PROGRESS-Plus criteria.

All analyses (15 across three trials) considering if there were inequalities in trial attrition in

WLMs found that trial attrition did not favour any particular group.293294,301
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2.5.3.4 Inequalities and weight outcome

A total of 79 analyses (WLs=64, WLMs=15) across 34 trials that considered inequalities in
weight outcome were identified (Figure 2-7). The results of four of these analyses (three for
gender or sex?26230.236 and one for occupation???) were unclear and are consequently omitted

from the Harvest plot.

Sixty-five analyses in 30 trials of WLs considered inequalities in weight loss.202-206,208~
210,212,215,218,219,222,225,226,230,234-236,239-241,244,245,250,259,280,281,283,284 Four ana|yses found that IESS
advantaged groups lost more weight, 11 that more advantaged groups lost more weight, and
the majority (n=50) found that weight loss favoured neither less nor more advantaged groups.
For gender or sex, men lost more weight than women in three out of 17 analyses conducted,
whilst women lost more weight in one of the 17 analyses. For SES, two of nine analyses

favoured those in less advantaged groups.

There were 15 analyses of inequalities in weight loss maintenance identified across five
WLMs,2927294.301,302 None of the analyses found evidence of inequalities in the weight outcome
of WLMs (i.e., there was no significant difference observed in weight loss maintenance by any

measure of inequality).
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2.6 Discussion

This comprehensive systematic review found that most trials of behavioural weight
management interventions do not examine whether differential trial/intervention uptake,
intervention adherence, trial attrition or outcome occurs in different social groups. In those
that did examine differences, most found no gradient (e.g., intervention uptake or trial
attrition was not higher in either more or less advantaged groups). If a gradient was observed,
it mostly favoured those who were ‘more advantaged’. This was not the case for weight
outcomes, for which a similar number of trials favoured ‘less advantaged’ groups as those
favouring ‘more advantaged’. The findings suggest that inequalities may occur in
intervention/trial uptake, intervention adherence, and trial attrition, although behavioural
weight management interventions may be equitable for those who reach the 12-month

follow up.

2.6.1 Comparison with existing literature

In this review, | examined two types of behavioural weight management interventions:
interventions targeting weight loss [WLs] and interventions targeting weight loss
maintenance [WLMs]. There were differences in inequalities observed between the two
intervention types; evidence of inequalities in WLMs was only present in intervention
adherence and not in trial or intervention uptake, whereas there was some evidence of
inequalities at all stages in WLs. There may be several underpinning reasons for this. Firstly,
there were fewer trials of WLMs than of WLs (13 versus 90), meaning that there were fewer
data available for WLMs. Secondly, it is possible that inequalities in behavioural weight
management interventions are being generated in the interventions targeting weight loss,
and those who are less successful in a weight loss intervention may be less likely to be invited

to take part in a further weight loss maintenance trial.

There is also some evidence to suggest that, when taking into account the age of people
invited to take part in a weight management trial, a significantly higher proportion of older
people took up the offer. This was the case in four of the ten studies | identified that examined
this. This is supported by survey data showing that older people report better access to

primary care,3°® and by evidence from a UK-based population-based cohort study which
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observed that weight management interventions were more often accessed by older
participants.’®® The study authors also noted that weight management interventions were
more often accessed by women and those in deprivation.®® Overall, this review found that
two-thirds of the total number of participants taking part across the trials included in this
review were female. This is similar to the findings of previous systematic review which
focused on the issue of male inclusion in RCTs in WLs, which found that only 27% of
participants were male.'’”> When accounting for the total number of men and women invited
to take partin the trial, 1 did not find evidence to suggest that there were inequalities in those
who were likely to accept invitation to the trial or to the intervention arm. It has previously
been observed that the proportion of male participants in studies of commercial weight
management programmes is higher when all those in the population who are eligible are
invited than when patients are invited opportunistically, suggesting the inequality in male

participation can be reduced by inviting more men to take part.3®

When compared to the wider RCT literature, trials of behavioural weight management
interventions are atypical in that recruitment favours women and older participants. Outside
of trials of behavioural weight management interventions, for example in RCTs used for
cardiovascular guidelines or drug and vaccine research, recruitment tends to favour men and
younger participants.31°312 Therefore, this may suggest that a nuanced perspective on
inequalities should be taken when addressing behavioural weight management interventions,
as some groups that are typically under-researched; women and older people are the most
researched. Hence, there is less research in groups that would typically be considered as

advantaged in other health and wider societal domains.

Whilst there is some evidence in this systematic review to suggest that trial uptake is higher
in less socioeconomically advantaged groups, | found that intervention adherence, trial
attrition and weight outcome favoured those who were less deprived. This supports findings
from trials of other behavioural interventions (such as those targeting smoking cessation), in
which attrition is higher or intervention adherence is lower in those who are more

deprived.313-316

The findings in this review relating to inequalities in behavioural weight management
interventions by race or ethnicity are broadly similar to previously conducted systematic
reviews that were identified. | found that few studies reported if there was differential
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adherence or outcome by race or ethnicity, supporting the findings of Tussing-Humphreys et
al., and Haughton et al.,.}’2'7% | did not have sufficient evidence to support Tussing-
Humphreys et al.,, and Kong et al’s., findings that behavioural weight management
interventions led to less weight loss and more weight regain in African American women.
169,174 This may have been due to the different inclusion criteria used across the reviews,
leading to variation in the studies included (17 studies in the Tussing-Humphreys review, 103

in this review).

There are several factors by which discrimination or differential health outcomes may occur
that were either not captured at all, or were only partially captured, in this review. Some
factors, such as sexual orientation, were not measured in any of the 103 trials included in my
review. This is despite there being known inequalities in weight by sexual orientation. For
example, women who identify as lesbian are more likely to have overweight or obesity than
women who identify as heterosexual.3!”318 The NHS in England has highlighted the need for
further research to gain a better contextual understanding of weight issues in this group.3®
Other factors that discrimination or differential health outcomes can occur by, such as gender
and social capital, were only captured in a limited way. For example, gender was
predominantly recorded in trials as either male or female, which does not reflect the full
gender spectrum. Similarly, despite its broad definition, social capital was only captured in
trials as marital status, meaning that the full nature of people’s personal support networks
was not captured. Additionally, depending on the categorisation of marital status, this
measure may not reflect contemporary attitudes towards relationships and marriage.
Similarly, my consideration of several PROGRESS-Plus characteristics, such as Place of
Residence (Urban vs Rural), was binary, which loses detail in the complexity of people’s
circumstances and living arrangements. Future trials should consider broader categorisations
of factors, such as of gender, to ensure demographic information fully represents how

participants wish to identify.

Due to heterogeneity in intervention types and measures of the PROGRESS-Plus criteria, such
as country-specific measures of socioeconomic status or ethnicity, in discussion with my
supervisors | decided that it was not appropriate to conduct a meta-analysis. Some of this
heterogeneity can be overcome by accessing individual-level participant data and conducting

data harmonisation, as demonstrated in Chapters 3-5 of this thesis. Otherwise, | suggest that
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future research should identify if a common range of measures covering the PROGRESS-Plus
criteria could be reported across trials of behavioural interventions, as well as identifying key
stages of a trial (such as trial uptake, intervention adherence and outcome) for which
differences in these measures should be reported. Whilst reporting common measures across
key stages of a trial will not overcome the issue that most trials may not have sufficient
statistical power to identify if inequalities are present, more consistent reporting would

facilitate future meta-analyses that could address inequalities-focused research questions.

2.6.2 Strengths and limitations

This systematic review is the most comprehensive review investigating the association
between indicators of inequality and behavioural weight management interventions
published to date. In particular, it is the first to investigate the impact of inequalities at several
stages of an intervention (such as trial or intervention uptake and follow up). Utilising the
PROGRESS-Plus criteria ensured a comprehensive examination of inequality beyond the
individual measures (such as SES'? or gender!’®) that previous reviews have focused on. In
using ‘publication families’,’*! | endeavoured to capture all papers published from each
included trial. Furthermore, | also contacted authors of trials included in this review to request

any missing relevant data, aiding the completeness of my data collection.

Despite the usefulness of Harvest plots in graphically synthesising information across studies
that cannot be meta-analysed, they are unable to overcome the limitation of low statistical
power of the individual studies in detecting differential effects of interventions. This is
pertinent when considering the impact inequalities have on trial/intervention uptake,
adherence, attrition and effectiveness, as studies are generally only sufficiently powered to
detect a significant difference in weight outcomes between the intervention and control
groups. This is likely attributable, in part, to analyses of inequalities rarely being part of the
main analysis plan and such analyses often being performed post-hoc. A large number of the
included studies had a relatively small sample size (e.g., 41 studies had 0-200 participants).
This may explain why a large number of studies included in the Harvest plots found no
inequality gradient for any of the outcomes | studied. It may be that an inequalities gradient

is present in some of these studies, but there was insufficient statistical power to detect it. In
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the next chapter, | address this limitation by using individual participant data meta-analysis.
In individual participant data meta-analyses, data from studies using different measures of an
inequality criterion (such as SES) can be harmonised and pooled, providing greater statistical
power to detect significant differences in uptake, adherence, attrition and intervention

effectiveness.

A further limitation of this review is that, although | took a comprehensive approach to
considering various indicators of inequality and their interaction with behavioural weight
management interventions, | did not consider weight status (e.g. higher BMI category vs
lower BMI category) as a factor where differential uptake, adherence, attrition or
effectiveness may occur. Higher weight status is associated with increased weight stigma,
which is linked to worse mental and physical health, and healthcare avoidance.80320-324
Therefore, inequalities in behavioural weight management interventions may also exist in this
group. Furthermore, this review only included studies from high-income (OECD) countries,
meaning that the results cannot be extrapolated to low- and middle-income countries.
Similarly, by using a minimum BMI cut-off of 25 kg/m?, | may have excluded a number of
studies conducted across Asia-Pacific countries which typically use lower BMI cut-offs for

overweight (23-24.9 kg/m?) and obesity (>25 kg/m?).32>

2.6.3 Conclusion

In this review, | found that most trials of behavioural weight management interventions did
not consider whether inequalities in trial or intervention uptake, adherence, trial attrition or
weight outcomes occurred by a measure of the PROGRESS-Plus criteria. This is likely to have
been because analyses of inequalities in trials are often post-hoc and are not commonly
included in the main analysis plan of a trial, as randomised controlled trials are generally only
sufficiently powered to detect an interaction between trial arm and the primary outcome. In
studies that did conduct such analyses, most did not find evidence that an inequalities
gradient was present. In the studies that did find a gradient, they mostly found that the
intervention favoured those who were ‘more advantaged’ for uptake, adherence, and trial
attrition. However, this was not the case for weight outcomes at 12-month follow up, where

there was a more equal balance between trials favouring more and less advantaged groups.
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These findings may suggest that behavioural weight management interventions are equitable

for those who reach the 12-month follow up.

In Chapters 3-5, | use meta-analysis of individual participant data to overcome some of the
limitations of this systematic review, such as insufficient statistical power, in order to better
understand if inequalities in behavioural weight management occur. Chapter 3 describes the

methods for this IPD meta-analysis.
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Chapter 3 An individual participant data meta-analysis
of inequalities in the attendance at and effectiveness
of behavioural weight management interventions -

Methods

The protocol for the individual participant data meta-analysis presented in Chapters 3-5 was
published with the following citation: Birch JM, Mueller J, Sharp SJ, Logue J, Kelly MP, Griffin
SJ, Ahern AL (2022). Are there inequalities in the attendance and effectiveness of behavioural
weight management interventions for adults in the UK? Protocol for an individual participant

data (IPD) meta-analysis. BMJ Open. 13(3). doi:10.1136/bmjopen-2022-067607

In Chapters 3-5 | present the methods and results of an individual participant data meta-
analysis of inequalities in the attendance at and effectiveness of behavioural weight
management interventions in adults using data from UK-based RCTs. Chapter 3 outlines the
methods used to identify relevant trials and to acquire the individual participant data. In
section 3.4, | describe the trials meeting the eligibility criteria for inclusion in the IPD-MA and
the trials | successfully acquired individual participant data for. The results are presented and
discussed in Chapters 4 and 5. Chapter 4 includes the analyses of inequalities in intervention

attendance and Chapter 5 inequalities in weight change.

3.1 Contributions

| designed this study with Dr Amy Ahern, Prof Simon Griffin, and Prof Mike Kelly. | extracted
the relevant UK-based trials from the systematic review in Chapter 2 and performed the
updated literature search. | conducted the title/abstract and full-text screening in duplicate
with Dr Rebecca Jones. Prof Jennifer Logue provided a template for requesting individual
participant data and contributed to protocol development. | led the development of the

statistical analysis plan with input from Dr Julia Mueller and Mr Stephen Sharp.
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3.2 Background

In my systematic review presented in Chapter 2, | was unable to perform a quantitative
synthesis of the reported results. Therefore, | determined that it was not possible to fully

explore inequalities using aggregated data from published literature alone.

This lack of reporting may have occurred because individual trials may not be large enough to
detect an interaction between moderators such as socioeconomic status [SES] and the
outcome; they are likely just to have been designed to detect an overall effect. This limitation
can be addressed by conducting a meta-analysis of individual participant data, which requires
the central collation, aggregation and re-analysis of individual participant data from relevant
trials.t’>'0 This allows for data in each study to be analysed and defined in a uniform way,
overcoming heterogeneity issues associated with using aggregate data. Meta-analysis of
individual participant data may provide sufficient statistical power to consider whether there

are inequalities in uptake, attendance and effectiveness of interventions.17%:18!

Furthermore, it is also likely that a meta-analysis has yet to be conducted due to
heterogeneity in the way the PROGRESS-Plus characteristics are reported across trials;
ethnicity, for example, is reported differently across different countries (e.g., the USA versus
the UK) and within countries (e.g., binary versus census categories in the UK). An individual
participant data meta-analysis [IPD-MA] can partially overcome this limitation by facilitating
uniform recoding and analysis of data across trials. However, it is not possible to completely
remove this heterogeneity in an IPD-MA, as not all data can be harmonised in a way that
logically would allow them to be pooled. Therefore, to better facilitate data harmonisation |

focused the IPD-MA on a single country — the UK.

3.3 Aims

The aims of this IPD-MA were to:

e Quantify to what extent attendance at behavioural weight management interventions

differs by individual characteristics that stratify health opportunities and outcomes?
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e Quantify to what extent the effectiveness of behavioural weight management
interventions differs by individual characteristics that stratify health opportunities and

outcomes?

e Quantify to what extent the weight outcomes of those who have participated in a
behavioural weight management trial differs by individual characteristics that stratify

health opportunities and outcomes?

This Chapter describes the methods | used for the IPD MA and summarises the characteristics
of the included trials, the PROGRESS Plus criteria | obtained data for, and how these data were

harmonised.

3.4 Methods

3.4.1 Trial identification

3.4.1.1 Search strategy

This study includes UK-based trials of behavioural weight management interventions that |
identified through a previous systematic review (Chapter 2),'®” and through an updated
search. | focused on UK-based trials to reduce heterogeneity in measures of the PROGRESS-
Plus characteristics and in the context in which the interventions were delivered.
Characteristics such as ethnicity and socioeconomic status are conceptualised differently in
different countries, which makes synthesising data across these characteristics inappropriate
or not possible. For example, socioeconomic status in the UK is often captured using Indices
of Multiple Deprivation (IMD), an area-based measure, which is not replicated in other
countries. There are also pragmatic reasons for focusing on UK-based trials; the complexity
of arranging cross-country data sharing may have made the timelines for this project unviable

within the timeframe of my PhD.

Studies published since the search strategy in the systematic review was conducted were
identified through an updated Medline search and through discussions with the
corresponding authors of the included trials. The inclusion and exclusion criteria that were

used to identify relevant trials for this IPD meta-analysis are:
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1. Participants: adults aged 18 years and over with overweight or obesity (body mass
index [BMI] > 25 kg/m2 with no upper limit) who were deemed suitable (either by the
applicable study team or healthcare practitioner) for weight loss or weight loss
maintenance intervention. Participants may have additional risk factors such as
hypertension, dyslipidaemia, impaired glucose tolerance or impaired fasting glucose.
Studies were excluded if the population was not selected based on a weight-related
measure, included participants with BMI<25 kg/m2, were selected based on having a
chronic disease where weight loss is part of disease management or being pregnant,
or if the intervention was targeted at parents to change behaviour of children. Only
studies conducted in the UK were eligible.

2. Interventions: behavioural weight management interventions with the primary aim of
supporting weight loss or weight loss maintenance. Studies were included if they were
conducted in, or were applicable to, primary care settings. Interventions may have
been delivered alone or as part of a wider multi-component intervention targeting
diet and nutrition, physical activity, sedentary behaviour, or any combination of these.
Interventions may include, but were not limited to, assessment with feedback, advice,
provider training, goal-setting, or exercise referral. Studies of pharmacological and
surgical interventions were excluded unless the trial included behavioural only and
control arms. Interventions were considered feasible for application to primary care if
they were conducted in a healthcare setting or were widely available in the
community at a national or regional level (such as commercial weight loss
programmes, text-message and other digital-based interventions); examples of
settings that are not relevant to primary care include interventions delivered in
inpatient settings, or in residential care homes.

3. Comparators: wait-list control, usual care, or minimal intervention (such as generic
print or electronic materials).

4. Outcomes: studies must have reported weight change in kilograms at a time point
between a 12- or 18-month follow up.

5. Study designs: randomised or cluster-randomised controlled trials [RCTs].



3.4.2 Study outcomes, exposures and covariates

3.4.2.1 Outcomes
Outcomes were weight (kg) at 12-month follow up (Chapter 5) and intervention attendance
(Chapter 4). Attendance was considered as the percentage of offered sessions which were

attended. Further information on the outcomes is outlined in the relevant chapters.

3.4.2.2 Exposures

Exposure variables were measures of the PROGRESS-Plus criteria where data were available
in the eligible UK-based trials of behavioural weight management interventions. Coding of
each exposure variable depended on the variables and coding used in each study providing
individual participant data; the data provided and coding used in the analyses are shown in

section 3.5.

3.4.3 Risk of bias assessment

| used Cochrane’s risk of bias tool for randomised controlled trials (RoB 2) to assess the risk
of bias in all studies meeting the inclusion criteria.3?® The tool facilitates researchers to
consider bias across six domains: the randomisation process; allocation concealment;
participant and trial personnel blinding; blinding of outcome assessment; incomplete
outcome data; and selective reporting. A rating of ‘low risk’, ‘high risk’, or ‘unclear’ was
assigned to each domain by myself and a colleague (Dr Rebecca Jones). Where disagreements
occurred, these were resolved by discussion to reach consensus. The results of the risk of bias
assessment are presented in a summary figure outlining a study’s overall risk of bias in

addition to the risk of bias in each domain in section 3.5.

3.4.4 Data collection and management

The approach taken to collecting and aggregating the individual participant data was
informed by the PRISMA-IPD extension and previously published IPD meta-analysis

prOtOCOlS 179,327-330
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3.4.4.1 Invitation of authors

Trial investigators of all eligible trials were invited by email, using contact details acquired
through trial publications, to contribute data and collaborate on this study. The email outlined

my research aims and the specific data | was requesting.

3.4.4.2 Data collection

Standardised data specification forms were sent to trial authors. These forms highlighted the
preferred variable names and coding for data transfer, though | accepted the data in any
format to increase convenience for the trial collaborator. Once received, a master copy of
each trial dataset was saved in its original format and preserved. Any non-Microsoft Excel
format datasets were converted and then imported into Stata version 17 (StataCorp. 2021.
Stata Statistical Software: Release 17.). | asked for detailed definitions of the variables in each

individual trial so that appropriate harmonisation could be completed.

3.4.4.3 Data checking

Once data were received from trial authors, a colleague (Dr Julia Mueller) and | checked for
quality and to ensure they pertain to the correct trial. Descriptive statistics (sample size,
demographic variables, weight loss or BMI change) were generated for each individual trial;
where discrepancies occurred between my analysis and the original trial publication, the
study authors were contacted for clarification. If the discrepancy was small and unlikely to
bias the results, then the data were included in the IPD meta-analysis. Large data inaccuracy
and excessive missing data (versus what is reported in the trial publication) may have led to

a trial being excluded.

3.4.4.4 Contingency for when individual participant data could not be acquired

If | was unable to obtain the individual participant data for an eligible trial, | asked the trial
investigator if they were able to conduct the analyses using the same coding of variables as
defined in section 3.5.2 and provide me with the outcome statistics. | offered this as an option
to ensure that | could include as much relevant data as possible. Where | synthesised results
from datasets for which | did not receive individual participant data for, | conducted sensitivity

analyses excluding these data to consider the impact including these data had on the results.

68



Further sensitivity analyses excluding studies scoring a ‘high’ risk of bias were also planned

but as no trials scored ‘high’ risk these analyses were not conducted.

3.4.5 Statistical analysis

The statistical analyses used for research question 1 are outlined in Chapter 4 (section 4.4)

and for research questions 2 and 3 in chapter 5 (section 5.4).

3.4.5.1 Two-stage IPD-MA approach

As my research questions explored differential attendance (Chapter 4), treatment effect and
covariate interactions (Chapter 5) and differential weight change in the trial cohort (Chapter
5), | decided that a two-stage IPD meta-analysis would be most appropriate. In the first stage,
regression analyses are performed individually in each trial. Then in the second stage, the
outcome estimates from each model are combined (i.e. synthesising data across trials) using
a standard meta-analysis approach (e.g. random-effects meta-analysis).33! | used a two-stage
approach because it inherently avoids aggregation bias and controls for trial-level
confounding, to which one-stage IPD meta-analyses are more susceptible.33! An additional
benefit of performing a two-stage IPD meta-analysis is that trials for which | was unable to
acquire individual-level data may still be included in the synthesis provided the relevant
outcome statistics can be obtained. Data analysis was conducted using Stata v17 (StataCorp.

2021. Stata Statistical Software: Release 17. College Station, TX: StataCorp LLC.).

3.4.5.2 Analysis of study outcomes

I initially planned six sets of analyses (two for each of my research questions), where data on
weight loss interventions would be analysed separately to data for weight loss maintenance
interventions. However, as | was not able to acquire data from any behavioural weight loss

maintenance trials (as highlighted in section 3.5), | only analysed data from weight loss trials.

The subgroups used for each exposure variable are listed below (reference subgroup in bold).
If free-text responses were available for any ‘other’ subgroup for each exposure, | recoded to
the most appropriate subgroup in that exposure. If this was not possible, | recoded ‘other’ to

missing. ‘Prefer not to say’ responses were also recoded to missing. | anticipated that certain
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subgroups of some variables would likely have few, if any, data. These were recoded to
missing and excluded from the analyses.

o Ethnicity (White/Ethnic minorities (excluding White minorities))

o Occupation (Unemployed/Employed/Unable to work/Retired/Student)

o Gender (Female/Male/Other or Non-binary)

o Religion

o Education (No formal qualifications/GCSEs, O-Levels, or equivalent/A-Levels or

equivalent/Some additional training/University degree)

o Index of Multiple Deprivation (1 — Most deprived/2/3/4/5 — Least deprived)

o Household income (<£40,000/>£40,000)

o Relationship status (Single/Married or co-habiting/Widowed, separated, or divorced)

o Age (continuous)

o Randomised group (Control/Intervention)

3.4.5.3 Missing data

A complete-case analysis was performed, i.e. participants who have missing data for either
the outcome, exposure or covariates will be excluded. | analysed whether having outcome
data at 12-month follow up was associated with the PROGRESS-Plus characteristics using chi-

square tests.

3.4.5.4 Sensitivity analyses

As highlighted in 2.4.4, | conducted sensitivity analyses excluding the results of studies | did
not receive individual-level data. Sensitivity analyses excluding studies with ‘high’ risk of bias

were also conducted to consider whether these studies have an impact on the results.

3.4.6 Ethics

Ethical approval was not required for this study as no primary data were collected, and the
individual participant data were analysed in accordance with the purpose for which they were
originally collected. Ethical approval for each eligible trial for this IPD-MA was obtained by the

original investigators of each trial.
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3.5 Results

3.5.1 Eligible and included trials

Seventeen trials from my previous systematic review met the inclusion criteria for the IPD-
MA_204—207,214,215,217,219,227,233,261,266,290,298,301,304,332 The results at each stage Of the updated
database search are shown in Figure 3-1. | identified 212 unique records at the first stage,
which was reduced to four potentially eligible articles following title/abstract screening. Once
the full-texts of these four articles were accessed, | determined two of the articles to be trials
meeting the inclusion criteria of the IPD-MA.333334 This meant there were 19 eligible trials in
total;, 16 were trials of  behavioural weight loss interventions?%
207,214,215,217,219,227,233,261,266,290,332-334  gnd three were trials of behavioural weight loss
maintenance interventions?9830130%4 (gverview of each trial shown in Table 3-1). | acquired
individual level data for twelve out of sixteen eligible weight loss trials.2%4
207,214,215,217,227,233,261,332,334 A collaborator conducted the analyses and reported the results for
inclusion in meta-analysis in one further trial.?!° | was unable to access the data or obtain
results of the analysis for two weight loss trials meeting the inclusion criteria.??¢2% | was
unable to obtain individual level data, or receive aggregate-level results, for the three weight

loss maintenance trials. Therefore, the IPD-MA includes the weight loss trials only.
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| Identification of studies via databases and registers |

Studies extracted from previous systematic review

Trials meeting inclusion criteria:
Weight loss trials
(n =16}

A

Records removed before
screening:
Duplicate records removed
(n=1)

Weight loss trials
(n=14)

Weight loss maintenance
trials
(n=3}

Records excluded
{n=208)

Reports not retrieved
(n=10}

Reports excluded:
Participants not selected on
the basis of a weight-related
measure (n = 2)

oy
"s Records identified from:
Databases (n=213)
E >
Y
Records screened
(n=212)
L4
! Reports sought for retrieval
hl —
(n=4)
=
b
L 4
Reporis assessed for eligibility
(n=4) *
Y

Weight loss maintenance irials
n=3}

v

Included

Trials included in IPD-MA {n = 13):
Weight loss frials (n= 13}

Results provided (n = 1)
Weight loss maintenance irials (n = 0)

Trials not included in IPD-MA (n = 6)
Weight loss trials (n = 3):

No response (n=2)

Declined (n = 1)

Individual participant data (n = 12) —*| \Weight loss maintenance trials (n = 3):

Unabile fo provide data (n = 2)
No response (n=1)

Figure 3-1 PRISMA study selection flow diagram
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Table 3-1 Summary of eligible studies for inclusion in IPD meta-analysis

Study name
(first author)
WRAP
(Ahern)

BeWEL
(Anderson)

BWeL
(Aveyard)

Ten Top Tips

[10TT]
(Beeken)

Year
published
2017

2014

2016

2017

Intervention group description

Participants were given vouchers to
attend WW (previously Weight
Watchers) meetings once a week
and access WW digital tools for the
duration of their intervention (12- or
52-weeks) for free.

12-month intervention delivered by
trained lifestyle counsellors in 3 x 1-
hour one-to-one visits during the
first 3 months, followed by 9
monthly 15-minute telephone
conversations, leading to a total
contact time of 5.25 hours.

General Practitioners offered
participants referral to a commercial
weight management programme of
12 1-hour sessions (Slimming
World, Rosemary Conley) and gave
vouchers to allow them to attend for
free.

10TT was a self-guided leaflet-
based intervention that used habit-
formation theory to aid weight loss.

Control group
description

A printed booklet of
self-help weight-
management
strategies (British
Heart Foundation).

A printed booklet of
self-help weight-
management
strategies (British
Heart Foundation).

General Practitioners
advised participants to

lose weight

Usual care,
dependent on the
participant’s General

Participant eligibility criteria
Inclusion: Aged >18 years and BMI >28 kg/m?.

Exclusion: Planned or current pregnancy,
previous or planned bariatric surgery, current
participation in a weight-loss programme,
having an eating disorder, non-English
speaking.

Inclusion: Aged 50 to 74 years, had
undergone polypectomy for adenoma, and
BMI >25 kg/m?.

Exclusion: Pregnancy, insulin dependent
diabetes mellitus, and any cancer diagnosis.

Inclusion: Aged > 18 years, BMI >25 kg/m? (if
Asian ethnicity) or BMI >30 kg/m? (if other
ethnicities), have a raised body fat
percentage.

Exclusion: Planned or current pregnancy,
previous bariatric surgery, completed or
participating in a weight management
programme within previous 3 months, non-
English speaking.

Inclusion: Aged > 18 years, BMI > 30 kg/m?.
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PODOSA
(Bhopal)

2014

Waste the 2015
Waist

(Greaves)

Football Fans 2014
in Training

(Hunt)

74

A logbook was provided for
participants to self-monitor target
behaviours.

15 visits from a dietitian over 3
years, where the dietitian would
advise participants on achieving
weight loss through culturally
adapted and translated resources.

4 x 2-hour group-based sessions in
the first month to support behaviour
change for weight loss, then 5 x 90-
minute group sessions over the next
8 months to support maintenance of
behaviour change, totalling 13.5
hours of contact time.

12 weekly sessions of 90-minutes in
length, delivered at 13 Scottish
professional football club stadiums.
Each 90 min session combined

Practitioner. May
include dietary advice
or referral to a
commercial
programme.

4 visits from a dietitian

over 3 years where
standard advice on
healthy eating,
diabetes prevention
and physical activity
was given.

Participants were
provided written
information on the
effects of diet and
physical activity on
cardiovascular risk.

12 month waiting list
to receive the FFIT
intervention.

Exclusion: Unable to provide informed consent
due to mental incapacity or active psychaotic
illness, pregnant, or terminally ill.

Inclusion: Aged > 35 years, self-identified men
and women of Indian or Pakistani origin with
waists measuring > 90cm (men) or > 80cm
(women), impaired glucose tolerance or
impaired fasting glucose tolerance, the family
cook was cooperative.

Exclusion: Receiving long-term oral
corticosteroids or weight loss medication,
having long-term health disorders making
adherence improbable, pregnant, and unlikely
to remain in the UK for 3 years.

Inclusion: Aged 40-74 years, BMI > 28 kg/m?,
and having a high cardiovascular risk defined
using either the Framingham or QRISK2
algorithm.

Exclusion: Existing heart disease, type 2
diabetes mellitus, BMI > 40 kg/m?,

Inclusion: Men, aged 35-65 years, BMI > 28
kg/m?, completed physical activity readiness
guestionnaire, not taken part in FFIT
previously.



(Jebb)

2011

advice on healthy diet with physical

activity. The balance of classroom

and physical activity sessions

changed during the 12 weeks; later

weeks focused on physical activity

as men became fitter, and the

shorter classroom sessions focused

on revision. The 12-week active

phase was followed by a weight

maintenance phase with six post-

programme email prompts during 9

months and a group reunion at the

club 6 months after the end of the

sessions.

Participants were given vouchers to | Advice from their GP
attend WW (previously Weight and other standard
Watchers) meetings once a week care in line with
for 12 months and access digital national treatment
tools for free. guidelines.

Exclusion: Blood pressure that contraindicated
vigorous exercise (systolic 2160 mm Hg or
diastolic 2100 mm Hg) were excluded from the
more intense physical activity programme
sessions.

Inclusion: Aged > 18 years, BMI 27-35 kg/m?,
and at least one risk factor for obesity related
disease (such central adiposity, type 2
diabetes mellitus without inulin treatment,
family history of diabetes).

Exclusion: Achieved weight loss of > 5kg in
previous 3 months, history of clinically
diagnosed eating disorder, orthopaedic
limitations preventing regular physical activity,
untreated thyroid disease or more than one
change in thyroid treatment in the previous 6
months; receiving treatment with effects on
weight or appetite; gastrointestinal disorders;
previous surgical procedure for weight loss;
major surgery in the previous 3 months;
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Lighten Up
(Jolly)

76

2011

In addition to 12 vouchers for free 12 vouchers for free
entrance to a local leisure centre, entrance to a local
participants were randomised to one | leisure centre.

of 7 intervention groups (all 12

weeks in length): Weight Watchers,

Slimming World, Rosemary Conley,

Size Down, GP-led one-to-one

counselling, pharmacy-led one-to-

one counselling, or a choice of any

of the six intervention programmes.

pregnancy or lactation; insulin-treated
diabetes; diabetes diagnosis in the previous 6
months; glycated haemoglobin (HbALc) of at
least 75 mmol/mol (9-0%); heart problems in
the previous 3 months; uncontrolled
hypertension; new prescription drug for a
chronic disorder in the previous 3 months or
change in dose in the previous 1 month;
history or presence of cancer, with the
exception of completely resected basal or
squamous cell carcinoma if treatment
completed 6 months before enrolment or if
treatment was stable; or participation in
another clinical trial in the previous 30 days.
Inclusion: Registered with general practices in
the South Birmingham Primary Care Trust,
aged > 18 years, had a raised BMI recorded in
primary care notes within previous 15 months
(White Europeans and all ethnic groups apart
from South Asians with no comorbidities BMI
30 > kg/m?, White Europeans and all ethnic
groups apart from South Asians with
comorbidities BMI 28 > kg/m?, South Asians
with no comorbidities 25 > kg/m?, South
Asians with comorbidities 23 > kg/m?).

Exclusion: Unable to understand English or
were pregnant.



POWeR+ 2016
(Little)

(Moore) 2003
CAMWEL 2012
(Nanchahal)

EDIPS (Penn) 2009

Two intervention groups, both
consisting of a 24-session web-
based weight management
programme lasting 6 months.

POWeR+F provided three
scheduled (and four optional) face-
to-face nurse support sessions.

POWeR+R included three phone or
email contacts and two optional
phone or email contacts.
Intervention was targeted at general
practitioners and practice nurses,
and the unit of randomisation was
primary care practice. The
intervention consisted of 3x90-
minute sessions that trained the
practitioners on a model approach
to obesity treatment.

One-to-one programme delivered
across 14 visits over 12 months by
advisors trained in obesity causes,
diet and physical activity, behaviour
change strategies, motivational
interviewing and cognitive
behavioural therapy techniques.
Participants received regular
individual advice from a dietitian and
physiotherapist trained in

Brief advice web-
pages for a healthier
diet.

Control practices were
asked to provide usual
care to patients.

Usual care.

Brief advice and usual
care from GP.

Inclusion: Aged > 18 years and BMI > 30
kg/m2 or more (or = 28 kg/m2 with
hypertension, hypercholesterolaemia, or
diabetes).

Exclusion: Severe mental health problems, too
ill to participate in the study or unable to
change diet due to health, pregnant or
breastfeeding, perceived inability to walk
100m, another member of household
participating, no regular access to the internet.

Inclusion: Aged 16-64 years and BMI > 30
kg/m?2.

Inclusion: Aged > 18 years and BMI >25
kg/m?2,

Inclusion: Aged >40 years, BMI > 25kg/m?,
and impaired glucose tolerance of =2 7.8
mmol/l and < 11.1 mmol/I.
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DROPLET
(Astbury)

Game of
Stones
feasibility
(Dombrowski)

78

2018

2020

motivational interviewing.
Participants were also invited to
group events, such as ‘cook and
eat’. Individual sessions were for 30
minutes monthly for the first 3
months and then every 3 months for
up to 5 years.

The intervention was a Total Diet
Replacement programme, which
consisted of weekly behavioural
support for 12 weeks and monthly
support for 3 months with formula
food products providing 810 kcal per
day for the first 8 weeks, followed by
gradual reintroduction of food.

Two intervention groups. Both
intervention groups received
narrative text messages for 12
months. The text messages were
written from the perspective of a
fictional character aiming to lose
weight over 12 months and targeted
towards men from disadvantaged
backgrounds. Between 0 and 5
texts were sent a day over 12
months. In addition to this, one
intervention group received financial
incentives dependent on meeting
weight loss targets.

Behavioural support
for weight loss from a
practice nurse and a
diet programme with
modest energy
restriction.

Wait-list control

Exclusion: Previous diagnosis of diabetes
mellitus, chronic illness that makes
participation in moderate physical activity
impossible, or on a special diet for medical
reasons.

Inclusion: Aged > 18 years, BMI > 30kg/m?,
and participants’ GP determines weight loss
would benefit health.

Exclusion: Scheduled or previously received
bariatric surgery, currently participating in a
weight management programme, and
contraindications to total diet replacement.
Inclusion: Men, aged > 18 years, BMI >
30kg/m? and/or waist circumference of >
102cm, owned a mobile phone capable of
receiving text messages, understand English,
considered by practice clinical staff as suitable
for participation (GP practice recruitment
only), for example, no severe medical,
terminal or psychiatric illness (in patient or
close family member) or no significantly
impaired cognitive function.

Exclusion: Taking part in a weight loss study,
planning or waiting to have bariatric surgery,
planning to move within 12 months from study
baseline.



ActWELL 2021
(Anderson)
NULevel 2019

(Sniehotta)

Weight loss
maintenance

LIMIT 2019
(Daley)

Weight loss
maintenance

Twelve-month long intervention
based on COM-B model of
behaviour change delivered by
Breast Cancer Now volunteers.
There were two one-to-one
sessions in first 12-weeks of the
intervention and 9 x 15-minute
support calls over the following nine
months.

Intervention was delivered via a
combination of a single face-to face
meeting and regular text messaged
(at least 1 every 2 days). The text
messages consisted of content that
was triggered by participants daily
self-weighing and questionnaire
completion.

Over the course of a 12-week
weight maintenance programme,
participants carried out daily self-
weighting, received 3 brief support
phone calls delivered by non-
specialist call centre staff, and text
messages sent every other day for

Brief advice leaflet.

Brief lifestyle advice
received by text
message on 4
occasions, 3 months
apart.

Brief advice leaflet.

Inclusion: Attending, or invited to attend,
routine breast screening clinics (not recall
clinics), BMI > 25kg/m?, age 50 to 70 years.

Exclusion: Undergoing treatment for any
malignant condition (excluding certain skin
cancers), reported contra-indications to
physical activity or weight loss, on a
specialised medical diet, diagnosis of T1
diabetes, current use of insulin, no telephone
contact, unable to consent.

Inclusion: Aged > 18 years, BMI > 30kg/m? (>
28kg/m? if of South Asian descent) in the 24
months preceding trial, and had lost >5% of
body weight in the preceding 12 months.

Exclusion: Lost weight through iliness or
surgical procedures, pregnant or planning to
become pregnant during study period,
breastfeeding, unable to understand English,
diagnosis of an eating disorder or condition
that limits physical activity, or plans to leave
geographic area during study period.
Inclusion: Aged > 18 years, had lost > 5% of
their weight by the end of their weight loss
programme, owned a mobile or landline phone
that could receive text messages, was able to
understand English sufficiently to complete
study procedures.
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WILMA
(Simpson)

Weight loss
maintenance

80

2015

the first 4 weeks and twice weekly
for the remaining 8 weeks.

Two intervention groups, both
comprising of a 12-month
intervention. Participants in both
intervention groups could attend 4
peer group support sessions lasting
1.5 hours for 4 months following the
face-to-face sessions.

Intensive group — participants
received 6 one-to-one face-to-face
individually tailored motivational
interviewing delivered fortnightly for
3 months (each session listing
around 60 minutes). In the
remaining 9 months of the
intervention, participants received
monthly motivational interviewing
calls lasting around 20 minutes.

Less intensive group — participants
received two face-to-face
motivational interviewing sessions
two weeks apart and two
motivational interviewing phone
calls at 6 months and 12 months.

Brief advice leaflet.

Exclusion: Pregnant or intending to become
pregnant during the study period.

Inclusion: Aged 18-70 years, current or
previous BMI of > 30 kg/m?, and intentionally
lost >5% of body weight in previous 12
months.

Exclusion: Previous bariatric surgery (unless
reversed), terminal illness, inability to
understand study materials in English, living
with another study participant, or currently
pregnant.



3.5.2 Risk of bias in eligible trials

None of the 19 eligible studies were assessed to be at high risk of bias using Cochrane’s RoB
2 tool (Figure 3-2). Twelve studies were determined to be of low risk of bias,?%4
207,290,219,261,304,332,301,298,334  gnd seven to have some concerns of risk of
bias.214215217,266,227,233,333 5|| seven studies scoring some concerns of risk of bias did so because

they did not have a retrievable pre-specified analysis plan available.

Study 1D D1 D5 Owerall

1WRAP . . Low risk

2.BeWEL . ! Some concerns

3.Bwel . . High risk

41077 .

5.PODOSA . D1 Randomisation process
1

B.Waste the Wais D2 Deviations from the intended interventions

7.FFIT - 03 Missing outcome data
8.lebb 2011 ! 04 Measurement of the outcome
9.Lighten Up . D5 Selection of the reported result
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1
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14 NULevel

15.DROPLET

16 LIMIT
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18 ActWELL

Figure 3-2 Risk of bias assessment (Cochrane RoB 2 tool)

3.5.3 PROGRESS-Plus characteristic reporting and harmonisation

Details of the data available from each trial are summarised in Tables 3-2 and 3-3. Across all
the trials included in the analyses, there were 7221 participants, of which complete case data
were available for 5064 participants; 94% of participants were of a White ethnicity, 57% of
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participants were female, the mean age was 54 years, 28% were from the least deprived
quintile, and 11% from the most deprived quintile based on the Index of Multiple Deprivation.
Participants of a White ethnicity and older participants had greater odds of having complete

case data available; there was no evidence of attrition by area-level deprivation or gender.

Table 3-2 Characteristics of eligible (n=19) and included (n=12) studies in the IPD-MA

Study Characteristic Number (%)
Intervention type
Weight loss 16 (84)
Weight loss maintenance 3 (16)
Country
United Kingdom 19 (100)

Individual participant data available
Weight loss studies 12 (63)
Weight loss maintenance studies 0(0)

Analyses conducted by collaborator (individual participant data not accessible)
Weight loss 1(5)

Weight loss maintenance 0 (0)

Data available

Weight loss 13 (100)
Weight loss maintenance 0(0)
Weight change outcome 13 (100)
Attendance 5(38)
Place of residence 1(8)
Ethnicity 12 (92)
Occupation 6 (46)
Gender/sex 13 (100)
Religion 0 (0)
Education 8(62)
Social capital (relationship status) 2 (15)
Socioeconomic status (IMD and Scottish 11 (85)*
IMD)

Socioeconomic status (annual household 2 (15)
income)

Age 13 (100)*

*One study (10TT) coded SES and age differently from other studies, and it was not possible
to harmonise these variables and include 10TT in the meta-analyses for these characteristics
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The nature of how each PROGRESS-Plus characteristic was captured in each individual trial is
shown in Table 3-3. Following the production of this table, | discussed the capturing of the
PROGRESS-Plus characteristics with my supervisors (Dr Amy Ahern, Prof Simon Griffin and
Prof Mike Kelly). In these conversations, we discussed how the coding of each characteristic
could be harmonised across trials in the most appropriate way — the harmonised coding for
each variable is presented in the bottom row of Table 3-3. This involved a trade-off between
maximising the amount of data available for each characteristic versus retaining precision by
having more subgroups in a variable. For example, | decided the ethnicity harmonised variable
was to be coded as binary (White [including White minorities]/Ethnic minority) because 1) |
received the data from two studies in this form and 2) there was heterogeneity in the ethnic

groups captured between trials that would have made analyses severely underpowered.

There are limitations with this approach; these are discussed in the overall strengths and
limitations section in Chapter 8 at the end of this thesis, but primarily concern the fact that
there are significant social and cultural differences between different ethnic minority groups
that are not reflected when grouping them as ‘ethnic minority’ for analyses. For
socioeconomic status (IMD) and age, | decided to exclude one trial (10TT, Beeken et al.,) from
the analyses as the data were not categorised in at least quintiles (for IMD) or continuous (for
age). For IMD, this meant that the tertiles used in 10TT could not be harmonised with the
quintiles or deciles used in the remaining trials. For age, | received this in ten-year increments
for 10TT; to replicate this across the remaining trials would have lost some precision and

required me to make arbitrary judgements as to decades of age.
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Table 3-3 Capturing of PROGRESS-Plus characteristics in each individual trial and overall harmonised variables

Study

Ahern 2017
(WRAP)

Anderson
2014
(BeWEL)

84

Place of
residence

Ethnicity

2011 UK census (White-
British/White-
Irish/White-
Other/Chinese/Asian or
Asian-British —
Indian/Asian or Asian-
British — Pakistani/Asian
or Asian-British —
Bangladeshi/ Asian or
Asian-British —
Other/Black or Black-
British —
Caribbean/Black or
Black-British —
African/Black or Black-
British — Other/Mixed —
White and Black
Caribbean/Mixed —
White and Black
African/Mixed — White
and Asian/Mixed —
Other/Other/ Prefer not
to say)

2001 UK census
(White/Asian or Asian
British/Chinese/Mixed/
Black or Black
British/Other ethnic

Occupation

Employment status
(Unemployed/Self-
employed/
Employed by
other/Student/
Retired/Unable to
work/Other (carer,
home-maker,
voluntary
work)/Prefer not to

say)

Employment status
(Retired/Employed
full time/Student
full
time/Unemployed/
Employed part

Gender/
sex

Sex
(Female/
Male)

Sex
(Female/
Male)

Religion

Education

(None/GCSEs or
equivalent/ A-
Levels or
equivalent/Post
secondary study/
University
degree/Higher
degree

(Primary school/
Secondary
school/Other
professional or
technical
qualification

Social
capital
Household
member
using
weight
loss
programm
e (Yes/No)

Marital
status
(Single/
Married or
cohabiting
/

Socioeconomic  Plus
status

English Indices
of Multiple
Deprivation
[IMD] 2010
(continuous

rank)

Age

Household
income (£0-
9999
year/£10000-
19999
year/£20000-
29999/£30000-
39999/£40000-
49999/£50000-
59999/£60000-
69999/£70000+
/ Don’t
know/Prefer not
to say)

Scottish Index
Multiple
Deprivation
[SIMD] 2012
(Quintiles)

Age

(continuous)

(continuous)



Study Place of Ethnicity Occupation Gender/  Religion Education Social Socioeconomic  Plus
residence sex capital status
group/Do not wish to time/Student part after leaving Widowed  Household
complete) time/Unable to school/ or Income (£280
work/Other) University separated  week /£281-480
degree/Post- or week/£481-770
graduate degree) divorced)  week/£1250
month/£1251-
2080
month/£2081-
3330
month/<£15000
year/£15001-
25000
year/£25001-
40000
year/>£40000
year/prefer not
to say)
Aveyard - 2011 UK census - Gender - - - English Indices Age
2016 (White/Black (Female/ of Multiple (continuous)
(Bwel) Caribbean/Black Male) Deprivation
African/Mixed/Black [IMD] 2010
other/Chinese/Indian/ (continuous
Pakistani/Bangladeshi/ rank)
Other Asian/Other)
Beeken 2017 Location Binary (White/ethnic - Gender - - - English Indices Age
(10TT) of minority) (Female/ of Multiple
primary Male) Deprivation
care [IMD] 2010
physician (terciles)
(Urban vs
rural)
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Study

Greaves
2015
(Waste the
Waist)

Hunt 2014
(FFIT)

86

Place of
residence

Ethnicity

All participants were
White

2001 UK Census (White
— British/White —
Scottish/White —
Irish/White — Any other
white
background/Mixed —
White and Black
Caribbean/Mixed —
White and Black
African/Mixed — White
and Asian/Mixed — Any
other Mixed
background/Chinese/
Asian or Asian British —
Indian/Asian or Asian
British — Pakistani/Asian
or Asian British —
Bangladeshi/Asian or
Asian British — Any
other Asian
background/Black or
Black British —
Caribbean/Black or
Black British — African/
Black or Black British —

Occupation

Employment status
(In paid
employment or
self-employed (or
temporarily away)/
Doing unpaid work
for a business that
you own, or that a
relative
owns/Waiting to
take up paid work
already
obtained/On a
Government
scheme for
employment
training/Looking
for paid work or a
Government
training
scheme/Intending
to look for work
but prevented by
temporary sickness
or

Gender/
sex
Gender
(Female/
Male)

Gender
(Male)

Religion

Education

(Up to age 16 or
less/Up to age
18/Some
additional/
Undergraduate
degree or higher)
(No educational
qualifications/
Standard grades,
O grades, O
levels, GCE or
GCSEs/ Highers,
advanced
highers, A levels/
Vocational
qualification (e.g.
SVQ/SCOTVEC)/
HNC/HND/
Degree (e.g. BA,
BSc)/ Post-
graduate
qualification (e.g.
MSc, PhD)/Other

Social Socioeconomic

capital status

- English Indices
of Multiple
Deprivation
[IMD] 2000
(continuous
rank)

Marital Scottish Index of

status Multiple

(Single Deprivation

(never [SIMD] 2009

married)/  (quintiles)

Married/

Separated

/

Widowed/

Divorced/

Living with

someone

asa

couple

(but not

married)/

Other

(including

civil

partnershi

p))

Plus

Age
(continuous)

Age
(continuous)



Study

Jebb 2011

Jolly 2011
(Lighten Up)

Place of
residence

Ethnicity

Any other black
background/Other
ethnic group — Any
other)

2001 UK census (Asian
or Asian British — Indian
/Asian or Asian British —
Other/Black or Black
British — African/Black
or Black British —
Caribbean/Mixed —
White & Black African/
Mixed — White & Black
Caribbean/Other/White
— British/White — Irish/
White — Other)

2001 UK census (White
British or Irish/South
Asian/Black British,
Caribbean or

Gender/
sex

Occupation

injury/Permanently

unable to work

because of long-

term sickness or

disability /Going to

college or

university full-time

(including on

holiday)/ Retired

from paid

work/Looking after

home or

family/Doing

something else)

- Sex
(Female/
Male)

Employment status  Sex
(Full time student/  (Female
Home carer/ /Male)
Intermediate/

Religion

Education

Social
capital

Socioeconomic
status

IMD
(continuous
rank)

Plus

Age
(continuous)

Age
(continuous)
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Study Place of
residence

Little 2016 -
(POWeR+)

Nanchahal -
2012
(CAMWEL)

Penn 2009 -
(EDIPS)

88

Ethnicity Occupation Gender/
sex
African/Mixed and Managerial or
other) Professional/Never
worked or long-
term unemployed/
Retired/ Routine
and manual / Sick
or disabled
- - Sex
(Female/
Male)

Non-UK census
categories
(African/Asian
Other/Bangladeshi/
Black Other/Caribbean/
Chinese/Indian/Iran/
Mixed Other/Other/
Pakistani/White and
Asian/White and Black
African/White and Black
Caribbean/Irish White/
White British/White
Irish/White Other)
Binary (White/Ethnic - Sex
minority) (Female/
Male)

Employment status  Gender
(Employed/ (Female/
Unemployed) Male)

Education Social Socioeconomic
capital status

Age left - English Indices

education of Multiple

(continuous) Deprivation
[IMD] 2010
(continuous
rank)

Highest - English Indices

qualification of Multiple

obtained Deprivation

(None/GCSE or [IMD] 2010

equivalent/A- (quintiles)

level or

equivalent/

Degree level or

higher/Other)

Educational level - -
(Low/Medium/
High)

Plus

Age

(continuous)

Age
(continuous)

Age
(continuous)



Study

Astbury
2018
(DROPLET)

Anderson
2021
(ActWELL)

Harmonised
variable

Place of
residence

Urban vs
rural

Ethnicity

2011 UK census (White
British/White
Irish/White Gypsy or
Irish Traveller/Other
White
background/White +
Black Caribbean/White
+ Black African/White +
Asian/Any other mixed
or multiple ethnic
background/Indian/
Pakistani/Bangladeshi/
Chinese/African/
Caribbean/Other Black,
African or Caribbean
background/Arab/Any
other ethnic group
2011 UK census (White
British/White Irish/
Mixed other/Mixed/
Indian/Pakistani/
Chinese/Asian other/
African Caribbean or
Black/Other)

White (including white
minorities)/ Ethnic
minority

Occupation

Employment

(Retired/Unemploy
ed/ Employed full-
time/ Employed
part-time/ Student
full-time/ Student
part-time/ Other)

Employed/

Unemployed/
Retired/ Student/

Other (sick or

unable to work)

Gender/
sex

Sex
(Female/
Male)

Sex

(Female)

Female/
Male

Religion

No
data

Education Social
capital

Highest -

qualification

obtained

(Secondary/

Other

professional or

technical/

University

degree)

University (Marital

degree/ Some status)

additional Single/

training/ A- Married,

levels or civil

Socioeconomic

status

English Indices

of Multiple
Deprivation
[IMD] 2015
(deciles)

Plus

Age
(continuous)

Scottish Index of Age

Multiple
Deprivation
[SIMD] 2016

Quintiles of
IMD (1=most
deprived -
5=least
deprived)

(continuous)

Age
(continuous)
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or equivalent/
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/
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separated
or
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Household
income:
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<£40,000
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3.6 Discussion

In this third chapter, | presented the methods used for identifying eligible trials for the IPD-
MA. Additionally, | described the eligible trials and which PROGRESS-Plus characteristics each
trial collected data on and how these data were harmonised. In the methods section in
Chapters 4 and 5 | outline the statistical analyses used for the research questions in each
Chapter: Chapter 4 focuses on inequalities in attendance at behavioural weight management
interventions; Chapter 5 considers inequalities in the effectiveness of the interventions on

weight change.

3.6.1 Strengths and limitations

As previously highlighted, there are several strengths of conducting an IPD-MA in comparison
to a conventional meta-analysis. IPD-MAs are particularly useful for considering moderators
of intervention outcomes,'’® due to the increased statistical power gained by pooling data
(although this is not guaranteed for all moderating variables, as it depends on the available
data). Harmonisation of variables across studies means more data can be pooled together,
leading to more robust analyses and conclusions. The IPD-MA approach provides a more
precise answer on the extent of inequalities in behavioural weight management
interventions, especially when compared to previous systematic reviews that used narrative
synthesis approaches when considering inequalities in intervention attendance or
effectiveness.102:145,167,178,187 A fyrther strength of IPD-MAs is that they go beyond published
data, which may be limited in the measures reported. Receiving the original trial data also

allows for increased data checking and increased validation of previously published results.&

However, there are also limitations of conducting an IPD-MA. Even though the raw trial data
was acquired, analysis was dependent on the measures assessed in each original trial, and
may be limited. Data harmonisation that is required to conduct an IPD-MA may lead to some
data being excluded from the analyses as it is unlikely to be possible to harmonise all data
from different measures of each PROGRESS-Plus characteristic. A further limitation is that the
estimates of inequality are influenced by the distribution of characteristics within each study.
For example, studies with a narrow age range might not identify interactions between

intervention effects and age. Finally, we are only looking at UK-based trials of behavioural
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weight management interventions, which may limit the generalisability of these findings to

other countries or healthcare systems.
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Chapter 4 Inequalities in attendance at behavioural

weight management interventions: IPD-MA results

A manuscript containing the results of Chapters 4 and 5 will be submitted for publication with
the citation: Birch JM, Mueller J, Sharp SJ, Kelly MP, Damery S, Jones RA, Logue J, Anderson
AS, Astbury NM, Aveyard P, Beeken RJ, Craigie AM, Greaves C, Jebb SA, McConnachie A,
Nanchahal K, Stuart B, White M, Griffin SJ, Ahern AL. Are there inequalities in the attendance
to and effectiveness of behavioural weight management interventions for adults in the UK?

An individual participant data meta-analysis

These results will be presented at Society of Social Medicine and Population Health 2023 (oral

presentation).

4.1 Contributions

| designed this study with Dr Amy Ahern, Prof Simon Griffin, and Prof Mike Kelly. | conducted
all analyses of individual participant data and the subsequent meta-analyses; interpretation
of these analyses was conducted in conjunction with Dr Julia Mueller and Mr Stephen Sharp.
Individual participant data on attendance were provided for four trials by Dr Amy Ahern
(WRAP), Prof Colin Greaves (Waste the Waist), Prof Alex McConnachie (Football Fans in
Training), and Dr Nerys Astbury (Jebb 2011 trial). Dr Sarah Damery conducted analyses of
individual participant data in the Lighten Up trial and provided me with the results for

inclusion in the meta-analysis.
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4.2 Background

In the systematic review in Chapter 2 (section 2.5.3.2), | synthesised published analyses of
inequalities in the adherence to behavioural weight management interventions. | found some
evidence that adherence was higher in groups considered more advantaged (such as those
working full time or living in less deprived areas). Most analyses, however, did not find
evidence of inequalities in intervention adherence. As highlighted in Chapter 2 (section 2.6.2),
most of the trials included in the systematic review would not have been sufficiently powered
to detect a difference in intervention adherence should one exist. Consequently, the
narrative approach taken in Chapter 2 means there is some uncertainty around the extent of
inequalities in attendance at behavioural weight management interventions. Given the
heterogeneity in measures of the PROGRESS-Plus characteristics, as well in how adherence
was captured, it was not possible to conduct a meta-analysis in the systematic review

featured in Chapter 2.

In addition to the systematic review in Chapter 2, two other systematic reviews | have
identified also considered inequalities in behavioural weight management intervention
attendance. Both these systematic reviews focused on race and ethnicity as the PROGRESS-
Plus characteristic of interest. Haughton et al.,}’? found that only 2/60 studies of weight loss
interventions conducted analysis of differential attendance by ethnicity. Fitzgibbon et al.,
included all trials (n=25) that reported including Black women (not only trials of interventions
that were targeted towards Black women),’® and found no evidence of inequalities in

intervention adherence.

Both the Haughton et al., and Fitzgibbon et al., systematic reviews only included trials
conducted in the USA;7%172 the individual participant data meta-analysis [IPD-MA] | present
in Chapters 3-5 only includes trials from the UK. Two UK-based trials have published analyses
of differential attendance.®*®3% Using data from the Weight loss Referrals for Adults in
Primary care [WRAP] trial, Piernas et al.,, found that attendance was greater in older
participants but there was no evidence of differential attendance by gender, ethnicity,
education, or income.3*® Considering socioeconomic status (using Indices of Multiple
Deprivation) as a predictor of attendance, using data from the BWel trial, Graham et al.,

found that participants from more deprived areas attended fewer interventions sessions
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despite participants from more deprived areas being more likely to accept the offer of
intervention.33> This is supported by analyses of tier 2 weight management service data,
which found that referrals and enrolments to tier 2 services are highest in people from the
most deprived areas but intervention completion was highest in people from the least

deprived areas.®®

In Chapter 3 (section 3.2), | highlighted some of the advantages of an individual participant
data meta-analysis [IPD-MA] in overcoming some of these limitations. For example, having
access to individual participant data means that data can be recoded and analysed in a
uniform way,’980 and synthesising data from multiple trials increases the statistical power
to detect differential attendance to behavioural weight management interventions should

this exist.179:181

However, an IPD-MA does not overcome all the limitations regarding heterogeneity in how
adherence was captured. One such limitation is where there is heterogeneity in intervention
design and how adherence is considered within that intervention. Behavioural weight
management interventions are broad in intervention design and can be delivered via in-
person group sessions, via web platforms, leaflets, and text messages. These are diverse and
make it difficult to consider adherence uniformly across trials. Once | had identified UK-based
trials of behavioural weight management (shown in Chapter 3, section 3.5.1), | discussed the
intervention format with my supervisors and when contacting the trial investigators. |
identified that most of the interventions were in-person group services, and most adherence
data that | would receive would be in the form of attendance. Hence, | focused the analyses

of adherence in this IPD-MA on attendance across the trials | received appropriate data from.

4.3 Aims

The aim of this chapter was to:

e Quantify the extent that attendance at behavioural weight management interventions

differed by individual characteristics that stratify health opportunities and outcomes.
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4.4 Methods

The process of acquiring the data for this IPD-MA is outlined in section 3.4 in the previous
chapter. Here, | describe the outcome of interest (intervention attendance) and the two-stage

IPD-MA that was conducted to assess this.

4.4.1 Outcomes
For analysing differences in attendance at behavioural weight management interventions, |
defined attendance as the percentage of offered sessions which were attended (in trials

where there was more than one in person session).

4.4.2 Statistical analysis

| estimated the association between each PROGRESS-Plus characteristic and attendance using
multivariable linear regression. The regression coefficients for each PROGRESS-Plus
characteristic sub-category shows the percentage difference in attendance between that sub-
category and the reference category. For age, which is a continuous variable, the coefficient
shows the percentage difference in attendance for a one-year increase in age at baseline.
Estimated exposure/attendance associations were combined across trials using random
effects meta-analysis. Heterogeneity was assessed using Tau? (summarising between-studies
variance) and a 95% prediction interval (Pl) indicating the range in which 95% of the true
effects lie. Inconsistency was assessed using |2, indicating the proportion of total variability in

the observed effects that was due to heterogeneity.
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4.5 Results

| harmonised data on intervention attendance from five trials (Table 4-1).204.214.215217.219 The

number of core available sessions in each trial ranged from nine in “Waste the Waist’, to 52

in WRAP and Jebb 2011.204.214,217

| did not find evidence of inequalities in intervention attendance by ethnicity, occupation,

gender/sex, socioeconomic status (IMD), or age; Table 4-2). | did find some evidence of

differential trial attendance by socioeconomic status (annual household income), but the

difference was small (i.e., less than one session) and the data came from only a single study.

Table 4-1 Number of sessions and overall percentage session attendance for each trial

Trial

(Lead author)

WRAP (Ahern)

Waste the Waist (Greaves)
Football Fans in Training
(Hunt)

Jebb 2011

Lighten Up (Jolly)

Number of available
core sessions

12/52 (two trial arms)

9
12

52
12 (seven trial arms, all
of 12 sessions)

Overall session attendance percentage

(percentage attending >50% of sessions)

12 session arm:
71 (76)

52 session arm:
74 (77)
66 (70)
73 (79)

73 (92)
Weight Watchers:
44 (70)
Slimming World:
44 (62)
Rosemary Conley:
45 (50)

Size Down:

44 (45)
General Practice:
47 (25)
Pharmacy:

40 (25)

Participant intervention choice arm:

38 (74)
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Table 4-2 Percentage difference between groups for intervention attendance

Characteristic Percentage differencein |2 Tau? P-value
attendance (95%
confidence interval)
Ethnicity
White vs Ethnic minority (Excluding 3.47 (-8.46, 15.39) 71.68% 95.42 0.57
White minorities)
Occupation
Unemployed (vs Employed) -1.88 (-9.56, 12.92) 0.00% 0.00 0.63
Retired (vs Employed) -2.30(-9.17, 4.57) 35.22% 13.10 0.51
Student (vs Employed) -7.24 (-20.14, 5.65) 0.00% 0.00 0.27
Other (vs Employed) 1.45 (-4.30, 7.20) 0.00% 0.00 0.62
Gender/sex
Male (vs female) -1.85(-5.47, 1.76) 0.00% 0.00 0.31
Education
Post-secondary (vs University) -6.05 (-13.68, 1.57) 0.00% 0.00 0.12
A-Levels/equivalent (vs University) -1.88(-7.91, 4.15) 0.00% 0.00 0.54
GCSEs/equivalent (vs University) -0.97 (-6.30, 4.36) 0.00% 0.00 0.72
No formal qualifications (vs University) -3.66 (-25.08, 17.76) 83.71% 199.97 0.74
Socioeconomic status (IMD)
IMD 2 (vs 1) -4.67 (-34.92, 25.57) 98.88% 792.60 0.76
IMD 3 (vs 1) 0.12 (-0.63, 0.87) 0.00% 0.00 0.75
IMD 4 (vs 1) 2.75 (-4.33,9.82) 54.79  26.10 0.45
IMD 5 (vs 1) 5.82 (-3.05, 14.68) 55.13% 38.85 0.20
Socioeconomic status (annual
household income)
>£40,000 (vs <£40,000) 6.34 (0.812, 12.62) n/a* n/a* 0.04
Social capital (marital status)
Single (vs married or cohabiting) -4.28 (-16.87, 8.31) n/a* n/a* 0.50
Separated, widowed or divorced (vs -5.61 (-15.90, 4.68) n/a* n/a* 0.29
married or cohabiting)
Age
Continuous (coefficient refers to 1- 0.12 (-0.14, 0.38) 69.74% 0.05 0.36

year increase in age at baseline)
* not available as data came from one study
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4.6 Discussion

In this chapter, | completed an IPD-MA on attendance at behavioural weight management
interventions. | used data from five UK-based trials identified from the systematic search

outlined in Chapter 3.

4.6.1 Comparison with existing literature

In not finding evidence of inequalities in the attendance at behavioural weight management
interventions, this replicates similar findings from previous systematic reviews of trials of
behavioural weight management interventions. These reviews found there was no evidence
of differential intervention adherence,'’® which aligns with the lack of evidence of differential
attendance shown in this chapter. This could be positive, indicating that these interventions
are manageable for patients of all backgrounds. However, the rate of trial attrition being
higher in those from an ethnic minority background shown in Chapter 3 (section 3.5.3) also
supports the systematic review from Fitzgibbon and colleagues in the US.17°This suggests that
the potentially positive finding that interventions are equally well attended by patients of all
backgrounds could stem from the selection biases noted in these trials, and not be
generalisable to the wider population. In addition, this suggests that if inequalities are
observed in the effectiveness of the behavioural weight management interventions in
Chapter 5, that this may be caused by the intervention itself (such as through the content of
the intervention) rather than by differential attendance at in-person behavioural weight

management interventions.

It should be noted, however, that there is a difference between these results and those
observed in routinely collected data from both tier 2 weight management services in the UK.
Those data suggest there is a socioeconomic gradient to attendance at behavioural weight
management interventions;® those from a less deprived area were more likely to complete a
weight management programme than those from more deprived areas. This difference may
have been caused by the different measures used between my trial-based research (a
continuous measure of attendance) versus that used in the Office for Health Improvement
and Disparities’ national data tool, which considered those who “completed” rather than a
continuous measure. Another contributing factor may be that those who participate in trials

are different to those who access behavioural weight management services routinely, and
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this could reflect the different findings observed. In two studies of UK primary care data,
Booth et al., and Coulman et al., both found that people from more deprived areas were more
likely than those from less deprived areas to be referred for weight management
intervention;1%%337 Coulman et al., also found that people of Black (versus White) ethnicity
were more likely to have received a weight management referral. These studies highlight that
trial participants are different from those who are referred for weight management

interventions in routine practice.

4.6.2 Strengths and limitations

To the best of my knowledge, this is the first IPD-MA to consider inequalities in the attendance
and effectiveness of behavioural weight management interventions. Accessing individual-
level data allowed for harmonisation of the PROGRESS-Plus characteristics and attendance
data, which allowed me to include data from more trials in the meta-analysis than would be
possible using aggregate data from study publications. This highlights the usefulness of IPD-
MA in considering differential effectiveness of interventions, due to the increased statistical

power from the harmonisation and synthesis of the PROGRESS-Plus-related data.”®

4.6.3 Conclusion

Across the five trials (out of 13) that had data that could be harmonised on attendance at
behavioural weight management interventions, | did not find evidence of inequalities in who
attends in-person behavioural weight management interventions. This suggests that if any
inequalities are observed in the effectiveness of behavioural weight management
interventions, this may be caused by the intervention itself rather than by differential

attendance.
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Chapter 5 Inequalities in the effectiveness of
behavioural weight management interventions: IPD-

MA results

A manuscript containing the results of Chapters 4 and 5 will be submitted for publication with
the citation: Birch JM, Mueller J, Sharp SJ, Kelly MP, Damery S, Jones RA, Logue J, Anderson
AS, Astbury NM, Aveyard P, Beeken RJ, Craigie AM, Greaves C, Jebb SA, McConnachie A,
Nanchahal K, Stuart B, White M, Griffin SJ, Ahern AL. Are there inequalities in the attendance
to and effectiveness of behavioural weight management interventions for adults in the UK?

An individual participant data meta-analysis

These results will be presented at Society of Social Medicine and Population Health 2023 (oral

presentation).

5.1 Contributions

| designed this study with Dr Amy Ahern, Prof Simon Griffin, and Prof Mike Kelly. | conducted
all analyses of individual participant data and the subsequent meta-analyses; interpretation
of these analyses was conducted in conjunction with Dr Julia Mueller and Mr Stephen Sharp.
Individual participant data on attendance were provided for 12 trials by Dr Amy Ahern
(WRAP), Dr Angela Craigie (BeWEL and ActWELL), Dr Nerys Astbury (BWel, Jebb 2011 trial,
and DROPLET), Dr Rebecca Beeken (10 Top Tips), Prof Colin Greaves (Waste the Waist), Prof
Alex McConnachie (Football Fans in Training), Prof Beth Stuart (POWeR+), Dr Kiran Nanchahal
(CAMWEL), and Dr Louise Hayes (EDIPS). Dr Sarah Damery conducted analyses of individual
participant data in the Lighten Up trial and provided me with the results for inclusion in the

meta-analysis. All authors commented on a draft of the results and interpretation.
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5.2 Background

As highlighted in Chapter 2, both in the discussion of previous systematic reviews (section 2.2)
and the results of my systematic review (section 2.5), systematic reviews of inequalities in the
effectiveness of behavioural weight management interventions have taken the form of
narrative reviews. My systematic review found inconsistent results of inequalities in the
effectiveness of behavioural weight management interventions: in some trials there was
evidence that effectiveness was greater in those from the more advantaged groups; in some
trials there was evidence that effectiveness that was greater in those from the less
advantaged groups; but most analyses did not find evidence of a differential intervention
effect. Similar findings were observed by Szinay et al.,, in a systematic review of the
effectiveness of mobile-delivered interventions for weight-related behaviours for age,

gender, education, occupation, and geographical location.®’

Other reviews narratively summarised published results of the differential effectiveness of
behavioural weight management interventions by a single characteristic,125167:170.174.177 o
race and ethnicity, Fitzgibbon et al., and Tussing-Humphreys et al., both found that
behavioural weight management interventions were less effective in Black and African
American women.'’¥"4 For gender or sex, Williams et al., found that interventions were
similarly effective in men and women.”” Olstad et al., found that there was no evidence of
differential effectiveness by socioeconomic status.?®> None of these highlighted systematic
reviews included a meta-analysis, meaning —as discussed in Chapter 2 (section 2.6.2), Chapter
3 (section 3.6.1), and Chapter 4 (section 4.2) —these reviews relied on the results of analyses
that were unlikely to be sufficiently powered to detect a differential effect of the intervention

should one exist.
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5.3 Aims

The aims of this chapter were to quantify:

e To what extent does the effectiveness of behavioural weight management
interventions differ by individual characteristics that stratify health opportunities and

outcomes?

e To what extent do the weight outcomes of those who have participated in a
behavioural weight management trial differ by individual characteristics that stratify

health opportunities and outcomes?

5.4 Methods

The process through which data were acquired, and exposures coded and harmonised, is
outlined in detail in Chapter 3. The methods discussed in this section relate specifically to the

coding and analysis of the weight outcome data.

5.4.1 Outcomes

For both aims in this Chapter, the outcome was weight at 12-month follow up controlled for

baseline weight.

5.4.2 Statistical analysis

In this two-stage IPD-MA, | performed all analyses in individual trials used multivariable linear
regression to determine differences by individual characteristics that stratify health
opportunities and outcomes (defined using the PROGRESS-Plus Framework) and controlled

for gender/sex, age, and weight at baseline.

For the first aim of this chapter, | analysed differences in the effectiveness of behavioural
weight management interventions (defined as the difference in weight change between

intervention and control). For each trial, weight at 12 month follow up was used as the
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outcome and PROGRESS-Plus characteristic and its interaction with the randomised group
(intervention or control) as the exposures in the multivariable linear regression. The
interaction regression coefficients show the difference in mean weight differences at 12
months between the sub-category and the comparator sub-category. For age, the interaction
regression coefficient shows the difference in mean weight differences at 12 months per 1-
year increase in age at baseline. Following the regression analyses, the estimated interaction
parameters were then combined across trials using random effects meta-analysis.
Heterogeneity was assessed using Tau? (summarising between-studies variance) and a 95%
prediction interval (Pl) indicating the range in which 95% of the true effects lie. Inconsistency
was assessed using 1%, indicating the proportion of total variability in the observed effects that

was due to heterogeneity.

The analyses for the second aim of this chapter considered differences in the weight
outcomes of those who had participated in a behavioural weight management trial (defined
as weight change in the overall cohort) the association between the exposure (PROGRESS-
Plus characteristic) and weight at 12 month follow up additionally adjusted for assigned
intervention (intervention or control). The estimated exposure/weight associations were

combined across trials using random effects meta-analysis.
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5.5 Results

Overall, being in the intervention group was associated with 2.38kg lower weight at 12-month
follow up than the control group (95% Cl -3.33, -1.43; p<0.001; 1°=86.45%; Tau?=2.47). This
ranged from 0.06kg lower weight in the intervention group (95% CI -1.13, 1.26) in the 10TT
study to 7.31kg (95% Cl1 4.93, 9.70) in the DROPLET study.

5.5.1 To what extent does the effectiveness of behavioural weight management
interventions differ by individual characteristics that stratify health opportunities

and outcomes?

There was evidence of interactions between intervention and gender/sex and between
intervention and ethnicity (Figure 5-1). The between-group difference in mean weight at 12
months was greater in males (-2-58kg (95% Cl -3-52, 1-:64), p-value for interaction = 0-02) than
females (-1-71kg (95% CI -2-79, -0-63)). Tau?, assessing between-studies variance in the
interaction estimates, was 0 (Figure 5-2), and the 95% Pl -1-94 to -0-02 (Table 5-1). The
proportion of total variability in the observed interaction effects due to heterogeneity (1) was
0%. The difference in weight at 12 months was also greater in those of a White ethnicity (-
2:74kg (95%Cl -4.30, -1-19), p-value for interaction = 0-04) than those from an ethnic minority
background (0-03kg (95% Cl -1-29, 1-35), Tau?=0, 1>=0%, 95% PI -0-52, 4-52) (Figure 5-3).

The intervention had a greater effect in those in the 4t |east deprived IMD quintile compared
to the most deprived quintile (-1.38kg, 95% Cl -2.73, -0.03, p=0.05), although there was not
evidence of this when comparing the most and least deprived quintiles (-0.88kg, 95% ClI -
2.25,0.49, p=0.21). There was no evidence of a difference in mean weight change between
intervention and control by place of residence, occupation, education, socioeconomic status
(quintiles 5,3 and 2 versus 1), socioeconomic status (annual household income), social capital

(marital status), and age (Appendix 3, Supplementary Material Chapter 5).
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a Difference in mean weight (kg) b Interaction estimate

Study with 95% CI with 95% CI p-value
Place of (¢ Practice i
Urban (ref) E 0.28[-1.06, 1.62]
Rural — -1.52[-4.65, 1.61] — e -1.93[ -525, 1.39] .25
Ethnicity ;
White (ref) -- | 2.74[-4.29, -1.19]
Ethnic minority - 0.03[-1.29, 1.35) . 195[ 008, 382 .04
Occupation ‘
Employed (ref) —l—: -2.61[-5.21, -0.00] '
Unemployed —-— -4.84(-7.09, -2.59] —— 214 -482, 054] .12
Retired - 2.51[-3.63, -1.40] - -1.20[ -270, 0.30] .12
Student i —— 7.13[ 1.58, 12.68] _— 1.65[-12.63, 15.73] .83
Other - 2.88(-3.92, -1.83] - -1.01[ -255, 053] .20
Gender/sex i !
Female (ref) E 3 | -1.71[-2.79, -0.63] '
Male B ‘ 2.58[-3.52, -1.64] ® 098 -1.80, -0.15) .02
Education \
No formal qualifications —. -2.32[-4.80, 0.16] —— 1.88[ -1.13, 489 .22
GCSEs or equivalent —.— 2.61[-4.59, -0.63] . 1.08[ -0.86, 302 .28
A-levels or equivalent - | -2.72[-3.75, -1.69] - -0.15[ -1.67, 1.37] .85
Post-secondary - -3.06 [ -4.58, -1.53] . 0.16[ -1.84, 152] .85
University degree or higher (ref) —— -2.31[-4.26, -0.36] :
Socioeconomic status (IMD) :
1 (most deprived) (ref) E -2.03[-3.19, -0.87]
2 —— -2.14[-3.83, -0.46] - -0.52[ -2.00, 0.96] .49
3 e -1.84 [ -3.30, -0.38] - 041[ -1.13, 1.95] .60
4 —— -2.69[-4.46, -0.92] & -1.38[ -2.73, -0.03] .05
5 (least deprived) | -2.39(-3.00, -1.78] ks 0.88[ -203, 027] .21
S status (. ) ‘
<£40,000 = i -2.65[-3.61, -1.69]
>£40,000 —-— -3.01[-4.93, -1.08] —.— -0.36[ -2.85 213 .77
Social capital (Marital status) |
Single —-—— -1.79[-4.55, 0.97] i 171 -1.10, 453] .24
Married or cohabiting (ref) —a— -4.11[-6.52, -1.70]

i or di ) + 247 [-4.47, -0.48] —— 149( -0.75, 3.73) .19
Age )
Sample mean = -2.38(-3.33, -1.43] ® <0.01[ -0.05, 0.03] .62

Favours intervention | Favours control
5 0 5 10 15 -0 0 10 20

Figure 5-1 Forest plots showing: a) Stratified analyses showing difference in mean weight at
12 months in the intervention group minus control for each characteristic subgroup and b)
Estimated interaction coefficients (difference in mean weight differences at 12 months)
between intervention and inequality characteristic.
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Table 5-1 Estimated interaction parameters from random effects meta-analysis

2

Characteristic Estimated interaction  I? Tau p-
(95% confidence (95% prediction value
interval) interval of

estimated
interaction)

Place of residence (General

Practice location)

Rural (vs Urban) -1.93 (-5.25.1.39) n/a* n/a* 0.25

Ethnicity

Ethnic minority (vs White 1.95 (0.08, 3.82) 0% 0.00 (-0.38, 4.28) 0.04

(including White minorities))

Occupation

Unemployed (vs Employed) -2.14 (-4.82, 0.53) 0% 0.00 (-6.49, 2.21) 0.12

Retired (vs Employed) -1.20 (-2.70, 0.30) 0% 0.00 (-4.49, 2.09) 0.12

Student (vs Employed) 1.55(-12.63, 15.73) 79% 163.76 (-61.70, 0.83

64.80)

Other (vs Employed) -1.01 (-2.55, 0.53) 0% 0.00 (-3.51, 1.49) 0.20

Gender/sex

Male (vs Female) -0.98 (-1.80, -0.15) 0% 0.00 (-1.94, -0.02) 0.02

Education

Post-secondary (vs University) -0.16 (-1.84, 1.53) 21% 0.79 (-4.10, 3.78) 0.85

A-Levels/equivalent (vs -0.15 (-1.67, 1.37) 8.23% 0.32(--2.82, 2.52) 0.85

University)

GCSEs/equivalent (vs 1.08 (-0.86, 3.02) 0.00% 0.00 (-3.18, 5.34) 0.28

University)

No formal qualifications (vs 1.88(-1.13, 4.89) 2.45%  0.21(-18.48,22.24) 0.22

University)

Socioeconomic status (IMD)

IMD Quintile 2 vs 1 (most -0.52 (-2.00, 0.95) 0.00% 0.00 (-2.31, 1.27) 0.49

deprived)

IMD Quintile 3 vs 1 0.41(-1.13,1.95) 12.17% 0.67 (-2.27, 3.09) 0.60

IMD Quintile 4 vs 1 -1.38(-2.73, -0.03) 0.00% 0.00 (-3.01, 0.25) 0.05

IMD Quintile 5 (least -0.88 (-2.03, 0.27) 0.00%  0.00(-2.59, 0.83) 0.21

deprived) vs 1

Socioeconomic status (annual

household income)

>£40,000 (vs <£40,000) -0.36 (-2.86, 2.13) 31% 1.04 (n/a") 0.77

Social Capital

Single (vs Married/cohabiting) 1.71(-1.11, 4.52) 0% 0.00 (n/a?) 0.24

Separated/widowed/divorced  1.49 (-0.75, 3.72) 0% 0.00 (n/a?) 0.19

(vs Married/cohabiting)

Age

Per 1-year of age at baseline -0.01 (-0.05, 0.03) 20% 0.00 (-0.06, 0.04) 0.62

The interaction estimates are the difference in the effect of the intervention (vs control) comparing the listed 2
categories of each characteristic or per year of age
*n=1 study, so no meta-analysis performed; “n=2 studies, so it was not possible to calculate a prediction interval
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Gender/Intervention interaction

Study with 95% Cl

Ahern 2017 (WRAP) —0—;— -3.40[ -6.41, -0.39]
Anderson 2014 (BeWEL) JI——O— 0.91[ -1.35, 3.18]
Aveyard 2016 (BWelL) " -0.95[ -2.37, 0.47]
Beeken 2017 (10TT) —— -0.90[ -3.39, 1.59]
Greaves 2015 (Waste the Waist) 4:07 -0.14[ -549, 5.21]
Jebb 2011 : -4.86 [ -15.54, 5.82]
Jolly 2011 (Lighten Up) —0:—'— -1.37[ -5.41, 2.68]
Little 2016 (POWeR+) —o— -1.00[ -3.33, 1.32]
Nanchahal 2012 (CAMWEL) —0:—— -2.25[ -5.32, 0.83]
Penn 2009 (EDIPS) —:—'— 0.76 [ -2.84, 4.36]
Astbury 2018 (DROPLET) —0—:— -3.00[ -7.76, 1.76]
Overall ? -0.98[ -1.80, -0.19]

Favours male# Favours females

Testof 8=0:z=-2.32, p=0.02 }

-15 -10 -5 0 5

Figure 5-2 Forest plot of the difference (male minus female) in mean differences between the
intervention and control groups for gender/sex

Ethnicity/Intervention interaction

Study with 95% CI
|
Ahern 2017 (WRAP) —— 256[-3.91, 9.02]
Aveyard 2016 (BWel) —@— 1.69[-1.72, 5.09]
Beeken 2017 (10TT) —e—— 1.72[-763, 4.18]
Hunt 2014 (FFIT) ‘> 254 [-9.45 14.53]
Jolly 2011 (Lighten Up) —e— 1.01[-4.75, 6.77]
Nanchahal 2012 (CAMWEL) —0— 3.07[-0.38, 6.52]

Astbury 2018 (DROPLET)
Anderson 2021 (ActWELL)

. 7.08[-2.48, 16.64]
115[-6.83, 9.14]

Overall ? 1.95[ 0.08, 3.82]

|
Favours Ethnic Minorities ' Favours White
|

Testof@=0:z=2.05,p=0.04 |
I T T 1

-10 0 10 20

Figure 5-3 Forest plot of the difference (White minus Ethnic Minority) in mean differences
between the intervention and control groups for ethnicity
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| conducted further post-hoc analyses for gender/sex and ethnicity to understand how these
interactions occurred. To understand the interaction between gender/sex and intervention, |
examined differences in weight between men and women within each randomised group. |
found that males had a 1.27kg (95% Cl 0.09, 2.45) higher weight than females at follow up in
the control group and a 0.09kg (95% Cl -0.65, 0.83) higher weight than females at follow up
in the intervention group. For ethnicity, those from an ethnic minority background had a
0.10kg (95% Cl -1.03, 0.82) lower weight at follow up than white participants in the control
group and a 0.94kg (95% Cl -0.94, 2.84) higher weight at follow up than white participants in

the intervention group.

5.5.2 To what extent do the weight outcomes of those who have participated in
a behavioural weight management trial differ by individual characteristics that

stratify health opportunities and outcomes?

In cohort analyses, | found evidence of associations of gender/sex, social capital (marital
status), and age, with weight at follow-up (Table 5-2). Being male was associated with a higher
weight at 12 month follow up of 0-62kg (95% Cl 0-10, 1-15; p=0-02; 12=27-13%; Tau?=0-20)
compared to being female. Being separated, widowed, or divorced was associated with
having a higher weight of 1.31 kg (95% CI 0.18, 2.43) at follow up versus those who were

married or cohabiting.

Older age at baseline was associated with a lower weight at follow up; a 10-year increase in
age at baseline was associated with a lower weight of 0-5 kg (95% ClI 0-4, 0-7; p<0-001;
12=0-01%; Tau?=0-00). There did not appear to be an association between follow up weight
and place of residence, ethnicity, occupation, education, or socioeconomic status (IMD and

annual household income).

113



Table 5-2 Difference in weight at 12 months across the cohort of participants in trials of
behavioural weight management interventions

Characteristic

Place of residence (General
Practice location)

Rural (vs Urban)

Ethnicity

White vs Ethnic minority
(Excluding White minorities)
Occupation

Unemployed (vs Employed)
Retired (vs Employed)

Student (vs Employed)

Other (vs Employed)
Gender/sex

Male (vs female)

Education

Post-secondary (vs University)
A-Levels/equivalent (vs
University)

GCSEs/equivalent (vs University)
No formal qualifications (vs
University)

Socioeconomic status (IMD)
IMD 2 (vs 1)

IMD 3 (vs 1)

IMD 4 (vs 1)

IMD 5 (vs 1)

Socioeconomic status (annual
household income)

>£40,000 (vs <£40,000)

Social capital (marital status)
Single (vs married or cohabiting)
Separated, widowed, or divorced
(vs married or cohabiting)

Age

Continuous (coefficient refers to
one-year increase in age at
baseline)
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Difference in
weight at 12
months in
kilograms

(95% confidence

interval)

0.22 (-1.43,1.87)

0.46 (-0.45, 1.37)

-0.64 (-1.86, 0.59)
-0.65 (-1.50, 0.21)
2.44 (-0.46, 5.34)

1.05 (-0.16, 2.26)

0.62 (0.10, 1.15)

0.35 (-0.35, 1.05)
-0.03 (-0.76, 0.7)

0.43 (-0.43, 1.30)
1.45 (-0.10, 2.99)

0.05 (-0.59, 0.70)
0.08 (-0.57, 0.72)
-0.39 (-1.05, 0.26)
-0.26 (-0.98, 0.47)

-0.38 (-1.29, 0.53)
0.61 (-0.76, 1.99)

1.31(0.18, 2.43)

-0.05 (-0.07, -0.04)

IZ

n/a*
26.73%
0.00%
0.00%
0.00%
43.41

27.13%

3.71%
9.32%

0.00%
21.87%

0.00%
0.00%
0.00%
10.72%

0.00%
0.00%

0.00%

0.00%

Tau?

(95% prediction
interval)

n/a*

0.50 (-1.49, 2.41)
0.00 (-2.64, 1.36)
0.00 (-2.54, 1.24)
0.00 (-3.92, 8.81)
0.80(-0.91, 3.01)

0.20 (-0.56, 1.80)

0.03 (-0.91, 1.61)
0.08 (-1.06, 1.00)

0.00 (-1.48, 2.34)
0.68 (-1.05, 3.95)

0.00 (-0.71, 0.81)
0.00 (-0.67, 0.83)
0.00 (-1.15, 0.37)
0.15 (-1.12, 0.60)

0.00 (n/a”?)
0.00 (n/a*)

0.00 (n/a?)

0.00 (-0.06, -0.04)

p-value of
association

0.79
0.32
0.31
0.14
0.10
0.09

0.02

0.33
0.93

0.33
0.07

0.87
0.81
0.24
0.49

0.41
0.38

0.02

<0.01



5.6 Discussion

In this IPD-MA, | analysed data from 12 randomised controlled trials of behavioural weight
loss interventions. | found that intervention effectiveness was greatest, on average, for
people of White ethnicity, suggesting that behavioural weight management interventions
may widen existing inequalities in overweight and obesity by ethnicity. Men received a
greater benefit of the intervention than women, despite men in the overall cohort losing less

weight than women.

5.6.1 Comparison with existing literature

The findings that behavioural weight loss interventions were less effective in women, and
those from an ethnic minority background, are similar to those found in an evaluation of the
English NHS Diabetes Prevention Programme, which reported that being female and of an
Asian or Black ethnicity were associated with lower weight loss.33® However, unlike my study,
this effect was produced by women losing less weight than men (and there was no control
group for the intervention group to be compared against). Similarly, | found some evidence
that behavioural weight management interventions were more effective in those from less
deprived groups, although this evidence was not consistent (i.e., lesser intervention
effectiveness compared to the least deprived group was noted in the 4" most but not the

most deprived quintiles).

The intervention in English NHS Diabetes Prevention Programme is similar to most of the
interventions included in this study, consisting of 13 group-based sessions delivered over at
least nine months focusing on weight loss and provides a useful healthcare-based comparison
to the results from my study. These similar findings are observed despite differences in the
respective populations and trial versus non-trial study contexts; in the evaluation of the
English NHS Diabetes Prevention Programme, the proportion of participants who were male
was considerably closer to that of the English population than is seen in behavioural weight
management interventions, where referral for intervention and enrolment in behavioural

weight management trials is more likely among women than men.1%°30°

Behavioural weight management interventions being more effective in those of a White
ethnicity, despite no evidence of inequalities in attendance (as shown in Chapter 4), suggests

that the inequalities in the weight outcomes are likely being generated by the intervention
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itself. Qualitative research has previously explored how engagement with, and adherence to,
an intervention differs by cultural context, and found that the general tailoring of behavioural
weight management interventions towards White British participants can present barriers
preventing the implementation of intervention content in daily life for participants with
different ethnic backgrounds.33%3%0 For example, many behavioural weight management
interventions offer dietary advice that is not transferable to typical food preparation methods
used in some cultures, or affordable for people on low incomes to implement.33° Similarly,
interventions that use physical activity provision as a component and do not contain access
to single-sex spaces to exercise may prevent those of certain cultural backgrounds — such as
British Pakistani Muslim women — from accessing such provision.34° Future research should
investigate the mechanisms behind the observed inequalities by ethnicity so that people with
obesity from minority ethnic groups can be better and supported to manage their weight in

ways that are culturally appropriate.

My post-hoc analyses suggested the greater treatment effect observed in males may, in part,
have been produced by men doing worse in the control group than women despite having
comparable follow up weight in the intervention group. This suggests that when men are only
provided with minimal intervention, they may have greater difficulty in managing their weight
than women. The comparable outcomes in the treatment group between males and females
suggests that despite typically lower uptake of these interventions by men, they achieve
similar outcomes to women, and future work could consider how to achieve greater
utilisation of these general weight management interventions by men. These generic
interventions are particularly useful — especially where gender-tailored weight management
programmes towards men (such as Football Fans in Training and Man v Fat Football) may not

be available or appeal to some men,21>341,342

My findings about gender/sex and ethnicity align with the findings of previous systematic
reviews. For example, my previous narrative systematic review (Chapter 2) found some
evidence that effectiveness of behavioural weight management interventions favoured those
of a White ethnicity and men, although most trials were not sufficiently powered to explore
differential effectiveness.'®” Another meta-analysis also found the effectiveness of weight
loss interventions favoured men, albeit the difference was small.}’” For ethnicity, Fitzgibbon

and colleagues found that Black women had lower weight loss than other ethnicities.'”°
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Further, | did not find consistent evidence of inequalities in intervention effectiveness by
socioeconomic position or education, which aligns with previous systematic reviews
suggesting that individual-level and primary care-delivered interventions are unlikely to

increase socioeconomic inequalities in obesity.10%125

5.6.2 Strengths and limitations

There are additional strengths and limitations to consider in addition to those highlighted in
sections 3.6.1 and 4.6.2. The estimates of inequality are influenced by the distribution of
characteristics within each study. For example, studies with a narrow age range might not
identify interactions between intervention effects and age. This may be indicative of the lack
of diversity and low inclusion of ‘under-served groups’ in trial samples more generally,343344
where participants are often more likely to be White and more affluent than the general
population. Additionally, the lack of inequalities observed across characteristics considered in
this study — such as socioeconomic status (IMD) — does not mean that inequalities are not
present either among trial participants or in intervention uptake, which we were not able to
consider in this study. As all trials included in this study were UK-based, the generalisability of
the findings to other countries or healthcare settings may be limited. Finally, there were
several PROGRESS-Plus characteristics for which minimal or no data were available (such as
place of residence and sexual orientation); future trials may wish to use the PROGRESS-Plus
framework when planning data collection relating to baseline characteristics to facilitate
analyses of the full range of characteristics that may lead to health inequalities. | did not
consider intersectionality between different characteristics in which inequalities occur in this
study. It is, however, an important issue for future research to address intersectionality in

terms of differential intervention outcomes, as well as building on recent research that

explored intersectional differences in prevalence of obesity.3227324

5.6.3 Conclusion

In this chapter, | have shown that behavioural weight management interventions contribute
to inequalities in prevalence of obesity by ethnicity, as they were more effective in people of

White ethnicity than those from an ethnic minority background. Future research should
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investigate the mechanisms behind this, such as exploring how behavioural weight
management interventions may be culturally tailored, to better support people with obesity
from minority ethnic groups. Furthermore, given the positive intervention effect observed in
men, future work should consider how to increase the uptake of behavioural weight
management amongst men given the typically lower utilisation of these interventions by men
in practice. | did not find consistent evidence of inequalities in intervention effectiveness
across the remaining PROGRESS-Plus characteristics, suggesting that behavioural weight
management interventions are similarly effective across the demographic range of each

characteristic.
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Chapter 6 Inequalities in weight change following

weight loss intervention

The results presented in this chapter have been published with the following citation: Birch
JM, Mueller J, Sharp SJ, Griffin SJ, Kelly MP, Halford JCG, Ahern AL (2022). Association between
indicators of inequality and weight change following a behavioural weight loss intervention.

Obesity Facts. doi: 10.1159/000528135.3%

6.1 Contributions

| planned and designed the study, wrote the statistical analysis plan, conducted the analysis,
and led the writing and development of the final manuscript. Julia Mueller, Stephen J Sharp,
and Amy L Ahern reviewed the statistical analysis plan. All co-authors contributed to

discussions around study design and the published manuscript.
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6.2 Background

In the systematic review presented in Chapter 2, | found that most trials did not find evidence
of inequalities, especially in the effectiveness of interventions at 12-month follow up. It was
not possible to look beyond this time point as few trials of behavioural weight management
interventions have followed-up participants for more than 12 months. It is important to
consider longer-term weight change post-intervention as the maintenance of weight loss
sustains the positive health effects associated with initial clinically significant weight loss, and
affects cost-effectiveness 4. However, very few trials have longer-term follow up of
participant weight, and consequently there is a lack of evidence on associations between
characteristics of inequality (such as those outlined in the PROGRESS-Plus framework as
outlined in Chapter 1, section 1.2.2) and long-term maintenance of attained weight loss (i.e.
at five-year follow up). This is important to understand as certain sociodemographic groups
may require additional support to maintain weight loss achieved through a behavioural

intervention.

The Weight Loss Referrals for Adults in Primary Care (WRAP) trial has completed follow-up
data collection until the five-year time point, allowing a rare opportunity to study inequalities
in weight change following weight loss intervention over an extended time period. All
participants in the WRAP trial received a behavioural weight loss intervention (brief
intervention information booklet, or vouchers for 12- or 52-weeks of WW [formerly Weight
Watchers]). Previous analyses of this trial have found that trial uptake (the number of invited
versus recruited participants) was higher in older participants, people from less deprived
areas and women (although the proportion of males in WRAP was much higher than seen in
similar trials or routine primary care referral);3% intervention attendance was higher in older
participants but there was no evidence of inequalities in attendance by any other PROGRESS-
Plus criteria;3*® and there was no evidence to suggest that the greater weight loss outcomes
observed in the WW groups were affected by gender, education or income level.?%* These

previous analyses had not considered if uptake or effectiveness differed by ethnicity.

122



6.3 Aim

The aim of this chapter was to:

e Investigate if there are inequalities in weight change following participation in a

weight loss intervention.

6.4 Methods

This study analysed data from the Weight Loss Referrals for Adults in Primary Care (WRAP)

trial as a cohort.

6.4.1 The WRAP trial

The WRAP trial is a three-group randomised controlled trial of behavioural weight loss
interventions. Full information about the trial design has been published elsewhere.34®
Participants were recruited through their general practice and randomised to a brief
intervention, 12-week commercial weight loss programme or a 52-week commercial weight
loss programme. WRAP was registered with Current Controlled Trials on 15/10/2012 (trial
registration: ISRCTN82857232). Ethical approval for WRAP was received from NRES
Committee East of England Cambridge East and local approvals from NRES Committee North

West Liverpool Central and NRES Committee South Central Oxford.

| identified the WRAP trial as being the most appropriate dataset for this project as it is the
only UK-based trial of a behavioural weight management intervention that has completed
five-year post-intervention follow-up. No other UK-based trial has completed follow up
beyond the 2-year time point; considering weight change from one- to five-year follow up

allows greater scope to identify if differential weight regain occurs post-intervention.

6.4.2 Participants

Participants were required to be > 18 years old, residing in the United Kingdom and have a
BMI of >28 kg/m?2. Participants were not eligible if they were pregnant or had planned

pregnancy in the subsequent two years; had previous or planned bariatric surgery; were
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following a weight loss programme; did not speak English or had additional communication
needs that would preclude them from understanding the study requirements and materials;
or the participant’s general practitioner considered them ineligible for inclusion (such as

history of eating disorders or severe/terminal illness).

6.4.3 Interventions

Participants in the behavioural programmes were given vouchers and asked to attend local
WW (formerly Weight Watchers) weekly meetings and access WW web tools at no cost for
the duration of the intervention (12-weeks or 52-weeks). Participants allocated to the brief
intervention were given a 32-page booklet from the British Heart Foundation that comprised
advice and strategies on how to lose weight. Research staff read a scripted introduction that
drew attention to each section of the booklet. There were no restrictions on participants in

any group accessing other weight management interventions during follow up.

6.4.4 Outcomes

Participants completed outcome assessments at baseline, three months, one year, two years
and five years. The primary outcome for this analysis was change in weight between one-

year and five-years.

Weight measurements were made at participants’ primary care practice or at the research
centre by trained clinical or research staff, in line with standard operating procedures and
under informed consent. Participants also reported their self-measured weight and we
collected weight data from primary care records. At the five-year time point, if clinic-
measured weight data were unavailable, the self-reported weight or weight from GP records
were used (N=239). Participant demographics were collected via self-report questionnaire at

the baseline assessment.

The exposure variables considered for possible association with change in weight between
one- and five-years were: 1) ethnic group (White/Ethnic minorities (excluding White
minorities)); 2) employment status (Employed/Self-

employed/Unemployed/Student/Retired/Unable to work/Other (carer, home-maker,
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voluntary work)); 3) sex (Female/Male); 4) level of education attained (University degree or
equivalent, or higher/Post-secondary education/A-levels or equivalent/GCSEs or
equivalent/No formal qualifications attained); 5) Indices of Multiple Deprivation (IMD)
quintile (1 (most deprived)/2/3/4/5 (least deprived)); 6) household income (<£20 000/£20 000
to £39 999/>£40 000); 7) member of household participating in a weight loss
programme(Yes/No); and 8) age (years).

6.4.5 Statistical analysis

| analysed data from the WRAP trial as a cohort, rather than consider intervention versus
control arms separately to estimate intervention effects. | used Stata v16 (StataCorp.
2019. Stata Statistical Software: Release 16. College Station, TX: StataCorp LLC.) to conduct
the data analysis. Mean (standard deviation) weight change was calculated within each
exposure category. Weight maintenance was defined as having a weight change of 3% or less
from the one-year time point 3#’. | used multiple linear regression to estimate the association
between each exposure and weight change from one to five years. Each model was adjusted
for intervention group, baseline weight, weight change between baseline and one-year,
research centre, and source of the five-year weight data. A complete case analysis was

performed.

6.4.5.1 Sensitivity analyses

To investigate the impact of missing data on the findings, | performed a sensitivity analysis
using Multiple Imputation by Chained Equations (MICE). MICE assumes that data are missing
at random conditional on observed participant characteristics. Variables with >5% and <25%
missing data had missing values imputed. The number of imputations was set to be the same

as the percentage of missing data.

| conducted a further sensitivity analysis to consider if the source of the five-year weight
measurement had an impact on the results. The analysis excluded participants whose weight
at the five-year time point was collected through GP-records or self-reported information.
The final sensitivity analysis, added following peer review feedback, was conducting a single
regression model containing all PROGRESS-Plus inequality characteristic variables included in

this study to account for potential confounding between them.
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6.5 Results

6.5.1 Participant characteristics

A total of 1267 participants were randomised to one of the three groups (211 brief
intervention, 528 12-week, 528 52-week intervention). The majority of the recruited
participants were women (67.8%) and of White ethnicity (89.7%). Weight data were available
for 823 participants at the one-year follow up. At five-year follow up, weight data were
available for 871 participants in total. Study-measured weight was available for 632
participants, weight data were extracted from GP-records for 146 participants (11.5%) and
were collected by self-report from 93 participants (7.3%). No weight values were available for

396 (31.3%) of participants at the five-year follow up.

Data were available at the one- and five-year follow ups for 708 participants (55.5%, Table
6-1). The participants included in the analyses were more likely to be retired (35.3% vs 21.9%
not included), have a university degree (41.6% vs 31.5%), and be older (mean age at baseline
of participants included in analysis was 55.7 years old versus 50.0 years old for those not
included). Mean weight change between one- and five-years was 3.30 kg (SD 9.10 kg). Mean
weight change for each exposure category is presented in Table 6-2. Given the overall mean
weight change and standard deviation values, any negative coefficients gained from the
regression models (Table 3) would suggest less weight regain, or greater weight loss, in that

category.

Where complete data were available, weight at the one-year time point was maintained at
the five-year time point by 28.0% of participants, >3% weight loss occurred in 16.5% of
participants, and >3% weight gain occurred in 55.5% of participants (Figure 6-1 A histogram

of weight change between one- and five-years follow up).
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Table 6-1 Sample characteristics by availability of data to calculate weight change

Complete Complete Chi-square
weight weight data not test for
data available and association (p-
available excluded from value)
n (%) analysis
n (%)
Total participants 708 (55.5) 559 (44.5)
Ethnicity White 650 (95.2) 486 (92.6) 3.57 (0.059)
Ethnic minorities 33 (4.8) 39 (7.4)
(excluding white
minorities)
Occupation Employed 319 (45.8) 287 (53.2) 31.08 (<0.001)
Self-employed 63(9.1) 52 (9.6)
Unemployed 27 (3.9) 34 (6.3)
Student 5(0.7) 10 (1.8)
Retired 246 (35.3) 118(21.9)
Unable to work 22 (3.2) 21 (3.9)
Other (carer, home- 14(2.0) 17 (3.2)
maker, voluntary work)
Gender Female 471 (66.5) 388 (69.4) 1.19 (0.275)
Male 237(33.5) 171 (30.6)
Education University degree or 267 (41.6) 156 (31.5) 16.91 (0.002)
equivalent, or higher
Post-secondary 20(3.1) 14 (2.8)
education
A-levels or equivalent 147 (22.9) 111 (22.4)
GCSEs or equivalent 181 (28.2) 182 (36.8)
No formal qualifications 27 (4.2) 32 (6.5)
attained
IMD 1 (most deprived) 72 (10.2) 83 (14.8) 11.40 (0.022)
2 88(12.4) 86 (15.4)
3 150 (21.2) 117 (20.9)
4 190 (26.8)  135(24.2)
5 (least deprived) 208 (29.4) 136 (24.3)
Household  <£20 000 174 (31.2) 154 (37.4) 3.45 (0.178)
income £20 000 to £39 999 195 (35.6) 130 (31.6)
>£40 000 178 (32.5) 128 (31.1)
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Other family
members
participating
in  weight
loss

Age at
baseline

Intervention
group

128

Yes
No

Mean years (SD)

Brief intervention
12-week
52-week

25 (5.0)
475 (95.0)

55.7 (12.5)

107 (15.1)
297 (41.9)
304 (42.9)

17 (4.8)
340 (95.2)

50.0 (14.4)

104 (18.6)
231 (41.3)
224 (40.1)

0.03 (0.874)

Logistic
regression
(<0.001)
2.93 (0.231)



Table 6-2 Mean (SD) weight change by each exposure category

Exposure Category Mean weight change in kg
characteristic (SD)
(number of

observations)

Ethnicity (n=683) White 3.31(9.24)
Ethnic minorities (excluding white 3.48 (7.27)
minorities)

Occupation Employed 3.76 (9.77)

(n=696) Self-employed 3.11 (7.07)
Unemployed 3.45 (9.24)
Student -3.64 (17.48)
Retired 3.09 (7.45)
Unable to work 2.34 (17.04)

Other (carer, home-maker, 2.43(7.10)
voluntary work)

Gender (n=708) Female 3.19 (9.63)
Male 3.52(7.97)
Education University degree or equivalent, or 3.43 (8.63)
(n=642) higher
Post-secondary education 4.45 (7.57)
A-levels or equivalent 3.84 (8.90)
GCSEs or equivalent 2.62 (10.47)
No formal qualifications attained 2.28 (9.25)
Socioeconomic 1 (most deprived) 4.46 (9.35)
status Indices of 2 2.62 (7.02)
Multiple 3 2.87 (9.17)
Deprivation 4 4.19 (10.27)
(n=708) 5 (least deprived) 2.69 (8.57)
SES Household <£20 000 3.05(9.27)
income (n=547)  £20 000 to £39 999 2.54 (10.57)
>£40 000 3.58 (8.03)
Other family Yes 2.67 (8.59)
members No 3.32(9.22)
participating
(n=500)
Age (n=708) <55 years old 3.97 (10.72)
>55 years old 2.72 (7.37)
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Histogram of weight change between 1- and 5-years follow up
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Figure 6-1 A histogram of weight change between one- and five-years follow up

6.5.2 Association between PROGRESS-Plus criteria and weight change from one-

to five-years

Being one-year older compared to other participants at baseline was associated with
experiencing 0.11kg less weight regain, or greater weight loss ((95%Cl 0.06, 0.16), p<0.001)).
When considering occupation as the independent variable, being retired was associated with
a 1.67kg lower weight regain compared to being employed ((95%CI 0.27, 3.08), p=0.020, Table
3). Subsequently, | performed a post-hoc analysis of occupation as the independent variable
controlling for age, given the differences in age distribution between occupational categories.
In this analysis, being retired was no longer associated with weight change between one- and
five-year follow up (coefficient 1.15, 95%Cl -0.79, 3.09, p=0.246; full results presented in
Supplementary Table 2). No other category of occupation, when compared to being

employed, was associated with weight change between one- and five-years in either analysis.
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There was no evidence of association between ethnicity, gender, education, IMD, household
income, and other family members participating in a weight loss programme and weight

change between one- and five-years.

6.5.3 Sensitivity analyses
Only one variable, education, met the conditions for performing MICE to impute missing data
(between 5% and 25% missing data). The observed results using 11 imputed datasets were

comparable to the primary analysis, and no associations were identified (Supplementary

Table 3).

In the sensitivity analysis using only study-measured weight at the five-year follow up
(Supplementary Table 1), being older at baseline remained associated with lower weight
regain or greater weight loss, but the effect size was smaller (coefficient -0.092 (95%Cl -0.15,
-0.04), p=0.001). Being retired, compared to being employed, was not associated with weight
change when we included only study-measured weight, neither when not controlling for age
(coefficient -0.95 (95%Cl -2.48, 0.59), p=0.226) nor when controlling for age (coefficient 1.66
(95% Cl -0.46, 3.78), p=0.125).
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Table 6-3 Association between PROGRESS-Plus characteristics and weight change from
one- to five-years

Exposure Category Adjusted coefficient (95% P-value

characteristic Cl)

(number of

observations)

Ethnicity (n=683)  White Ref -
Ethnic minorities (excluding white 1.19(-1.79, 4.17) 0.434
minorities)

Occupation Employed Ref -

(n=696) Self-employed -0.27 (-2.54, 2.00) 0.816
Unemployed -0.05 (-3.356, 3.26) 0.978
Student -5.33 (-12.75, 2.08) 0.158
Retired -1.67 (-3.08, -0.27) 0.020
Unable to work -0.67 (-4.32, 2.99) 0.720
Other (carer, home-maker, voluntary -4.09 (-8.62, 0.43) 0.076
work)

Gender (n=708) Female Ref -
Male 1.15 (-0.24, 2.54) 0.103

Education (n=642) University degree or equivalent, or Ref -
higher
Post-secondary education 2.41 (-1.46, 6.28) 0.221
A-levels or equivalent 0.81(-0.92, 2.53) 0.358
GCSEs or equivalent -0.65 (-2.27, 0.97) 0.432
No formal qualifications attained -2.20(-5.58, 1.18) 0.202

Socioeconomic 1 (most deprived) Ref -

status Indices of 2 -1.61 (-4.31, 1.08) 0.240

Multiple 3 -1.30 (-3.86, 1.26) 0.319

Deprivation 4 -0.07 (-2.83, 2.69) 0.961

(n=708) 5 (least deprived) -1.70 (-4.61, 1.22) 0.253

SES Household <£20 000 Ref -

income (n=547) £20 000 to £39 999 -0.50 (-2.37, 1.18) 0.509
>£40 000 0.34(-1.51,2.19) 0.718

Other family Yes Ref -

members No 0.95 (-2.46, 4.35) 0.585

participating

(n=500)

Age (n=708) N/A -0.11 (-0.16, -0.06) <0.001

A multivariable model was performed to assess the association between the exposure
PROGRESS-Plus characteristic and weight change. Each model was adjusted for intervention
group, baseline weight, weight change between baseline and one-year, research centre, and

source of the five-year weight data.
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The final sensitivity analysis was of all independent variables included in a single model, which
adjusted for intervention group, baseline weight, weight change between baseline and one-
year, research centre, and source of the five-year weight data (full results available in
Supplementary Table 4). In this model, older age at baseline remained associated with lower
weight regain or greater weight loss (coefficient -0.15 (95% Cl -0.25, -0.04), p=0.008). The
remaining results from this model were broadly consistent with the primary analyses, with
the exception that being male was associated with greater weight regain or lower weight loss
(coefficient 2.05 (95% CI 0.02, 4.08), p=0.048) and being unable to work (compared to being
employed) was associated with lower weight regain or greater weight loss (coefficient -5.59

(-10.86, -0.32), p=0.038).
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6.6 Discussion

In this study, | explored inequalities in weight change following participation in a weight loss
intervention using data from the WRAP trial. Given that 55.5% of participants regained weight
between the one- and five-year follow up time points, the coefficients produced from the
regression analyses were interpreted as indicating either less weight regain or greater weight
loss compared to the reference group. | found that age at baseline was correlated with weight
change between one- and five-years, showing that older participants experienced less weight
change, and this effect was consistent across models that only used study-measured data and
a model controlling for all other PROGRESS-Plus characteristics. No association was observed
in the primary analysis between weight change between one- and five-years and other
PROGRESS-Plus characteristics (ethnicity, occupation, sex, education, indices of multiple
deprivation, household income) included in the WRAP trial, although in a sensitivity analysis
controlling for all PROGRESS-Plus characteristics being male was associated with greater

weight regain or lesser weight loss.

6.6.1 Comparison with existing literature

As shown in Chapter 2 (systematic review), and Chapters 3-5 (IPD meta-analysis), inequalities
have previously been considered in trial participation and intervention uptake, intervention
adherence, and at one-year follow up both in the WRAP trial and other UK-based trials of
behavioural weight management interventions *¥’. This study is the first to consider

inequalities in weight change in the longer term (i.e., at the five-year time point).

In Chapter 5, | found that behavioural weight management interventions had a greater effect
in men (versus women) and people of White (versus ethnic minority) ethnicity. | did not find
evidence that age predicted intervention effectiveness; however, | did find evidence that
older age at baseline was associated with lower weight at 12-month follow up in the overall

trial cohort. This may suggest that the findings in this chapter are a continuation of that trend.

There may be several reasons why older participants regained less weight than younger
participants. First, in WRAP, older participants tended to have better attendance at
intervention sessions 3*8. As higher levels of attendance are more likely to lead to clinically

significant weight loss 34%3%0, this increased level of attendance may lead to longer lasting

134



effects of the intervention. Second, healthcare behaviour patterns of older people are
generally different to those of younger people. Older adults experience fewer barriers in

accessing primary care ¥/

, meaning they are more likely to have regular consultation with
healthcare professionals and may have greater healthcare need to focus on behaviours that
could affect their weight. Further, specifically in terms of weight management, older people
are more likely to be offered access to a weight management intervention in routine practice
199 Third, biological factors related to ageing could affect long term weight loss maintenance
following participation in a weight loss trial. As participants reach an age of 65 years and older,
a reduction in appetite and increased rate of loss of muscle tissue has been observed 351352,
This may partly explain the lesser weight regain in older participants in the WRAP trial,
especially as the mean age at baseline was 55.7 years old; at the five-year follow up the
average participant age is above 60. Finally, factors associated with being an older person
may make it easier to attend or maintain behaviours associated with maintaining weight loss.

For example, older adults may be less likely to be currently raising children or have a full-time

job.

6.6.2 Strengths and limitations

This study is the first to consider if there are inequalities in weight loss maintenance following
participation in a weight loss trial at the five-year follow up time point. The demographics of
the WRAP trial sample are similar to that of the UK-population in terms of socioeconomic
status and ethnicity 38, whereas the demographic makeup of research trials is often more

affluent than that of the population.

A limitation of this study is the large amount of missing data for the primary outcome;
complete outcome data were available for 55.5% of the total sample 3. This level of missing
data is common in trials of weight management interventions — the estimated retention rate
in a systematic review of these trials at the one-year time point is 63%, and was 65% in WRAP
204 Despite this, those with and without missing data were similar with regards to the
PROGRESS-Plus characteristics, indicating the sample was unlikely to have been biased by the
missing data. Furthermore, the results of my sensitivity analyses conducted to test the

robustness of the data were consistent with the primary analyses.
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A further limitation of this study is the homogeneity of the sample, especially regarding
ethnicity. The majority (94%) of the participants were self-described as White British, which
limited the extent | could explore inequalities in weight change by ethnicity. This is reflective
of the issue of diversity in clinical trials; those of ethnicities other than white are typically
underrepresented 3>43°¢, The sensitivity analyses conducted broadly supported the results
of the primary analyses, with the exception that when all PROGRESS-Plus inequality
characteristics included in the study were controlled for, associations between gender and a

category of occupation (unable to work) were identified.

6.6.3 Conclusions

Despite obesity being socially patterned, | did not find consistent evidence of inequalities in
weight regain, or weight loss, following weight loss intervention, with the exception of age.
This may represent evidence of an absence of inequalities in who regains weight following
weight loss intervention or may be indicative of the analyses being conducted in a single trial.
Younger participants of behavioural weight management interventions may need additional
support to maintain weight loss following intervention. However, overall, these findings
support the continued use of behavioural weight management interventions as part of a
systems-wide approach to reducing obesity and related diseases without widening existing
health inequalities. Such an approach would also include population level interventions that

could support all people with obesity in maintaining weight after treatment.
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Chapter 7 Inequalities in the outcomes of a web-based
guided self-help intervention to support weight

management during COVID-19 (SWiM-C)

The results presented in this chapter and will be submitted for publication with the citation:
Birch JM, Mueller J, Sharp SJ, Kelly MP, Griffin SJ, Ahern AL. Inequalities in the outcomes of a
web-based guided self-help intervention to support weight management during COVID-19
(SWiM-C).

7.1 Contributions

| co-designed the baseline demographics survey that participants completed in the SWiM-C
trial. | planned and designed this secondary analysis study, wrote the statistical analysis plan,
conducted the analysis, and led the writing and development of the manuscript. Julia Mueller,
Stephen J Sharp, Michael P Kelly, Simon J Griffin, and Amy L Ahern reviewed the statistical
analysis plan. All co-authors contributed to discussions around study design and the draft

manuscript.
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7.2 Background

As highlighted in Chapter 1 in section 1.5.1, randomised controlled trials (RCTs) are often
considered the ‘gold-standard’ in evaluating the effectiveness of interventions and hold
prominence in informing evidence-based healthcare.®® They provide an opportunity to
consider the equity-impact of interventions before they are widely implemented. However,
they are not always designed or reported in a way that is conducive to informing
consideration of health inequalities in intervention effectiveness. The differential
effectiveness of the impacts of interventions are often not reported,*>® and the data relevant
to the characteristics in the PROGRESS-Plus framework are often not collected at
baseline.’>162 Demographic data at baseline are typically used to assess successful
randomisation and to adjust for baseline imbalances rather than to investigate potential
effect modification.'® Reviews of how many trials consider equity or differential effectiveness
of the studied intervention have frequently found that fewer than half of RCTs report any sub

group analyses by the characteristics included in the PROGRESS-Plus framework.160,163,164

| identified a similar pattern in the systematic review of inequalities in the uptake of,
adherence to, and effectiveness of behavioural weight management interventions in adults
in Chapter 2 of this thesis.*®” Particularly given the known inequalities in the prevalence of
obesity, such as by ethnicity or socioeconomic status,®*°> it is important to consider if there
are differential impacts of weight management interventions. To achieve this, it is important
that RCTs have equity considerations ‘baked into’ them at the outset to ensure appropriate
data across a range of characteristics in which social disadvantage may occur are collected

and differential impacts can be considered.3*’

Inequalities in the prevalence of obesity and the differential effectiveness of public health
interventions are known to occur across a broader range of characteristics captured in the
PROGRESS-Plus framework. For example, the prevalence of obesity is higher in those who
experience food insecurity (an alternative measure of socioeconomic status) or in those who
have fewer years of formal education.'%”3>8 A contributing factor to few trials considering
differential effectiveness across a broader range of the PROGRESS-Plus characteristics has
been a lack of data collection across these characteristics at study baseline. In the Supporting

Weight Management during Covid-19 (SWiM-C) trial, | used the PROGRESS-Plus framework
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when developing the baseline questionnaire to ensure a broad range of characteristics were

captured.

In addition to weight, weight management interventions may also impact on other health
outcomes. These outcomes may be determinants of weight, but it is also important to
consider if the intervention impacts on these outcomes as the intervention could have an
adverse unintended impact on outcomes that are not the primary focus of an intervention.

These outcomes include physical activity, eating behaviour traits, and mental health.18¢

The SWiM-C intervention was developed to support those living with overweight or obesity
to manage their weight at a time when many in-person weight management services were
paused or moved online due to Covid-19 lockdown restrictions on in-person gatherings.
SWiM-C was a web-based, acceptance and commitment therapy (ACT)-based self-help
intervention to help adults with overweight and obesity to manage their weight, eating
behaviour, physical activity, and mental wellbeing during the Covid-19 pandemic.3>%3%0 Whilst
difference in weight from baseline to four and 12 month follow up was comparable between
SWiM-C and the control group, being in the SWiM-C intervention was associated with
increased physical activity at 12 months and a reduction in uncontrolled and emotional eating

at four and 12 months compared to the control group.

There are features of the SWiM-C intervention that may make it susceptible to generating
inequalities. Digitally delivered interventions require technological literacy, which is often
lower in those who are older, with fewer years of education, and with certain cultural
backgrounds.673¢1 Furthermore, the intervention requires health literacy for the intervention
content to be understood; health literacy is patterned by several of the PROGRESS-Plus
characteristics including education, socioeconomic status (financial deprivation), and age.3?
Therefore, it is important to consider if inequalities are generated by interventions that are

digitally delivered and requiring high health literacy to take effect.
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7.3 Aims

The primary aim was to:

e Identify if there are inequalities in the effectiveness of the SWiM-C intervention on

weight change.
The secondary aims were to:

e Identify if there are inequalities in the effectiveness of the SWiM-C intervention in

outcomes that are determinants of an individuals’ weight.

e |dentify if there are inequalities in the effectiveness of the SWiM-C intervention in

outcomes where there was a significant intervention effect at four or 12 months.

7.4 Methods

This study analysed data from the Supporting Weight Management during Covid-19 (SWiM-

C) trial.

7.4.1 The SWiM-C trial

The SWiM-C trial is a two-armed randomised controlled trial that compared an acceptance
and commitment therapy intervention for preventing weight gain to a brief advice wait-list
control group. SWiM-C was pre-registered with ISRCTN on 28/05/2020 (ISRCTN121070438).
Participants were recruited online via social media advertisements and mailing lists accessed
through local weight management services, obesity and weight management organisations,

and a volunteer database from a previous trial.3>°

The SWiM-C trial was initiated during my PhD and its development was led by my primary
supervisor and other researchers within the team | conducted my PhD in. | designed the
baseline demographics survey which contributed to the primary data collection in the trial.
Hence, | was able to ensure a comprehensive range of data on the inequality characteristics
were collected to enable the analyses presented in this chapter. The overall results at 4- and

12-month follow up have been published.3%:360
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7.4.2 Participants

To be eligible for participation in the trial, participants were required to: be adults (>18 years
old) with overweight or obesity (body mass index >25 kg/m?), reside in the UK, have a good
standard of written English, be willing to be randomised to either the SWiM-C or the brief
advice wait-list control intervention, be able to complete online outcome assessments, and
own a set of bodyweight scales. Participants were ineligible for inclusion if they had received

bariatric surgery in the two years prior to the study.

7.4.3 Intervention

Participants randomly assigned to the SWiM-C intervention received a web-based, ACT-
based, guided self-help intervention designed to support adults living with overweight or
obesity to prevent weight gain during the Covid-19 pandemic. The intervention focused on
helping participants to manage their eating behaviours, increase their physical activity, and
protect their mental wellbeing. Twelve weekly ‘SWiM sessions’ were delivered via an online
platform and participants were able to complete these at their own pace. These sessions
included psychoeducation (learning about mental health and wellbeing), reflective exercises,
and behavioural experiments. Automated email reminders to log in and complete sessions
were sent weekly. There was one semi-structured scripted telephone call of around 20
minutes in length, with a SWiM coach. The coaches were trained non-specialists (i.e., with no
specialist qualifications or registration for weight management) who had received online
training about the principles of ACT and guided self-help. Participants were encouraged to
weigh themselves weekly throughout the intervention and to complete reflective and
behavioural exercises between intervention sessions. More details on the intervention and

its development have been previously published.3>%:360363

Those randomised to the brief advice wait-list control received standard advice in a leaflet
produced by the European Association for the Study of Obesity on diet, physical activity, and
mood during the Covid-19 pandemic. This leaflet was tailored to those living with overweight

or obesity.
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7.4.4 Randomisation

A 1:1 block randomisation (block size 6) stratified by BMI classification 25—<30, 30—<40, 40+
kg/m?) and sex (male, female) was used to allocate participants to study arms. The
randomisation sequence was computer-generated by the trial statistician and incorporated
into the trial database by the trial manager; this sequence was unknown to all other personnel

involved in the study.

7.4.5 Outcomes

The primary outcome was self-reported weight (kg) at 12 month follow up.

Secondary outcomes were cognitive restraint (control of food intake), uncontrolled eating
(losing control over eating when feeling hungry or exposed to external stimuli), and emotional
eating (propensity to overeat in response to negative mood; scores 0-100, assessed using the
Three-Factor Eating Questionnaire);3%* physical activity (total volume of physical activity in
MET-mins per week assessed using International Physical Activity Questionnaire (IPAQ));3%°
depression symptoms (Patient Health Questionnaire (PHQ-8),3%® scored 0-24 with lower
scores indicating better mental health); anxiety symptoms (Generalised Anxiety Disorder-7
(GAD-7),3%7 scores 0-21 with lower scores indicating better mental health); wellbeing (ICECAP-
A, a score between 0 and 1 with a higher score indicating higher wellbeing);3®® and
experiential avoidance (defined as “attempts to control or change unwanted internal
experiences when doing so causes harm”; AAQW-R, scores 10-70 with lower scores indicating

less experiential avoidance and more psychological flexibility).3¢°

The PROGRESS-Plus characteristics informed the baseline data collected from participants,
and | have considered all the characteristics data were collected on as potentially interacting

with intervention group across all outcomes under consideration in this study.

For each characteristic, | identified survey questions that reflected both the definitions of the
PROGRESS-Plus characteristics outlined by O’Neill and colleagues3! and the contemporary
situation of the Covid-19 lockdown measures that were in place when this trial was initiated
(such as restrictions on socialising, work and travel). The final survey is included in Appendix

3, Supplementary Material (Chapter 7).
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For ‘Place of residence’, | chose two variables (access to private or communal garden and time
to nearest park) to reflect the urban versus rural nature of the PROGRESS-Plus characteristic
definition and, given the restrictions on travel and outdoor socialising and the association

between green space and wellbeing, people’s local access to green space.3”°

| similarly chose two questions about occupation to include, reflecting both the participant’s
usual occupation and to consider what their current work situation was, as many people had
the nature of their jobs changed due to the pandemic — for example, working from home
rather than an office. It was not possible to collect postcodes to calculate IMD due to data
management restrictions; instead, | used the Food Insecurity Experience Scale.3’! | chose this
because the prevalence of food insecurity is increasing in the United Kingdom3’2 and it gives

an indication of self-perceived socioeconomic status.

There are known associations between social support and outcomes of public health
interventions (greater positive social support associated with greater intervention effect);
therefore, | chose to capture this in two forms. First, data on marital status was collected to
capture participants’ romantic relationships and consider if this impacts upon intervention
effect. Second, perceived social support was collected using the F-SozU K-6 questionnaire due
to the nature of the Covid-19 lockdowns in preventing in-person socialising.3”® The remaining
characteristics considered (ethnicity, sex, education, and age) are frequently captured in
public health trials and are known to be correlated with both obesity and effectiveness of

some interventions.?2°

These variables were coded in the analyses using the below categories; the reference group

for each characteristic is in bold:

- Place of residence: Access to private or communal garden (Yes/No)

- Place of residence: Time to nearest park (1-5 mins/6-10 mins/11-20 mins/21-30
mins/More than 30 mins, treated as continuous for interaction analyses)

- Race/ethnicity: Ethnicity (White (including White minorities)/Ethnic minority)

- Occupation: Usual Occupation (Employed full-time or self-employed/Employed part

time/Full-time education/Retired/Sick or disabled/Unemployed or other)
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- Occupation: Covid work situation (Travelling to place of work/Usual occupation but
working from home/Furloughed or unable to carry out usual occupation/Retired/Sick
or disabled/Unemployed or other)

- Gender/sex: Sex (Female/Male)

- Education: Education (Below post-secondary (up to and including A-levels)/Post-
secondary)

- Socioeconomic status: Food insecurity (assessed using the Food Insecurity Experience
Scale, coded as No food insecurity/Some food insecurity)

- Social capital: Marital status (Single/Married, civil partnership or co-
habiting/Widowed or separated or divorced)

- Social capital: Perceived social support (assessed using F-SozU K-6; average scores 1-5
across six questions. Higher average scores indicate greater perceived social support;
treated as continuous for interaction analyses)

- Plus: Age (treated as continuous (in years) for interaction analyses)

7.4.6 Statistical analysis

Data were analysed using Stata v17 (StataCorp 2021, Stata Statistical Software: Release 17.
Statacorp LLC., College Station, TX, USA). For each outcome, | used multivariable linear
regression to estimate the interaction between randomised group and each PROGRESS Plus
characteristic on that outcome, adjusting for the baseline value of the outcome, age, and sex.
The intervention effect (versus control) and 95% confidence interval were presented within
each PROGRESS-Plus characteristic subgroup, together with the interaction estimate, 95%
confidence interval and p-value for the interaction. Participants with missing data were

excluded from the analysis.

As this study is exploratory in nature, | decided to not adjust for multiple analyses.3’* Given
the many analyses presented in this study, there is an increased risk of multiplicity (a Type |
error — rejecting the null hypothesis incorrectly) as the chance of obtaining p-values of less
than 0.05 is increased due to the number of tests being performed. Performing adjustments,
such as the Bonferroni correction, may inadvertently increase the risk of Type Il errors (where

the null hypothesis is not rejected when it is false).3”> The issue of multiplicity can be
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addressed by having a clear rationale based in evidence or theory for each performed test
across the outcome measures of interest.3’>37¢ Furthermore, it is suggested that adjusting
multiplicity should be conducted in confirmatory trials, rather than exploratory analyses such
as those presented in this study.3’ Instead, caution is taken when interpreting the results of
the interactions between the inequality characteristics and randomised group. Qualitative
judgement is used when interpreting results to consider patterns across the outcomes and

inequality characteristics.

7.5 Results

A total of 388 participants were randomised to the SWiM-C intervention or the brief advice
wait-list control; 266 (69.3%) participants had weight data available at 12 months. Previous
analyses have showed that those with missing weight data at twelve months were similar to
those without missing data for sex, ethnicity, education, marital status, and age; although
participants with obesity were more likely than those without to have missing weight data at

12 months.30

Table 7-1 shows the baseline PROGRESS-Plus characteristics of the participants by
randomised group. Mean age was 50.3 (SD 13.8) years, and most participants identified as
White (94%), employed full-time or self-employed (59%), female (78%), having post-
secondary education (73%), having no food insecurity (67%), and being married, in civil

partnership, or co-habiting (72%).
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Table 7-1 Sample characteristics of the SWiM-C trial by trial arm

SWiM-C (n=192)
n (%)

166 (87)
26 (13)

78 (41)
56 (29)
36 (19)
13 (7)
8 (4)
1(1)

182 (95)
9 (5)
1(1)
116 (60)
18 (9)

8 (4)

34 (18)
5(3)

11 (6)

43 (22)
81 (42)

15 (8)

33(17)
4(2)

16 (8)
151 (79)
41 (22)
0 (0.0)

50 (26)

Characteristic Standard
advice (n=196)
n (%)
Access to private or communal garden (Place of residence)
Yes 170 (87)
No 26 (13)
Time distance to nearest park (Place of residence)
1-5 mins 84 (43)
6-10 mins 59 (30)
11-20mins 33 (17)
21-30mins 9 (5)
More than 30mins 10 (5)
Don’t know 1(1)
Ethnicity (Race/ethnicity)
White (including white minorities) 183 (93)
Ethnic minority 11 (6)
Prefer not to say 2 (1)
Usual occupation (Occupation)
Employed full-time or self- 114 (58)
employed
Employed part-time 30 (15)
Full-time education 3(2)
Retired 27 (14)
Unable to work due to sickness or 5 (3)
disability
Unemployed or other 17 (9)
Covid work situation (Occupation)
Travelling to place of work 35 (18)
Usual occupation but working 88 (45)
from home
Furloughed/unable to carry out 21 (11)
usual occupation
Retired 30 (15)
Unable to work due to sickness or 6 (3)
disability
Unemployed or other 16 (8)
Sex (Gender/sex)
Female 152 (78)
Male 43 (22)
Prefer not to say 1(1)
Education (Education)
Below post-secondary (up to and 50 (26)
including A-levels)
Post-secondary 142 (73)
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140 (73)

Total sample
(N=388)
n (%)

336 (87)
52 (13)

162 (42)
115 (30)
69 (18)
22 (6)
18 (5)
2(1)

365 (94)
20 (5)
3(1)
230 (59)
48 (12)
11 (3)
61 (16)
10 (3)
28 (7)

78 (20)
169 (44)

36 (9)

63 (16)
10 (3)

32 (8)
303 (78)
84 (22)
1 (0)

100 (26)

282 (73)



Other 3(2) 2(1) 5(1)

Prefer not to say 1(1) 0 (0) 1(0)
Food insecurity (Socioeconomic status)

Mean (SD) 0.74 (1.4) 0.64 (1.2) 0.69 (1.3)
Range 0-8 0-6 0-8

No food insecurity 128 (65) 131 (68) 259 (67)
Some food insecurity 68 (34) 61 (32) 129 (33)
Marital status (Social capital)

Single 36 (18) 31(16) 67 (17)
Married, civil partnership or co- 140 (71) 140 (73) 280 (72)
habiting

Widowed or separated or divorced 18 (9) 21 (11) 39 (10)
Prefer not to say 2 (1) 0 (0) 2 (1)
Perceived social support (Social capital)

Mean (SD) 3.81(1.0) 3.82(0.9) 3.81(1.0)
Range 1-5 1.3-5 1-5

Age (Plus)

Mean (SD) years 49.9 (13.2) 50.7 (14.3) 50.3 (13.8)

7.5.1 Primary outcome: weight at 12 months

| found some evidence to suggest there may be inequalities in the effectiveness of SWiM-C

on weight at 12 months (Figure 7-1).

For usual occupation, the intervention had a greater effect (i.e., lower weight at follow up) on
those who were unable to work due to sickness or disability (-4.18, 95% Cl -6.09, -2.27) when
compared to those who were working full-time or self-employed (1.36 kg, 95% Cl -2.32, 5.04,
p-interaction=0.042). The intervention also had a greater effect on weight in those who were
single (-5.25, 95% Cl -11.67, 1.16) than in those who were married, in a civil partnership or co-
habiting (1.21kg higher weight at follow up, 95% Cl -1.64, 4.07, p-interaction=0.036). | did not
find evidence of an interaction by access to garden, time to nearest park, ethnicity, Covid-19

work situation, sex, education, food insecurity, social support, or age.
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Dterence in mean weight (kg) Inceracton estmate
PROGRESS-Pius charactoristc with 95% CI with 95% CI pinteraction
Access to garden (Place of residence)

Yes (ref) - 055( -302. 191)

No —_— 246] -5.32, 10.25) —_— 237 482, 956 518

Time to nearest park” (Place of residence)

1.5 mins — 095 508 315

6-10 mins .- 082[ -369, 533)

1120 mins. - 099 110, 307 7= 095 203 233 893
21.30 mins. —_— -0.80(-1297, 11.37)

>30 mins ——y -529(-1297, 238

Ethnicity (Racefethnicity)

White (inciuding White minorities) (ef) - 007[ -247, 233

Ethaic minority ——— 122] -7.74, 10.19) —_—— -189(-11.33, 754 694
Occupation (Occupation)

Full trme or sell-employed (ref) —e— 136] -232, 504)

Part tmeo —_—— 2761 -833. 281) _ 353(-11.09, 403 361
Education — .238(+50.01, 45.24) — -18.37(-39.42, 268 088
Retred - 058( -279. 163) —_—t 76 -7.89, 437 574
Unabie 10 work due o sickness or disabilty - 418| 609, 227 — «16.31(-31.96, 0867] 042
Unemployed — 276] -847, 295) - 508(-1376, 360] 252

Covid-19 work situation (Occupation)

Travelling 10 a place of work (ref) —_— ATT| 2764, 4.10)
Work from home — 166[ -261, 594) —p— 4141 -251, 1079] 223
Furough 193] 679, 1064) —— 418 4578, 14.14) an
Retred - 050] -264, 185 _ 108] 566, 962] 612
Unabie 10 work due 10 sikkkness or disabilty sl -456] 624, -289) —— $.22(-2076, 1032) 511
Unemployed S ey -538(-1069, -0.07) —— 35441322, 6.14) AT5
Sex (Gender/sex)

Female (ref) - 027 242, 29

Male —e— A163] -829, 303 —_— 241( 805 324 404
Education (Education)

Bolow secondary (including A-levels) (ref) e 325] 992, 341)

Above secondary - 054 158 267 pr— 321 211, 8527 238

Food insecurity (Socioeconomic status)

No food insecurity (ref) - -195] 420, 029)
Some food msecurity . 157 -370, 683 — 4200 077, 947] 099
Marital status (Social capital)
Single (ref) —_— 525(-1167, 1.16)
Marmd. cvil partnership, of cohaditing - 121] -164, 407) ——— 692] 050, 1335] 036
Widowed, separated, or divorced —— 0661 514, 382 —— 497| 395, 1389] 276
Social support* (Sockal capital)
Mean score <3 — 180 501, 860)
Mean score >3 —— 0.74| -987, 11.36) —— 166 075 408 a7
Age* (Plus)
50 and younger —— 045] -346. 430
51 and older - -062| -346, 223) 000 016, 017) 962
—_—
20 10 0 10 20 -10 0 10

*denotes characteristic analyses as continuous

Figure 7-1 a) Stratified analyses showing difference in mean weight at 12 months (intervention
group minus control) for each characteristic subgroup. b) Estimated interaction i.e. difference
in effect of intervention comparing each category of the inequality characteristic with the
reference category for that characteristic.
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7.5.2 Secondary outcomes: determinants of weight

| considered if there were inequalities in effect of the intervention on three eating behaviour
traits (cognitive restraint, uncontrolled eating, and emotional eating), physical activity,
depression symptoms, and anxiety symptoms. | found evidence of a differential intervention
effect on the three eating behavioural traits (cognitive restraint, uncontrolled eating, and
emotional eating) by marital status but not by the other PROGRESS-Plus characteristics

considered.

The intervention had a greater effect on cognitive restraint (Figure 7-2) in those who were
single (6.64 points higher at follow up, 95% Cl -0.74, 14.01) versus those who are married, in
a civil partnership or co-habiting (-0.42 point reduction at follow up, 95% CI -3.59, 2.75. p-
interaction=0.045). This was also observed for uncontrolled eating (Figure 7-3); the
intervention had a greater effect in those who were single (-12.6 point change at follow up,
95% Cl -20.72, -4.50) versus those who were married, in a civil partnership or co-habiting (-
3.65, 95% Cl -6.66, -0.64, p-interaction=0.044). For emotional eating (Figure 7-4), | found the
intervention had a greater in those who were single (-24.12 point reduction at follow up, 95%
Cl -37.36, -10.88) versus those who were separated (12.87, 95% Cl -4.39, 30.12, p-
interaction=0.002). There was suggestion that the intervention had a greater effect in those
who were single when compared to those who were married, in a civil partnership, or
cohabiting (-6.22 point reduction at follow up, 95% Cl -11.49, -0.96, p-interaction=0.103) but

the evidence was not conclusive.
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a) b)

Difference in mean score Interaction estimate
PROGRESS-Plus characteristic with 85% CI with 95% CI printeraction
Access to garden (Place of residence)
Yes (rof) =3 083 217, 3.84)
No e 244 591, 10.78) —— 065( 806, 9.37) 883

Time to nearest park” (Place of residence)

1.5 mins. - 052[ 411, 516)

610 mins - 1.04[ -4.28, 6.35)

11.20 mins - .09 -7.02, 4.84) - 041( -218. 301 755

2130 mins. ——— 10.19[ -1.57, 21.95)

>30 mins _— -348(-2088, 13.92)

Ethnicity (Racelethnicity)

White (including White minorities) (ref) | ] 0.70[ -224, 3.64)

Ethnic minority i 089[ -848, 10.26) _— 248 -9.11, 14.07) 675

Occupation (Occupation)

Full time or self-employed (ref) - 220[ -1.70, 6.09)

Part time —.— 550(-1453, 353 i 37411309, 561] 434

Education — 13.33[ 40.85, 67.51) e 0.31(-2578, 2640] 982

Retired e 048] 712, 676) —_— 290[-1051. 470] 455

Unable to work due 10 sickness or disabilty —_— 12.30( 2560, 1.00) e -10.16(-2623, 591 216

Unemployed — 825[ -1.12, 17.62) —_— 480| 585 1563 3713

Covid-19 work situation (Occupation)

Travollng 10 a place of work (ref) - 3491 9m, 213

Work from home - 2751 184, 735) —_— 845[ -1.80, 1450 118

Furlough —— 228[-11.08, 651) 261 923, 14.46] 666

Retired —— 130[ -558, 8.17) —t— 420[ 511, 1351  .a78

Unabdile to work due 10 sickness or disabilty —_— ~12.31[-2343, -1.19) -6.28(-23.91, 11.35) A86

Unempioyed —— 7550 0,12, 14.98) _ 938( -242 21.18) 120

Sex (Gender/sex)

Female (ref) | ] 0.79] -233, 391)

Male - 169[ 497, 8.35) — 081] -602. 765 816

Education (Education)

Below secondary (Induding A-levels) (ref) - 0.74( -6.02, 455

Abave secondary E= 1.18[ -218, 4.55) — 127] 510, 783 697

Food insecurity {Socioeconomic status)

No food insecurity (ref) k-] 0.03[ -346, 351)

Some food nsecurity i 3.47[ 155, 7.90) e 2931 303, 850] 336

Marital status (Social capital)

Single (ref) .. 664[ -0.74, 14.01)

Married, civil partnership, or cohabiting - 042( -359, 275) -7.93(-1567. -0.20] 045

Wicowed, separated, of divorced —_—— 103[ -946, 1152) 589(-1649. 4.71) 2

Social support* (Social capital)

Mean score <3 . 425[ -1.89, 10.38)

Mean scoce >3 - 018[ -302. 3.37) ~ 0.19[ -3.13. 275 .00

Age® (Plus)

50 and younger - 012 469, 445

51 and older E=] 141 211, 492 ) 004( 024, 017) T4
40 20 20 40 o 0 20 4

Figure 7-2 a) Stratified analyses showing difference in mean cognitive restraint at 12 months
(intervention group minus control) for each characteristic subgroup. b) Estimated interaction
i.e. difference in effect of intervention comparing each category of the inequality characteristic
with the reference category for that characteristic.
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a) b)

Difference in mean score Inleraction estimate

PROGRESS-Plus characteristic with 55% C1 with 95% Ci p-nferaction
Access to garden (Place of residence)
Yes (ref) - 467 742, 1.91]
No —_— -311(-1033, 4.11] S 045[ -7.55, 844) 913
Time to nearest park® (Place of residence)
1-5 mins —.— 6,19 -10.52. -1.85)
610 mins . 171 648, 304)
11-20 mins. —— -660(-1232. 0.88| —_— 183 055, 420) 133
2130 mins e 262 -8.15, 13.39)
>30 mins. ———————>  191[-1663. 20.46]
Ethnicity (Racelethnicity)
White (inclucing White minonitses) (ref) R 5 461 -724, 197
Ethnic minocity _— -690(-1990. 611 ——————— 61177, 944) 830
Occupation (Occupation)
Full time oe self-employed (ref) ~.,- 627 -986, -2.67)
Pant time e — 961[-1704, -218] —_— «1.58.10.15, 699) 18
Education 1.18( 8158, 8383] > 12.72 [ -11.24, 3668] 209
Reteod o -167| -828, 494 e 418 274, 1110 238
Unable to work due 10 sickness or y 167 -16.76. 13.61) ey T34 723, 2191) 324
Unemgioyed e -2731-1087. 541] —_— 463 519, 1444) 356
Covid-19 work situation (Occupation)
Travelling 10 & usual place of work (ref) — e -7.85(-13.94, -1.75)
Work from home . 499( 888, -1.10 e 280| 459, 10.19] 458
Furiough —_— 831(-1695. 032 ———— 0.14(-11.07, 10.79) 980
Retrod — A75( 798, 447) _— 570 -2.84, 14.25) 192
Unable 1o work due 10 Sickness of ey -085(-16.09, 14,38] ———> BS54 785 2472 302
Unemgiayed —g— 3641197, 469) —— 681( 391, 17.73) 212
Sox (Gendor/sex)
Female (ref) R B 424 720, -1.28)
Male N -654[-1187. -1.21] B 208 831, 4.16] 515
Education (Education)
Bolow secondary (including A-lovels) (ref) —a— -7.26(-12.07, -245)
Above secondary - 429 729, 1.29) —_ 313 252 878 2719
Food insecurity (Sociceconomic status)
No food insecurity (ref) - -4.08( 726, 0.90)
Some food insecurity —a— -544( 979, -1.10] —_— A1.55[ -7.00, 3389 s17
Marital status (Socilal capital)
Sngle (ref) Grliemms -1261(-20.72. 4.50)
Married, civi partnership, o cohabiting - .365( 668, 0.64) _ 738 023, 1452) 044
Widowad, separated, o¢ divorced —_—— -275] -9.55, 408 . 890 083, 1863) 074
Social support® (Social capital)
Mean score <3 — -828(-14.15 -240]
Mean score >3 E B 371 659, -0.83) — 0191 313, 275 900
Age* (Plus)
50 and younger - 534 964, -1.04)
51 and okdor —- -425( 743, -1.08) [ ] 008( 011, 027 403

2 0 0 10 20 -0 [ 10 20

Figure 7-3 a) Stratified analyses showing difference in uncontrolled eating at 12 months
(intervention group minus control) for each characteristic subgroup. b) Estimated interaction
i.e. difference in effect of intervention comparing each category of the inequality characteristic
with the reference category for that characteristic.
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a) b)

Di#ference in mean score Interaction estimate
PROGRESS-Phus characteristic with 95% CI with 95% C1 p-interaction
Access to garden (Place of residence)

Yes (ref) R 5 582| -10.83, -0.70)

No e -385( -1681, 9.2 - 175(-1291, 1642) 815
Time to nearest park® (Place of residence)

1-5 mins —-— -781] -1558, -0.09)

610 mins B 217 642, 1077

11:20 mins . 1180 2206, -158] - 226( 669, 218) 321
21-30 mins e -331( -28.00, 21.37)

>30 mins — 3556 -64.93, -6.20]

Ethnicity (Racelethnicity)

White (including White minorities) (ref) E 3 £20[ -11.04, -135]

Ethnic minority 299( 2571, 19.72) — 728(-1218, 26.74) 464
Occupation (Occupation)

Full time or seif-empioyed (ref) - 763 1410, 1.97)

Part time e 319( 1351, 7.14) —_— 372(-12.19, 19.63] 647
Educabon 2016 +129.25, 88.93] ey .2 53| 46,04, 41.88] 911
Retired —. -883( -2268, 509] —_— 382( 922 1686) 566
Unabie to work cue 1o or Y 3321 2873, 3538 —r 192(-2522, 2005) 890
Unempioyed —— 673 2529, 1184) —_— -198(-2025, 1628] 832
Covid-19 work situation (Occupation)

Traveling % a usual place of woek (ref) .- 559 1725, 607)

Work from home - 794] 1481, 097 _ 320[-1692, 1053) 648
Furiough e 721] 2084, 622) —_— 026(-2052, 2000 980
Retired —_— 584 -1885, 7.16] —_— 256(-13.33, 1845) 753
Unabia to work duo 1o or Y 681( 4068, 2704 ——M——— 450(-3455, 2555 769
Unemployed —_— 553 2467, 1362) _ 347(-23.34, 1699] 758
Sex (Gonder/sex)

Female (ref) - B41] 1189, 093]

Maie . -379[ -1364, 607] —_— 239( 928, 1405 689
Education (Education)

Below secondary (including Adevels) (ref) —— 984 1983, -005]

Above secondary - -515[ -1059. 029] R — 469 596, 1534) 380
Food insecurity (Socioeconomic status)

No food insecurity (ref) - -462( -1085, 1.32)

Some food insecurity B 78( 1608, 052] _— 354(-1375, 667) 497
Marital status (Social capital)

Single (ref) —e— 2412 -37.36, -10.88]

Married, civil parinership, or cohabiting E 2 622 1149, -0.96] _ 10.88] -2.16, 2393) 103
Widowed. separated. or divorced R 1287 -439, 30.12] »>2835( 1055, 46.14) 002
Social suppoet® (Social capital)

Mean score <3 - e -900( -1907, 1.06]

Mean score >3 - 543 -1093, 007 — 004] 502, 493 986
Age® (Plus)

50 and younger - 840[ 1572, -1.08)

51 and older - 425( 1063, 2.14) ) 026( 008, 061] 137

Figure 7-4 a) Stratified analyses showing difference in emotional eating at 12 months
(intervention group minus control) for each characteristic subgroup. b) Estimated interaction
i.e. difference in effect of intervention comparing each category of the inequality characteristic
with the reference category for that characteristic.
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| did not find conclusive evidence of a differential effect of the SWiM-C intervention by the
PROGRESS-Plus characteristics on physical activity (Figure 7-5). There was a suggestion that
the intervention had a greater effect on physical activity in those who experienced some food
insecurity (24.43 more MET-mins of physical activity at follow up, 95% Cl 4.45, 44.42) versus
those who experienced no food insecurity (3.06, 95% Cl -7.54, 13.66, p-interaction=0.051).

There was evidence of differential effect of the intervention on depression symptoms (Figure
7-6) and anxiety symptoms (Figure 7-7). The intervention had a greater impact on depression
symptoms for those who were single (-3.76 point reduction at follow up, 95% CI -7.35, -0.17)
versus those who were married, in a civil partnership, or co-habiting (0.26, 95% CI -0.86, 1.38,
p-interaction=0.025). There was also some suggestion that the intervention had a greater
effect on depression symptoms in those with below secondary education (-1.77, 95% CI -3.68,
0.14) versus above secondary education (0.20, 95% CI -0.97, 1.37, p-interaction=0.073) and
in those with less social support (1-point increase in social support associated with a lesser
intervention impact of 0.89 points [95% Cl -0.13, 1.91, p-interaction=0.088]). For anxiety
symptoms, | found evidence of a greater intervention effect in those in those who were
retired (1.77, 95% ClI 0.43, 3.12) versus travelling to a place of work as their Covid-19 work
situation (2.29, 95% Cl -0.12, 4.70, p-interaction=0.029), below secondary education (-1.66,
95% ClI -3.45, 0.12) versus above secondary education (0.89, 95% ClI -0.16, 1.95, p-
interaction=0.015), and being single (-2.59, 95% Cl -5.96, 0.79) versus being married, in a civil
partnership, or co-habiting (0.80, 95% CI -0.21, 1.81, p-interaction=0.047).
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Difference in mean IPAQ met-mins Interaction estmate

PROGRESS-Pius characteristic with 95% CI with 85% C1 printeraction

Access to garden (Place of residence)

Yes (ref) N B 1040 033, 21.13)

No e 182 -24.75, 2091) _ -10.61[ -41.05, 19.83] 495

Time to nearest park® (Place of residence)

1.5 mins - 366 <981, 17.14)

610 mins - 1009 -503, 2521)

11-20 mins ——— 2551 1151, 6254} — 194 -7.51, 11.38) 688

21-30 mins —_—— 1554 -14.25, 45.33)

>30 mins <1.20 [ -147.97, 145.57)

Ethnicity (Racelethnicity)

White (including White minonties) (ref) - 984 017, 20.04)

Ethnic minority 12,35 [ -126.88, 102,17} -— 1343( 6590, 39.03] 616

Occupation (Occupation)

Full time or seif-employed (ref) -~ 774 460, 2007)

Part time — e TS 238, 7270 — 2350[ 838, 5539) 150

Rotired —— 6.12[ -18.00, 30.24) _— 4.04(-3035 2227) 784

Unemplayed —_— TE8[ 2213, 37.48) ——————————> 17.27(-26.26. 60.80] 438

Covid-19 work situation (Occupation)

Travoliing to a usual place of work (ref) ——> 3267 533 6002

Work from home —— 655 651, 1961) _ 2295(-51.01, 5.11) 110

Furlough e —_ 1114 4532, 67.61) -~ 2643 6858, 1572) 220

Retired el 982 1287, 32852) _ -2299(-5569, 9.7 70

Unempioyed ——— -101[ <3302, 30.99) -—— <2325 6684, 20.34) 297

Sex (Gendorisex)

Female (ref) - 1132 060, 2204)

Malo —_— 144 2169, 24.58) Ea— e e -9.10( -32.09. 13.88] A39

Education (Education)

Below secondary (including A-levels) (ref) D 71— S 1384 1076, 3845

Above secondary N B 634 -387. 1655) —_— -7.66 [ -30.58, 15.29] 513

Food insecurity (Socioeconomic status) )

No food insecurity (ref) - 306 -7.54, 13.66)

Some food insecurity —— 2443 445 4442 [ 2050 0.02. 40.98] 051

Marital status (Social capital)

Single (ref) — 13501 -7197, 34.16)

Married. chvil partnersivp, or cohabiting — 685 -539, 19.09) _— -149(-3069, 27.71) 21

Widowed, separated, o divorced —_——— 3408 651, 6165 —— 2280 [ -16.75, 62.34] 260

Social support® (Social capital)

Mean score <3 ——— 1650 -504, 33.05)

Mean score >3 - 828 -261, 19.17) _— -6.75[-17.40, 3.90] 216

Age* (Plus)

50 and younger b o 1343 -0.80, 27.06)

51 and older e 1000 -3.74, 2374) [ ] -0.13[ -0.87, 060) T21
50 0 50 -50 0 50

Figure 7-5 a) Stratified analyses showing difference in mean physical activity in MET-mins at
12 months (intervention group minus control) for each characteristic subgroup. b) Estimated
interaction i.e. difference in effect of intervention comparing each category of the inequality
characteristic with the reference category for that characteristic.
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Difference in mean score Interaction estimate
PROGRESS-Plus characteristic with 95% CI with 85% CI printeraction
Access to garden (Place of residence)
Yos (rof) = 053] -156. 051)
No e 0131 -303. 329 R — 135] -169, 439 388
Time to nearest park® (Place of residence)
1-5 mins - 014[ 171, 143
6-10 mins - 084 092, 2861)
11-20 mins — -154( -390, 081) — 054 -146, 037 245
21-30 mins. —_— 115 442, 673
>30 mins e 284( 720, 199
Ethnicity (Racelethnicity)
White (including White minorities) (ref) a2 037( 139, 065
Ethnic minority -107( 495 280 _— -046[ -4.51, 3.58) 823
Occupation (Occupation)
Full time or self-employed (ref) - 004( -1.37, 129]
Part time e 204] -1.15, 524] e 1.31] -195, 457 432
Education B57[-34.84, 17.71] G .273[.11.85, 6.30] 558
Retired . -158( -352. 0.38) —_— A47[ 411,147) 276
Unable to work dua 1o sickness or disabulity 407| 954, 140 —_— -337( -893, 219) 236
Unemployed —_— 023 450, 4.04] —_— -142( -5.18,233) 457
Covid-19 work situation (Occupation)
Travelling 10 a usual place of work (ref) . — 110{ -1.50, 371]
Work from home - 053] 201, 0.84] _ A1.55( 435, 124) 278
Furiough . 394( 074, 7.15) e 285[ -124, 685 173
Retired - -150( -333. 033] _— 229 -552,094) 166
Unable to work dus to sickness or disability -243[-1537, 1051] -~ -382( 992,229 222
Unemployed —— -283( 6865 1.00] _— -398( -807, 012 058
Sex (Genderfsex)
Female (ref) - 074( 192, 045
Male - 045[ -1.17. 2.06) —— 135[ -1.04,374) 270
Education (Education)
Baelow secondary (including A-levels) (ref) —.— “177( 368, 0.14)
Abave secondary - 020] ©97. 137 _— 203 018, 4.24) 073

Food insecurity (Socioeconomic status)

No food insecurity (fef) ;| 0.14] 095 123

Some food nsecunty e 087( -292. 118 e 075 -285 135 483
Marital status (Soclal capital)

Singhe (ref) e 376] -7.35. -0.17]

Married, civil partnership, of cohabiting - 026( -0.86, 1.38) e 346[ 042, 590) 025
Widowed, separated, or divorced —e -1.145] 352, 122) e — 165[ -2.11, 540) 39

Social support® (Soclal capital)

Moan score <3 —_— AT 379, 144)

Mean score >3 - 022 -128, 085 mans 089[ -0.13, 191) 088

Age* (Plus)

50 and younger - 080 -250. 090]

51 and okder - 029 147, 089 ® 082( 075, 089 290
0 5 0 5 10 o 5 [ -

Figure 7-6 a) Stratified analyses showing difference in mean depression symptoms at 12
months (intervention group minus control) for each characteristic subgroup. b) Estimated
interaction i.e. difference in effect of intervention comparing each category of the inequality
characteristic with the reference category for that characteristic.
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a) b)

Diffecence in mean score Interaction estimate

PROGRESS-Plus chacacteristic with 95% CI with 95% C! printeraction
Access to garden (Place of residence)
Yes (rof) i 0.12{ 084, 1.07)
No — 0.76( -2.09, 3.60] _— 099(-181, 379) 488
Time to nearest park” (Place of residence)
15 mins - 049( 087, 188
610 ming . 147( 036, 3.30)
11:20 mins. e -1.09( -3.13, 0.85) - 0.70(-1.52, 0.13] 102
21.30 mins . e 1A47[ -7.08, 4.13)
>30 mins —_— 284 -7.38, 1.70)
Ethnicity (Racelethnicity)
White (including White minorities) (ref) =] 021] 072 1.14)
Ethnic minority — 141( 177, 4.59) _— 054426, 317) 774
Occupation (Occupation)
Full time or self-employed (ref) - 056] 0.72. 1.84)
Paxt time —- 0.72{ 3147, 1.74) _ 1.55[ 448, 1.38) 301
Education D — -361(-1540, 8.27] > 2.72[-5.48, 10.92] 516
Retired - -123( -262. 0.15) _— -1.81[4.18, 057] 37
Unadle 1o work due 10 Sickness of Gisabilty < £95(-14.46, 055) 023(-525 479 929
Unempioyed — 086( -227. 4.00) _— 020(-357. 317 906
Covid-19 work situation (Occupation)
Traveliing 10 a usual place of work (ref) — 229 -0.12. 4.70)
Work from home - 047 -151, 1.17) — -236(-490, 0.18) 070
Furlough ———.— 236 -1.12. 583 —_— 083437, 311) 742
Retired - 177( 043 312) —— 3200 035, 623 029
Unable to work due 1o sickness or dsabllty < 361(-1497, 7.75) ———— 1.68(-727, 391) 556
Unemployed —— 0A7( 3860, 265) e 2.71(-644, 1.01) 155
Sex (Gender/sox)
Femalo (ref) - 0041 -1.12. 1.04)
Male . 060{ -0.90, 2.11) —— 090[-1.29, 3.09) 421
Education (Education)
Below secondary (including A-levels) (ref) —.— -166( -345, 012)
Abave secondary : 3 089 -0.16, 1.95) _ 252 050, 454 015
Food insecurity (Socioeconomic status)
No food Insecurity (ref) - 043[ -0.52, 1.38) P — 0.00(-1.96, 1.96)
Some 100d insecurity . 0.19( -2.15, 1.78) — 063[-255 129) 52
Marital status (Social capital)
Single (ref) —— -259( -5.96. 0.79)
Matried, civil partnership, or cohabiting E 3 080( 021, 1.81) —_— 254( 0.04, 504) 047
Widowed, sepacated, or divorced . -1.22( -3.00, 0.55) —_— 0.72[-2.71, 4.5 681
Social support* (Social capital)
Mean score <3 iy 054 -2.96, 1.88)
Mean score >3 E 3 045( -0.52. 141) - 0.31[-062. 1.25) 511
Age® (Plus)
50 and younger -8 017 -1.46, 1.80)
51 and older E 3 0.03[ -1.04, 0.98) [ ] 0.01[-0.05, 0.08] 697
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Figure 7-7 a) Stratified analyses showing difference in mean anxiety symptoms at 12 months
(intervention group minus control) for each characteristic subgroup. b) Estimated interaction
i.e. difference in effect of intervention comparing each category of the inequality characteristic
with the reference category for that characteristic.
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7.5.3 Secondary outcomes: outcomes with an overall significant intervention

effect

There was evidence of a differential effect of the SWiM-C intervention on wellbeing (assessed
using ICECAP-A, Figure 7-8). At follow up, those who were unemployed as their Covid-19 work
situation had more improvement in wellbeing (0.15 point higher score at follow up, 95% Cl -
0.02, 0.32) than those who were travelling to their usual occupation (-0.02, 95% CI -0.10, 0.07,
p-interaction=0.02). The intervention had a greater impact on the wellbeing on those with
below secondary education (0.06 point higher score at follow up, 95% Cl -0.01, 0.13) than on
those with above secondary education (-0.01, 95% Cl -0.04, 0.03, p-interaction=0.034). There
was also a suggestion that the intervention may have had a greater impact on the wellbeing
of those who were single (0.10 point higher score at follow up, 95% Cl -0.02, 0.22) versus
those who were married, in a civil partnership, or co-habiting (0.00, 95% ClI -0.03, 0.03, p-

interaction=0.075).

There was suggestion that the intervention had a greater impact on experiential avoidance
(Figure 7-9) in those who were single (-8.73 point lower score at follow up, 95% Cl -16.27, -
1.20) versus those who were married, in a civil partnership, or co-habiting (-1.98, 95% CI -
4.84, 0.88, p-interaction=0.090). However, the confidence interval around the interaction

estimate included zero.
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a) b)

Differenca in mean score Interaction estmate

PROGRESS-Plus characteristic with 95% CI with 95% C1 printeraction
Access to garden (Place of residence)
Yes (ref) | | 0.01(-0.02. 0,05}
No . 0.01[-0.07. 0.08) _— 0.02(-0.11, 0.08] 749
Time to nearest park* (Place of residence)
1-5 mins - 0.01(-0.04, 0.05]
610 mins . 0.02 -0.05. 0.08]
11-20 mins e 0.03(-0.04, 0.10] — 001(-002, 0.04] 624
21-30 mins — 002(-0.13, 0.09)
>30 mins . 0.02(-0.16, 0.13]
Ethnicity (Racefethnicity)
White (including White mincrities) (ref) | | 0.01(-0.02, 0.04]
Ethnic minority .- 0.02(-0.07, 0.11] _ 003(-0.10, 0.15] 667
Occupation (Occupation)
Full tima or seif-employed (ref) o 0.03(-0.00. 0.07] i .
Pact time —.— 0.04(-0.05. 0.14] —_— 008{-002, 0.18) 34
Education — 062(-168, 043] -~ -002(-0.30, 0.26] 880
Retired - 0.01(-0.04, 0.07) — 002(-0.07, 0.10] 703
Unabile to work due 10 sickness or disability —_ 0.08(-0.08, 0.24) ——————— 0.11[-006, 0.28) 224
Unemployed — 0.09(-0.08, 0.25) e 0.08(-0.03, 0.20] 154
Covid-19 work situation (Occupation)
Traveling 1o a usual place of work (ref) . 20.02(+0.10. 0.07]
Work from home a2 0.01{-0.05. 0.03} — 0.01{-0.08, 0.09] 853
Furiough —.— 0.02(-0.07. 0.10] _— 003{-0.10, 0.16] 625
Retired - 0.02(-0.03. 0.08) _— 003(-007, 0.13) 553
Unabile to work due 10 sicknaess or disability —_— 0.09(-0.08, 0.25] —————— 008(-011, 027] 397
Unemployed —_— 0.15(-0.02. 0.32] e 0.15( 0.02, 0.28] 020
Sox (Gender/sex)
Fomale (ref) | ] 0.02(-0.02. 0.05)
Male - 0.00 [ -0.06, 0.06] —— 0.02(-0.10, 0.05] 554
Education (Education)
Below secondary (incuding Adevels) (ref) - 0.06(-0.01, 0.13]
Abave secondary | | 0.01(-0.04, 0.03) —— -0.07(-0.14, -0.01)] 034
Food insecurity (Sociceconomic status)
No food insecurity (ref) | ] 0.00{-0.03, 0.04]
Some food insecurity R 0.04 {-0.02. 0.10) - 004(-003, 0.10] 291
Marital status (Social capital)
Single (ref) —— 0.10(-0.02. 0.22)
Married, civil partnership, or cohabiting | | 0.00(-0.03, 0,03] _— -0.081-0.16, 0.01] 075
Widowed, separated. or dhvorced - 0.03(-0.03. 0.08] _ 004(-0.16, 007 459
Social support* (Social capital)
Mean scoce <3 —-— 0.02(-0.10. 0,06]
Mean score >3 £ 0.02(-0.01, 0.05] — 0.01[-0.02, 0.04] 51
Age® (Plus)
50 and younger - 0.03(-0.02. 0.08]
51 and older B 0.00(-0.03, 0.04] @ -0.00(-0.00, 0.00] 392

3 [) 5 2 0 2

Figure 7-8 a) Stratified analyses showing difference in mean wellbeing at 12 months
(intervention group minus control) for each characteristic subgroup. b) Estimated interaction
i.e. difference in effect of intervention comparing each category of the inequality characteristic
with the reference category for that characteristic.
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a) b)

Difference in mean score Interaction estimate

PROGRESS-Plus characteristic with 95% CI with 95% C| peinteraction
Access to garden (Place of residence) i
Yes (ref) B B -1.83[ 431, 064] — 000[ -392. 392
No B 566(-1392, 261 — 432(-1164, 301 249
Time to nearest park® (Place of residence)
1.5 mins —a— -1.90[ 576, 1.96]
6-10 rins. - .- -1.97( 631, 23§
1120 ming — 553(-10.77. -0.30] e -1.34[ -357, 088 237
2130 mins > B01] 661, 18864]
30 ming —— -16.49(-34.10, 1.12)
Ethnicity (Racelethnicity)
Véite (including White minorities) (ref) - 224 462, 0.14]
Ethnic minority 530[ 2007, 0A4T] e 246[-1224. 731 622
Occupation (Occupation)
Full time or setf-employed (ref) —a— -345( 680, -0.10]
Part timo —_— 0.12( 862, 638] S 214 -580, 10.08] 598
Education -— «2943(-4393, \1493)] —— > 824 13,92, 30.40] A87
Retired —a <1351 621, 351 S e— 228 416, 873 A88
Unable 10 work due 10 sickness or disabilty - 7541 521, 9487 ——> 909 451, 2269] A9
Unemgloyed — 1165(-2423, 093 ——— 485(-1402. 431 300
Covid-19 work situation (Occupation)
Travelling to usual place of work (ref) — 062( 628, 508
Work from home —a— <3421 714, 030) — <2071 892, 477 554
Furlough —— 007 833, 847 —y — 151 -855 1157 769
Retired —— -126( 586 333 —— 041 751, 833 919
Unable 10 work due 10 sickness or disabiliy - 803 575 1031) —————> §.79| -8.29. 2187) 378
Unemployed e -1096(-2261, 068 ——— 7561759, 247 A4
Sex (Gender/sex)
Femade (ref) - -283] 555 -0.10]
Male — 92 703, 339 ——— 1251 457. 7071 675
Education (Education)
Below secondary (including AJevels) (ref) —_— -502(-1008. 0.04]
Above secondary ~ 204 475 067] —_— 290( -248, B27] 292
Food insecurity (Socioeconomic status)
No food insecurity (ref) = 2171 510, 0.795)
Some food insacurity — 326( -759. 1.06] —_— 1051 -617. 406] 686
Marital status (Soclal capital)
Single (ref) _— 8.73(-16.27. -1.20
Married, civil partnership, or cohabiting —_ 198 484, 088 — 5271 -1.40, 11.93) a22
wid or —— 118 451, 688 e 793 <121, 1707] 000
Social support® (Social capital)
Mean score <3 — 4200 977, 137
Mean score >3 N B 228 495 040 — 033[ -217. 282 .798
Age® (Plus)
50 and younger . -3.03[ 720, 1.13)
51 and older - 2141 499, 071) ® 013 -004. 030] .40

20 10 0 10 -10 0 10 20

Figure 7-9 a) Stratified analyses showing difference in mean experiential avoidance at 12
months (intervention group minus control) for each characteristic subgroup. b) Estimated
interaction i.e. difference in effect of intervention comparing each category of the inequality
characteristic with the reference category for that characteristic.
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7.6 Discussion

In this exploratory study, | considered if there were differences in the effect of the SWiM-C
behavioural weight management intervention across the social gradient. | found some
indication the intervention had a greater effect on weight, cognitive restraint, uncontrolled
eating, depression symptoms, and anxiety symptoms in single people (versus those who were
married, in a civil partnership or co-habiting). There was some evidence of differential effects
of the intervention by other characteristics, such as by occupation for weight and education
for anxiety symptoms, but these were not consistent across outcomes and should be
interpreted cautiously given this is an exploratory study with a large number of analyses. | did
not find evidence of a differential intervention effect for most of the PROGRESS-Plus

characteristics for which data were collected.

7.6.1 Comparison with existing literature

Previous systematic reviews have highlighted that few studies of behavioural weight
management interventions have considered if there is a differential intervention effect by
someone’s marital status.’®”377 The two behavioural weight loss and one weight loss
maintenance trials that did consider if there was a differential intervention effect by marital
status did not find evidence of a difference.?*>?34378 There has been exploration in the
literature about how social support can impact someone’s weight and weight management.
This social support, especially in romantic relationships and also with wider family, can be
beneficial and lead to a greater intervention effect,37%380 but it is not always positive.
Someone’s efforts to manage their weight may be detrimentally affected if they are
discouraged from healthier eating, accessing support, and being more physically active by
their partner,®8382 or have to consider the diet of their family when making their own dietary
choices, and this could explain why | observed a consistent difference in health outcomes by
marital status in this study. It may be that those who are living as single do not have the same
barriers to engaging and enacting intervention content as some people who are living with
their partner. These findings are supportive of the literature that explores how to ensure

spousal support for weight management is positively harnessed.381,383
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It is also likely that, given this study was conducted during the Covid-19 pandemic, factors
associated with the restrictions on movement and socialising that were in place at the time
may have impacted on who the intervention was effective for. The restrictions that were in
place at the time included school closures, travel restrictions, and physical distancing
including not being allowed to enter other people’s homes.?®438> |t is likely that these
restrictions would have impacted differently depending on someone’s marital status. Those
who were married, in a civil partnership or cohabiting may be more likely to have children or
caring responsibilities. During lockdown restrictions, these caring responsibilities were
additional to the usual workloads people had —for example, many people had to home school
their children whilst also working full time. These responsibilities may have impacted on
actions people who were married, in a civil partnership or cohabiting could take for their own

health and could explain why the SWiM-C intervention was less effective in this group.

Across the remaining PROGRESS-Plus characteristics in this study, the analyses suggest that
the SWiM-C intervention has a similar effect across all groups. There were some exceptions;
| found evidence of a greater intervention effect on weight in those unable to work due to
sickness or disability as their usual occupation and on anxiety symptoms and wellbeing in
those with above secondary education. These interactions were not consistent across
outcomes, unlike the marital status findings, so should be interpreted with caution given the
number of analyses | conducted and the resulting increased chance of a Type | error (rejecting
the null hypothesis when it is true). Therefore, these results suggest that SWiM-C is unlikely
to generate inequalities in weight or other related outcomes through the intervention effect.
This is similar to my findings in a previous systematic review, where | found that most
individual trials of behavioural weight management interventions did not find evidence of

inequalities in intervention effectiveness.'®’

7.6.2 Strengths and limitations

A strength of this study is that | was able to consider if there was a differential effect of the
SWiM-C intervention across a large number of characteristics in which health inequalities are
known to occur. This was possible due to the integration of the PROGRESS-Plus framework

when designing the baseline demographics survey, which ensured | could explore if there
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were inequalities in the intervention effectiveness across a broad range of characteristics.
There are limitations to be noted in this study. Weight and physical activity were self-
reported, meaning they may be subject to bias. Commonly, self-reported weight is under-
estimated and self-reported physical activity has a low-to-moderate correlation with
objectively measured physical activity.38¢-3%0 Additionally, the SWiM-C trial was designed to
detect an overall difference between the intervention and control groups on weight, not to
detect if there was an interaction between characteristics in which inequalities occur and
intervention group. Hence, some of the subgroups did have very small sample sizes.
Furthermore, as highlighted in the CONSORT-Equity extension, reporting and publishing such
findings is beneficial to systematic reviewers in future who may be able to synthesise
published data from several studies when considering health equity in trials in future.?
Finally, the ability to detect differential effects may be limited by the distribution of that
characteristic in the study sample. For example, | analysed ethnicity as a binary variable
(White versus Ethnic Minority) due to the number of ethnic minority participants. This may

have led to differential effects in some ethnicities not being detected should they exist.

7.6.3 Conclusion

| found that across several outcomes related to weight management there was a greater
effect of the SWiM-C intervention in those who were single versus those who were married,
in a civil partnership or co—habiting. | found the effect of the SWiM-C intervention to be
comparable across the remaining PROGRESS-Plus characteristics, suggesting that this

intervention is unlikely to be exacerbating existing health inequalities.
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Chapter 8 Discussion

8.1 Introduction

The overall aim of my thesis was to examine the nature and extent of inequalities in the
uptake of, adherence to, and effectiveness of behavioural weight management interventions
in adults. This aim was addressed across five chapters (Chapters 2-7), incorporating a
systematic review, an individual participant data meta-analysis (IPD-MA), and two secondary
analyses — one using data from a UK trial with extensive five-year follow up data, and one
which analysed a trial which used an innovative web-delivery format of an acceptance and

commitment therapy-based intervention.

Prior to this thesis, consideration of the differential effects of behavioural weight
management interventions was limited to narrative systematic reviews or analyses in
individual trials across a small range of characteristics that were inconsistently captured. My
comprehensive systematic review in Chapter 2 highlighted these limitations in previous
research. It found that most trials did not report whether inequalities were present in
intervention uptake, adherence, attrition, or outcomes. A likely reason for this that is
individual trials were not sufficiently statistically powered to detect differential effects should

they exist.

This limitation was addressed in Chapters 3-5 in the IPD-MA, where data from 13 UK-based
trials of behavioural weight management interventions were harmonised to provide the first
guantitative synthesis of inequalities in the attendance at, and effectiveness of, behavioural
weight management interventions in adults. | did not find evidence of inequalities in
attendance or adherence, but | did find evidence that these interventions have a greater
effect on those of a White ethnicity (versus ethnic minority groups) and on men (versus

women).

Chapters 6 and 7 focused on areas where there was a significant research gap not covered by
existing literature. In Chapter 6, | conducted the first analysis of inequalities in weight loss
maintenance up to 5 years after a weight management intervention. | found that older age
was associated with less weight regain (or greater weight loss) at the five-year follow up

timepoint, but did not identify any inequalities by ethnicity, gender, education, IMD, or
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household income. In Chapter 7, | examined a more comprehensive range of characteristics
in which inequalities may occur than is considered in previous literature and | examined the
impact on outcomes other than weight. | found that an acceptance-based intervention to
prevent weight gain had a greater effect in those who were single versus those who were
married, in a civil-partnership or co-habiting, but did not find evidence of differential
effectiveness by place of residence, ethnicity, Covid-19 work situation, sex, education, food
insecurity, social support, or age. The analyses | completed in Chapters 6 and 7 are likely
underpowered due to the trials not being designed to capture differential intervention
effects, but they 1) provide valuable data that has not yet been reported elsewhere, 2)
demonstrate a template that can be adopted by other researchers when considering

inequalities in trials, and 3) are reported in a way that facilitates future evidence synthesis.

Here in Chapter 8, | discuss the key contributions to the literature made by this thesis (section
8.2), the strengths and limitations of the thesis approach (8.3), the implications for public
health policy and practice (8.4), and the implications for research (8.5). In section 8.6 | discuss
reflexivity in relation to this thesis and how my pre-PhD experiences informed the
development of this thesis, and in 8.7 | highlight the impact of the Covid-19 pandemic on my

research. This chapter finishes with the overall conclusion of the thesis (section 8.8).

8.2 Key contributions of thesis and comparison to previous

literature

In the discussion section of each individual chapter, | have compared the findings of that study
to the wider literature. Here, | discuss the broader contributions this thesis as a whole makes

to the literature.

These contributions fit into four themes. First, | have identified several characteristics
(ethnicity, gender/sex, and marital status) in which there is evidence of inequalities in the
effectiveness of behavioural weight management interventions. There was also evidence of
differential post-intervention effect maintenance by age. Second, there were characteristics
and intervention stages that | did not find evidence of inequalities by or in. Third, | have

provided a comprehensive overview of the reporting of inequality-related data and analyses
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in trials of behavioural weight management interventions conducted in economically
developed countries, with a greater focus on the UK. Fourth, this thesis advances the field by
exploring questions previously unaddressed or under-addressed, such as considering
inequalities by a comprehensive range of characteristics, inequalities in web-based
interventions, and inequalities in long-term weight maintenance in the years following a

weight management intervention.

In Table 8-1, | map where | found evidence of inequalities in behavioural weight management
interventions against where there are inequalities in the prevalence of overweight and
obesity by the PROGRESS-Plus characteristics. It is important to consider the four contribution
themes my thesis makes to the literature within the wider public health context of inequalities
in overweight and obesity prevalence. Between January 2007 and June 2020, 3% of adults
with a recording of overweight or obesity in their primary care records in England were
referred to a weight management programme.3¥’ This highlights that any inequalities
observed in the uptake of, adherence to, or effectiveness of behavioural weight management
interventions may be unlikely to be contributing to the overall inequalities in overweight and
obesity prevalence observed in the population, given the overall low access of these
interventions. Therefore, the importance of addressing such observed inequalities is more
focused on addressing and preventing healthcare inequalities and individual-level health
inequalities, rather than using behavioural weight management interventions to address

inequalities in population-level obesity prevalence.

In sections 8.2.1 to 8.2.4 | outline how each of the chapters in this thesis contributed to each
of these four themes and relate this to existing literature. Implications for future research

resulting from these contributions are discussed in section 8.5.
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Table 8-1 Summary of inequalities in overweight and obesity; prevalence and in the uptake
of, adherence to, and effectiveness of behavioural weight management interventions

PROGRESS-Plus Overweight and obesity Evidence of inequalities in
characteristic prevalence data effectiveness of behavioural
(% of population with obesity) weight management interventions
presented in thesis (Chapters 2-7)
Place of Regions with highest prevalence  No data available
residence (based on Sport England Survey
data)’®:

North East, North West, East
Midlands and West Midlands

Regions with lowest prevalence:
London and South

Ethnicity Asian (57.6) Greater weight loss in those from
Black (70.8) White (versus ethnic minority)
Chinese (33.1) ethnicities (Chapters 2 and 5)
Mixed (60.1)
Other (59.4)

White British (65.2)
White Other (59.1)

Occupation Unemployed (65.8) Absence of evidence of inequalities
Employed (65.3) by education observed in the studies

conducted for this thesis.
Gender/sex Female (58.4) Interventions were more effective
Male (69.1) in men than women (Chapters 2

and 5). In Chapter 5, | showed that
this difference was likely produced
by men in the minimal intervention
control groups gaining weight on
average, rather than men in the
intervention groups losing more

weight.
Religion No data available No data available
Education No formal qualifications (71.0) Absence of evidence of inequalities
Level 1 and below (lower GCSE, by education observed in the studies
68.1) conducted for this thesis.
Level 2 (GCSEs or equivalent, 68.3)
Level 3 (A-Levels, 67.3)
Level 4 (Higher education, 60.1)
Socioeconomic Indices of multiple deprivation: Interventions had a greater effect in
status Most deprived quintile (70.8) those from the 2" least deprived
Least deprived quintile (59.1) (versus most deprived) quintile
(Chapter 5).
Social capital Data for marital status not In an acceptance and commitment
available therapy-based weight gain
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prevention intervention, the
intervention had a greater effect on
a range of weight-related outcomes
on those who were single (versus
married, in a civil partnership, or
cohabiting, Chapter 7).

Plus (age) 18-24 (36.9) Older participants had higher trial
25-34 (56.2) uptake and adherence and lower
35-44 (64.3) trial  attrition than  younger
45-54 (69.6) participants (Chapter 2).
55-64 (72.8)
65-74 (70.8) Older age was associated with less
75-84 (71.4) weight regain or greater weight loss
than younger participants (Chapter
6).
Plus (disability) Lives with a disability/disabled No data available
(72.2)

No disability (61.7)

8.2.1 Evidence of inequalities in the effectiveness of behavioural weight

management interventions

Across Chapters 2, 5, and 7, | found evidence of inequalities in the effectiveness of behavioural
weight management interventions by several PROGRESS-Plus characteristics. These
characteristics were ethnicity and gender/sex in Chapters 2 and 5 and marital status (as an
indicator of social capital) in Chapter 7. | also found evidence of inequalities in weight change
between one- and five-years post-intervention by age in Chapter 6. | discuss the contributions

this thesis makes to the literature by each of these characteristics in this section.

8.2.1.1 Ethnicity

In Chapters 2 (narrative systematic review) and 5 (IPD-MA) | found evidence that behavioural
weight management interventions are more effective in those from White ethnic groups
versus those from minority ethnic groups at the 12-month follow up time point. | did not find
further evidence in either Chapter 6, which considered if there were inequalities in weight
loss maintenance up to five years follow up in the WRAP trial, or in the analyses of a weight
gain prevention interventions presented in Chapter 7. However, this may be due to the study
design used in these chapters (e.g., analyses in single trials that may not be sufficiently

powered to detect a difference in intervention effect by ethnicity).
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Relating to other literature, it is likely these inequalities are generated by social and cultural
factors rather than genetic and biological variation that occurs between people of different
ethnicities. Analysis of cohort studies have found that once the social determinants of health
are controlled for, observed inequalities in premature mortality between White and ethnic
minority people disappear.3®! This suggests that it is sociocultural and sociodemographic
factors associated with ethnicity that are causing health inequalities by ethnicity.3%!
Ultimately, a large driver of health inequalities by ethnicity is systemic racism and how this
affects ethnic minority people. Systemic racism affects someone’s socioeconomic conditions
— their income,*? education,** job prospects,*> where they live,*® access to health and other

4748 and social opportunities.®® The stress associated with these conditions have a

services,
direct impact on mental and physical health,®%® including increased activation of the
sympathetic nervous system leading to release of cortisol from internalised stress.®® This
stress may contribute to an environment where behaviours associated with stress and
obesity, such as increased consumption of foods high in fat, sugar and salt,3°>3%3 are more
likely to occur as a coping mechanism. This highlights that systemic racism may be a cause of
why inequalities in health are observed by ethnicity even when socioeconomic status is

controlled for; in Chapter 5 | found that controlling for area-level deprivation did not

significantly alter the observed inequalities by ethnicity.

Where the literature has explored why these inequalities may be produced in weight
management interventions, it is in terms of cultural tailoring of weight management services.
There have been two qualitative studies conducted in the UK that offer insight into why the
inequalities in intervention effect | found evidence of, exist. Coupe et al., found that
facilitators of weight loss groups did not think they had the knowledge or time to sufficiently
tailor intervention content to culturally diverse intervention groups.3*° In particular,
facilitators felt they were unable to sufficiently tailor intervention content to those who had
moved to the local area from outside the UK, such as refugees and asylum seekers, and how
they prepared their food. For example, much of the advice given in this intervention was
around moving from highly processed food to more home-cooked meals; for those from
outside the UK, it appeared they already prepared their own food but it was the food
preparation methods that made the food unhealthy and high in fat, sugar and salt.

Furthermore, in a study of British Pakistani Muslim women, Igbal et al., found that many
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facilities that are often utilised as part of weight management — such as gyms and exercise
classes — were not available in a way that made them truly available to the women
interviewed in the study.34° Similar barriers have also been identified in interventions focused
on modifying the diet of people with or at high risk of type 2 diabetes mellitus and South Asian
ethnicity.3%* Therefore, to prevent the inequalities in intervention effectiveness | have
identified, it may be that greater intervention tailoring needs to be completed prior to

delivering the intervention to some ethnic minority people.

In the overall introduction to the thesis (section 1.5), | highlighted several previous systematic
reviews of inequalities in the effectiveness of behavioural weight management interventions.
Two of these systematic reviews were of interventions specifically tailored for people from
ethnic minority backgrounds in the USA; one was of interventions targeted towards Latino
adults, and one tailored for African American women.1%816° These systematic reviews found
that tailored interventions were feasible and effective for these groups; though it is worth
noting that evidence from the USA may not be directly applicable to the UK (where most of
my thesis is focused). In Chapter 2, | identified one UK-based trial (PODOSA) where the
intervention was targeted towards South Asian individuals (and their families) in the UK.?°0 In
this trial, the authors did find the intervention effect to be effective — providing some UK-
based evidence that culturally tailoring weight management interventions could be one

avenue to reducing the inequalities in obesity these interventions are currently producing.

8.2.1.2 Gender/sex

In Chapters 2 and 5, | found evidence that the effect of behavioural weight management
interventions was greater in men than women. | demonstrated in Chapter 5 that a significant
contributor of this was that men actually gained weight in the control group; weight loss in

the intervention group was similar in men and women.

A mechanism driving the observed difference could be that, given the difference in
intervention effect | observed by gender/sex was due to men gaining weight in the control
group, men may be more likely to lack the tools pre-intervention to help them manage their
weight. For example, it may be that men are less likely to try weight management

interventions outside of a trial context by themselves.3®> Many men perceive weight

173



management services to be “feminised spaces” and to have limited options outside of these
spaces that would help them to manage their weight.3°®¢ However, | could not identify other
literature that explored this further, which is an implication for future research that is further
discussed in section 8.5.2. Given the lower rates of uptake of these interventions by men, it
could be that those men who attend are a self-selecting, non-representative group, who have
extra motivation for attending, resulting in increased intervention effectiveness. This could
be because generic weight management interventions are typically designed for, and used
by, women, so men may have had to already overcome certain barriers associated with

gender in order to attend in the first place.

As the difference in intervention effect by gender/sex observed in the IPD-MA was produced
by men gaining weight in the control group on average, it means that this differential effect
is not likely to be evidence of lesser effectiveness of behavioural weight management
interventions in women. Further evidence of this is women are over-represented in the trials
of behavioural weight management interventions, and in real-world contexts women are also
more likely than men to be referred to behavioural weight management interventions by their
primary care practitioner (and more likely to accept the referral).2®>337 Similarly, there is a
perception that these interventions are better suited to women and that weight loss
interventions outside of the healthcare setting, such as some of the commercially-delivered
interventions included in Chapters 2-6 of this thesis, have often been designed and targeted
for women rather than men.204206.217.219 Thjs js counter to a common problem in healthcare,
which is that women are a disadvantaged group in terms of access to and benefit from health
care interventions, as well as less consideration of women in the development and evaluation

of treatments (as highlighted in section 1.4.3 in Chapter 1).128135-139

Further, given that the observed difference in intervention effect was produced by men
gaining weight in the control group, and there being similar weight loss in the intervention
group in men and women, it suggests that the difference in intervention effect is not
produced by men having a higher starting weight. Male participants in weight loss trials may
have a higher starting weight,3*” meaning they have greater scope to lose more weight than
women. Had the differential effect been produced by men losing more weight in the
intervention arm, then differences in average starting weight may have been a plausible

contributor to a differential effect favouring men being observed.
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8.2.1.3 Evidence of inequalities by other characteristics
In addition to ethnicity and gender/sex, | also found some evidence of differential
effectiveness of behavioural weight management interventions by area-level deprivation

(socioeconomic status), marital status (social capital), and age.

In the IPD-MA of inequalities in effectiveness of behavioural weight management
interventions in Chapter 5, | found that those who lived in the fourth most deprived quintile
(assessed using area-level IMD) lost less weight than who lived in the least deprived quintile,
although there was not a statistically significant difference in weight loss between the most
and least deprived quintiles. This is comparable to an evaluation of the NHS Diabetes
Prevention Programme, where in an evaluation of national service-level data in England,
Valabhji et al., found that weight loss was less in those from socioeconomically deprived
areas.®® Although my finding of there being differential intervention effectiveness by area-
level deprivation is not consistent across the deprivation gradient, it may suggest that there
some barriers to losing weight that are associated with living in an area of high deprivation.
For example, there is a higher density of unhealthy fast food and takeaway outlets in areas of
higher area-level deprivation,39%3% and that exposure to fast food and takeaway outlets leads
to marginally higher consumption of these foods and greater odds of obesity.*%° Similarly,
gualitative research has found that those living in more deprived areas may face extra
difficulties — such as a lack of sufficient public transport — when accessing more affordable
supermarkets, which present additionally difficulties when attempting to purchase and

prepare healthier foods that will help weight loss.33°

For marital status, there was some suggestion in the systematic review in Chapter 2 that trial
uptake and intervention adherence was higher in those who were married (versus
unmarried), but there were few analyses conducted to consider if marital status predicted
trial or intervention uptake, adherence, or effectiveness. In Chapter 7, for most of the
outcomes | considered (weight, eating behaviour, and mental health outcomes), those who
were single gained greater benefit from the intervention than those who were married,
cohabiting, or in a civil partnership. | reflected on why this may be the case in section 7.6.1 of

Chapter 7; people who are living with their partner may face additional social barriers to
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changing behaviours associated with weight management (such as being dissuaded from

changing their diet) compared to those who are single.

Unlike marital status, age was one of the most explored predictors identified in my systematic
review. In two of my studies (Chapters 2 and 6), | found that older age was a likely predictor;
in Chapter 2, | found that older participants had higher trial uptake and adherence and lower
trial attrition than younger participants and in Chapter 6 | found that older age was associated
with less weight regain or greater weight loss than younger participants. Exploration of
potential mechanisms of why these differences in intervention effect may have occurred was
discussed in Chapter 6 (section 6.6.1) for age and Chapter 7 (section 7.6.1) for marital status.
Generally, these findings show an advantage of using the PROGRESS-Plus criteria to consider
in which inequalities occur in intervention effectiveness, as these characteristics may not be

typically considered by researchers.

8.2.2 Absence of inequalities for some intervention stages and PROGRESS-Plus

characteristics for effectiveness

There were several characteristics | did not find consistent evidence of inequalities in
behavioural weight management interventions across Chapters 2-7. In particular, this was
the case for education, occupation, and socioeconomic status (when measured using annual
household income). This was also partly the case for socioeconomic status where area-level
deprivation (IMD) was used to indicate someone’s socioeconomic position, though in Chapter
5 there was some evidence to suggest that those living in more deprived areas lost less weight

than those living in the least deprived areas.

Given the correlation between occupation, education, and income, and how in some studies
education and occupation are used directly as indicators of socioeconomic status, it is not
necessarily surprising to have observed similar results across these characteristics. This may
show, given | did not observe evidence of inequalities in the attendance at or effectiveness of
behavioural weight management interventions by socioeconomic status (annual household
income), education, and occupation, that these interventions are similarly effective across the
socioeconomic gradient. Therefore, when linked to data showing that those from deprived

areas are more likely to be offered behavioural weight management intervention in
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practice,® this suggests that these intervention may play a role in narrowing the inequalities
seen by deprivation in the prevalence of obesity — although the suggestion of inequality by
IMD in Chapter 5 (and as discussed in section 8.2.1.3) warrants further research to ensure
that this is the case. This highlights that, as suggested in Chapter 1 (section 1.2.2), it is
important to consider how socioeconomic status is assessed, as the different measures that
can be used (such as IMD and annual household income in the IPD-MA in Chapters 3-5 and

food insecurity in Chapter 7) capture different aspects of someone’s socioeconomic status.

Further, | did not find evidence of inequalities in the attendance at behavioural weight
management interventions in the IPD-MA in Chapter 4. This highlights that, within a trial
context, that attendance at in-person interventions was similar across the inequality gradient,
suggesting that the inequalities in intervention effectiveness may be produced by adherence
to the intervention (such as having the resource to afford and prepare healthier food, or the
time to complete specific intervention components), rather than being able to attend.
However, this is contrary to data provided by commissioned services; data from the Office for
Health Improvement and Disparities shows that despite greater referral to behavioural
weight management interventions in people from more deprived areas, it is those from the
least deprived areas who are most likely to complete a behavioural weight management
intervention.?® This may reflect differences in who participates in trials versus the wider
population who access weight management services more generally, or that factors
associated with participating in a trial may make people more likely to attend an intervention

versus when behavioural weight management interventions are offered more routinely.

8.2.3 Assessment of representativeness of trial participants and reporting of

inequality related data in trials of behavioural weight management interventions
Across all my studies in this thesis, | have been able to reflect on the reporting of demographic
characteristics in trials of behavioural weight management interventions. Generally, | found
that the trials included had a lack of sociodemographic diversity and representativeness
compared to the populations they were sampled from. This is an issue that appears
ubiquitous in the literature in high income countries regardless of the intervention that is

being assessed and is particularly an issue for ethnicity and socioeconomic position of the
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participants. For example, clinical trials (such as of cancer treatments and of
vaccinations)*°492 typically have an under-representation of people from minority ethnic
groups.*93-4% |t is, therefore, unsurprising that in the studies across Chapters 2- 7 in this
thesis, a higher proportion of participants are White than is observed in the general
population. This is further compounded by poor reporting of inequality characteristics such
as ethnicity and socioeconomic status when trials are reported, which | also identified in the
systematic review outlined in Chapter 2 of this thesis.*”=49%° This is the opposite of age and
gender/sex which is reported in almost all studies (e.g., in one review of studies published in
‘high-impact’ medical journals, 99% of studies reported age and 97% reported gender or
sex).*%8 Even if characteristics such as age are widely reported, the lack of diversity within that
characteristic may hide inequalities in intervention uptake or effectiveness that could occur.
For example, the narrow age range of participants included in trials of behavioural weight
management interventions prevents assessment of how effective these interventions may be

for those outside of this age range.

8.2.4 Contributing data to the field where there was a previous paucity of data

In this thesis, | used the PROGRESS-Plus criteria as a framework for considering inequalities in
behavioural weight management interventions. This ensured | considered a wide range of
characteristics in which health inequalities are known to occur for some conditions and
treatments, but the evidence base has not yet considered whether inequalities exist by these
characteristics in the attendance and effectiveness of behavioural weight management

interventions.

This approach has been beneficial across all the studies | have conducted for this thesis; in
Chapters 2-6 | was able to reflect on the range of characteristics that were and were not
captured in published research (Chapter 2) and collected in previously conducted trials
(Chapters 3-5 (IPD-MA) and Chapter 6 (analyses in WRAP trial)). Where this approach was
particularly beneficial in shaping my research was in Chapter 7, where | was able to influence
data collection of a broad range of PROGRESS-Plus characteristics by designing the baseline
demographics survey used in the SWiM-C trial. This allowed me to examine characteristics |

had not been able to examine in other studies, such as marital status. | identified that those
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who were living as single gained a greater benefit from the intervention consistently across
several outcomes (including weight, eating behaviour, and mental health outcomes). As
suggested in the Discussion section of Chapter 7, to the best of my knowledge this was the
first study to find such an association, which may be due to most trials not considering
whether marital status modifies intervention effectiveness. Therefore, | suggest my thesis
contributes a model for considering whether inequalities occur in public health intervention

across a broad range of characteristics, such as marital status as an indicator of social capital.

A further contribution of my thesis in this theme is that it presents some inequality analyses
that have yet to be presented in the literature, particularly in Chapters 6 and 7. In Chapter 6,
| present the first analyses of inequalities in weight regain between one- and five-year follow
up following behavioural weight management intervention; in Chapter 7, | present the first
analyses of inequalities in outcomes other than weight following a weight management (in
the case of SWiM-C, a weight gain prevention) intervention. Whilst the studies | presented in
Chapters 6 and 7 may not have been statistically powered for the analyses | completed, they
provide much needed insight into the equity of behavioural weight management
interventions in the post-intervention period (Chapter 6) and in their impact on outcomes
other than just weight (Chapter 7). These findings could in future be synthesised with other

studies.

Similarly, this thesis adds further evidence to be considered around the concept of
‘intervention agency’ | introduced in the overall thesis introduction. In 1.4.2, | highlighted that
one mechanism that intervention-generated inequalities could occur through is the amount
of ‘agency’, which the amount of personal resource required for an intervention to take
effect.18123124 A systematic review published as a preprint in 2023 found that intervention
agency is correlated with equity (i.e., the greater the agency required for an intervention to
take effect, the less equitable it is) but not overall effectiveness.*'° Whilst this review did not
highlight behavioural weight management interventions specifically, it was earlier suggested
by Adams et al., that behavioural weight management intervention are a high agency
intervention and are, therefore, likely to be inequitable across the socioeconomic gradient.'?3
In the evidence produced through the studies conducted for this thesis, | found some
evidence of lesser effectiveness in those from more socioeconomically deprived areas (in

Chapter 5), though this was not consistent across the socioeconomic gradient — i.e., | only
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found evidence of a difference in effectiveness between the second most deprived group by
IMD and the least deprived, this did not appear across a gradient. This may highlight that
further research is needed to identify which interventions are susceptible to being inequitable
due to agency, or whether that for behavioural weight management interventions, evidence
from routine data — rather than RCTs — is needed to fully consider if they are susceptible to

being inequitable due to agency.

Whilst this thesis focused on behavioural weight management interventions specifically, the
findings may provide useful information for other similar behaviour change interventions —
such as those for promoting healthier diets or increasing physical activity. Reviews in these
areas faced similar limitations | found of the systematic review | conducted in Chapter 2 of
this thesis; even though most studies collect PROGRESS-Plus relevant data, few studies report
analyses which would allow differential effects to be considered. McGill et al., focusing on
socioeconomic status, found that that most interventions to promote healthy eating did not
consider if differential effectiveness was present.’®! In some of the counselling-type
interventions included in the review — most similar in nature to the behavioural weight
management interventions explored in this thesis— there was some evidence susceptible to
widening inequalities, although this was not consistent. In a systematic review of primary
care-based physical activity interventions, that used the PROGRESS-Plus characteristics,
Attwood et al., found that most trials did not report if differential intervention effects were
present; where these analyses were presented, they were mostly neutral (i.e., did not find
evidence of differential effectiveness by the PROGRESS-Plus characteristics).3> These
systematic reviews also have the same limitation as the systematic review | presented in
Chapter 2, in that the included analyses of differential effects were underpowered to have
detected a true difference should one have existed. The only individual participant data meta-
analysis | could identify around inequalities in diet and physical activity interventions was one
that considered the effectiveness of and compliance to workplace health promotion
programmes in the Netherlands. In that paper, Coenen et al., found that the effectiveness
and compliance did not differ by educational attainment.*'! As no similar review for diet or
physical activity interventions exists in a UK context, the findings of my thesis may provide
useful data those with an interest in if a differential effect may exist in interventions targeting

diet and physical activity.
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8.3 Strengths and limitations

8.3.1 Internal validity

8.3.1.1 Study design and confounding

The chapters in this thesis use different study designs: including a systematic review with
Harvest plots to narratively synthesise published findings from RCTs; analysis of unpublished
data from RCTs in an IPD-MA; and new analyses of data from novel RCTs. A common feature
across these chapters is they all use data from RCTs, so it is particularly important to reflect
on the internal validity of RCTs and the strengths and limitations that come from using them

as a data source.

RCTs are considered a rigorous and robust method of evaluating the effectiveness of
interventions.*2413 This is primarily due to the randomisation process in RCTs, which balances
confounding variables between the intervention and control groups.*'* Importantly, this
means that the differences in outcomes between the intervention and control groups can be
attributed to the intervention itself and causality of effect established.424'> Together with
detailed inclusion and exclusion criteria for participants in RCTs, this suggests that RCTs are
generally considered to have high internal validity.#*> However, this is not a universal view in
the field. Cartwright suggests that the characterisation of RCTs as rigorous is not based on any
real definition of ‘rigour’.*!® Cartwright suggests that, instead, many forms of diverse evidence
should be considered as part of a making causal claims, and a causal-process-tracing theory

of change should be created with this evidence for establishing causality.

Moreover, causality cannot necessarily be established in analyses of differential effects of
interventions where subgroup analyses are conducted. These analyses took the form of
statistical test of differences in subgroups in Chapter 4 and interaction analyses in Chapters 5
(IPD-MA inequalities in weight loss outcome) and 7 (inequalities in the effectiveness of the
SWiM-C intervention). These included studies did not use stratified randomisation for all the
subgroups of the PROGRESS-Plus characteristics | included in this thesis. This means that
participants in each subgroup may not be balanced across each trial arm, meaning that
confounders may be unbalanced between the trial arms.#741% As a result, it cannot be

completely ruled out that confounding could explain the observed presence, or lack of,
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inequalities observed,*!® as these subgroup analyses are observational in nature.1®>420 |t is
suggested by Griffin that subgroup analyses of intervention effectiveness should be
hypothesis generating rather than forming the basis for policy change and practice.*?! In the
conclusions made in each individual chapter and in this Discussion chapter, | recommend that
future work should be undertaken to understand the mechanisms underpinning the
inequalities that have been observed, rather than suggest a change in behavioural weight

management provision in the UK, which is in line with this recommendation.

It is also important to consider the issue of internal validity in the context of systematic
reviews, which form the basis of Chapters 2-5. There are decisions taken at several stages of
a systematic review (defining search strategy, deciding inclusion/exclusion criteria,
title/abstract and full text screening) which could affect the internal validity. For example, |
adapted the search strategy used in a United States Preventive Services Taskforce [USPSTF]
review and discussed with a librarian from the University of Cambridge Clinical School to
ensure as many relevant studies as possible would be captured. Similarly, calibrating the
inclusion/exclusion criteria with my co-authors who co-conducted literature screening

reduced subjectivity in this process, ensuring internal validity was maximised.

8.3.1.2 Chance

Frequently, p-values of less than 0.05 are used to indicate statistical significance.#?>4?> This
binary threshold has been extensively discussed in the literature and may lead to Type Il
errors (failing to reject a null hypothesis that is actually false) where no difference is
concluded when the p-value is greater than 0.05.422423 |n this thesis, | reported all p-values
together with confidence intervals and refrained from stating whether there was an

association just based on whether the p-value was less than 0.05.

Given the number of analyses presented in this thesis, there may be an increased chance of
multiplicity (a Type | error occurring; rejecting a null hypothesis that is actually true). This is
particularly pertinent in Chapter 7, where | conducted more than 100 statistical tests. In
consultation with a statistician, | did not adjust for multiple comparisons (such as using a
Bonferroni correction). Performing such adjustments may inadvertently increase the risk of
Type Il errors.3”> The issue of multiplicity can be addressed by having a clear rationale for
analyses based in evidence or theory for each performed test,37>37¢ which | have presented
through the PROGRESS-Plus criteria and outcomes related to weight management that | have
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considered. Furthermore, the analyses presented in this thesis are broadly exploratory —
identifying the characteristics and intervention stages of behavioural weight management
interventions in which inequalities may occur — rather than confirmatory. It is suggested that
adjusting for multiplicity should only be performed in confirmatory trials,3’* which was not an
aim of this thesis. Rather, | used qualitative judgement — particularly in Chapter 7 — when
interpreting results to consider consistency in patterns across outcomes and inequality

characteristics.

8.3.1.3 Measurement error

8.3.1.3.1 Outcome measurement

A strength of this thesis is that the majority of weight data presented has come from validated
scales and measurements conducted by research staff who were blinded to which trial arm
participants were assigned to. This minimises the risk of social desirability and recall bias,
which often leads people underestimating their weight when they self-report.38742¢ However,
this was not uniform across all the trials included in this thesis. This was primarily due to
difficulties in collecting data from participants via study visits. In Chapter 6, | used data from
the WRAP trial — where participants who were not able to attend a study visit had weight data
retrieved from primary care records or self-reported by the participant themselves. To
mitigate this, | controlled for data source (study measured, primary care recorded, or self-
reported) of the weight data in the analyses and conducted sensitivity analyses excluding self-
reported data. There was no real difference in the results of the analyses conducted with and
without self-reported data. For the SWiM-C trial, analysed in Chapter 7, all weight data was
self-reported as clinic visits were not possible due to lockdown restrictions in place during the

Covid-19 pandemic.

8.3.1.3.2 Exposure measurement

The exposures considered in my thesis are the variables used to capture the PROGRESS-Plus
characteristics. There was heterogeneity in how these characteristics are captured across the
trials included in each of the chapters in this thesis, the extent of which differed across the
characteristics. The most uniformly measured characteristics were age, gender/sex, and
ethnicity. Age was captured as age in years in across all trials, although in the IPD-MA
(Chapters 3-5) it was not shared as a continuous variable for one trial. Gender/sex was

captured as female/male or women/men. There was inconsistency about whether gender or
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sex was recorded, though this has limited implications for this thesis as most studies assessing
gender did not capture it as a spectrum but rather as a female/male binary. There are similar
limitations around the capturing of ethnicity in the trials included in this thesis. In the UK-
based trials included in Chapters 2-7, ethnicity was predominantly collected using the UK
census categories applicable to when data collection was initiated in each trial. However, this
did not equate to (in Chapters 3-5) data being shared in this format; some data management
teams only shared ethnicity as White/minority ethnic group binary. Even where sufficient
granularity in ethnicity data was present (as in Chapters 6 and 7), the number of people of in
each ethnicity category made conducting meaningful analysis not possible. This means that
the ethnicity analyses presented in this thesis lack precision, as they do not highlight which
minority ethnicities these interventions may not work for, which has implications for future

research as discussed in 8.4.2.

Measures of the remaining PROGRESS-Plus characteristics were more variable in nature and
how these characteristics were captured affects the internal validity. For most characteristics,
despite the variation in how they were captured, internal validity was maintained because
the measures do accurately capture that characteristic as they were collected at an individual
level. For example, education was captured in some studies as number of years of education
completed, and in others as highest qualification achieved. Socioeconomic status, considered
in this thesis as area-level deprivation and annual household or individual income, had more
variability, of which some measures may have poor internal validity. In UK-based trials,
socioeconomic status was often captured using IMD (in England) or Scottish IMD. IMD is an
area-level indicator of deprivation that provides an indicator of an individual’s socioeconomic
position but may be subject to ecological fallacy (where the area level deprivation does not
reflect an individual’s deprivation). McCartney et al., found that area-based deprivation
indices (English IMD, Scottish IMD, and Welsh IMD) had low sensitivity and specificity for
detecting income- and employment-deprived individuals.*?” This impacts upon the internal
validity as this measure may not be truly capturing an individual’s socioeconomic position;
hence, the variable may not be measuring what it set out to capture. An alternative measure
of socioeconomic status is household or individual income, which was used in some of the
UK-based trials in Chapters 2-5 and non-UK trials in Chapter 2. This may have higher internal

validity than IMD, but still may not truly capture an individual’s socioeconomic status as it is
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not relative to the cost of living of the location they are based, and it is possible to be wealthy

but have little current income.

A final factor affecting the internal validity of the exposures considered in this thesis is that
the capturing of the PROGRESS-Plus characteristics is cross-sectional and primarily collected
at trial recruitment or baseline. For characteristics that are static, such as ethnicity, this will
not have an impact on internal validity. However, for characteristics that are more susceptible
to change — such as co-habitation status or socioeconomic status (where individuals may
move to areas of different deprivation or have a change of income) — using the baseline status

may impact the internal validity, especially in Chapter 6 which looked at longer term follow

up.

8.3.2 External validity

8.3.2.1 Selection and attrition bias and generalisability

Selection and attrition bias in studies impacts upon the generalisability of observed findings.
Selection bias is where there are differences in the characteristics between who takes part in
a study and in the population the recruited sample should represent.*?® Attrition bias is where
the characteristics of those who are not followed up in a study are different to the
characteristics of the sample as a whole.*?® Generalisability is the extent findings of a study

can be applied to contexts outside of the one it was conducted in. 43°

Behavioural weight management interventions, both in trials and in real-world settings, are
susceptible to selection bias, as there are some differences in the characteristics of those who
typically take part. This thesis has highlighted that trial participants were more likely be
female, to have received more years in formal education, be from areas of lower
socioeconomic deprivation, be of a White ethnicity, and be older than the population of those
living with overweight or obesity in the UK. This means that these trials were not entirely
representative of the population and that this could have an impact on the results observed.
For example, underrepresentation of minority groups may lead to differential effects of an
intervention not being detected should they truly exist. This selection bias may suggest that
behavioural weight management interventions could actually increase health inequalities,

even if there are no inequalities observed during a trial.

185



Furthermore, there are elements of selection bias in trials that are not easily captured and
that may make the participants who take part different to that group in the population more
broadly. In Chapter 5, | found that behavioural weight loss interventions had a greater
intervention effect in men than women despite the greater uptake of the intervention, both
in trials and in the population generally, by women.®>337 It may be that the gap between
those who participate in a weight management intervention and those with overweight or
obesity in the general population is greater for men than women, and in ways that were not

captured in the studies reported in this thesis.

Where | found evidence of inequalities in intervention effectiveness in Chapter 5, such as by
ethnicity and gender/sex, there was low heterogeneity in the corresponding meta-analyses.
This suggests that the observed differential impacts of behavioural weight management
interventions are consistent despite differences in the design of the interventions included
and that the observed inequalities by ethnicity and gender/sex may be true for most types of

behavioural weight management intervention.

8.3.3 Use of PROGRESS-Plus characteristics as a framework for conceptualising

and defining health inequalities

In Table 1-1 in Chapter 1 of this thesis, adapted from a table included in paper by Attwood et
al.,3? 1 outlined definitions and examples of the PROGRESS-Plus characteristics. As highlighted
in 8.3.1, the variables used to capture the PROGRESS-Plus inequality characteristics could
impact the internal validity of the studies included in this thesis (such as using area-level
deprivation to indicate an individual’s socioeconomic status). Here, | reflect on the strengths
and limitations of using the PROGRESS-Plus characteristics as a framework for conceptualising

and defining health inequalities.

| found that the PROGRESS-Plus characteristics provided a useful framework to ensure |
considered whether inequalities were present in behavioural weight management
interventions across a range of characteristics in which there is evidence of health inequalities
occurring. Whilst the characteristics should not be used as a “shopping list” for deciding which
subgroup analyses to perform,®° they are particularly useful for exploratory analyses where

there is a lack of evidence of inequalities by some characteristics. For example, the social
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capital characteristic encouraged me to include a variable on marital status when designing
the baseline demographics questionnaire for the SWiM-C trial | analysed data from in Chapter
7. To prevent over-interpretation of a spurious association, | looked for trends of inequality
across the PROGRESS-Plus characteristics rather than focusing on single significant
associations. In doing this, | identified if an association was present by a characteristic across
two or more outcomes together with the direction of the association. If the direction of
associations matched, then | considered this as a trend. As a result, this provides stronger
evidence for future research to consider the role of marital status in behavioural weight
management interventions to consider what mechanisms may have caused this differential
intervention effect. A further strength of adopting the PROGRESS-Plus framework is that it
provided some distinction between the many characteristics that typically make up
‘socioeconomic status’. Someone’s education and occupation are also used in some literature
as an indicator of someone’s socioeconomic status alongside individual or household income
and area-level deprivation. Considering them separately from each other reflects that each
characteristic (occupation, education, and socioeconomic status) is likely to impact
someone’s health, and ability to attend or adhere to interventions, in different ways. For
example, having less educational attainment may present challenges in adherence to
intervention content, whilst someone having a full-time occupation may limit the time they

can spend to make dietary changes in response to an intervention.

A limitation of using the PROGRESS-Plus characteristics however is that the framework itself
does not provide guidance in what measures are most appropriate for each characteristic. It
is likely that this is deliberate so that the framework is appropriate across different high-,
middle-, and low-income countries. This means that even within a single country — as shown
in Chapters 3-5 in the IPD-MA | conducted — there is variation in how each of the
characteristics are captured in trials, which limits the scope of synthesising data from multiple

trials to address equity-focused questions.
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8.3.4 Synthesising data from multiple sources to explore inequalities in

interventions

A key strength of this thesis is the novel evidence synthesis approaches | adopted in using
Harvest plots (in Chapter 2) and conducting an IPD-MA (Chapters 3-5). Data on the differential
impact of interventions, together with evidence of existing health inequalities in disease
prevalence is particularly important for policymakers and those who commission
interventions to have available, but these data — particularly from systematic reviews — are
often lacking.*3=%3> Individual RCTs are not powered to detect differential effects of an
intervention, meaning that when inequality-focused analyses are conducted they are
underpowered to detect an association should on exist. Further, where these analyses are
reported, there is heterogeneity in the variables used to capture inequality characteristics. In
the narrative systematic review presented in Chapter 2, | was able to overcome the limitation
of heterogeneity by using Harvest plots to visually synthesise the published results of the
equity effects of interventions — however, this approach was unable to overcome the
limitation of statistical power. Instead, this limitation was overcome in the IPD-MA presented
in Chapters 3-5, where | harmonised data across the PROGRESS-Plus characteristics to
conduct analyses that were more likely to detect inequalities, should they be present, than is

possible in individual trials.

| presented analyses of inequalities in intervention effectiveness (Chapter 7) and intervention
effect maintenance (Chapter 6) from two individual trials. These trials are not statistically
powered to moderation of the intervention effect by different characteristics, which means
they may not detect inequalities that are truly present. However, | have presented them
completely and in a way that facilitates more traditional meta-analysis approaches, should
others publish similar studies in future. Reporting studies in this way may enable
considerations of inequalities in a timelier and less resource intensive manner than was

possible in the IPD-MA presented in this thesis.

8.3.5 Evidence of absence versus absence of evidence of inequalities

A limitation of my thesis is that, where | did not find evidence of inequalities, it is difficult to

establish whether the null results suggest evidence of absence of inequalities in intervention
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effect for that characteristic, or a methodological limitation of the studies | conducted or of
the data | used (an absence of evidence). The latter is particularly likely for my thesis chapters
that relied on analyses from single trials — the systematic review in Chapter 2, analyses of the
WRAP trial in Chapter 6, and analyses from the SWiM-C trial in Chapter 7. Given the data
largely existed prior to me developing the hypotheses and research questions assessed
throughout this thesis, it is difficult to judge the statistical power of the analyses. | did not
conduct post-hoc power calculations as they have several fundamental limitations. Primarily,
post-hoc power calculations are flawed because they test for the observed power of a study
in a way that is, according to Hoenig and Heisey, a 1:1 function of the p-value.*3® This means
that post-hoc power calculations often suggest that an analysis is sufficiently powered if it
finds evidence to reject the null hypothesis and an analysis is insufficiently powered if
evidence is not found to reject the null hypothesis.*3”43® Essentially, post-hoc power
calculations present the observed p-value in a different way,**® meaning they offer no
additional information to that provided by the p-value and confidence interval.440441 A
strength of this thesis is that | provided the 95% confidence intervals for all observed
associations, rather than relying solely on p-values. This allows qualitative judgement of the
power to detect an association; a wider confidence interval may indicate less statistical

power.

There are other factors, in addition to statistical power, that inform considerations about
whether the null results observed are convincing evidence of absence of inequalities. One
example is differential attrition, where inequalities in intervention effect are hidden due to
those who are more disadvantaged not being followed up. Whilst this is common in
trials, 187442443 in the IPD-MA presented in Chapters 3-5 there was evidence of differential
attrition by ethnicity and age but not gender/sex or socioeconomic status (considered using
area-level deprivation). This makes it unlikely that the observed lack of inequalities by
characteristics such as occupation, education, and socioeconomic status are due to
differential attrition. Another example is inequalities in trial uptake, related to selection bias
discussed in 8.3.1. | was only able to explore inequalities in trial and intervention uptake in
the systematic review (Chapter 2) and not in subsequent chapters. This is a limitation of the
thesis, and of using data from RCTs, as this information — on who is approached to take part

in a trial but declines in particular — is often not reported or collected and is difficult to
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capture. However, these data are vital for converting trial efficacy into real-world
effectiveness, in an equitable way. These analyses have been conducted by other researchers,
such as Booth et al.,, and Coulman et al.,’®®33’ so some information is available for
policymakers, and the work on the other stages of an intervention presented in this thesis can
be considered complementary. Both these studies found that referral to weight management
interventions in primary care was higher in women (as is the case of the participants in the
trials included in this thesis), but also in those from areas of high socioeconomic deprivation.
Data from RCTs, in terms of accepting an offer to participate in the trial, is more mixed. In
three UK-based trials included in Chapters 2-5 of this thesis, two (the BWelL and DROPLET
trials) found that trial uptake of the intervention was higher in those from deprived areas
(supporting the findings of Booth et al., and Coulman et al.,),?2%33> and one (the WRAP trial)

found that uptake was higher in those from less deprived areas.3®

8.4 Implications for public health policy and practice

Across the results and data limitations outlined in this thesis, there are several implications
that should be considered for public health policy, practice, and research. Most of the
recommendations in this section are focused on the policy and healthcare system of the UK

as this was the primary focus of this thesis.

8.4.1 Policy and practice

Data on many aspects of an intervention provide useful insight to commissioners around what
services to implement, maintain, or change in the population they serve. Specifically for
weight management interventions, these aspects include who: has obesity, is referred for
weight management services, accesses interventions, adheres, and who achieves desired
outcomes in the short- and long-term. It is also important to understand where there may be
inequalities in these aspects, and what interventions could mitigate against these. At an
overall level, these data are available via surveillance tools (such as the Office for Health
Improvement and Disparities’ tier 2 weight management services national dataset), analyses
of primary care data (particularly for referrals), and data from RCTs and meta-analyses on the

effectiveness of interventions.
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Where data have previously been lacking, however, concerns whether there are inequalities
in different aspects or stages of an intervention. This is particularly important for
commissioners as, in England, there is statutory duty for the public sector and healthcare
commissioners to reduce inequalities in outcomes that occur from disadvantage from
protected characteristics such as ethnicity and gender/sex.?®3° Outcomes include ‘hard’
health outcomes, such as disease prevalence, as well as access to services. Much of the data
required to tackle health inequalities has not been available to commissioners and
policymakers. Particularly, data on the differential effectiveness of public health interventions

has historically not been available to policymakers.*31434

This thesis provides vital insight for commissioners on inequalities in three key intervention
stages of a behavioural weight management intervention: adherence to behavioural weight
management interventions, effectiveness at 12-month follow-up, and weight regain up to
five-years post-intervention baseline. It provides high-quality data that has not previously
been available, highlighting certain characteristics that the interventions are not as effective

in.

For example, given the known inequalities in obesity prevalence and its complications by
ethnicity, and my finding that behavioural weight management interventions are more
effective in people of White ethnicity than in ethnic minority people, commissioners may look
to implement more culturally tailored interventions to mitigate the inequalities ethnic
minority people face. For gender/sex, | found that the interventions had a greater effect in
men — primarily due to men doing less well with minimal intervention in the control group.
However, data from this thesis, as well as surveillance and primary care data, suggests a
significantly higher utilisation of generic behavioural weight management interventions by
women. Consequently, commissioners may additionally focus their efforts on increasing
uptake of these generic-style interventions in men to complement existing effective gender-

tailored interventions.

A further benefit of this thesis for public health policy and practice is that the analyses |
present on differential intervention effectiveness provide crucial data for others to model if
the long-term differential impact of these interventions in different subgroups of the

PROGRESS-Plus characteristics. These data can be integrated in modelling of QALYs (quality

191



adjusted life years) and cost-effectiveness, ensuring that estimates produced from these

models are more reflective of the populations they are being applied to.

As highlighted in 1.3.1, public health interventions are targeted towards “high-risk” groups or
a population as a whole. Behavioural weight management interventions are targeted towards
high-risk groups, as they are designed to be delivered to people who already have overweight
or obesity. Interventions targeted towards populations for overweight and obesity, such as
the soft drink industry levy or restrictions on marketing and price promotions for unhealthy
foods, tend to be more focused on primary prevention (i.e., to stop someone from getting
obesity). Obesity was first recognised as a public health challenge by the UK Government in
1991;*** between 1992 and 2020, there have been 689 policies to address obesity in 14 UK
Government strategies.** As discussed by Theis and White, many of these policies were never
implemented, and the ones that were implemented were rarely evaluated.**> Whilst the
effectiveness of behavioural weight management interventions in practice is difficult to
establish, RCT-based evidence fills this gap somewhat and shows that these interventions are

effective for weight loss and are cost-effective for healthcare providers.14>446

There are two areas where this thesis is unable to provide original contribution for policy.
First, it does not provide original insight into who accesses or is offered behavioural weight
management intervention, and if there are inequalities at this point in the intervention
process. However, data from RCTs — central to this thesis —are not the best way to inform this
policy issue. Instead, data from primary care (as conducted by Booth et al., and Coulman et
al.,)**®33" considers who has typically been offered behavioural weight management
intervention, whilst surveillance data from the Office for Health Improvement and Disparities
(provided by local governments in England) offers insight into who is accessing behavioural
weight management interventions.®® Second, this thesis does not provide original insight to
policymakers and commissioners for preventing inequalities in the prevalence of obesity from
occurring. The intervention of interest in this thesis, behavioural weight management
interventions, are targeted towards ‘high-risk’ groups (i.e., those already living with
overweight or obesity). It is possible for these interventions to mitigate against some of these
inequalities — for example, | did not find evidence of a gradient in effectiveness by
socioeconomic status, so if more people from deprived areas were to access behavioural

weight management interventions, then this inequality could be somewhat mitigated against.
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To make more significant progress on preventing the inequalities in prevalence from
occurring in the first place, then more action would need to be taken “upstream”, focusing

on population-level interventions which have a greater potential to achieve this.
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8.5 Future research recommendations

There are several recommendations for future research arising from the findings of this thesis.

8.5.1 Further explore inequalities in intervention effectiveness by ethnicity

| found that behavioural weight management interventions are more effective in White
participants than in ethnic minority participants. However, as noted in 8.3.1.3.2, | explored
ethnicity as a binary variable given how it is frequently reported in the published (in Chapter
2), how the data are shared (Chapters 3-5), and due to lack of diversity in the ethnicity of
participants (in Chapters 6 and 7). Whilst | could have explored ethnicity in greater granularity
in the studies | had individual participant data for, this would have led to several very small
groups and therefore low power. It is important to state that minority ethnic groups are not

homogeneous.

Given the known differences in the prevalence of obesity in different ethnic groups and in the
comorbidities associated with obesity (e.g., type Il diabetes mellitus occurs at a lower BMI
level in people of South Asian ethnicities), | recommend that future work builds on my findings
to confirm which minority ethic groups will experience less benefit from non-tailored
behavioural weight management interventions. Part of this will require ensuring greater
diversity and representativeness of trials, which | discuss further in section 8.5.3. Future work
should also seek to evidence the mechanisms that produce the inequalities in intervention
effectiveness | have identified in this thesis and identify which intervention features could be

producing these inequalities.

There has been some work on this in the field previously in the UK-context. In a qualitative
study, Coupe et al., found that group facilitators of generic behavioural weight management
interventions did not feel they could offer culturally appropriate advice on diet and food
preparation to those who had moved to the North West of England from another country.33°
Furthermore, Igbal et al., interviewed British Pakistani Muslim women living in Bradford in
the Yorkshire region of England and found that some of the services people living with obesity
utilise to help manage their weight — such as exercise classes and gyms — were not available
340

in a way that made them appropriate to access given the requirements of their religion.

For example, even where female-only exercise classes were available, they were organised in
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venues where men could see the participants taking part in the classes. This research,
together with the quantitative findings presented in this thesis, suggests that future work
should explore how to create more culturally appropriate spaces, as the current lack of such

provision is having an impact on health outcomes.

Similarly, future research should further explore whether there is a gradient in the
effectiveness of behavioural weight management interventions by deprivation, given that |
found inconsistent evidence of inequalities in effectiveness by area-level deprivation but no

evidence of inequalities by occupation or education.

8.5.2 Increasing uptake of non-gender tailored interventions in men

Much of the current research about gender in behavioural weight management interventions
has focused on tailoring interventions for men, typically using male-only groups to deliver the
intervention. Many of these have used sport as a platform to tailor the intervention content
towards (e.g., using ‘coaches’ to deliver intervention content — this has been successfully
conducted across several sports and countries, including football (UK, Germany,
Netherlands, Norway, Portugal, and Sweden),21>341447-449 jce hockey (Sweden, Canada and
USA),349450 Australian rules football (Australia),*! and rugby (New Zealand).**?> These have
achieved good results and are very useful in providing an option for men who may not feel
comfortable in the generic interventions (such as those delivered by commercial weight
management organisations) that have typically greater attendance by women. However, the
evidence presented in my thesis has shown that these generic-style interventions are
effective for the men who attend. Therefore, | suggest that future research should also
explore how to increase uptake of these interventions by men, particularly in areas where the

gender-tailored interventions are not available.

8.5.3 Take actions to reduce differential trial participation and attrition

Future studies should consider how participants who may be considered disadvantaged, in
relation to health inequalities, can be recruited into and retained in RCTs. Achieving this would

make data more representative of the population and improve opportunities to consider the
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differential effects of an intervention. Providing financial incentives for participation in trials
may provide one avenue for improving the representativeness and reducing attrition in trial
participants.434°% As shown in a systematic review by Halpern et al., the evidence base for
the effectiveness of incentives on enrolment in trials is mixed (e.g., in some trials it increased
enrolment but in others it did not have an impact).*>> Therefore, more work is required — such
as using realist evidence review methods — to understand the contextual factors of who

incentives work for, and when this is the case.

Otherwise, it may be through the explicit consultation of under-represented groups when
establishing research projects that could establish steps to reduce the inequalities in who
participates and is retained in trials. There are further examples of this work that is underway
to address the under-representation of certain groups in research in addition to
incentivisation; it is important that researchers and practitioners sufficiently engage with it to
ensure the theory and findings of the work translate into practice. In the UK, the INCLUDE
frameworks for ethnicity and socioeconomic position aid trialists to design trials that are more

representative and have improved inclusion of under-served groups.3434°6-458

8.5.4 Possible role of incentives in behavioural weight management
interventions

Use of financial incentives have been shown have some effect in promoting behaviour change
to improve health; Mantzari et al., found that financial incentives increased behaviour change
generally until 18 months from baseline and this effect was greater in those with high
deprivation, but only at the 6-12 month from baseline time point.*>? It is less clear if incentives
may reduce inequalities by ethnicity, however. This is particularly pertinent issue, where, as
highlighted in the UK in this thesis and in the US by the USPSTF in relation to the US healthcare
system,*>3 there are particular issues of inequitable healthcare. Therefore, future research
should explore the use of incentives specifically in the context of narrowing health inequalities

by ethnicity.
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8.5.5 Data sharing in research

This thesis contribution also has implications for data sharing. In the systematic review
presented in Chapter 2 of this thesis, | found that most trials do not consider inequalities in
trial or intervention uptake, intervention adherence, or trial outcomes. This limitation was
overcome somewhat in Chapters 3-5; it was, however, a time-consuming process to acquire
the individual-level data. | coordinated with data and contract specialists to get 14 datasets
from nine universities; some of the datasets taking 18-24 months to acquire. This limited the
scope of my IPD-MA — as outlined in the protocol, | originally intended to perform the same
analyses presented in Chapters 4 and 5 on trials of behavioural weight loss maintenance
interventions in addition to those presented in this thesis,*° but this ultimately was not
possible due to barriers and resistance towards data sharing. Platforms for publishing data
and conducting open science exist but are under-utilised, especially for data from weight

management trials — none of the datasets included in this thesis were openly available.

Ideally, these datasets would be published open access, giving equity-focused researchers the
opportunity to conduct uniform analyses which can then be synthesised. However, there are
few incentives that reward the resource required to publish data and overcome the barriers
that exist. These barriers include knowledge barriers (about the process of publishing data),
concerns around data will be reused inappropriately, not having the necessary participant
and institutional consent to publish data, and a lack of time and financial incentive for making
data open access.*®? An alternative to making data available open access is to conduct better
and more consistent reporting of equity-specific analyses in individual trials, even where
those individual trials are not sufficiently powered for such analyses, would allow for

traditional meta-analyses of aggregate data to take place.

8.5.6 Consider if there are inequalities in other weight management

interventions

Over the course of completing this PhD, the landscape of weight management interventions
has shifted. There has been extensive media coverage of new pharmacological interventions
for obesity, in particular liraglutide and semaglutide,*627#6¢ that have become available for

those living with obesity. These drugs typically lead to significantly greater weight loss than is
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attained through behavioural intervention alone; in a trial of once-weekly injected
semaglutide, the researchers found the majority of participants achieved a weight reduction
10%, and half achieved weight loss of 15% or greater.%®” This has led to a change in best-
practice guidelines in England, where the National Institute for Health and Care Excellence
recommend (since February 2022) semaglutide be offered to adults with at least one weight-
related condition and a body mass index (BMI) of at least 35 kg/m?, and exceptionally, to
people with a BMI of 30.0 kg/m2 to 34.9 kg/m?.#¢8 From an equity perspective, there are gaps
in the evidence base in support of these medications. For example, data on the differential
effectiveness by PROGRESS-Plus characteristics have not been published, and whilst the
primary trial of semaglutide has relatively good diversity by ethnicity than is typical of trials
of weight management interventions,*®’ it may still not be fully representative of the

population in terms of socioeconomic status.

Furthermore, in healthcare systems such as the NHS in the UK, medications are sometimes
susceptible to the “postcode lottery” and are not always universally available even if a person
meets the eligibility criteria to receive such treatment. There are also inequalities in who is
able to advocate for their own healthcare, with those from a socioeconomically deprived or
minority ethnic group often less able or likely to do s0.46°"#’1 This is an example of the ‘inverse
care law’, where those most in need of healthcare are least likely to utilise it.4”? In addition,
these drugs are available privately — whilst there are supply issues for the NHS in England,
these drugs remain available for those who are able to afford to pay for private healthcare.*’3
Hence, future research could consider if differential effectiveness is present in these
pharmacological interventions, which may be likely given they require concurrent lifestyle

intervention for them to be effective, in addition to the aforementioned reasons.

8.5.7 Explore the effects of multiple disadvantage in terms of overweight and

obesity

In this thesis, | have considered the effects of a disadvantage in terms of the PROGRESS-Plus
inequality characteristics individually (e.g. if there is differential intervention uptake,
adherence, or effectiveness by ethnicity or by occupation). | did not consider the effects of

intersectionality — where two or more characteristics in which inequalities may occur interact
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and produce inequality that is distinct and specific from the inequalities arising from
individual characteristics.*’4 This was partly due to a limitation of the PROGRESS-Plus
framework, which underpinned my consideration of inequalities, which is it encourages
focusing on single characteristics in which inequalities occur rather than where these
characteristics may interact with each other. | also did not have a strong pre-hoc rationale in
deciding which of the PROGRESS-Plus characteristics to explore intersectionality in. Further,
given my analyses in Chapters 6 and 7 were unlikely sufficiently powered a differential effect
by a single characteristic, it is highly unlikely that three-way interactions would have provided
meaningful insight. Therefore, other research methods — such as qualitative interview studies
— may provide more useful insight into if factors around intersectionality affect weight

management.

In addition to the effects of disadvantage that occur in each of the PROGRESS-Plus
characteristics, there is additional disadvantage people living with obesity face as a result of
their weight status. As highlighted in the Discussion section of Chapter 2, higher weight status
is associated with increased weight stigma, which is linked to worsened mental and physical
health, and healthcare avoidance.8%329-324 Whilst beyond the scope of this thesis, the cited
literature suggests that increased weight stigma also interacts with sociodemographic
characteristics and future research may wish to consider if this interaction is present in

interventions for obesity.

8.6 Reflexivity

8.6.1 Personal reflexivity

Reflexivity, when applied to doing research, is a process where a researcher reflects upon
their own existing biases, opinions and experiences and considers how these interact with the
research process.*’”>™#78 |t involves reflection of how my own perceptions of the world
influences my research and how my research influences my perceptions of the world.*’®
Reflexivity is a concept often associated with qualitative research, but it was suggested by
Finlay that this process should be completed as part of every research investigation and that
it is an important part of ensuring the validity of research.?’”” Therefore, in this section |

consider how my own experiences and perspectives may have impacted upon my research
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which has been evidence synthesis and quantitatively based. | describe how these relate to
the formation of my research question and in the interpretation of the results. In this thesis,
| contemplated three core domains when developing the overall research question:
inequalities, obesity, and public health interventions. At different points in my pre-PhD
career, | have considered or worked across each of the three domains, and | consider this to

have had a baring on how | have approached and interpreted my research.

My background in the inequalities domain is informed by more personal rather than
professional experiences. | originally come from a relatively deprived town near to Stoke-on-
Trent in the West Midlands and | am the first in my family to go to university. Going to
university outside of my home region, first in Southampton for my bachelor’s and then
Cambridge for master’s then PhD studies, made me aware of the regional and class-based
inequalities that exist in the UK. It is always relative, but these formative experiences in early
adulthood gave me some exposure to socioeconomic inequality and how those from low
income or deprived backgrounds do not have the same opportunities in education, work, or
socially as those from more ‘middle class’ backgrounds.*’® However, this made it particularly
important for me to read about inequality across other characteristics — such as ethnicity and
gender — in which | am in a more advantaged group. Ultimately, it may have been further
beneficial if | had conducted further engagement work to learn from those from minority
ethnic groups about the inequality they face and how this may impact upon their health,
weight, and weight management. Similarly, during my PhD | volunteered at a food bank
centre. This allowed me to place my research findings into perspective by first-hand
witnessing what the situation is actually like for those with socioeconomic deprivation. Taking
the time to understand about inequalities by ethnicity and gender, and how these impact
socioeconomic inequalities further, was important to ensure | discuss my research on these

with sensitivity and appropriate language to these groups.

| first worked in the obesity domain when completing a placement year during my
undergraduate degree. In this year, | worked at Cancer Research UK conducting obesity policy
research on the consumption of foods high in fat, sugar and salt and on the implementation
of the soft drink industry levy. This is where | first began to understand the complexity of
obesity as a public health challenge and how policy development would need to be multi-

faceted and include interventions at both the population and individual level. However, the
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research | conducted whilst at Cancer Research UK was conducted with the aim of raising the
profile of the organisation’s work and to be appealing to both policymakers and the media.
Some of their more recent campaigns to raise awareness of the link between obesity and
cancer have attracted divisive coverage, and have been considered stigmatising towards
people living with obesity.*° As a result, | have reflected upon my own internal biases and
language and met with several patient advocates over the course of completing this thesis,

which is reflected in how | discuss the implications of my findings.

The third domain of my PhD is public health interventions; more specifically, behavioural
weight management interventions. From my time working at Cancer Research UK, | was
aware of the need for intervention approaches at both the population and individual levels.
As | decided | wanted to pursue a PhD researching interventions for obesity, | became aware
that behavioural weight management interventions are one of the most widely available and
accessible interventions for people to manage their weight. After further literature scoping, |
realised there were several high-quality trials of such interventions that have been conducted
in the UK — but a relative paucity of research to consider how well these interventions work
in different groups in the population. Therefore, | was able to put my interests from across
the three core domains of PhD and formulate the central research aim and consequential

research projects that make up this thesis.

8.6.2 Reflection on key methodological decisions

The PROGRESS-Plus characteristics shaped my consideration of inequalities in this thesis. |
used the literature that outlined the PROGRESS-Plus characteristics, in addition to other
published examples, to define groups | considered to be ‘advantaged’ or ‘disadvantaged’ in
terms of health, and benefit from public health or healthcare interventions. | did find the
framework particularly useful for considering if inequalities were generated by behavioural
weight management interventions beyond the characteristics that are more typically
considered. Whilst this was useful, upon reflection — and through discussions in the viva
examination of this thesis — | would have used the PROGRESS-Plus characteristics differently.
Rather than being a framework of characteristics that should be directly taken to data to
consider if there are subgroup differences in trial or intervention uptake, adherence,
effectiveness, and maintenance, | believe more thought should be taken into how the

PROGRESS-Plus characteristics apply to the question of interest. In the context of this PhD, |
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would have used the characteristics to consider where there was evidence of inequalities in
the prevalence of obesity and in behavioural interventions for obesity. Given this PhD
responds to the paucity of previous data of if there are inequalities in the effectiveness of
behavioural weight management interventions, | would have used the characteristics to look
at if there were intervention-generated inequalities in similar behavioural interventions, such
as those for diet and physical activity. | would have then used this evidence to hone further
which characteristics, and what constitutes advantage or disadvantage in these groups, |
would consider intervention-generated inequalities to occur in in this PhD. As a result, | would
have been more specific about the characteristics of interest and further hypothesised about
how inequalities in behavioural weight management interventions could occur in these prior

to conducting the analyses included in this thesis.

The other methodological decision | will discuss here is that | only used data from RCTs in my
studies in this thesis. This is opposed to using data from other sources, such as routinely
collected data from ‘real world” weight management interventions, or by collecting further
primary data of my own. As discussed in 8.3.1, RCTs tend to have high internal validity and be
robust sources of data (although this is not always the case; reporting of the components of
behavioural weight management interventions in RCTs is often poor quality).*8%482 Further
advantages of using data from RCTs is that the data are often more complete, higher quality,
include detailed protocols and contain sufficiently broad consent for further analyses that is
often the case with service-collected data.®®3 The decision to use RCTs rather than other
sources to examine if there are inequalities in behavioural weight management interventions
was also somewhat pragmatic; as most of the UK-based trials were funded by national funding
bodies, they were amenable in providing free and timely access to data that may have not

been possible with the time and funding available during my PhD.

8.7 Covid-19 impact

| began this PhD in October 2019 and spent October — December of that year formulating my
overall thesis topic and developing the research projects that make up this thesis. The Covid-
19 pandemic did impact on work | planned to conduct for this thesis. For example, | originally

planned to conduct a qualitative research study to interview participants from
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socioeconomically deprived areas about their experiences of behavioural weight
management interventions. Due to the lockdown restrictions introduced in March 2020, | was
unable to undertake appropriate training to conduct and analyse qualitative interviews and
as a result | decided to not conduct this project. Instead, | analysed data from the SWiM-C
trial which forms Chapter 7 of this thesis. Other than this, the main impact Covid-19 had on
my work was to cause delays in the conducting of my systematic review and individual
participant data meta-analysis as |, and others, adjusted to remote working. | fortunately
received a funding extension in response to this, which has enabled me to complete the

research included in this thesis.
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8.8 Conclusion

In this thesis, | aimed to examine the nature and extent of inequalities in the uptake of,
adherence to, and effectiveness of behavioural weight management interventions in adults.
| investigated this through four research projects that used systematic review, individual

participant data meta-analysis, and secondary analysis methods.

Overall, this thesis makes several important contributions to the field. First, | identified
characteristics in which there are inequalities in the effectiveness of behavioural weight
management interventions. | found that these interventions have a greater effect in men
(versus women) and that this effect was produced by men gaining weight overall in the
control group. | also found that these interventions were more effective in participants from
White, versus minority, ethnic groups, meaning they likely exacerbate existing health
inequalities by ethnicity. There was also evidence to suggest that older participants regain
less weight following weight loss intervention, and that a digitally-delivered intervention has
a greater effect in single people than people who are married, co-habiting, or in a civil
partnership. Second, there were several of the PROGRESS-Plus characteristics | did not find
evidence of inequalities in behavioural weight management interventions by, such as
occupation, education, and socioeconomic status (annual household income). Similarly, | did
not find evidence of inequalities in attendance to behavioural weight management
interventions. Third, | assessed the representativeness of trial participants and reporting of
inequality related data in trials of behavioural weight management interventions. | found
that, beyond gender or sex and age, the PROGRESS-Plus characteristics were inconsistently
reported and that trials of behavioural weight management interventions were not
representative of the population living with overweight and obesity. The fourth contribution

of my thesis is that it adds data to the field where there was a previous paucity of data.

Future research should further explore the inequalities by ethnicity to ensure the effects of
behavioural weight management interventions do not widen existing health inequalities, and
how to better engage men into generic behavioural weight management interventions given

their effectiveness.

204



205



206



Chapter 9 References

10.

11.

12.

13.

McCartney G, Popham F, McMaster R, Cumbers A. Defining health and health inequalities.
Public health. 2019;172:22-30.

Marmot M, Allen JJ. Social Determinants of Health Equity. Am J Public Health.
2014;104(54):5517-S519. doi:10.2105/AJPH.2014.302200

Public Health Scotland. What are health inequalities? Published 2021. Accessed February 8,
2023. http://www.healthscotland.scot/health-inequalities/what-are-health-inequalities

Di Cesare M, Khang YH, Asaria P, et al. Inequalities in non-communicable diseases and effective
responses. The Lancet. 2013;381(9866):585-597. doi:10.1016/50140-6736(12)61851-0

Mackenbach JP, Stirbu I, Roskam AJR, et al. Socioeconomic Inequalities in Health in 22
European Countries. N Engl J Med. 2008;358(23):2468-2481. doi:10.1056/NEJMsa0707519

Marmot MG, Shipley MJ. Do socioeconomic differences in mortality persist after retirement?
25 Year follow up of civil servants from the first Whitehall study. BMJ. 1996;313(7066):1177.
d0i:10.1136/bmj.313.7066.1177

Ferrie JE, Shipley MJ, Davey Smith G, Stansfeld SA, Marmot MG. Change in health inequalities
among British civil servants: the Whitehall Il study. J Epidemiol Community Health.
2002;56(12):922. doi:10.1136/jech.56.12.922

Newton S, Braithwaite D, Akinyemiju TF. Socio-economic status over the life course and
obesity: Systematic review and meta-analysis. PLOS ONE. 2017;12(5):e0177151.
doi:10.1371/journal.pone.0177151

Loring B. Alcohol and Inequities: Guidance for Addressing Inequities in Alcohol-Related Harm.
World Health Organization. Regional Office for Europe; 2014.
https://apps.who.int/iris/handle/10665/344496

Hosseinpoor AR, Bergen N, Kunst A, et al. Socioeconomic inequalities in risk factors for non
communicable diseases in low-income and middle-income countries: results from the World
Health Survey. BMC Public Health. 2012;12(1):912. doi:10.1186/1471-2458-12-912

Jha P, Peto R, Zatonski W, Boreham J, Jarvis MJ, Lopez AD. Social inequalities in male mortality,
and in male mortality from smoking: indirect estimation from national death rates in England
and Wales, Poland, and North America. The Lancet. 2006;368(9533):367-370.
doi:10.1016/50140-6736(06)68975-7

Hartwell G, Thomas S, Egan M, Gilmore A, Petticrew M. E-cigarettes and equity: a systematic
review of differences in awareness and use between sociodemographic groups. Tob Control.
2017;26(e2):e85. doi:10.1136/tobaccocontrol-2016-053222

Lahelma E, Pietildinen O, Ferrie J, et al. Changes Over Time in Absolute and Relative

Socioeconomic Differences in Smoking: A Comparison of Cohort Studies From Britain, Finland,
and Japan. Nicotine & Tobacco Research. 2016;18(8):1697-1704. doi:10.1093/ntr/ntw004

207



14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

208

Schréder SL, Richter M, Schréder J, Frantz S, Fink A. Socioeconomic inequalities in access to
treatment for coronary heart disease: A systematic review. International Journal of Cardiology.
2016;219:70-78. doi:10.1016/j.ijcard.2016.05.066

Baeten R, Spasova S, Vanhercke B, Coster S. Inequalities in Access to Healthcare. A Study of
National Policies 2018.; 2018. doi:10.2767/371408

Asaria M, Ali S, Doran T, et al. How a universal health system reduces inequalities: lessons from
England. J Epidemiol Community Health. 2016;70(7):637. doi:10.1136/jech-2015-206742

Moscelli G, Siciliani L, Gutacker N, Cookson R. Socioeconomic inequality of access to
healthcare: Does choice explain the gradient? Journal of Health Economics. 2018;57:290-314.
do0i:10.1016/j.jhealeco.2017.06.005

White M, Adams J, Heywood P. How and why do interventions that increase health overall
widen inequalities within populations? In: Babones SJ, ed. Social Inequality and Public Health.
Policy Press; 2009. https://books.google.co.uk/books?id=NHRoDwWAAQBA)

World Health Organization. Health inequities and their causes. Published 2018. Accessed
October 21, 2022. https://www.who.int/news-room/facts-in-pictures/detail/health-inequities-
and-their-causes

Marshall SJ. Developing countries face double burden of disease. Bull World Health Organ.
2004;82(7):556.

Kushitor MK, Boatemaa S. The double burden of disease and the challenge of health access:
Evidence from Access, Bottlenecks, Cost and Equity facility survey in Ghana. PLoS One.
2018;13(3):e0194677. doi:10.1371/journal.pone.0194677

van der Ham M, Bolijn R, de Vries A, Ponce MC, Valkengoed IGM van. Gender inequality and
the double burden of disease in low-income and middle-income countries: an ecological study.
BMJ Open. 2021;11(4):e047388. doi:10.1136/bmjopen-2020-047388

Bennett JE, Pearson-Stuttard J, Kontis V, Capewell S, Wolfe |, Ezzati M. Contributions of
diseases and injuries to widening life expectancy inequalities in England from 2001 to 2016: a
population-based analysis of vital registration data. The Lancet Public Health. 2018;3(12):e586-
€597. doi:10.1016/52468-2667(18)30214-7

The Health Foundation. Life expectancy and healthy life expectancy at birth by deprivation.
Published 2022. Accessed October 27, 2022. https://www.health.org.uk/evidence-hub/health-
inequalities/life-expectancy-and-healthy-life-expectancy-at-birth-by-deprivation

Office for National Statistics. Health State Life Expectancies by National Deprivation Deciles,
England: 2018 to 2020. Office for National Statistics; 2022. Accessed April 6, 2023.
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/healthinequali
ties/bulletins/healthstatelifeexpectanciesbyindexofmultipledeprivationimd/2018t020204#:~:tex
t=In%20the%20period%202018%20t0,%2C%20respectively%20(Figure%201).

Whyte B, Young M, Timpson K. Health in a Changing City: Glasgow 2021. A Study of Changes in
Health, Demographic, Socioeconomic and Environmental Factors in Glasgow over the Last 20
Years. Glasgow Centre for Population Health



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

World Health Organization. Social determinants of health. Health Topics. Published 2019.
Accessed April 6, 2023. https://www.who.int/health-topics/social-determinants-of-health

The King’s Fund. Tackling Obesity: The Role of the NHS in a Whole-System Approach. The King's
Fund; 2021. Accessed August 10, 2023. https://www.kingsfund.org.uk/sites/default/files/2021-
07/Tackling%20obesity.pdf

UK Government. Equality Act 2010.
UK Government. Health and Social Care Act 2012.

O’Neill J, Tabish H, Welch V, et al. Applying an equity lens to interventions: using PROGRESS
ensures consideration of socially stratifying factors to illuminate inequities in health. J Clin
Epidemiol. 2014;67(1):56-64.

Attwood S, van Sluijs E, Sutton S. Exploring equity in primary-care-based physical activity
interventions using PROGRESS-Plus: a systematic review and evidence synthesis. The
international journal of behavioral nutrition and physical activity. 2016;13:60-60.

Fujishiro K, Xu J, Gong F. What does “occupation” represent as an indicator of socioeconomic
status?: exploring occupational prestige and health. Soc Sci Med. 2010;71(12):2100-2107.
doi:10.1016/j.socscimed.2010.09.026

Public Health Scotland. Fundamental causes overview. Improving health. Published 2021.
Accessed October 27, 2022. http://www.healthscotland.scot/health-inequalities/fundamental-
causes/fundamental-causes-overview

Whitehead M, Dahlgren G. Policies and strategies to promote social equity in health.
Stockholm: Institute for Future Studies. Published online 1991.

Dahlgren G, Whitehead M. The Dahlgren-Whitehead model of health determinants: 30 years
on and still chasing rainbows. Public Health. 2021;199:20-24. doi:10.1016/j.puhe.2021.08.009

Marmot MG, Stansfeld S, Patel C, et al. Health inequalities among British civil servants: the
Whitehall Il study. The Lancet. 1991;337(8754):1387-1393. d0i:10.1016/0140-6736(91)93068-K

Marmot MG, Kogevinas M, Elston MA. Social/Economic Status and Disease. Annual Review of
Public Health. 1987;8(1):111-135. doi:10.1146/annurev.pu.08.050187.000551

Hill AB. The Environment and Disease: Association or Causation? Proc R Soc Med.
1965;58(5):295-300.

Marmot M. Inclusion health: addressing the causes of the causes. The Lancet.
2018;391(10117):186-188. doi:10.1016/50140-6736(17)32848-9

Krutikova S, Macmillan L, Sturrock D, van der Erve L. Intergenerational Income Persistence:
Evidence for the UK. The IFS; 2022. d0i:10.1920/wp.ifs.2022.2622

Crawford C, Gregg P, Macmillan L, Vignoles A, Wyness G. Higher education, career

opportunities, and intergenerational inequality. Oxford Review of Economic Policy.
2016;32(4):553-575. doi:10.1093/oxrep/grw030

209



43,

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

210

Department for Work and Pensions. Persistent low income. gov.uk. Published October 10,
2022. Accessed July 27, 2023. https://www.ethnicity-facts-figures.service.gov.uk/work-pay-
and-benefits/pay-and-income/low-income/latest

Strand S. Ethnic, Socio-Economic and Sex Inequalities in Educational Achievement at Age 16, by
Professor Steve Strand. Commission on Race and Ethnic Disparities; 2021. Accessed July 27,
2023. https://www.gov.uk/government/publications/the-report-of-the-commission-on-race-
and-ethnic-disparities-supporting-research/ethnic-socio-economic-and-sex-inequalities-in-
educational-achievement-at-age-16-by-professor-steve-strand

Manning A, Rose R. Employment opportunities for ethnic minorities in the UK | LSE Research.
Published November 9, 2021. Accessed July 27, 2023.
https://www.lse.ac.uk/research/research-for-the-world/race-equity/are-employment-
opportunities-for-ethnic-minorities-in-the-uk-really-improving-fact-checking-the-sewell-report

Office for National Statistics. People living in deprived neighbourhoods. gov.uk. Published June
16, 2020. Accessed July 27, 2023. https://www.ethnicity-facts-figures.service.gov.uk/uk-
population-by-ethnicity/demographics/people-living-in-deprived-
neighbourhoods/latest#toverall-most-deprived-10-of-neighbourhoods-by-ethnicity

Jeraj S. Doing the work to end health inequalities caused by systemic racism. BMJ.
2021;373:n821. do0i:10.1136/bmj.n821

Kapadia D, Zhang J, Salway S, Nazroo J, Booth A. Ethnic Inequalities in Healthcare: A Rapid
Evidence Review. NHS Race & Health Observatory; 2022.

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 2018-
20.; 2022. Accessed August 18, 2023. https://www.npeu.ox.ac.uk/assets/downloads/mbrrace-
uk/reports/maternal-report-2022/MBRRACE-UK_Maternal_MAIN_Report_2022_ UPDATE.pdf

Javed Z, Haisum Magsood M, Yahya T, et al. Race, Racism, and Cardiovascular Health: Applying
a Social Determinants of Health Framework to Racial/Ethnic Disparities in Cardiovascular
Disease. Circulation: Cardiovascular Quality and Outcomes. 2022;15(1):e007917.
doi:10.1161/CIRCOUTCOMES.121.007917

Blue S, Shove E, Kelly MP. Obese societies: Reconceptualising the challenge for public health.
Sociology of Health & Iliness. 2021;43(4):1051-1067. doi:10.1111/1467-9566.13275

Kelly MP, Aquino MRJ, Arora A, et al. Review of the Contribution That Behavioural Science Has
Made/Can Make to Addressing the Social and Wider Determinants of Health. World Health
Organization (In Press); 2022.

Public Health England, UCL Institute of Health Equity. Psychosocial Pathways and Health
Outcomes: Informing Action on Health Inequalities. Public Health England; 2017.

Ruiz JM, Doyle CY, Flores MA, Price SN. Gender and Racial/Ethnic Differences in CVD Risk:
Behavioral and Psychosocial Risk and Resilience. In: Mehta JL, McSweeney J, eds. Gender

Differences in the Pathogenesis and Management of Heart Disease. Springer International
Publishing; 2018:165-190. doi:10.1007/978-3-319-71135-5_10

Martikainen P, Bartley M, Lahelma E. Psychosocial determinants of health in social
epidemiology. Int J Epidemiol. 2002;31(6):1091-1093. doi:10.1093/ije/31.6.1091



56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Albus C. Psychological and social factors in coronary heart disease. Annals of Medicine.
2010;42(7):487-494. doi:10.3109/07853890.2010.515605

Eisenberger NI, Moieni M, Inagaki TK, Muscatell KA, Irwin MR. In Sickness and in Health: The
Co-Regulation of Inflammation and Social Behavior. Neuropsychopharmacol. 2017;42(1):242-
253. doi:10.1038/npp.2016.141

Mengelkoch S, Hill SE. Early life disadvantage, phenotypic programming, and health disparities.
Current Opinion in Psychology. 2020;32:32-37. doi:10.1016/j.copsyc.2019.06.014

Fagundes CP, Bennett JM, Derry HM, Kiecolt-Glaser JK. Relationships and Inflammation across
the Lifespan: Social Developmental Pathways to Disease. Social and Personality Psychology
Compass. 2011;5(11):891-903. doi:10.1111/j.1751-9004.2011.00392.x

Diamond LM, Dehlin AJ, Alley J. Systemic inflammation as a driver of health disparities among
sexually-diverse and gender-diverse individuals. Psychoneuroendocrinology. 2021;129:105215.
doi:10.1016/j.psyneuen.2021.105215

Hughes A, McMunn A, Bartley M, Kumari M. Elevated inflammatory biomarkers during
unemployment: modification by age and country in the UK. J Epidemiol Community Health.
2015;69(7):673-679. doi:10.1136/jech-2014-204404

Muscatell KA, Brosso SN, Humphreys KL. Socioeconomic status and inflammation: a meta-
analysis. Mol Psychiatry. 2020;25(9):2189-2199. doi:10.1038/s41380-018-0259-2

Harrell CJP, Burford TI, Cage BN, et al. Multiple Pathways Linking Racism to Health Outcomes.
Du Bois review : social science research on race. 2011;8(1):143.
doi:10.1017/51742058X11000178

Lewis TT, Aiello AE, Leurgans S, Kelly J, Barnes LL. Self-reported experiences of everyday
discrimination are associated with elevated C-reactive protein levels in older African-American
adults. Brain Behav Immun. 2010;24(3):438-443. doi:10.1016/j.bbi.2009.11.011

Kershaw KN, Lewis TT, Diez Roux AV, et al. Self-reported experiences of discrimination and
inflammation among men and women: The multi-ethnic study of atherosclerosis. Health
Psychol. 2016;35(4):343-350. doi:10.1037/hea0000331

Alcaraz KI, Eddens KS, Blase JL, et al. Social Isolation and Mortality in US Black and White Men
and Women. Am J Epidemiol. 2019;188(1):102-109. doi:10.1093/aje/kwy231

Paradies Y, Ben J, Denson N, et al. Racism as a Determinant of Health: A Systematic Review and
Meta-Analysis. PLoS One. 2015;10(9):e0138511. doi:10.1371/journal.pone.0138511

Sangaramoorthy M, Shariff-Marco S, Conroy SM, et al. Joint Associations of Race, Ethnicity, and
Socioeconomic Status With Mortality in the Multiethnic Cohort Study. JAMA Network Open.
2022;5(4):€226370. doi:10.1001/jamanetworkopen.2022.6370

CDC. Defining Adult Overweight and Obesity. Centers for Disease Control and Prevention.

Published June 3, 2022. Accessed February 8, 2023. https://www.cdc.gov/obesity/basics/adult-
defining.html

211



70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

212

National Institute for Health and Care Excellence. Obesity: Identification, Assessment and
Management. Clinical Guideline [CG189]. NICE; 2022. Accessed August 2, 2023.
https://www.nice.org.uk/guidance/cg189

World Health Organization. Obesity and overweight. Fact sheets. Published 2021. Accessed
February 8, 2023. https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight

Lauby-Secretan B, Scoccianti C, Loomis D, Grosse Y, Bianchini F, Straif K. Body Fatness and
Cancer — Viewpoint of the IARC Working Group. New England Journal of Medicine.
2016;375(8):794-798.

Forouzanfar MH, Afshin A, Alexander LT, et al. Global, regional, and national comparative risk
assessment of 79 behavioural, environmental and occupational, and metabolic risks or clusters
of risks, 1990&#x2013;2015: a systematic analysis for the Global Burden of Disease Study 2015.
The Lancet. 2016;388(10053):1659-1724. doi:10.1016/s0140-6736(16)31679-8

The Lancet. A future direction for tackling malnutrition. The Lancet. 2020;395(10217):2.
doi:10.1016/S0140-6736(19)33099-5

Wells JC, Sawaya AL, Wibaek R, et al. The double burden of malnutrition: aetiological pathways
and consequences for health. The Lancet. 2020;395(10217):75-88. doi:10.1016/S0140-
6736(19)32472-9

Popkin BM, Corvalan C, Grummer-Strawn LM. Dynamics of the double burden of malnutrition
and the changing nutrition reality. The Lancet. 2020;395(10217):65-74. doi:10.1016/S0140-
6736(19)32497-3

Di Angelantonio E, Bhupathiraju SN, Wormser D, et al. Body-mass index and all-cause
mortality: individual-participant-data meta-analysis of 239 prospective studies in four
continents. The Lancet. 2016;388(10046):776-786.

Avila C, Holloway AC, Hahn MK, et al. An Overview of Links Between Obesity and Mental
Health. Curr Obes Rep. 2015;4(3):303-310. doi:10.1007/s13679-015-0164-9

Fuller NR, Burns J, Sainsbury A, et al. Examining the association between depression and
obesity during a weight management programme. Clin Obes. 2017;7(6):354-359.
do0i:10.1111/cob.12208

Alimoradi Z, Golboni F, Griffiths MD, Brostrom A, Lin CY, Pakpour AH. Weight-related stigma
and psychological distress: A systematic review and meta-analysis. Clinical Nutrition.
2020;39(7):2001-2013. doi:https://doi.org/10.1016/j.cInu.2019.10.016

McKinsey Global Institute. Overcoming Obesity: An Initial Economic Analysis. McKinsey &
Company; 2014. Accessed February 8, 2023.
https://www.mckinsey.com/~/media/mckinsey/business%20functions/economic%20studies%
20temp/our%20insights/how%20the%20world%20could%20better%20fight%200besity/mgi_o
vercoming_obesity full_report.ashx

Bell M, Deyes K. Estimating the Full Costs of Obesity. A Report for Novo Nordisk. Frontier
Economics Accessed June 5, 2023. https://www.frontier-economics.com/media/5094/the-full-
cost-of-obesity-in-the-uk.pdf



83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

Caleyachetty R, Barber TM, Mohammed NI, et al. Ethnicity-specific BMI cutoffs for obesity
based on type 2 diabetes risk in England: a population-based cohort study. The Lancet Diabetes
& Endocrinology. 2021;9(7):419-426. doi:10.1016/52213-8587(21)00088-7

WHO Expert Consultation. Appropriate body-mass index for Asian populations and its
implications for policy and intervention strategies. Lancet. 2004;363(9403):157-163.
doi:10.1016/S0140-6736(03)15268-3

GBD 2015 Obesity Collaborators, Afshin A, Forouzanfar MH, et al. Health Effects of Overweight
and Obesity in 195 Countries over 25 Years. N Engl J Med. 2017;377(1):13-27.
doi:10.1056/NEJMo0al1614362

NHS Digital. Health Survey for England 2019: Overweight and obesity in adults and children.
Published 2020. Accessed October 28, 2022. https://files.digital.nhs.uk/9D/4195D5/HSE19-
Overweight-obesity-rep.pdf

NHS Digital. Health Survey for England, 2021 part 1. NDRS. Published 2022. Accessed February
8, 2023. https://digital.nhs.uk/data-and-information/publications/statistical/health-survey-for-
england/2021

Cancer Research UK. Prevention Data Hub. Published 2021. Accessed February 8, 2023.
https://crukcancerintelligence.shinyapps.io/PreventionDataHub/

Population Health Directorate, Scottish Government. Scottish Health Survey. Published 2022.
Accessed February 8, 2023. https://www.gov.scot/collections/scottish-health-survey/

Welsh Government. National Survey for Wales. Published 2022. Accessed February 8, 2023.
https://www.gov.wales/national-survey-wales

Department of Health (Northern Ireland). Health survey Northern Ireland: first results 2021/22.
Health. Published 2022. Accessed February 8, 2023. https://www.health-
ni.gov.uk/publications/health-survey-northern-ireland-first-results-202122

Loring B, Robertson A. Guidance for Addressing Inequities in Overweight and Obesity. Word
Health Organization Regional Office for Europe; 2014.
https://apps.who.int/iris/handle/10665/344619

Vilhelmsson A, Ostergren PO. Reducing health inequalities with interventions targeting
behavioral factors among individuals with low levels of education - A rapid review. PloS one.
2018;13(4):e0195774-e0195774.

Clarke P, O’Malley PM, Johnston LD, Schulenberg JE. Social disparities in BMI trajectories across
adulthood by gender, race/ethnicity and lifetime socio-economic position: 1986-2004.
International Journal of Epidemiology. 2009;38(2):499-509.

El-Sayed AM, Scarborough P, Galea S. Unevenly distributed: a systematic review of the health
literature about socioeconomic inequalities in adult obesity in the United Kingdom. BMC public
health. 2012;12(1):18.

Rohrmann S, Steinbrecher A, Linseisen J, et al. The association of education with long-term

weight change in the EPIC-PANACEA cohort. European Journal of Clinical Nutrition.
2012;66(8):957-963.

213



97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

1009.

214

Office for Health Improvement and Disparities. Public health profiles - OHID. Accessed
December 30, 2023.
https://fingertips.phe.org.uk/search/obesity#tpage/7/gid/1938133001/pat/159/par/K0200000
1/ati/15/are/E92000001/iid/93881/age/168/sex/4/cat/-1/ctp/-1/yrr/1/cid/4/tbm/1/page-
options/ine-ct-115_ine-pt-0_ine-y0-1:2021:-1:-1

National Institute for Health and Care Excellence. NICE Health Inequalities Briefing: Obesity and
Weight Management (Draft for Consultation) February 2023. NICE; 2023.

Department of Health (Northern Ireland). Health Inequalities Annual Report 2023. Health.
Published March 29, 2023. Accessed August 13, 2023. https://www.health-
ni.gov.uk/news/health-inequalities-annual-report-2023

Bromley C, Tod E, McCartney G. Obesity and Health Inequalities in Scotland - Summary Report.
NHS Health Scotland; 2017.

Public Health Wales. Obesity in Wales (2019). Public Health Wales. Published 2019. Accessed
August 13, 2023. https://phw.nhs.wales/services-and-teams/observatory/data-and-
analysis/obesity-in-wales-2019/

Hillier-Brown FC, Bambra CL, Cairns JM, Kasim A, Moore HJ, Summerbell CD. A systematic
review of the effectiveness of individual, community and societal-level interventions at
reducing socio-economic inequalities in obesity among adults. Int J Obes (Lond).
2014;38(12):1483-1490.

Mackenbach JD, Burgoine T, Lakerveld J, et al. Accessibility and Affordability of Supermarkets:
Associations With the DASH Diet. American Journal of Preventive Medicine. 2017;53(1):55-62.
doi:10.1016/j.amepre.2017.01.044

Patel L, Alicandro G, Vecchia CL. Dietary Approaches to Stop Hypertension (DASH) diet and
associated socio-economic inequalities in the UK. British Journal of Nutrition.
2020;124(10):1076-1085. doi:10.1017/50007114520001087

Maguire ER, Burgoine T, Monsivais P. Area deprivation and the food environment over time: A
repeated cross-sectional study on takeaway outlet density and supermarket presence in
Norfolk, UK, 1990-2008. Health & Place. 2015;33:142-147.
doi:10.1016/j.healthplace.2015.02.012

Scott C, Sutherland J, Taylor A. Affordability of the UK’s Eatwell Guide. The Food Foundation;
2018.

Yau A, White M, Hammond D, White C, Adams J. Socio-demographic characteristics, diet and
health among food insecure UK adults: cross-sectional analysis of the International Food Policy
Study. Public Health Nutrition. 2020;23(14):2602-2614. doi:10.1017/51368980020000087

Rose G. Sick individuals and sick populations. International Journal of Epidemiology.
2001;30(3):427-432. doi:10.1093/ije/30.3.427

Mackenbach JP, Lingsma HF, van Ravesteyn NT, Kamphuis CBM. The population and high-risk
approaches to prevention: quantitative estimates of their contribution to population health in
the Netherlands, 1970-2010. European Journal of Public Health. 2013;23(6):909-915.
doi:10.1093/eurpub/cks106



110. Feldman AL. Opinion: Studying change in behaviour and body weight over time has increased
our understanding of the causes and possibilities for prevention of type 2 diabetes. MRC
Epidemiology Unit. Published April 3, 2017. Accessed August 10, 2023. https://www.mrc-
epid.cam.ac.uk/blog/2017/04/03/studying-change-in-behaviour-for-prevention-diabetes/

111. Local Government Association. Prevention | Local Government Association. Accessed June 7,
2023. https://www.local.gov.uk/our-support/our-improvement-offer/care-and-health-
improvement/integration-and-better-care-fund/better-care-fund/integration-resource-
library/prevention

112. NHS. Treating and preventing ill health. NHS Long Term Plan. Accessed June 7, 2023.
https://www.longtermplan.nhs.uk/areas-of-work/prevention/treating-and-preventing-ill-
health/

113. Kisling LA, Das JM. Prevention Strategies. In: StatPearls. StatPearls Publishing; 2023. Accessed
June 7, 2023. http://www.ncbi.nlm.nih.gov/books/NBK537222/

114. Barnhart C. Obesity Prevention and Management across the Lifespan. Open Access Library
Journal. 2020;7(10):1-28. doi:10.4236/0alib.1106733

115. Hoelscher DM, Butte NF, Barlow S, et al. Incorporating Primary and Secondary Prevention
Approaches To Address Childhood Obesity Prevention and Treatment in a Low-Income,
Ethnically Diverse Population: Study Design and Demographic Data from the Texas Childhood
Obesity Research Demonstration (TX CORD) Study. Childhood Obesity. 2015;11(1):71-91.
do0i:10.1089/chi.2014.0084

116. Walsh S, Merrick R, Brayne C. The relevance of social and commercial determinants for
neurological health. The Lancet Neurology. 2022;21(12):1151-1160. doi:10.1016/51474-
4422(22)00428-8

117. Frank JW. Controlling the obesity pandemic: Geoffrey Rose revisited. Can J Public Health.
2022;113(5):736-742. d0i:10.17269/s41997-022-00636-6

118. Institute of Medicine (US) Committee to Develop Criteria for Evaluating the Outcomes of
Approaches to Prevent and Treat Obesity. Prevention of Obesity. In: Weighing the Options:
Criteria for Evaluating Weight-Management Programs. National Academies Press (US); 1995.
Accessed June 7, 2023. https://www.ncbi.nlm.nih.gov/books/NBK236738/

119. Mclaren L, Mclintyre L, Kirkpatrick S. Rose’s population strategy of prevention need not
increase social inequalities in health. Int J Epidemiol. 2010;39(2):372-377.
doi:10.1093/ije/dyp315

120. Hill S, Amos A, Clifford D, Platt S. Impact of tobacco control interventions on socioeconomic
inequalities in smoking: review of the evidence. Tobacco Control. 2014;23(e2):e89-e97.
doi:10.1136/tobaccocontrol-2013-051110

121. Holmes J, Meng Y, Meier PS, et al. Effects of minimum unit pricing for alcohol on different
income and socioeconomic groups: a modelling study. The Lancet. 2014;383(9929):1655-1664.
doi:10.1016/50140-6736(13)62417-4

122. Blakely T, Cobiac LJ, Cleghorn CL, et al. Health, Health Inequality, and Cost Impacts of Annual
Increases in Tobacco Tax: Multistate Life Table Modeling in New Zealand. PLOS Medicine.
2015;12(7):e1001856. doi:10.1371/journal.pmed.1001856

215



123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

216

Adams J, Mytton O, White M, Monsivais P. Why Are Some Population Interventions for Diet
and Obesity More Equitable and Effective Than Others? The Role of Individual Agency. PLOS
Medicine. 2016;13(4):e1001990.

Backholer K, Beauchamp A, Ball K, et al. A framework for evaluating the impact of obesity
prevention strategies on socioeconomic inequalities in weight. Am J Public Health.
2014;104(10):e43-e50. doi:10.2105/AJPH.2014.302066

Olstad DL, Teychenne M, Minaker LM, et al. Can policy ameliorate socioeconomic inequities in
obesity and obesity-related behaviours? A systematic review of the impact of universal policies
on adults and children. Obesity Reviews. 2016;17(12):1198-1217.
doi:https://doi.org/10.1111/0br.12457

Tugwell P, Bennett KJ, Sackett DL, Haynes RB. The measurement iterative loop: a framework
for the critical appraisal of need, benefits and costs of health interventions. J Chronic Dis.
1985;38(4):339-351. doi:10.1016/0021-9681(85)90080-3

Welch V, Tugwell P, Morris EB. The equity-effectiveness loop as a tool for evaluating
population health interventions. Rev Salud Publica (Bogota). 2008;10 Suppl:83-96.

Government of Canada Cl of HR. Are medications and medical devices more dangerous for
women? - CIHR. Published July 3, 2019. Accessed July 27, 2023. https://cihr-
irsc.gc.ca/e/51569.html

Caplan A, Friesen P. Health disparities and clinical trial recruitment: Is there a duty to tweet?
PLOS Biology. 2017;15(3):e2002040. doi:10.1371/journal.pbio.2002040

Merone L, Tsey K, Russell D, Nagle C. Sex Inequalities in Medical Research: A Systematic
Scoping Review of the Literature. Women’s Health Reports. 2022;3(1):49-59.
doi:10.1089/whr.2021.0083

Van Spall HGC, Lala A, Deering TF, et al. Ending Gender Inequality in Cardiovascular Clinical
Trial Leadership. Journal of the American College of Cardiology. 2021;77(23):2960-2972.
doi:10.1016/j.jacc.2021.04.038

Eskander MF, Gil L, Beal EW, et al. Access Denied: Inequities in Clinical Trial Enrollment for
Pancreatic Cancer. Ann Surg Oncol. 2022;29(2):1271-1277. d0i:10.1245/s10434-021-10868-4

Fogacci F, Borghi C, Di Micoli A, Degli Esposti D, Cicero AFG. Inequalities in enroliment of
women and racial minorities in trials testing uric acid lowering drugs. Nutrition, Metabolism
and Cardiovascular Diseases. 2021;31(12):3305-3313. doi:10.1016/j.numecd.2021.09.011

Price KN, Lyons AB, Hamzavi IH, Hsiao JL, Shi VY. Facilitating Clinical Trials Participation of Low
Socioeconomic Status Patients. Dermatology. 2021;237(5):843-846. doi:10.1159/000511889

Cooper C, Lodwick R, Walters K, et al. Inequalities in receipt of mental and physical healthcare
in people with dementia in the UK. Age and Ageing. 2017;46(3):393-400.
doi:10.1093/ageing/afw208

Chen EH, Shofer FS, Dean AJ, et al. Gender disparity in analgesic treatment of emergency
department patients with acute abdominal pain. Acad Emerg Med. 2008;15(5):414-418.
do0i:10.1111/j.1553-2712.2008.00100.x



137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

Criado Perez C. Invisible Women: Data Bias in a World Designed for Men. ABRAMS; 2019.

Zucker |, Prendergast BJ. Sex differences in pharmacokinetics predict adverse drug reactions in
women. Biology of Sex Differences. 2020;11(1):32. doi:10.1186/s13293-020-00308-5

Winchester N. Women's health outcomes: Is there a gender gap? Published July 1, 2021.
Accessed July 27, 2023. https://lordslibrary.parliament.uk/womens-health-outcomes-is-there-
a-gender-gap/

Egede LE. Race, Ethnicity, Culture, and Disparities in Health care. J Gen Intern Med.
2006;21(6):667-669. doi:10.1111/j.1525-1497.2006.0512.x

Ricci-Cabello I, Ruiz-Pérez I, De Labry-Lima AO, Marquez-Calderdn S. Do social inequalities exist
in terms of the prevention, diagnosis, treatment, control and monitoring of diabetes? A
systematic review. Health & Social Care in the Community. 2010;18(6):572-587.
doi:10.1111/j.1365-2524.2010.00960.x

Nazroo JY, Falaschetti E, Pierce M, Primatesta P. Ethnic inequalities in access to and outcomes
of healthcare: analysis of the Health Survey for England. Journal of Epidemiology & Community
Health. 2009;63(12):1022-1027. doi:10.1136/jech.2009.089409

van Ryn M, Fu SS. Paved With Good Intentions: Do Public Health and Human Service Providers
Contribute to Racial/Ethnic Disparities in Health? Am J Public Health. 2003;93(2):248-255.

National Institute for Health and Care Excellence. Weight management: lifestyle services for
overweight or obese adults. Public health guideline [PH53]. Published 2014. Accessed March 3,
2022. https://www.nice.org.uk/guidance/ph53/chapter/10-The-evidence

LeBlanc ES, Patnode CD, Webber EM, Redmond N, Rushkin M, O’Connor EA. Behavioral and
Pharmacotherapy Weight Loss Interventions to Prevent Obesity-Related Morbidity and
Mortality in Adults: Updated Evidence Report and Systematic Review for the US Preventive
Services Task Force. Jama. 2018;320(11):1172-1191.

Ma C, Avenell A, Bolland M, et al. Effects of weight loss interventions for adults who are obese
on mortality, cardiovascular disease, and cancer: systematic review and meta-analysis. BMJ.
2017;359:j4849. doi:10.1136/bm;j.j4849

Ahern AL, Breeze P, Fusco F, et al. Effectiveness and cost-effectiveness of referral to a
commercial open group behavioural weight management programme in adults with
overweight and obesity: 5-year follow-up of the WRAP randomised controlled trial. The Lancet
Public Health. 2022;7(10):e866-e875. doi:10.1016/52468-2667(22)00226-2

Wilding JPH. Beyond lifestyle interventions: exploring the potential of anti-obesity medications
in the UK. Clin Obes. 2018;8(3):211-225. d0i:10.1111/cob.12248

Local Government Association. Must know: behavioural weight management services — a guide
to tackling obesity | Local Government Association. Published July 1, 2021. Accessed June 9,
2023. https://www.local.gov.uk/publications/must-know-behavioural-weight-management-
services-guide-tackling-obesity

Moore GF, Littlecott HJ, Turley R, Waters E, Murphy S. Socioeconomic gradients in the effects
of universal school-based health behaviour interventions: a systematic review of intervention

studies. BMC Public Health. 2015;15(1):907. doi:10.1186/s12889-015-2244-x

217



151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

218

McGill R, Anwar E, Orton L, et al. Are interventions to promote healthy eating equally effective
for all? Systematic review of socioeconomic inequalities in impact. BMC Public Health.
2015;15(1):457. doi:10.1186/s12889-015-1781-7

Lorenc T, Petticrew M, Welch V, Tugwell P. What types of interventions generate inequalities?
Evidence from systematic reviews. Journal of Epidemiology and Community Health.
2013;67(2):190-193. doi:10.1136/jech-2012-201257

Smith CE, Hill SE, Amos A. Impact of specialist and primary care stop smoking support on socio-
economic inequalities in cessation in the United Kingdom: a systematic review and national
equity initial review completed 22 January 2019; final version accepted 19 July 2019 analysis.
Addiction. 2020;115(1):34-46. doi:10.1111/add.14760

Brown T, Platt S, Amos A. Equity impact of European individual-level smoking cessation
interventions to reduce smoking in adults: a systematic review. European Journal of Public
Health. 2014;24(4):551-556. doi:10.1093/eurpub/cku065

Bauld L, Judge K, Platt S. Assessing the impact of smoking cessation services on reducing health
inequalities in England: observational study. Tobacco Control. 2007;16(6):400-404.
doi:10.1136/tc.2007.021626

Capewell S, Graham H. Will Cardiovascular Disease Prevention Widen Health Inequalities? PLOS
Medicine. 2010;7(8):e1000320. doi:10.1371/journal.pmed.1000320

Lorenc T, Oliver K. Adverse effects of public health interventions: a conceptual framework. J
Epidemiol Community Health. 2014;68(3):288-290. doi:10.1136/jech-2013-203118

Veinot TC, Mitchell H, Ancker JS. Good intentions are not enough: how informatics
interventions can worsen inequality. Journal of the American Medical Informatics Association.
2018;25(8):1080-1088. doi:10.1093/jamia/ocy052

Jull J, Whitehead M, Petticrew M, et al. When is a randomised controlled trial health equity
relevant? Development and validation of a conceptual framework. BMJ Open.
2017;7(9):e015815. doi:10.1136/bmjopen-2016-015815

Petkovic J, Jull J, Yoganathan M, et al. Reporting of health equity considerations in cluster and
individually randomized trials. Trials. 2020;21(1):308. doi:10.1186/s13063-020-4223-5

Barton S. Which clinical studies provide the best evidence? BMJ. 2000;321(7256):255.
do0i:10.1136/bmj.321.7256.255

Welch VA, Norheim OF, Jull J, et al. CONSORT-Equity 2017 extension and elaboration for better
reporting of health equity in randomised trials. BMJ. 2017;359:j5085. doi:10.1136/bmj.j5085

Fan J, Song F, Bachmann MO. Justification and reporting of subgroup analyses were lacking or
inadequate in randomized controlled trials. Journal of Clinical Epidemiology. 2019;108:17-25.
doi:10.1016/j.jclinepi.2018.12.009

Cené CW, Viswanathan M, Fichtenberg CM, et al. Racial Health Equity and Social Needs
Interventions: A Review of a Scoping Review. JAMA Network Open. 2023;6(1):e2250654.
doi:10.1001/jamanetworkopen.2022.50654



165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

Petticrew M, Tugwell P, Kristjansson E, Oliver S, Ueffing E, Welch V. Damned if you do, damned
if you don’t: subgroup analysis and equity. J Epidemiol Community Health. 2012;66(1):95-98.
doi:10.1136/jech.2010.121095

Rothwell PM. Treating individuals 2. Subgroup analysis in randomised controlled trials:
importance, indications, and interpretation. Lancet. 2005;365(9454):176-186.
doi:10.1016/50140-6736(05)17709-5

Szinay D, Forbes CC, Busse H, DeSmet A, Smit ES, Konig LM. Is the uptake, engagement, and
effectiveness of exclusively mobile interventions for the promotion of weight-related behaviors
equal for all? A systematic review. Obesity Reviews. 2023;24(3):e13542.

doi:10.1111/0br.13542

Perez LG, Arredondo EM, Elder JP, Barquera S, Nagle B, Holub CK. Evidence-based obesity
treatment interventions for Latino adults in the U.S.: a systematic review. Am J Prev Med.
2013;44(5):550-560. doi:10.1016/j.amepre.2013.01.016

Kong A, Tussing-Humphreys LM, Odoms-Young AM, Stolley MR, Fitzgibbon ML. Systematic
review of behavioural interventions with culturally adapted strategies to improve diet and
weight outcomes in African American women. Obes Rev. 2014;15 Suppl 4(0 4):62-92.
doi:10.1111/0br.12203

Fitzgibbon ML, Tussing-Humphreys LM, Porter JS, Martin IK, Odoms-Young A, Sharp LK. Weight
loss and African-American women: a systematic review of the behavioural weight loss
intervention literature. Obes Rev. 2012;13(3):193-213. d0i:10.1111/j.1467-789X.2011.00945.x

Rosenbaum DL, Piers AD, Schumacher LM, Kase CA, Butryn ML. Racial and ethnic minority
enrollment in randomized clinical trials of behavioural weight loss utilizing technology: a
systematic review. Obesity Reviews. 2017;18(7):808-817. doi:10.1111/0br.12545

Haughton CF, Silfee VJ, Wang ML, et al. Racial/ethnic representation in lifestyle weight loss
intervention studies in the United States: A systematic review. Preventive Medicine Reports.
2018;9:131-137. doi:10.1016/j.pmedr.2018.01.012

Morrill KE, Lopez-Pentecost M, Ballesteros G, et al. Weight loss interventions for Hispanic
women in the USA: a protocol for a systematic review. Syst Rev. 2019;8(1):301-301.
doi:10.1186/s13643-019-1213-3

Tussing-Humphreys LM, Fitzgibbon ML, Kong A, Odoms-Young A. Weight loss maintenance in
African American women: a systematic review of the behavioral lifestyle intervention
literature. J Obes. 2013;2013:437369-437369. doi:10.1155/2013/437369

Pagoto SL, Schneider KL, Oleski JL, Luciani JM, Bodenlos JS, Whited MC. Male Inclusion in
Randomized Controlled Trials of Lifestyle Weight Loss Interventions. Obesity. 2012;20(6):1234-
1239. doi:https://doi.org/10.1038/0by.2011.140

Young MD, Morgan PJ, Plotnikoff RC, Callister R, Collins CE. Effectiveness of male-only weight
loss and weight loss maintenance interventions: a systematic review with meta-analysis.
Obesity Reviews. 2012;13(5):393-408. doi:10.1111/j.1467-789X.2011.00967.x

Williams RL, Wood LG, Collins CE, Callister R. Effectiveness of weight loss interventions--is
there a difference between men and women: a systematic review. Obes Rev. 2015;16(2):171-
186. d0i:10.1111/0br.12241

219



178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

220

McDonald MD, Hunt K, Sivaramakrishnan H, et al. A systematic review examining
socioeconomic factors in trials of interventions for men that report weight as an outcome.
Obesity Reviews. 2022;23(7):e13436. doi:10.1111/0br.13436

Weitz E, Kleiboer A, van Straten A, Hollon SD, Cuijpers P. Individual patient data meta-analysis
of combined treatments versus psychotherapy (with or without pill placebo), pharmacotherapy
or pill placebo for adult depression: a protocol. BMJ Open. 2017;7(2):e013478.

Stewart LA, Tierney JF. To IPD or not to IPD? Advantages and disadvantages of systematic
reviews using individual patient data. Eval Health Prof. 2002;25(1):76-97.

Chow CK, Islam SMS, Farmer A, et al. Text2PreventCVD: protocol for a systematic review and
individual participant data meta-analysis of text message-based interventions for the
prevention of cardiovascular diseases. BMJ Open. 2016;6(10):e012723.

Hartmann-Boyce J, Theodoulou A, Oke JL, et al. Long-Term Effect of Weight Regain Following
Behavioral Weight Management Programs on Cardiometabolic Disease Incidence and Risk:
Systematic Review and Meta-Analysis. Circulation: Cardiovascular Quality and Outcomes.
2023;0(0):e009348. doi:10.1161/CIRCOUTCOMES.122.009348

Goodpaster BH, DelLany JP, Otto AD, et al. Effects of Diet and Physical Activity Interventions on
Weight Loss and Cardiometabolic Risk Factors in Severely Obese Adults: A Randomized Trial.
JAMA. 2010;304(16):1795-1802. doi:10.1001/jama.2010.1505

Jakicic JM. The Effect of Physical Activity on Body Weight. Obesity. 2009;17(53):534-S38.
doi:10.1038/0by.2009.386

Nurkkala M, Kaikkonen K, Vanhala ML, Karhunen L, Kerdnen AM, Korpelainen R. Lifestyle
intervention has a beneficial effect on eating behavior and long-term weight loss in obese
adults. Eating Behaviors. 2015;18:179-185. doi:10.1016/j.eatbeh.2015.05.009

Jones RA, Lawlor ER, Birch JM, et al. The impact of adult behavioural weight management
interventions on mental health: A systematic review and meta-analysis. Obesity Reviews.
2021;22(4):e13150. doi:10.1111/0br.13150

Birch JM, Jones RA, Mueller J, 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. doi:10.1111/0br.13438

Birch JM, Griffin SJ, Kelly MP, Ahern AL. Inequalities in the uptake of, adherence to and
effectiveness of behavioural weight management interventions: systematic review protocol.
BMJ Open. Published online 2020. doi:10.1136/bmjopen-2020-039518

Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an updated guideline
for reporting systematic reviews. BMJ. 2021;372:n71.

Welch V, Petticrew M, Tugwell P, et al. PRISMA-Equity 2012 Extension: Reporting Guidelines
for Systematic Reviews with a Focus on Health Equity. PLOS Medicine. 2012;9(10):e1001333.
doi:10.1371/journal.pmed.1001333

Orkin AM, McArthur A, Venugopal J, et al. Defining and measuring health equity in research on
task shifting in high-income countries: A systematic review. SSM - population health.
2019;7:100366-100366.



192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

Schulz KF, Altman DG, Moher D, the CG. CONSORT 2010 Statement: updated guidelines for
reporting parallel group randomised trials. BMC Med. 2010;8(1):18. doi:10.1186/1741-7015-8-
18

Hoffmann TC, Glasziou PP, Boutron |, et al. Better reporting of interventions: template for
intervention description and replication (TIDieR) checklist and guide. BMJ : British Medical
Journal. 2014;348:g1687. doi:10.1136/bmj.g1687

Cochrane Public Health Group. Cochrane public health group data extraction and assessment
template. Published online 2011.

Crowther M, Avenell A, MacLennan G, Mowatt G. A further use for the Harvest plot: a novel
method for the presentation of data synthesis. Research Synthesis Methods. 2011;2(2):79-83.
doi:https://doi.org/10.1002/jrsm.37

Nanninga S, Lehne G, Ratz T, Bolte G. Impact of Public Smoking Bans on Social Inequalities in
Children’s Exposure to Tobacco Smoke at Home: An Equity-Focused Systematic Review.
Nicotine & Tobacco Research. 2018;21(11):1462-1472. doi:10.1093/ntr/nty139

Corscadden L, Levesque JF, Lewis V, Strumpf E, Breton M, Russell G. Factors associated with
multiple barriers to access to primary care: an international analysis. International Journal for
Equity in Health. 2018;17(1):28. doi:10.1186/s12939-018-0740-1

Weaver RG, Manns BJ, Tonelli M, et al. Access to primary care and other health care use
among western Canadians with chronic conditions: a population-based survey. CMAJ Open.
2014;2(1):E27-E34. d0i:10.9778/cmajo.20130045

Booth HP, Prevost AT, Gulliford MC. Access to weight reduction interventions for overweight
and obese patients in UK primary care: population-based cohort study. BMJ Open.
2015;5(1):e006642. doi:10.1136/bmjopen-2014-006642

U.S. Preventive Services Task Force. Procedure Manual.; 2015. Accessed February 24, 2024.
https://www.uspreventiveservicestaskforce.org/uspstf/about-uspstf/methods-and-
processes/procedure-manual

Ogilvie D, Fayter D, Petticrew M, et al. The harvest plot: A method for synthesising evidence
about the differential effects of interventions. BMC Medical Research Methodology.
2008;8(1):8. doi:10.1186/1471-2288-8-8

Ackermann RT, Finch EA, Brizendine E, Zhou H, Marrero DG. Translating the Diabetes
Prevention Program into the community. The DEPLOY Pilot Study. Am J Prev Med.
2008;35(4):357-363. doi:10.1016/j.amepre.2008.06.035

Ackermann RT, Liss DT, Finch EA, et al. A Randomized Comparative Effectiveness Trial for
Preventing Type 2 Diabetes. Am J Public Health. 2015;105(11):2328-2334.
doi:10.2105/ajph.2015.302641

Ahern AL, Wheeler GM, Aveyard P, et al. Extended and standard duration weight-loss
programme referrals for adults in primary care (WRAP): a randomised controlled trial. Lancet
(London, England). 2017;389(10085):2214-2225. doi:https://dx.doi.org/10.1016/S0140-
6736(17)30647-5

221



205.

206.

207.

208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

222

Anderson AS, Craigie AM, Caswell S, et al. The impact of a bodyweight and physical activity
intervention (BeWEL) initiated through a national colorectal cancer screening programme:
randomised controlled trial. BMJ. 2014;348:g1823. d0i:10.1136/bmj.g1823

Aveyard P, Lewis A, Tearne S, et al. Screening and brief intervention for obesity in primary care:
a parallel, two-arm, randomised trial. The Lancet. 2016;388(10059):2492-2500.
doi:10.1016/S0140-6736(16)31893-1

Beeken RJ, Leurent B, Vickerstaff V, et al. A brief intervention for weight control based on
habit-formation theory delivered through primary care: results from a randomised controlled
trial. International journal of obesity (2005). 2017;41(2):246-254. doi:10.1038/ijo.2016.206

Bennett GG, Warner ET, Glasgow RE, et al. Obesity treatment for socioeconomically
disadvantaged patients in primary care practice. Arch Intern Med. 2012;172(7):565-574.
doi:10.1001/archinternmed.2012.1

Christian JG, Byers TE, Christian KK, et al. A computer support program that helps clinicians
provide patients with metabolic syndrome tailored counseling to promote weight loss. JAm
Diet Assoc. 2011;111(1):75-83. doi:10.1016/j.jada.2010.10.006

Cohen MD, D’Amico FJ, Merenstein JH. Weight reduction in obese hypertensive patients. Fam
Med. 1991;23(1):25-28.

Demark-Wahnefried W, Jones LW, Snyder DC, et al. Daughters and Mothers Against Breast
Cancer (DAMES): main outcomes of a randomized controlled trial of weight loss in overweight
mothers with breast cancer and their overweight daughters. Cancer. 2014;120(16):2522-2534.
doi:10.1002/cncr.28761

Fischer HH, Fischer IP, Pereira RI, et al. Text Message Support for Weight Loss in Patients With
Prediabetes: A Randomized Clinical Trial. Diabetes Care. 2016;39(8):1364-1370.
do0i:10.2337/dc15-2137

Fitzgibbon ML, Stolley MR, Schiffer L, Sharp LK, Singh V, Dyer A. Obesity reduction black
intervention trial (ORBIT): 18-month results. Obesity (Silver Spring). 2010;18(12):2317-2325.
doi:10.1038/0by.2010.47

Greaves C, Gillison F, Stathi A, et al. Waste the waist: a pilot randomised controlled trial of a
primary care based intervention to support lifestyle change in people with high cardiovascular
risk. International Journal of Behavioral Nutrition and Physical Activity. 2015;12(1):1.

Hunt K, Wyke S, Gray CM, et al. A gender-sensitised weight loss and healthy living programme
for overweight and obese men delivered by Scottish Premier League football clubs (FFIT): a
pragmatic randomised controlled trial. The Lancet. 2014;383(9924):1211-1221.
doi:10.1016/S0140-6736(13)62420-4

Huseinovic E, Bertz F, Leu Agelii M, Helleb6 Johansson E, Winkvist A, Brekke HK. Effectiveness
of a weight loss intervention in postpartum women: results from a randomized controlled trial
in primary health care. Am J Clin Nutr. 2016;104(2):362-370. doi:10.3945/ajcn.116.135673

Jebb SA, Ahern AL, Olson AD, et al. Primary care referral to a commercial provider for weight
loss treatment versus standard care: a randomised controlled trial. Lancet.
2011;378(9801):1485-1492. doi:10.1016/s0140-6736(11)61344-5



218.

219.

220.

221.

222.

223.

224,

225.

226.

227.

228.

229.

230.

Jeffery RW, Wing RR, Thorson C, et al. Strengthening behavioral interventions for weight loss: a
randomized trial of food provision and monetary incentives. J Consult Clin Psychol.
1993;61(6):1038-1045. doi:10.1037//0022-006x.61.6.1038

Jolly K, Lewis A, Beach J, et al. Comparison of range of commercial or primary care led weight
reduction programmes with minimal intervention control for weight loss in obesity: lighten Up
randomised controlled trial. BMJ. 2011;343:d6500. doi:10.1136/bmj.d6500

Kulzer B, Hermanns N, Gorges D, Schwarz P, Haak T. Prevention of diabetes self-management
program (PREDIAS): effects on weight, metabolic risk factors, and behavioral outcomes.
Diabetes Care. 2009;32(7):1143-1146. doi:10.2337/dc08-2141

Kumanyika SK, Fassbender JE, Sarwer DB, et al. One-year results of the Think Health! study of
weight management in primary care practices. Obesity (Silver Spring). 2012;20(6):1249-1257.
doi:10.1038/0by.2011.329

Ma J, Yank V, Xiao L, et al. Translating the Diabetes Prevention Program lifestyle intervention
for weight loss into primary care: a randomized trial. JAMA Intern Med. 2013;173(2):113-121.
doi:10.1001/2013.jamainternmed.987

Martin PD, Dutton GR, Rhode PC, Horswell RL, Ryan DH, Brantley PJ. Weight loss maintenance
following a primary care intervention for low-income minority women. Obesity (Silver Spring).
2008;16(11):2462-2467. doi:10.1038/0by.2008.399

Mensink M, Blaak EE, Corpeleijn E, Saris WH, de Bruin TW, Feskens EJ. Lifestyle intervention
according to general recommendations improves glucose tolerance. Obes Res.
2003;11(12):1588-1596. d0i:10.1038/0by.2003.211

Morgan PJ, Lubans DR, Collins CE, Warren JM, Callister R. 12-month outcomes and process
evaluation of the SHED-IT RCT: an internet-based weight loss program targeting men. Obesity
(Silver Spring). 2011;19(1):142-151. doi:10.1038/0by.2010.119

Nakade M, Aiba N, Suda N, et al. Behavioral change during weight loss program and one-year
follow-up: Saku Control Obesity Program (SCOP) in Japan. Asia Pac J Clin Nutr. 2012;21(1):22-
34,

Nanchahal K, Power T, Holdsworth E, et al. A pragmatic randomised controlled trial in primary
care of the Camden Weight Loss (CAMWEL) programme. BMJ Open. 2012;2(3):e000793.
doi:10.1136/bmjopen-2011-000793

Nilsen V, Bakke PS, Gallefoss F. Effects of lifestyle intervention in persons at risk for type 2
diabetes mellitus - results from a randomised, controlled trial. BMC Public Health. 2011;11:893.
doi:10.1186/1471-2458-11-893

Ockene IS, Tellez TL, Rosal MC, et al. Outcomes of a Latino community-based intervention for
the prevention of diabetes: the Lawrence Latino Diabetes Prevention Project. Am J Public
Health. 2012;102(2):336-342. doi:10.2105/AJPH.2011.300357

Pacanowski CR, Levitsky DA. Frequent Self-Weighing and Visual Feedback for Weight Loss in

Overweight Adults. Papadia FS, ed. Journal of Obesity. 2015;2015:763680.
do0i:10.1155/2015/763680

223



231.

232.

233.

234.

235.

236.

237.

238.

239.

240.

241.

242,

243,

224

Parikh P, Simon EP, Fei K, Looker H, Goytia C, Horowitz CR. Results of a pilot diabetes
prevention intervention in East Harlem, New York City: Project HEED. Am J Public Health.
2010;100 Suppl 1(Suppl 1):5232-9. doi:10.2105/ajph.2009.170910

Patrick K, Calfas KJ, Norman GJ, et al. Outcomes of a 12-Month Web-Based Intervention for
Overweight and Obese Men. Annals of Behavioral Medicine. 2011;42(3):391-401.
doi:10.1007/s12160-011-9296-7

Penn L, White M, Oldroyd J, Walker M, Alberti KG, Mathers JC. Prevention of type 2 diabetes in
adults with impaired glucose tolerance: the European Diabetes Prevention RCT in Newcastle
upon Tyne, UK. BMC Public Health. 2009;9:342. doi:10.1186/1471-2458-9-342

Phelan S, Hagobian T, Brannen A, et al. Effect of an Internet-Based Program on Weight Loss for
Low-Income Postpartum Women: A Randomized Clinical Trial. Jama. 2017;317(23):2381-2391.
doi:10.1001/jama.2017.7119

Rosas LG, Thiyagarajan S, Goldstein BA, et al. The effectiveness of two community-based
weight loss strategies among obese, low-income US Latinos. J Acad Nutr Diet. 2015;115(4):537-
50.e2. doi:10.1016/j.jand.2014.10.020

Ross R, Lam M, Blair SN, et al. Trial of prevention and reduction of obesity through active living
in clinical settings: a randomized controlled trial. Arch Intern Med. 2012;172(5):414-424.
doi:10.1001/archinternmed.2011.1972

Shapiro JR, Koro T, Doran N, et al. Text4Diet: a randomized controlled study using text
messaging for weight loss behaviors. Prev Med. 2012;55(5):412-417.
doi:10.1016/j.ypmed.2012.08.011

Silva MN, Vieira PN, Coutinho SR, et al. Using self-determination theory to promote physical
activity and weight control: a randomized controlled trial in women. J Behav Med.
2010;33(2):110-122. doi:10.1007/s10865-009-9239-y

Stevens VJ, Corrigan SA, Obarzanek E, et al. Weight loss intervention in phase 1 of the Trials of
Hypertension Prevention. The TOHP Collaborative Research Group. Arch Intern Med.
1993;153(7):849-858.

Stevens VJ, Obarzanek E, Cook NR, et al. Long-term weight loss and changes in blood pressure:
results of the Trials of Hypertension Prevention, phase Il. Ann Intern Med. 2001;134(1):1-11.
doi:10.7326/0003-4819-134-1-200101020-00007

Svetkey LP, Batch BC, Lin PH, et al. Cell phone intervention for you (CITY): A randomized,
controlled trial of behavioral weight loss intervention for young adults using mobile
technology. Obesity (Silver Spring). 2015;23(11):2133-2141. doi:10.1002/0by.21226

Narayan KM, Hoskin M, Kozak D, et al. Randomized clinical trial of lifestyle interventions in
Pima Indians: a pilot study. Diabet Med. 1998;15(1):66-72. doi:10.1002/(sici)1096-
9136(199801)15:1<66::Aid-dia515>3.0.Co;2-a

Thomas JG, Raynor HA, Bond DS, et al. Weight loss in Weight Watchers Online with and
without an activity tracking device compared to control: A randomized trial. Obesity (Silver
Spring). 2017;25(6):1014-1021. doi:10.1002/0by.21846



244,

245,

246.

247.

248.

249,

250.

251.

252,

253.

254,

255.

256.

Whelton PK, Appel LJ, Espeland MA, et al. Sodium reduction and weight loss in the treatment
of hypertension in older persons: a randomized controlled trial of nonpharmacologic
interventions in the elderly (TONE). TONE Collaborative Research Group. Jama.
1998;279(11):839-846. doi:10.1001/jama.279.11.839

Woylie-Rosett J, Swencionis C, Ginsberg M, et al. Computerized weight loss intervention
optimizes staff time: the clinical and cost results of a controlled clinical trial conducted in a
managed care setting. J Am Diet Assoc. 2001;101(10):1155-1162; quiz 1163-1164.
do0i:10.1016/s0002-8223(01)00284-x

Cadmus-Bertram L, Nelson SH, Hartman S, Patterson RE, Parker BA, Pierce JP. Randomized trial
of a phone- and web-based weight loss program for women at elevated breast cancer risk: the
HELP study. J Behav Med. 2016;39(4):551-559. doi:10.1007/s10865-016-9735-9

Chirinos DA, Goldberg RB, Llabre MM, et al. Lifestyle modification and weight reduction among
low-income patients with the metabolic syndrome: the CHARMS randomized controlled trial. J
Behav Med. 2016;39(3):483-492. doi:10.1007/s10865-016-9721-2

de Vos BC, Runhaar J, Bierma-Zeinstra SM. Effectiveness of a tailor-made weight loss
intervention in primary care. Eur J Nutr. 2014;53(1):95-104. doi:10.1007/s00394-013-0505-y

Eaton CB, Hartman SJ, Perzanowski E, et al. A Randomized Clinical Trial of a Tailored Lifestyle
Intervention for Obese, Sedentary, Primary Care Patients. Ann Fam Med. 2016;14(4):311-319.
doi:10.1370/afm.1952

Godino JG, Golaszewski NM, Norman GJ, et al. Text messaging and brief phone calls for weight
loss in overweight and obese English- and Spanish-speaking adults: A 1-year, parallel-group,
randomized controlled trial. PLoS Med. 2019;16(9):e1002917.
doi:10.1371/journal.pmed.1002917

Godino JG, Merchant G, Norman GJ, et al. Using social and mobile tools for weight loss in
overweight and obese young adults (Project SMART): a 2 year, parallel-group, randomised,
controlled trial. Lancet Diabetes Endocrinol. 2016;4(9):747-755. doi:10.1016/52213-
8587(16)30105-X

Haapala I, Barengo NC, Biggs S, Surakka L, Manninen P. Weight loss by mobile phone: a 1-year
effectiveness study. Public Health Nutr. 2009;12(12):2382-2391.
doi:10.1017/s1368980009005230

Jakicic JM, Otto AD, Lang W, et al. The effect of physical activity on 18-month weight change in
overweight adults. Obesity (Silver Spring). 2011;19(1):100-109. doi:10.1038/0by.2010.122

Jansson SP, Engfeldt P, Magnuson A, Pt GL, Liljegren G. Interventions for lifestyle changes to
promote weight reduction, a randomized controlled trial in primary health care. BMC Res
Notes. 2013;6:213. doi:10.1186/1756-0500-6-213

Jenkins DJA, Boucher BA, Ashbury FD, et al. Effect of Current Dietary Recommendations on
Weight Loss and Cardiovascular Risk Factors. J Am Coll Cardiol. 2017;69(9):1103-1112.
doi:10.1016/j.jacc.2016.10.089

Jones DW, Miller ME, Wofford MR, et al. The effect of weight loss intervention on
antihypertensive medication requirements in the hypertension Optimal Treatment (HOT)
study. Am J Hypertens. 1999;12(12 Pt 1-2):1175-1180. doi:10.1016/s0895-7061(99)00123-5

225



257.

258.

259.

260.

261.

262.

263.

264.

265.

266.

267.

268.

269.

226

Kanke S, Kawai T, Takasawa N, Mashiyama Y, Ishii A, Kassai R. Interventions for body weight
reduction in obese patients during short consultations: an open-label randomized controlled
trial in the Japanese primary care setting. Asia Pac Fam Med. 2015;14(1):5-5.
do0i:10.1186/s12930-015-0022-7

Katula JA, Vitolins MZ, Rosenberger EL, et al. One-year results of a community-based
translation of the Diabetes Prevention Program: Healthy-Living Partnerships to Prevent
Diabetes (HELP PD) Project. Diabetes Care. 2011;34(7):1451-1457. doi:10.2337/dc10-2115

Knowler WC, Barrett-Connor E, Fowler SE, et al. Reduction in the incidence of type 2 diabetes
with lifestyle intervention or metformin. N Engl J Med. 2002;346(6):393-403.
doi:10.1056/NEJMo0a012512

Kuller LH, Pettee Gabriel KK, Kinzel LS, et al. The Women on the Move Through Activity and
Nutrition (WOMAN) study: final 48-month results. Obesity (Silver Spring). 2012;20(3):636-643.
do0i:10.1038/0by.2011.80

Little P, Stuart B, Hobbs FR, et al. An internet-based intervention with brief nurse support to
manage obesity in primary care (POWeR+): a pragmatic, parallel-group, randomised controlled
trial. Lancet Diabetes Endocrinol. 2016;4(10):821-828. d0i:10.1016/s2213-8587(16)30099-7

Logue E, Sutton K, Jarjoura D, Smucker W, Baughman K, Capers C. Transtheoretical model-
chronic disease care for obesity in primary care: a randomized trial. Obes Res. 2005;13(5):917-
927. d0i:10.1038/0by.2005.106

Luley C, Blaik A, Gotz A, et al. Weight loss by telemonitoring of nutrition and physical activity in
patients with metabolic syndrome for 1 year. J Am Coll Nutr. 2014;33(5):363-374.
doi:10.1080/07315724.2013.875437

Marrero DG, Palmer KNB, Phillips EO, Miller-Kovach K, Foster GD, Saha CK. Comparison of
Commercial and Self-Initiated Weight Loss Programs in People With Prediabetes: A
Randomized Control Trial. Am J Public Health. 2016;106(5):949-956.
doi:10.2105/AJPH.2015.303035

Mitsui T, Shimaoka K, Tsuzuku S, Kajioka T, Sakakibara H. Gentle exercise of 40 minutes with
dietary counseling is effective in treating metabolic syndrome. Tohoku J Exp Med.
2008;215(4):355-361. doi:10.1620/tjem.215.355

Moore H, Summerbell C, Greenwood D, et al. Improving management of obesity in primary
care: cluster randomised trial. BMJ. 2003;327(7423):1085. doi:10.1136/bmj.327.7423.1085

Nicklas JM, Zera CA, England LJ, et al. A web-based lifestyle intervention for women with
recent gestational diabetes mellitus: a randomized controlled trial. Obstet Gynecol.
2014;124(3):563-570. doi:10.1097/a0g.0000000000000420

O’Brien MJ, Perez A, Scanlan AB, et al. PREVENT-DM Comparative Effectiveness Trial of
Lifestyle Intervention and Metformin. Am J Prev Med. 2017;52(6):788-797.
doi:10.1016/j.amepre.2017.01.008

Puhkala J, Kukkonen-Harjula K, Mansikkamaki K, et al. Lifestyle counseling to reduce body
weight and cardiometabolic risk factors among truck and bus drivers--a randomized controlled
trial. Scand J Work Environ Health. 2015;41(1):54-64. doi:10.5271/sjweh.3463



270.

271.

272.

273.

274.

275.

276.

277.

278.

279.

280.

281.

282.

Rock CL, Pakiz B, Flatt SW, Quintana EL. Randomized trial of a multifaceted commercial weight
loss program. Obesity (Silver Spring). 2007;15(4):939-949. doi:10.1038/0by.2007.614

Rock CL, Flatt SW, Byers TE, et al. Results of the Exercise and Nutrition to Enhance Recovery
and Good Health for You (ENERGY) Trial: A Behavioral Weight Loss Intervention in Overweight
or Obese Breast Cancer Survivors. J Clin Oncol. 2015;33(28):3169-3176.
do0i:10.1200/JC0.2015.61.1095

Rodriguez-Cristobal JJ, Alonso-Villaverde C, Panisello JM, et al. Effectiveness of a motivational
intervention on overweight/obese patients in the primary healthcare: a cluster randomized
trial. BMC Fam Pract. 2017;18(1):74. d0i:10.1186/s12875-017-0644-y

Tsai AG, Wadden TA, Rogers MA, Day SC, Moore RH, Islam BJ. A primary care intervention for
weight loss: results of a randomized controlled pilot study. Obesity (Silver Spring).
2010;18(8):1614-1618. doi:10.1038/0by.2009.457

Tuomilehto J, Lindstrom J, Eriksson JG, et al. Prevention of type 2 diabetes mellitus by changes
in lifestyle among subjects with impaired glucose tolerance. N Engl J Med. 2001;344(18):1343-
1350. doi:10.1056/nejm200105033441801

van Wier MF, Dekkers JC, Hendriksen 1J, et al. Effectiveness of phone and e-mail lifestyle
counseling for long term weight control among overweight employees. J Occup Environ Med.
2011;53(6):680-686. doi:10.1097/J0M.0b013e31821f2bbb

von Gruenigen V, Frasure H, Kavanagh MB, et al. Survivors of uterine cancer empowered by
exercise and healthy diet (SUCCEED): a randomized controlled trial. Gynecol Oncol.
2012;125(3):699-704. doi:10.1016/j.ygyno.2012.03.042

Wadden TA, Volger S, Sarwer DB, et al. A Two-Year Randomized Trial of Obesity Treatment in
Primary Care Practice. New England Journal of Medicine. 2011;365(21):1969-1979.
doi:10.1056/NEJM0a1109220

Wing RR, Venditti E, Jakicic JM, Polley BA, Lang W. Lifestyle intervention in overweight
individuals with a family history of diabetes. Diabetes Care. 1998;21(3):350-359.
doi:10.2337/diacare.21.3.350

Yeh MC, Heo M, Suchday S, et al. Translation of the Diabetes Prevention Program for diabetes
risk reduction in Chinese immigrants in New York City. Diabet Med. 2016;33(4):547-551.
doi:10.1111/dme.12848

Astbury NM, Tudor K, Aveyard P, Jebb SA. Heterogeneity in the uptake, attendance, and
outcomes in a clinical trial of a total diet replacement weight loss programme. BMC Med.
2020;18(1):86.

Bennett GG, Steinberg D, Askew S, et al. Effectiveness of an App and Provider Counseling for
Obesity Treatment in Primary Care. Am J Prev Med. 2018;55(6):777-786.
doi:10.1016/j.amepre.2018.07.005

Fjeldsoe BS, Goode AD, Phongsavan P, et al. Get Healthy, Stay Healthy: Evaluation of the

Maintenance of Lifestyle Changes Six Months After an Extended Contact Intervention. JMIR
Mhealth Uhealth. 2019;7(3):€11070. d0i:10.2196/11070

227



283.

284.

285.

286.

287.

288.

289.

290.

291.

292,

293.

294,

228

Haire-Joshu D, Schwarz CD, Steger-May K, et al. A Randomized Trial of Weight Change in a
National Home Visiting Program. Am J Prev Med. 2018;54(3):341-351.
doi:10.1016/j.amepre.2017.12.012

Tapsell LC, Lonergan M, Batterham MJ, et al. Effect of interdisciplinary care on weight loss: a
randomised controlled trial. BMJ Open. 2017;7(7):e014533. doi:10.1136/bmjopen-2016-
014533

Viglione C, Bouwman D, Rahman N, et al. A technology-assisted health coaching intervention
vs. enhanced usual care for Primary Care-Based Obesity Treatment: a randomized controlled
trial. BMIC Obes. 2019;6:4. doi:10.1186/s40608-018-0226-0

Fernandez-Ruiz VE, Armero-Barranco D, Paniagua-Urbano JA, Sole-Agusti M, Ruiz-Sanchez A,
Gdémez-Marin J. Short-medium-long-term efficacy of interdisciplinary intervention against
overweight and obesity: Randomized controlled clinical trial. Int J Nurs Pract.
2018;24(6):e12690. doi:10.1111/ijn.12690

Tdarraga Marcos ML, Panisello Royo JM, Carbayo Herencia JA, Rosich Domenech N, Alins Presas
J, Tarraga Lopez PJ. Effect on the lipid parameters of an intervention to reduce weight in
overweight and obese patients. Clin Investig Arterioscler. 2017;29(3):103-110.
doi:10.1016/j.arteri.2017.01.002

Teeriniemi AM, Salonurmi T, Jokelainen T, et al. A randomized clinical trial of the effectiveness
of a Web-based health behaviour change support system and group lifestyle counselling on
body weight loss in overweight and obese subjects: 2-year outcomes. J Intern Med.
2018;284(5):534-545. d0i:10.1111/joim.12802

Appel LJ, Clark JM, Yeh HC, et al. Comparative Effectiveness of Weight-Loss Interventions in
Clinical Practice. New England Journal of Medicine. 2011;365(21):1959-1968.
doi:10.1056/NEJM0al1108660

Bhopal RS, Douglas A, Wallia S, et al. Effect of a lifestyle intervention on weight change in south
Asian individuals in the UK at high risk of type 2 diabetes: a family-cluster randomised
controlled trial. Lancet Diabetes Endocrinol. 2014;2(3):218-227. doi:10.1016/s2213-
8587(13)70204-3

Burke V, Beilin LJ, Cutt HE, Mansour J, Wilson A, Mori TA. Effects of a lifestyle programme on
ambulatory blood pressure and drug dosage in treated hypertensive patients: a randomized
controlled trial. J Hypertens. 2005;23(6):1241-1249. doi:10.1097/01.hjh.0000170388.61579.4f

Pekkarinen T, Kaukua J, Mustajoki P. Long-Term Weight Maintenance after a 17-Week Weight
Loss Intervention with or without a One-Year Maintenance Program: A Randomized Controlled
Trial. Brinton E, ed. Journal of Obesity. 2015;2015:651460. doi:10.1155/2015/651460

Svetkey LP, Stevens VJ, Brantley PJ, et al. Comparison of strategies for sustaining weight loss:
the weight loss maintenance randomized controlled trial. Jama. 2008;299(10):1139-1148.
doi:10.1001/jama.299.10.1139

Young MD, Callister R, Collins CE, Plotnikoff RC, Aguiar EJ, Morgan PJ. Efficacy of a gender-
tailored intervention to prevent weight regain in men over 3 years: A weight loss maintenance
RCT. Obesity (Silver Spring). 2017;25(1):56-65. doi:10.1002/0by.21696



295.

296.

297.

298.

299.

300.

301.

302.

303.

304.

305.

306.

307.

Cussler EC, Teixeira PJ, Going SB, et al. Maintenance of weight loss in overweight middle-aged
women through the Internet. Obesity (Silver Spring). 2008;16(5):1052-1060.
do0i:10.1038/0by.2008.19

Perri MG, McAllister DA, Gange JJ, Jordan RC, McAdoo G, Nezu AM. Effects of four
maintenance programs on the long-term management of obesity. J Consult Clin Psychol.
1988;56(4):529-534. doi:10.1037//0022-006x.56.4.529

Sherwood NE, Crain AL, Martinson BC, et al. Enhancing long-term weight loss maintenance: 2
year results from the Keep It Off randomized controlled trial. Prev Med. 2013;56(3-4):171-177.
doi:10.1016/j.ypmed.2012.12.014

Simpson SA, McNamara R, Shaw C, et al. A feasibility randomised controlled trial of a
motivational interviewing-based intervention for weight loss maintenance in adults. Health
Technol Assess. 2015;19(50):v-vi, xix-xxv, 1-378. doi:10.3310/hta19500

Voils Cl, Olsen MK, Gierisch JM, et al. Maintenance of Weight Loss After Initiation of Nutrition
Training: A Randomized Trial. Ann Intern Med. 2017;166(7):463-471. doi:10.7326/m16-2160

Wing RR, Tate DF, Gorin AA, Raynor HA, Fava JL. A self-regulation program for maintenance of
weight loss. N Engl J Med. 2006;355(15):1563-1571. doi:10.1056/NEJM0a061883

Daley A, Jolly K, Madigan C, et al. A brief behavioural intervention to promote regular self-
weighing to prevent weight regain after weight loss: a RCT. Published online 2019.
doi:https://dx.doi.org/10.3310/phr07070

Mai K, Brachs M, Leupelt V, et al. Effects of a combined dietary, exercise and behavioral
intervention and sympathetic system on body weight maintenance after intended weight loss:
Results of a randomized controlled trial. Metabolism. 2018;83:60-67.
doi:10.1016/j.metabol.2018.01.003

Nakata Y, Sasai H, Tsujimoto T, Hashimoto K, Kobayashi H. Web-based intervention to promote
weight-loss maintenance using an activity monitor: A randomized controlled trial. Preventive
Medicine Reports. 2019;14:100839. doi:https://doi.org/10.1016/j.pmedr.2019.100839

Sniehotta FF, Evans EH, Sainsbury K, et al. Behavioural intervention for weight loss
maintenance versus standard weight advice in adults with obesity: A randomised controlled
trial in the UK (NULevel Trial). PLoS Med. 2019;16(5):e1002793.
doi:10.1371/journal.pmed.1002793

Kinsey AW, Gowey MA, Tan F, et al. Similar weight loss and maintenance in African American
and White women in the Improving Weight Loss (ImWel) trial. Ethn Health. 2021;26(2):251-
263. d0i:10.1080/13557858.2018.1493435

Sellman D, Schroder R, Deering D, Elmslie J, Foulds J, Frampton C. Psychosocial enhancement
of the Green Prescription for obesity recovery: a randomised controlled trial. The New Zealand
medical journal. 2017;130:44-54.

Tanaka N, Murakami H, Aiba N, et al. Effects of 1-year weight loss intervention on abdominal

skeletal muscle mass in Japanese overweight men and women. Asia Pacific journal of clinical
nutrition. 2019;28:72-78. doi:10.6133/apjcn.201903_28(1).0011

229



308.

309.

310.

311.

312.

313.

314.

315.

316.

317.

318.

319.

320.

321.

230

Fisher R, Fraser C. Who Gets in? What Does the 2020 GP Patient Survey Tell Us about Access to
General Practice? The Health Foundation; 2021. https://www.health.org.uk/news-and-
comment/charts-and-infographics/who-gets-in

Ahern AL, Aveyard P, Boyland EJ, Halford JC, Jebb SA. Inequalities in the uptake of weight
management interventions in a pragmatic trial: an observational study in primary care. British
Journal of General Practice. 2016;66(645):e258-e263.

Sardar MR, Badri M, Prince CT, Seltzer J, Kowey PR. Underrepresentation of Women, Elderly
Patients, and Racial Minorities in the Randomized Trials Used for Cardiovascular Guidelines.
JAMA Internal Medicine. 2014;174(11):1868-1870. doi:10.1001/jamainternmed.2014.4758

Tinetti ME. The Gap Between Clinical Trials and the Real World: Extrapolating Treatment
Effects From Younger to Older Adults. JAMA Internal Medicine. 2014;174(3):397-398.
doi:10.1001/jamainternmed.2013.13283

Helfand BKI, Webb M, Gartaganis SL, Fuller L, Kwon CS, Inouye SK. The Exclusion of Older
Persons From Vaccine and Treatment Trials for Coronavirus Disease 2019—Missing the Target.
JAMA Internal Medicine. 2020;180(11):1546-1549. doi:10.1001/jamainternmed.2020.5084

Wiseman KP, Coa KI, Prutzman YM. Predictors of Retention in an Adult Text Messaging
Smoking Cessation Intervention Program: Cohort Study. JMIR Mhealth Uhealth.
2019;7(8):€13712. d0i:10.2196/13712

Metse AP, Hizam NAN, Wiggers J, Wye P, Bowman JA. Factors associated with retention in a
smoking cessation trial for persons with a mental illness: a descriptive study. BMC Medical
Research Methodology. 2018;18(1):177. doi:10.1186/s12874-018-0640-5

Ligthart KAM, Buitendijk L, Koes BW, van Middelkoop M. The association between ethnicity,
socioeconomic status and compliance to pediatric weight-management interventions — A
systematic review. Obesity Research & Clinical Practice. 2017;11(5, Supplement 1):1-51.
doi:https://doi.org/10.1016/j.0rcp.2016.04.001

O’Mahen HA, Woodford J, McGinley J, et al. Internet-based behavioral activation—Treatment
for postnatal depression (Netmums): A randomized controlled trial. Journal of Affective
Disorders. 2013;150(3):814-822. doi:https://doi.org/10.1016/j.jad.2013.03.005

Azagba S, Shan L, Latham K. Overweight and Obesity among Sexual Minority Adults in the
United States. Int J Environ Res Public Health. 2019;16(10):1828. doi:10.3390/ijerph16101828

Semlyen J, Curtis TJ, Varney J. Sexual orientation identity in relation to unhealthy body mass
index: individual participant data meta-analysis of 93 429 individuals from 12 UK health
surveys. Journal of Public Health. 2019;42(1):98-106. doi:10.1093/pubmed/fdy224

NHS England. Menu of evidence-based interventions and approaches for addressing and
reducing health inequalities: Tier 2 Weight Management Services.

Tomiyama AJ, Carr D, Granberg EM, et al. How and why weight stigma drives the obesity
‘epidemic’ and harms health. BMC Med. 2018;16(1):123. do0i:10.1186/s12916-018-1116-5

Puhl RM, Lessard LM, Himmelstein MS, Foster GD. The roles of experienced and internalized
weight stigma in healthcare experiences: Perspectives of adults engaged in weight



322.

323.

324.

325.

326.

327.

328.

329.

330.

331.

332.

333.

334.

management across six countries. PLOS ONE. 2021;16(6):e0251566.
doi:10.1371/journal.pone.0251566

Abshire DA, Wippold GM, Wilson DK, Pinto BM, Probst JC, Hardin JW. Rurality, Gender, and
Obesity: An Intersectionality Perspective on Rural Men’s Health. Am J Public Health.
2021;111(10):1761-1763. doi:10.2105/AJPH.2021.306482

Makowski AC, Kim TJ, Luck-Sikorski C, von dem Knesebeck O. Social deprivation, gender and
obesity: multiple stigma? Results of a population survey from Germany. BMJ Open.
2019;9(4):e023389. doi:10.1136/bmjopen-2018-023389

Polos J, Koning S, McDade T. Do intersecting identities structure social contexts to influence life
course health? The case of school peer economic disadvantage and obesity. Social Science &
Medicine. 2021;289:114424. doi:10.1016/j.socscimed.2021.114424

Pan WH, Yeh WT. How to define obesity? Evidence-based multiple action points for public
awareness, screening, and treatment: an extension of Asian-Pacific recommendations. Asia Pac
J Clin Nutr. 2008;17(3):370-374.

Sterne JAC, Savovic J, Page MJ, et al. RoB 2: a revised tool for assessing risk of bias in
randomised trials. BMJ. 2019;366:14898.

Stewart LA, Clarke M, Rovers M, et al. Preferred Reporting Items for a Systematic Review and
Meta-analysis of Individual Participant Data: The PRISMA-IPD Statement. JAMA.
2015;313(16):1657-1665.

Jonkman NH, Westland H, Trappenburg JCA, et al. Towards tailoring of self-management for
patients with chronic heart failure or chronic obstructive pulmonary disease: a protocol for an
individual patient data meta-analysis. BMJ Open. 2014;4(5):e005220.

Oude Hengel KM, Coenen P, Robroek SJW, et al. Socioeconomic inequalities in reach,
compliance and effectiveness of lifestyle interventions among workers: protocol for an
individual participant data meta-analysis and equity-specific reanalysis. BMJ Open.
2019;9(2):e025463. doi:10.1136/bmjopen-2018-025463

Hunter KE, Johnson BJ, Askie L, et al. Transforming Obesity Prevention for CHILDren
(TOPCHILD) Collaboration: protocol for a systematic review with individual participant data
meta-analysis of behavioural interventions for the prevention of early childhood obesity. BMJ
Open. 2022;12(1):e048166. doi:10.1136/bmjopen-2020-048166

Riley RD, Tierney JF, Stewart LA. Individual Participant Data Meta-Analysis. A Handbook for
Healthcare Research. 1st ed. Wiley; 2021.

Astbury NM, Aveyard P, Nickless A, et al. Doctor Referral of Overweight People to Low Energy
total diet replacement Treatment (DROPLET): pragmatic randomised controlled trial. BMJ
(Clinical research ed). 2018;362:k3760. doi:https://dx.doi.org/10.1136/bmj.k3760

Dombrowski SU, McDonald M, van der Pol M, et al. Game of Stones: feasibility randomised
controlled trial of how to engage men with obesity in text message and incentive interventions
for weight loss. BMJ Open. 2020;10(2):e032653. doi:10.1136/bmjopen-2019-032653

Anderson AS, Chong HY, Craigie AM, et al. A novel approach to increasing community capacity
for weight management a volunteer-delivered programme (ActWELL) initiated within breast

231



335.

336.

337.

338.

339.

340.

341.

342.

343.

344,

345.

346.

232

screening clinics: a randomised controlled trial. International Journal of Behavioral Nutrition
and Physical Activity. 2021;18(1):34. d0i:10.1186/s12966-021-01099-7

Graham J, Tudor K, Jebb SA, et al. The equity impact of brief opportunistic interventions to
promote weight loss in primary care: secondary analysis of the BWeL randomised trial. BMC
medicine. 2019;17(1):51-51.

Piernas C, MacLean F, Aveyard P, et al. Greater Attendance at a Community Weight Loss
Programme over the First 12 Weeks Predicts Weight Loss at 2 Years. Obes Facts.
2020;13(4):349-360. doi:10.1159/000509131

Coulman KD, Margelyte R, Jones T, et al. Patterns of adult weight management referrals in
primary care in England. PLOS Medicine. Published online 2023.
doi:https://doi.org/10.1371/journal.pmed.1004282

Valabhiji J, Barron E, Bradley D, et al. Early Outcomes From the English National Health Service
Diabetes Prevention Programme. Diabetes Care. 2019;43(1):152-160. doi:10.2337/dc19-1425

Coupe N, Cotterill S, Peters S. Tailoring lifestyle interventions to low socio-economic
populations: a qualitative study. BMC public health. 2018;18(1):967-967.

Igbal H, West J, McEachan RRC, Haith-Cooper M. Exploring the obesity concerns of British
Pakistani women living in deprived inner-city areas: A qualitative study. Health Expectations.
2022;25(4):1821-1831. doi:10.1111/hex.13527

Budden T, Dimmock JA, Rosenberg M, Beauchamp MR, Fitzpatrick I, Jackson B. MAN v FAT
Soccer: Feasibility Study and Preliminary Efficacy of a Sport-Based Weight-Loss Intervention for
Overweight and Obese Men in Australia. Journal of Sport and Exercise Psychology.
2022;44(5):359-369. doi:10.1123/jsep.2021-0165

Robertson C, Archibald D, Avenell A, et al. Systematic reviews of and integrated report on the
guantitative, qualitative and economic evidence base for the management of obesity in men.
Health Technol Assess. 2014;18(35). do0i:10.3310/hta18350

Morris L, Dumville J, Treweek S, Miah N, Curtis F, Bower P. Evaluating a tool to improve
engagement and recruitment of under-served groups in trials. Trials. 2022;23(1):867.
doi:10.1186/s13063-022-06747-2

Tan YY, Papez V, Chang WH, Mueller SH, Denaxas S, Lai AG. Comparing clinical trial population
representativeness to real-world populations: an external validity analysis encompassing

43 895 trials and 5 685 738 individuals across 989 unique drugs and 286 conditions in England.
The Lancet Healthy Longevity. 2022;3(10):e674-e689. d0i:10.1016/52666-7568(22)00186-6

Birch JM, Mueller J, Sharp SJ, et al. Association between indicators of inequality and weight
change following a behavioural weight loss intervention. OFA. Published online December 15,
2022. doi:10.1159/000528135

Ahern AL, Aveyard PN, Halford JC, et al. Weight loss referrals for adults in primary care (WRAP):
protocol for a multi-centre randomised controlled trial comparing the clinical and cost-
effectiveness of primary care referral to a commercial weight loss provider for 12 weeks,
referral for 52 weeks, and a brief self-help intervention [ISRCTN82857232]. BMC Public Health.
2014;14(1):620. doi:10.1186/1471-2458-14-620



347.

348.

349.

350.

351.

352.

353.

354,

355.

356.

357.

358.

359.

360.

361.

Stevens J, Truesdale KP, McClain JE, Cai J. The definition of weight maintenance. International
Journal of Obesity. 2006;30(3):391-399. doi:10.1038/sj.ijo.0803175

Piernas C, MacLean F, Aveyard P, et al. Greater attendance to a community weight loss
programme over the first 12 weeks predicts weight loss at two years. Obesity Facts: the
European journal of obesity. Published online 2020.

Stubbs RJ, Morris L, Pallister C, Horgan G, Lavin JH. Weight outcomes audit in 1.3 million adults
during their first 3 months’ attendance in a commercial weight management programme. BMC
Public Health. 2015;15(1):882. doi:10.1186/s12889-015-2225-0

Johnston CA, Moreno JP, Hernandez DC, et al. Levels of adherence needed to achieve
significant weight loss. Int J Obes. 2019;43(1):125-131. doi:10.1038/s41366-018-0226-7

Pilgrim AL, Robinson SM, Sayer AA, Roberts HC. An overview of appetite decline in older
people. Nurs Older People. 2015;27(5):29-35. doi:10.7748/n0p.27.5.29.e697

Volpi E, Nazemi R, Fujita S. Muscle tissue changes with aging. Curr Opin Clin Nutr Metab Care.
2004;7(4):405-410. doi:10.1097/01.mc0.0000134362.76653.b2

Elobeid MA, Padilla MA, McVie T, et al. Missing Data in Randomized Clinical Trials for Weight
Loss: Scope of the Problem, State of the Field, and Performance of Statistical Methods. PLOS
ONE. 2009;4(8):e6624. doi:10.1371/journal.pone.0006624

Clark LT, Watkins L, Pifia IL, et al. Increasing Diversity in Clinical Trials: Overcoming Critical
Barriers. Current Problems in Cardiology. 2019;44(5):148-172.
doi:10.1016/j.cpcardiol.2018.11.002

Preventza O, Critsinelis A, Simpson K, et al. Sex, Racial, and Ethnic Disparities in U.S.
Cardiovascular Trials in More Than 230,000 Patients. The Annals of Thoracic Surgery.
2021;112(3):726-735. d0i:10.1016/j.athoracsur.2020.08.075

Loree JM, Anand S, Dasari A, et al. Disparity of Race Reporting and Representation in Clinical
Trials Leading to Cancer Drug Approvals From 2008 to 2018. JAMA Oncology.
2019;5(10):e191870. doi:10.1001/jamaoncol.2019.1870

Nature. Equity must be baked into randomized controlled trials. Nature. 2022;606(7915):624-
624. doi:10.1038/d41586-022-01675-2

Baker C. Obesity Statistics. House of Commons Library; 2023.

Mueller J, Richards R, Jones RA, et al. Supporting Weight Management during COVID-19: A
Randomized Controlled Trial of a Web-Based, ACT-Based, Guided Self-Help Intervention. OFA.
2022;15(4):550-559. doi:10.1159/000524031

Mueller J, Richards R, Jones RA, et al. Supporting Weight Management during COVID-19
(SWiM-C): twelve-month follow-up of a randomised controlled trial of a web-based, ACT-
based, guided self-help intervention. Int J Obes (Lond). 2023;47(1):51-59. doi:10.1038/s41366-
022-01232-x

Chesser A, Burke A, Reyes J, Rohrberg T. Navigating the digital divide: A systematic review of

eHealth literacy in underserved populations in the United States. Informatics for Health and
Social Care. 2016;41(1):1-19. doi:10.3109/17538157.2014.948171

233



362.

363.

364.

365.

366.

367.

368.

369.

370.

371.

372.

373.

374.

375.

376.

234

Sgrensen K, Pelikan JM, Rothlin F, et al. Health literacy in Europe: comparative results of the
European health literacy survey (HLS-EU). Eur J Public Health. 2015;25(6):1053-1058.
doi:10.1093/eurpub/ckv043

Richards R, Jones RA, Whittle F, et al. Development of a Web-Based, Guided Self-help,
Acceptance and Commitment Therapy—Based Intervention for Weight Loss Maintenance:
Evidence-, Theory-, and Person-Based Approach. JMIR Form Res. 2022;6(1):e31801.
doi:10.2196/31801

Tholin S, Rasmussen F, Tynelius P, Karlsson J. Genetic and environmental influences on eating
behavior: the Swedish Young Male Twins Study2. The American Journal of Clinical Nutrition.
2005;81(3):564-569. doi:10.1093/ajcn/81.3.564

Craig CL, Marshall AL, Sjostrom M, et al. International physical activity questionnaire: 12-
country reliability and validity. Med Sci Sports Exerc. 2003;35(8):1381-1395.
doi:10.1249/01.MSS.0000078924.61453.FB

Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depression severity measure. J
Gen Intern Med. 2001;16(9):606-613. doi:10.1046/j.1525-1497.2001.016009606.x

Spitzer RL, Kroenke K, Williams JBW, Léwe B. A brief measure for assessing generalized anxiety
disorder: the GAD-7. Arch Intern Med. 2006;166(10):1092-1097.
doi:10.1001/archinte.166.10.1092

Al-Janabi H, N Flynn T, Coast J. Development of a self-report measure of capability wellbeing
for adults: the ICECAP-A. Qual Life Res. 2012;21(1):167-176. d0i:10.1007/s11136-011-9927-2

Palmeira L, Cunha M, Pinto-Gouveia J, Carvalho S, Lillis J. New developments in the assessment
of weight-related experiential avoidance (AAQW-Revised). Journal of Contextual Behavioral
Science. 2016;5(3):193-200. doi:10.1016/j.jcbs.2016.06.001

World Health Organization. Urban green space interventions and health: A review of impacts
and effectiveness. Published online 2017.

Ballard TJ, Kepple AW, Cafiero C. The Food Insecurity Experience Scale: Development of a
Global Standard for Monitoring Hunger Worldwide. Technical Paper. FAO; 2013.

Pool U, Dooris M. Prevalence of food security in the UK measured by the Food Insecurity
Experience Scale. Journal of Public Health. 2022;44(3):634-641. doi:10.1093/pubmed/fdab120

Kliem S, MoRle T, Rehbein F, Hellmann DF, Zenger M, Brahler E. A brief form of the Perceived
Social Support Questionnaire (F-SozU) was developed, validated, and standardized. Journal of
Clinical Epidemiology. 2015;68(5):551-562. d0i:10.1016/j.jclinepi.2014.11.003

Bender R, Lange S. Adjusting for multiple testing—when and how? Journal of Clinical
Epidemiology. 2001;54(4):343-349. doi:10.1016/50895-4356(00)00314-0

Perneger TV. What’s wrong with Bonferroni adjustments. BMJ. 1998;316(7139):1236-1238.
do0i:10.1136/bmj.316.7139.1236

Greenland S, Senn SJ, Rothman KJ, et al. Statistical tests, P values, confidence intervals, and
power: a guide to misinterpretations. Eur J Epidemiol. 2016;31:337-350. doi:10.1007/s10654-
016-0149-3



377.

378.

379.

380.

381.

382.

383.

384.

385.

386.

387.

388.

389.

Varkevisser RDM, van Stralen MM, Kroeze W, Ket JCF, Steenhuis IHM. Determinants of weight
loss maintenance: a systematic review. Obesity Reviews. 2019;20(2):171-211.
doi:10.1111/0br.12772

Phelan S, Wing RR, Loria CM, Kim Y, Lewis CE. Prevalence and predictors of weight-loss
maintenance in a biracial cohort: results from the coronary artery risk development in young
adults study. Am J Prev Med. 2010;39(6):546-554. doi:10.1016/j.amepre.2010.08.008

Gettens KM, Carbonneau N, Koestner R, Powers TA, Gorin AA. The role of partner autonomy
support in motivation, well-being, and weight loss among women with higher baseline BMI.
Fam Syst Health. 2018;36(3):347-356. doi:10.1037/fsh0000362

Wing RR, Hill JO. Successful Weight Loss Maintenance. Annual Review of Nutrition.
2001;21(1):323-341. doi:10.1146/annurev.nutr.21.1.323

Dailey RM, Lloyd R, Burdick S, Zhang Z, Kurlak R. Romantic partner undermining of weight loss:
Links between overweight individuals’ weight management efforts and perceptions of their
partner’s undermining motivations and behaviors. J Health Psychol. 2023;28(6):583-596.
doi:10.1177/13591053221123842

Ogden J, Quirke-McFarlane S. Sabotage, Collusion, and Being a Feeder: Towards a New Model
of Negative Social Support and Its Impact on Weight Management. Curr Obes Rep.
2023;12(2):183-190. doi:10.1007/s13679-023-00504-5

Dailey RM. Strategies in Context: How Perceptions of Romantic Partner Support for Weight
Loss Vary by the Relational Context. Health Commun. 2019;34(10):1095-1106.
doi:10.1080/10410236.2018.1461584

Davies NG, Kucharski AJ, Eggo RM, et al. Effects of non-pharmaceutical interventions on
COVID-19 cases, deaths, and demand for hospital services in the UK: a modelling study. The
Lancet Public Health. 2020;5(7):e375-e385. d0i:10.1016/52468-2667(20)30133-X

Walsh S, Chowdhury A, Braithwaite V, et al. Do school closures and school reopenings affect
community transmission of COVID-197? A systematic review of observational studies. BM/J
Open. 2021;11(8):e053371. doi:10.1136/bmjopen-2021-053371

Gorber SC, Tremblay M, Moher D, Gorber B. A comparison of direct vs. self-report measures
for assessing height, weight and body mass index: a systematic review. Obesity Reviews.
2007;8(4):307-326. doi:10.1111/j.1467-789X.2007.00347 .x

Flegal KM, Ogden CL, Fryar C, Afful J, Klein R, Huang DT. Comparisons of Self-Reported and
Measured Height and Weight, BMI, and Obesity Prevalence from National Surveys: 1999-2016.
Obesity. 2019;27(10):1711-1719. doi:10.1002/0by.22591

Luo J, Lee RYW. Opposing patterns in self-reported and measured physical activity levels in
middle-aged adults. Eur J Ageing. 2022;19(3):567-573. d0i:10.1007/s10433-021-00657-z

Prince SA, Adamo KB, Hamel ME, Hardt J, Gorber SC, Tremblay M. A comparison of direct
versus self-report measures for assessing physical activity in adults: a systematic review.
International Journal of Behavioral Nutrition and Physical Activity. 2008;5(1):56.
doi:10.1186/1479-5868-5-56

235



390.

391.

392.

393.

394.

395.

396.

397.

398.

399.

400.

401.

236

Steene-Johannessen J, Anderssen SA, van der Ploeg HP, et al. Are Self-report Measures Able to
Define Individuals as Physically Active or Inactive? Med Sci Sports Exerc. 2016;48(2):235-244.
doi:10.1249/MSS.0000000000000760

Bundy JD, Mills KT, He H, et al. Social determinants of health and premature death among
adults in the USA from 1999 to 2018: a national cohort study. The Lancet Public Health.
2023;8(6):e422-e431. doi:10.1016/52468-2667(23)00081-6

Lopes Cortes M, Andrade Louzado J, Galvao Oliveira M, et al. Unhealthy Food and
Psychological Stress: The Association between Ultra-Processed Food Consumption and
Perceived Stress in Working-Class Young Adults. Int J Environ Res Public Health.
2021;18(8):3863. doi:10.3390/ijerph18083863

Gemesi K, Holzmann SL, Kaiser B, et al. Stress eating: an online survey of eating behaviours,
comfort foods, and healthy food substitutes in German adults. BMC Public Health.
2022;22(1):391. doi:10.1186/s12889-022-12787-9

Rai A, Misra R, Khan H, Shukla S, Patel DC, Brown A. Systematic review of the barriers and
facilitators to dietary modification in people living with type 2 diabetes and pre-diabetes from
South Asian ethnic populations. Diabetic Medicine. 2023;40(8):e15132.
doi:10.1111/dme.15132

Crane MM, Jeffery RW, Sherwood NE. Exploring Gender Differences in a Randomized Trial of
Weight Loss Maintenance. Am J Mens Health. 2017;11(2):369-375.
doi:10.1177/1557988316681221

Elliott M, Gillison F, Barnett J. Exploring the influences on men’s engagement with weight loss
services: a qualitative study. BMC Public Health. 2020;20(1):249. doi:10.1186/s12889-020-
8252-5

Christensen P, Meinert Larsen T, Westerterp-Plantenga M, et al. Men and women respond
differently to rapid weight loss: Metabolic outcomes of a multi-centre intervention study after
a low-energy diet in 2500 overweight, individuals with pre-diabetes (PREVIEW). Diabetes Obes
Metab. 2018;20(12):2840-2851. doi:10.1111/dom.13466

Public Health England. England’s poorest areas are fast food hotspots. GOV.UK. Published
2018. Accessed August 29, 2023. https://www.gov.uk/government/news/englands-poorest-
areas-are-fast-food-hotspots

Green MA, Hobbs M, Ding D, et al. The Association between Fast Food Outlets and Overweight
in Adolescents Is Confounded by Neighbourhood Deprivation: A Longitudinal Analysis of the
Millennium Cohort Study. Int J Environ Res Public Health. 2021;18(24):13212.
doi:10.3390/ijerph182413212

Burgoine T, Forouhi NG, Griffin SJ, Wareham NJ, Monsivais P. Associations between exposure
to takeaway food outlets, takeaway food consumption, and body weight in Cambridgeshire,
UK: population based, cross sectional study. BMJ. 2014;348:g1464. doi:10.1136/bmj.g1464

Hamel LM, Penner LA, Albrecht TL, Heath E, Gwede CK, Eggly S. Barriers to Clinical Trial
Enrollment in Racial and Ethnic Minority Patients With Cancer. Cancer Control. 2016;23(4):327-
337.



402.

403.

404.

405.

406.

407.

408.

4009.

410.

411.

412.

413.

Flores LE, Frontera WR, Andrasik MP, et al. Assessment of the Inclusion of Racial/Ethnic
Minority, Female, and Older Individuals in Vaccine Clinical Trials. JAMA Netw Open.
2021;4(2):e2037640. doi:10.1001/jamanetworkopen.2020.37640

National Academies of Sciences E, Affairs P and G, Committee on Women in Science E,
Research Con | the R of W and UM in CT and, Bibbins-Domingo K, Helman A. Why Diverse
Representation in Clinical Research Matters and the Current State of Representation within the
Clinical Research Ecosystem. In: Improving Representation in Clinical Trials and Research:
Building Research Equity for Women and Underrepresented Groups. National Academies Press
(US); 2022. Accessed July 28, 2023. https://www.ncbi.nlm.nih.gov/books/NBK584396/

Farb A, Viviano CJ, Tarver ME. Diversity in Clinical Trial Enrollment and Reporting—Where We
Are and the Road Ahead. JAMA Cardiology. Published online July 26, 2023.
doi:10.1001/jamacardio.2023.2106

Reddy KP, Faggioni M, Eberly LA, et al. Enrollment of Older Patients, Women, and Racial and
Ethnic Minority Individuals in Valvular Heart Disease Clinical Trials: A Systematic Review. JAMA
Cardiology. Published online July 26, 2023. doi:10.1001/jamacardio.2023.2098

National Institute for Health and Care Research (NIHR). Randomised controlled trial
participants: Diversity data report. Published 2022. Accessed July 28, 2023.
https://www.nihr.ac.uk/documents/randomised-controlled-trial-participants-diversity-data-
report/31969

Alegria M, Sud S, Steinberg BE, Gai N, Siddiqui A. Reporting of Participant Race, Sex, and
Socioeconomic Status in Randomized Clinical Trials in General Medical Journals, 2015 vs 2019.
JAMA Network Open. 2021;4(5):e2111516. doi:10.1001/jamanetworkopen.2021.11516

Buttery SC, Philip KEJ, Alghamdi SM, Williams PJ, Quint JK, Hopkinson NS. Reporting of data on
participant ethnicity and socioeconomic status in high-impact medical journals: a targeted
literature review. BMJ Open. 2022;12(8):e064276. doi:10.1136/bmjopen-2022-064276

Furler J, Magin P, Pirotta M, van Driel M. Participant demographics reported in “Table 1” of
randomised controlled trials: a case of “inverse evidence”? International Journal for Equity in
Health. 2012;11(1):14. doi:10.1186/1475-9276-11-14

Garrott K, Ogilvie D, Panter J, et al. Development and application of the DePtH framework for
categorising the agentic demands of population health interventions. Published online October
19, 2023:2023.10.18.23297198. doi:10.1101/2023.10.18.23297198

Coenen P, Robroek SJW, van der Beek AJ, et al. Socioeconomic inequalities in effectiveness of
and compliance to workplace health promotion programs: an individual participant data (IPD)
meta-analysis. Int J Behav Nutr Phys Act. 2020;17(1):112. doi:10.1186/512966-020-01002-w

Evans D. Hierarchy of evidence: a framework for ranking evidence evaluating healthcare
interventions. Journal of Clinical Nursing. 2003;12(1):77-84. doi:10.1046/j.1365-
2702.2003.00662.x

Akobeng AK. Understanding randomised controlled trials. Archives of Disease in Childhood.
2005;90(8):840-844. doi:10.1136/adc.2004.058222

237



414,

415.

416.

417.

418.

4109.

420.

421.

422.

423.

424,

425.

426.

427.

428.

238

Faculty of Public Health. Role of chance, bias and confounding in epidemiological studies.
Health Knowledge. Accessed July 19, 2023. https://www.healthknowledge.org.uk/e-
learning/epidemiology/practitioners/chance-bias-confounding

Office for Health Improvement and Disparities. Randomised controlled trial: comparative
studies. GOV.UK. Published October 4, 2021. Accessed July 17, 2023.
https://www.gov.uk/guidance/randomised-controlled-trial-comparative-studies

Cartwright N. Rigour versus the need for evidential diversity. Synthese. 2021;199(5):13095-
13119. doi:10.1007/s11229-021-03368-1

Sun X, Briel M, Busse JW, et al. Credibility of claims of subgroup effects in randomised
controlled trials: systematic review. BMJ. 2012;344:e1553. doi:10.1136/bmj.e1553

Kasenda B, Schandelmaier S, Sun X, et al. Subgroup analyses in randomised controlled trials:
cohort study on trial protocols and journal publications. BMJ. 2014;349:g4539.
do0i:10.1136/bmj.g4539

Wallach JD, Sullivan PG, Trepanowski JF, Sainani KL, Steyerberg EW, loannidis JPA. Evaluation
of Evidence of Statistical Support and Corroboration of Subgroup Claims in Randomized Clinical
Trials. JAMA Internal Medicine. 2017;177(4):554-560. doi:10.1001/jamainternmed.2016.9125

Higgins J, Thomas J, Chandler J, et al. Cochrane Handbook for Systematic Reviews of
Interventions version 6.3 (updated February 2022). Cochrane. Published 2022. Accessed July
17, 2023. www.training.cochrane.org/handbook

Griffin S. Diabetes precision medicine: plenty of potential, pitfalls and perils but not yet ready
for prime time. Diabetologia. 2022;65(11):1913-1921. doi:10.1007/s00125-022-05782-7

Amrhein V, Greenland S, McShane B. Scientists rise up against statistical significance. Nature.
2019;567(7748):305-307. doi:10.1038/d41586-019-00857-9

Schmidt M, Rothman KJ. Mistaken inference caused by reliance on and misinterpretation of a
significance test. International Journal of Cardiology. 2014;177(3):1089-1090.
doi:10.1016/j.ijcard.2014.09.205

Hurlbert SH, Levine RA, Utts J. Coup de Grace for a Tough Old Bull: “Statistically Significant”
Expires. The American Statistician. 2019;73(sup1):352-357.
doi:10.1080/00031305.2018.1543616

Wasserstein RL, Lazar NA. The ASA Statement on p-Values: Context, Process, and Purpose. The
American Statistician. 2016;70(2):129-133. doi:10.1080/00031305.2016.1154108

Kovalchik S. Validity of adult lifetime self-reported body weight. Public Health Nutr.
2009;12(8):1072-1077. doi:10.1017/51368980008003728

McCartney G, Hoggett R, Walsh D, Lee D. How well do area-based deprivation indices identify
income- and employment-deprived individuals across Great Britain today? Public Health.
2023;217:22-25. doi:10.1016/j.puhe.2023.01.020

Ellenberg JH. Selection bias in observational and experimental studies. Statistics in Medicine.
1994;13(5-7):557-567. d0i:10.1002/sim.4780130518



429. Nunan D, Aronson J, Bankhead C. Catalogue of bias: attrition bias. BMJ Evid Based Med.
2018;23(1):21-22. doi:10.1136/ebmed-2017-110883

430. Bermingham R. Interpreting research evidence. UK Parliament POST. Published September 8,
2020. Accessed July 10, 2023. https://post.parliament.uk/interpreting-research-evidence/

431. Macintyre AK, Torrens C, Campbell P, et al. Socioeconomic inequalities and the equity impact
of population-level interventions for adolescent health: an overview of systematic reviews.
Public Health. 2020;180:154-162. doi:10.1016/j.puhe.2019.11.008

432. Bambra C, Gibson M, Sowden A, Wright K, Whitehead M, Petticrew M. Tackling the wider
social determinants of health and health inequalities: evidence from systematic reviews.
Journal of Epidemiology & Community Health. 2010;64(4):284-291.
doi:10.1136/jech.2008.082743

433. Petticrew M, Welch V, Tugwell P. ‘It is surely a great criticism of our profession...” The next 20
years of equity-focused systematic reviews. J Epidemiol Community Health. 2014,68(4):291-
292. doi:10.1136/jech-2013-203400

434. Petticrew M, Tugwell P, Welch V, et al. Better evidence about wicked issues in tackling health
inequities. Journal of Public Health. 2009;31(3):453-456. do0i:10.1093/pubmed/fdp076

435, Raleigh V, Holmes J. The health of people from ethnic minority groups in England. The King’s
Fund. Published 2023. Accessed July 26, 2023.
https://www.kingsfund.org.uk/publications/health-people-ethnic-minority-groups-england

436. Hoenig JM, Heisey DM. The Abuse of Power. The American Statistician. 2001;55(1):19-24.
doi:10.1198/000313001300339897

437. Lydersen S. Statistical review: frequently given comments. Annals of the Rheumatic Diseases.
2015;74(2):323-325. doi:10.1136/annrheumdis-2014-206186

438. Althouse AD. Post Hoc Power: Not Empowering, Just Misleading. Journal of Surgical Research.
2021;259:A3-A6. doi:10.1016/j.jss.2019.10.049

439. Lakens D. The 20% Statistician: Observed power, and what to do if your editor asks for post-
hoc power analyses. The 20% Statistician. Published December 19, 2014. Accessed July 21,
2023. https://daniellakens.blogspot.com/2014/12/observed-power-and-what-to-do-if-
your.html|

440. Christogiannis C, Nikolakopoulos S, Pandis N, Mavridis D. The self-fulfilling prophecy of post-
hoc power calculations. American Journal of Orthodontics and Dentofacial Orthopedics.
2022;161(2):315-317. doi:10.1016/j.ajod0.2021.10.008

441. Levine M, Ensom MHH. Post Hoc Power Analysis: An Idea Whose Time Has Passed?
Pharmacotherapy: The Journal of Human Pharmacology and Drug Therapy. 2001;21(4):405-
409. doi:10.1592/phco.21.5.405.34503

442. Hindmarch P, Hawkins A, McColl E, et al. Recruitment and retention strategies and the
examination of attrition bias in a randomised controlled trial in children’s centres serving
families in disadvantaged areas of England. Trials. 2015;16(1):79. doi:10.1186/s13063-015-
0578-4

239



443,

444,

445,

446.

447.

448.

449,

450.

451.

452.

453,

454,

455.

240

Chen L, Eigl BJ, Grant J, Cheung WY. Racial disparities in attrition among oncology clinical trial
participants. JCO. 2015;33(15_suppl):6551-6551. doi:10.1200/jco.2015.33.15_suppl.6551

Jebb SA, Aveyard PN, Hawkes C. The evolution of policy and actions to tackle obesity in
England. Obesity Reviews. 2013;14(S2):42-59. doi:10.1111/0br.12093

Theis DRZ, White M. Is Obesity Policy in England Fit for Purpose? Analysis of Government
Strategies and Policies, 1992-2020. The Milbank Quarterly. 2021;99(1):126-170.
doi:10.1111/1468-0009.12498

Madigan CD, Graham HE, Sturgiss E, et al. Effectiveness of weight management interventions
for adults delivered in primary care: systematic review and meta-analysis of randomised
controlled trials. BMJ. 2022;377:€069719. doi:10.1136/bmj-2021-069719

Wyke S, Bunn C, Andersen E, et al. The effect of a programme to improve men’s sedentary
time and physical activity: The European Fans in Training (EuroFIT) randomised controlled trial.
PLoS Med. 2019;16(2):e1002736. doi:10.1371/journal.pmed.1002736

Pietsch B, Weisser B, Hanewinkel R, et al. Short term effects of a weight loss and healthy
lifestyle programme for overweight and obese men delivered by German football clubs. Eur J
Sport Sci. 2020;20(5):703-712. doi:10.1080/17461391.2019.1660809

Skagerstrom J, Hjertstedt M, Dannapfel P, Miissener U, Leijon M. Football and Ice Hockey Fans’
Experience of a 12-Week Training and Weight-Loss Pilot Intervention (ViSiT) in Sweden-A Focus
Group Study. Front Sports Act Living. 2021;3:616427. doi:10.3389/fspor.2021.616427

Petrella RJ, Gill DP, Kfrerer M, et al. Hockey Fans in Training (Hockey FIT): Rationale, design,
and baseline characteristics from a cluster randomized controlled trial in men with overweight
or obesity. Contemp Clin Trials. 2023;129:107178. doi:10.1016/j.cct.2023.107178

Kwasnicka D, Ntoumanis N, Hunt K, et al. A gender-sensitised weight-loss and healthy living
program for men with overweight and obesity in Australian Football League settings (Aussie-
FIT): A pilot randomised controlled trial. PLoS Med. 2020;17(8):e1003136.
doi:10.1371/journal.pmed.1003136

Maddison R, Hargreaves EA, Wyke S, et al. Rugby Fans in Training New Zealand (RUFIT-NZ): a
pilot randomized controlled trial of a healthy lifestyle program for overweight men delivered
through professional rugby clubs in New Zealand. BMC Public Health. 2019;19(1):166.
doi:10.1186/s12889-019-6472-3

US Preventive Services Task Force. Actions to Transform US Preventive Services Task Force
Methods to Mitigate Systemic Racism in Clinical Preventive Services. JAMA.
2021;326(23):2405-2411. doi:10.1001/jama.2021.17594

Mangione CM, Nicholson W, Davidson KW. Addressing Gaps in Research to Reduce Disparities
and Advance Health Equity: The USPSTF Incorporation of the NASEM Taxonomy on Closing
Evidence Gaps in Clinical Prevention. JAMA. Published online October 17, 2022.
doi:10.1001/jama.2022.19154

Halpern SD, Chowdhury M, Bayes B, et al. Effectiveness and Ethics of Incentives for Research
Participation: 2 Randomized Clinical Trials. JAMA Internal Medicine. 2021;181(11):1479-1488.
doi:10.1001/jamainternmed.2021.5450



456.

457.

458.

459.

460.

461.

462.

463.

464.

465.

466.

467.

Treweek S, Banister K, Bower P, et al. Developing the INCLUDE Ethnicity Framework—a tool to
help trialists design trials that better reflect the communities they serve. Trials.
2021;22(1):337. d0i:10.1186/s13063-021-05276-8

NIHR. Improving inclusion of under-served groups in clinical research: Guidance from INCLUDE
project. Published 2020. Accessed July 31, 2023.
https://www.nihr.ac.uk/documents/improving-inclusion-of-under-served-groups-in-clinical-
research-guidance-from-include-project/25435

Dawson S, Banister K, Biggs K, et al. Trial Forge Guidance 3: randomised trials and how to
recruit and retain individuals from ethnic minority groups—practical guidance to support
better practice. Trials. 2022;23(1):672. doi:10.1186/s13063-022-06553-w

Mantzari E, Vogt F, Shemilt |, Wei Y, Higgins JPT, Marteau TM. Personal financial incentives for
changing habitual health-related behaviors: A systematic review and meta-analysis. Prev Med.
2015;75:75-85. doi:10.1016/j.ypmed.2015.03.001

Birch JM, Mueller J, Sharp S, et al. Are there inequalities in the attendance and effectiveness of
behavioural weight management interventions for adults in the UK? Protocol for an individual
participant data (IPD) meta-analysis. BMJ Open. 2023;13(3):e067607. doi:10.1136/bmjopen-
2022-067607

Gomes DGE, Pottier P, Crystal-Ornelas R, et al. Why don’t we share data and code? Perceived
barriers and benefits to public archiving practices. Proceedings of the Royal Society B:
Biological Sciences. 2022;289(1987):20221113. doi:10.1098/rspb.2022.1113

Halford J. It may be the most effective anti-obesity drug yet — but even Wegovy is no ‘wonder
cure.” The Guardian. https://www.theguardian.com/commentisfree/2023/feb/23/obesity-
drug-wegovy-chemist-semaglutide. Published February 23, 2023. Accessed July 28, 2023.

Ungoed-Thomas J, Das S. Explainer: New ‘skinny jab’ has been approved by the NHS - but does
it work and can you buy it? The Observer.
https://www.theguardian.com/society/2023/mar/12/explainer-new-skinny-jab-has-been-
approved-by-the-nhs-but-does-it-work-and-can-you-buy-it. Published March 12, 2023.
Accessed July 28, 2023.

Lytton C. Ozempic is poised to blow the diet industry apart. The Telegraph.
https://www.telegraph.co.uk/health-fitness/body/ozempic-is-poised-to-blow-the-diet-
industry-apart/. Published April 20, 2023. Accessed July 28, 2023.

Donnelly L. Weight loss jab to be offered to tens of thousands of obese people on the NHS. The
Telegraph. https://www.telegraph.co.uk/news/2023/03/08/semaglutide-weight-loss-jab-
offered-tens-thousands-obese-nhs/. Published March 8, 2023. Accessed July 28, 2023.

Gallagher J. Obesity: Appetite drug could mark “new era” in tackling condition. BBC News.
https://www.bbc.com/news/health-56011979. Published February 11, 2021. Accessed July 28,
2023.

Wilding JPH, Batterham RL, Calanna S, et al. Once-Weekly Semaglutide in Adults with

Overweight or Obesity. New England Journal of Medicine. 2021;384(11):989-1002.
doi:10.1056/NEJM0a2032183

241



468.

469.

470.

471.

472.

473.

474,

475.

476.

477.

478.

479.

480.

481.

242

National Institute for Health and Care Excellence. Semaglutide for Managing Overweight and
Obesity. Technology Approisal Guidance [TA875]. NICE; 2023. Accessed July 28, 2023.
https://www.nice.org.uk/guidance/ta875

Gage-Bouchard EA. Culture, Styles of Institutional Interactions, and Inequalities in Healthcare
Experiences. J Health Soc Behav. 2017;58(2):147-165. doi:10.1177/0022146517693051

Nair L, Adetayo OA. Cultural Competence and Ethnic Diversity in Healthcare. Plast Reconstr
Surg Glob Open. 2019;7(5):€2219. doi:10.1097/G0OX.0000000000002219

Durey A. Reducing racism in Aboriginal health care in Australia: where does cultural education
fit? Australian and New Zealand Journal of Public Health. 2010;34(s1):5S87-592.
doi:10.1111/j.1753-6405.2010.00560.x

Hart JT. THE INVERSE CARE LAW. The Lancet. 1971;297(7696):405-412. doi:10.1016/50140-
6736(71)92410-X

Joshi A, Thompson M, Baynes M. Wegovy: NHS weight loss jab already having supply issues as
private clinics stockpile. Sky News. Published 2023. Accessed August 15, 2023.
https://news.sky.com/story/wegovy-nhs-weight-loss-jab-already-having-supply-issues-as-
private-clinics-stockpile-12828754

Council of Europe. Intersectionality and Multiple Discrimination. Published 2021. Accessed
February 28, 2022. https://www.coe.int/en/web/gender-matters/intersectionality-and-
multiple-discrimination

Ryan L, Golden A. ‘Tick the Box Please’: A Reflexive Approach to Doing Quantitative
Social Research. Sociology. 2006;40(6):1191-1200. doi:10.1177/0038038506072287

Jamieson MK, Govaart GH, Pownall M. Reflexivity in quantitative research: A rationale and
beginner’s guide. Social and Personality Psychology Compass. 2023;17(4):e12735.
d0i:10.1111/spc3.12735

Finlay L. Reflexivity: An Essential Component for All Research? British Journal of Occupational
Therapy. 1998;61(10):453-456. doi:10.1177/030802269806101005

Koch T, Harrington A. Reconceptualizing rigour: the case for reflexivity. Journal of Advanced
Nursing. 1998;28(4):882-890. doi:10.1046/].1365-2648.1998.00725.x

Friedman S, Laurison D. The Class Ceiling: Why It Pays to Be Privileged. Policy Press; 2019.
https://books.google.co.uk/books?id=BYUYtAEACAAJ

Spratt T, Jebb S, Aveyard P. When public health met body positivity: reactions to CRUK’s
obesity campaign. The BMJ. Published February 5, 2020. Accessed July 31, 2023.
https://blogs.bmj.com/bmj/2020/02/05/when-public-health-met-body-positivity-reactions-to-
cruks-obesity-campaign/

Heggie L, Mackenzie RM, Ells LJ, Simpson SA, Logue J. Tackling reporting issues and variation in
behavioural weight management interventions: Design and piloting of the standardized
reporting of adult behavioural weight management interventions to aid evaluation (STAR-LITE)
template. Clinical Obesity. 2020;10(5):e12390. doi:10.1111/cob.12390



482. Mackenzie RM, Ells LJ, Simpson SA, Logue J. Core outcome set for behavioural weight
management interventions for adults with overweight and obesity: Standardised reporting of
lifestyle weight management interventions to aid evaluation (STAR-LITE). Obes Rev.
2020;21(2):e12961. doi:10.1111/0br.12961

483. Pajouheshnia R, Groenwold RHH, Peelen LM, Reitsma JB, Moons KGM. When and how to use
data from randomised trials to develop or validate prognostic models. BMJ. 2019;365:12154.
doi:10.1136/bm;j.I12154

243



244



Chapter 10 Appendices and supplementary material

Appendix 1: Publications achieved during PhD

Birch JM, Griffin SJ, Kelly MP, Ahern AL (2020). Inequalities in the uptake of, adherence to and
effectiveness of behavioural weight management interventions. BMJ Open 10(11), e039518.

DOI:10.1136/bmjopen-2020-039518

Birch JM, Jones RA, Mueller J, McDonald MD, Richards R, Kelly MP, Griffin SJ, Ahern AL (2022).
A systematic review of inequalities in the uptake of, adherence to, and effectiveness of
behavioral weight management interventions in adults. Obesity Reviews. 23(6), e13438.

DOI:10.1111/0br.13438.

Birch JM, Mueller J, Sharp SJ, Griffin SJ, Kelly MP, Halford JCG, Ahern AL (2022). Association
between indicators of inequality and weight change following a behavioural weight loss

intervention. Obesity Facts. DOI: 10.1159/000528135

Birch JM, Mueller J, Sharp SJ, Logue J, Kelly MP, Griffin SJ, Ahern AL (2023). Are there
inequalities in the attendance and effectiveness of behavioural weight management
interventions for adults in the UK? Protocol for an individual participant data (IPD) meta-

analysis. BMJ Open 2023(13) e067607. DOI: 10.1136/bmjopen-2022-067607

Blodgett JM, Birch JM, Musella M, Harkness F, Kaushal A (2022). What Works to Improve
Wellbeing? A Rapid Systematic Review of 223 Interventions Evaluated with the Warwick-
Edinburgh Mental Well-Being Scales. International Journal of Environmental Research and

Public Health. 19 (23). DOI:10.3390/ijerph192315845

Davey F, McGowan V, Birch J, Kuhn |, Lahiri A, Gkiouleka A, Arora A, Sowden S, Bambra C,
Ford J (2022). Levelling up health: A practical, evidence-based framework for reducing health

inequalities. Public Health in Practice. 4(2022). DOI: 10.1016/j.puhip.2022.100322

Hutton GB, Brugulat-Panés A, Bhagtani D, Mba CM, Birch JM, Shih H, Okop K, Muti M,
Wadende P, Tatah L, Mogo E, Guariguata L, Unwin N (2021). A systematic scoping review of
the impacts of community food production initiatives in Kenya, Cameroon, and South Africa.

Journal of Global Health reports. 5(2021). DOI: 10.29392/001¢c.19468

245



Jones RA, Lawlor ER, Birch JM, Patel MI, Werneck AO, Hoare E, Griffin SJ, van Sluijs EMF, Sharp
SJ, Ahern AL (2021). The impact of adult behavioural weight management interventions on
mental health: A systematic review and meta-analysis. Obesity Reviews. 22(4).

DOI:10.1111/0br.13150

McDonald MD, Hunt K, Sivaramakrishnan H, Moulin J, Avenell A, Kerr DA, Birch JM,
Ntoumanic N, Quested E (2022). A systematic review examining socioeconomic factors in
trials of interventions for men that report weight as an outcome. Obesity Reviews. 23(7).

DOI:10.1111/0br.13436

Mueller J, Ahern AL, Sharp SJ, Richards R, Birch JM, Davies A, Griffin SJ (2022). Association
between patient activation, self-management behaviours and clinical outcomes in adults with

diabetes or related metabolic disorders: a systematic review and meta-analysis protocol. BMJ

Open 2021. DOI: 10.1136/bmjopen-2021-056293

Walsh S, Chowdhury A, Braithwaite V, Russell S, Birch JM, Ward JL, Waddington C, Brayne C,
Bonell C, Viner RM, Mytton OT (2021). Do school closures and school reopenings affect
community transmission of COVID-19? A systematic review of observational studies. BMJ

Open 2021. DOI:10.1136/bmjopen-2021-053371

246



Appendix 2: Conferences presented at during PhD

2021

UK Society for Behavioural Medicine (poster, online): A systematic review of inequalities in
the uptake of, adherence to and effectiveness of behavioural weight management

interventions

2022

UK Society for Behavioural Medicine (oral, online): A systematic review of inequalities in the
uptake of, adherence to, and effectiveness of behavioural weight management interventions

in adults

European Congress on Obesity (poster, in-person): A systematic review of inequalities in

behaviouralweight management interventions

Society for Social Medicine & Population Health Annual Scientific Meeting (oral, in-person):
Association between indicators of inequality and weight regain following a behavioural

weight loss intervention

European Association for the Study of Obesity [EASO] Early Career Network Winter School
(poster, in-person): Are there inequalities in the attendance and effectiveness of behavioural
weight management interventions for adults in the UK? An individual participant data (IPD)

meta-analysis

2023
Society for Academic Primary Care South East (oral, online): Inequalities in the attendance
and effectiveness of behavioural weight management interventions for adults in the UK: An

individual participant data (IPD) meta-analysis

European Congress on Obesity (poster, in-person): Are there inequalities in the attendance
and effectiveness of behavioural weight management interventions for adults in the UK? An

individual participant data (IPD) meta-analysis

Society for Social Medicine & Population Health Annual Scientific Meeting (oral, in-person):

Are there inequalities in the attendance and effectiveness of behavioural weight

247



management interventions for adults in the UK? An individual participant data (IPD) meta-

analysis

248



Appendix 3: Supplementary Material

Supplementary Table 1 (Chapter 2): PROGRESS-Plus characteristics reported in each trial

Key: P — Place of residence, R — Race/ethnicity, O — Occupation, G — Gender/sex, Re — Religion, E — Education, SES — Socioeconomic status, SC —
Social capital, + — plus other factors where discrimination may occur. WL — Weight loss; WLM — Weight loss maintenance

Author, year Country Sample  Weight loss Quality Group Variables Differentia Differential Differential Differential
(Harvest plot size (WL) or weight appraisa targeted reported |measures measures measures measures
reference) loss | score at reported reported reported reported for
maintenance baseline  for uptake for for attrition weight
(WLM) adherence variables outcome
and
attendance

Ackermann USA 92 WL Fair - R,G,+ - - R,G,+ R,G
2008 (36)
Ackermann USA 509 WL Fair Low-income R,G,SES, R,G,SES, R,G,SES, - R
2015 (37) + + +
Ahern 2017 UK 1267 WL Fair - R,G,E,SES, R,G,E,SES, R,G,E,SES,+ R,G,E,SES, G,E,SES
(38) + + +
Anderson UK 329 WL Good Aged 50 to 74 R,0,G,E, - - - 0O,G,SES, SC,+
2014 (39) through SES,SC,

colorectal +

screening

programme
Appel 2011 USA 415 WL Good - R,0,G,E, - - - -
(123) SES,+
Aveyard UK 1882 WL Fair - R,G,E,SES, R,SES SES - SES

2016 (40) +



Author, year
(Harvest plot
reference)

Beeken 2017
(41)
Bennett 2012
(42)

Bhopal 2014
(124)

Burke 2005
(125)
Cadmus-
Bertram
2016 (80)

Chirinos

2016 (81)
Christian
2011 (43)
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Country

UK

USA

UK

Australia

USA

USA

USA

Sample
size

537

365

171

241

105

230

279

Weight loss
(WL) or weight
loss
maintenance
(WLM)

WL

WL

WL

WL

WL

WL

WL

Quality
appraisa
| score

Fair

Good

Good

Fair

Fair

Fair

Fair

Group
targeted

Socio-
economically
disadvantaged

Individuals of

South Asian
descent
Women with
elevated
breast cancer
risk

Low-income

Health centres
with largely
Hispanic
patients

Variables
reported
at
baseline

R,G,E,
SES,+
R,0,G,E,
SES,+

R,G,E,SES,
+
R,G,+

Differentia Differential
| measures  measures
reported reported
for uptake for
adherence
and

attendance

G,+ R,0,G,E,
SES,
+ (age,
health
literacy)

Differential
measures
reported

for attrition
variables

G,SES,

+
R,0,G,E,
SES,+ (age,
language)

Differential
measures
reported for
weight
outcome

RIOIGIEI
SES,+
(language)

RIGI+



Author, year
(Harvest plot
reference)

Cohen 1991
(44)

de Vos 2014
(82)
Demark-
Wahnefried
(45)

Eaton 2016
(83)

Fischer 2016
(46)

Fitzgibbon
2010 (47)
Godino 2016
(85)

Greaves
2015 (48)
Haapala
2009 (86)
Hunt 2014
(49)

Country

USA
Netherla

nds
USA

USA

USA

USA

USA

UK

Finland

UK

Sample
size

30
407

136

211

163

213
404
108
125

747

Weight loss
(WL) or weight
loss
maintenance
(WLM)

WL
WL

WL

WL

WL

WL
WL
WL
WL

WL

Quality
appraisa
| score

Fair
Fair

Good

Fair

Fair

Fair
Good
Fair
Fair

Good

Group
targeted

Women

Breast cancer
survivors +
daughters

Black women

Young adults
(18 to 35)

Men

Variables
reported
at
baseline

G,+

R,G,E,SC,
+
R,G,E,SES,
+

R,0,G,E,SE
S
+
G,+ (age,
language)

R,0,G,E,SE
S,SC,+
R,G,+

R,G,E,SES,
+
G,E,SC,
+
R,0,G,SES,
SC,+

Differentia Differential Differential
| measures measures measures
reported reported reported
for uptake for for attrition
adherence variables
and
attendance
R,+ - R,E,SES,
+
- - O,G,E,SES,SC
S+
G,+ - -

Differential
measures
reported for
weight
outcome

G,+

+ (protocol
language)

R,O,E,SES,
SC,+
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(Harvest plot
reference)

Huseinovic
2016 (50)
Jakicic 2011
(87)

Jansson 2012
(88)

Jebb 2011
(51)

Jeffery 1993
(52)

Jenkins 2017
(89)

Jolly 2011
(53)

Jones 1999
(90)

Kanke 2015
(91)

Katula 2011
(92)
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Country

Sweden
USA
Sweden
UK,
Germany
and

Australia
USA

Canada
UK
USA
Japan

USA

Sample
size

110
269
133

772

202
919
740
112

50

301

Weight loss
(WL) or weight
loss
maintenance
(WLM)

WL
WL
WL

WL

WL
WL
WL
WL
WL

WL

Quality
appraisa
| score

Fair
Fair
Fair

Fair

Fair
Fair
Fair
Fair
Fair

Good

Group
targeted

Postpartum
women

Variables
reported
at
baseline

R,E,SC,
+
R,G,E,SES,
+
R,G,SES,
+
R,G,+

G,E+

R,G,E,
+

Differentia
| measures
reported
for uptake

Differential
measures
reported

for
adherence

and
attendance

Differential
measures
reported

for attrition
variables

Education
+

Differential
measures
reported for
weight
outcome



Author, year
(Harvest plot
reference)

Knowler
2002 (93)
Kuller 2012
(94)

Kulzer 2009
(54)
Kumanyika
2012 (55)

Little 2016
(95)

Logue 2005
(96)

Luley 2014
(97)

Ma 2013 (56)

Marrero
2016 (98)
Martin 2008
(57)

Country

USA

USA

Germany

USA

UK

USA
Germany
USA

USA

USA

Sample
size

2161

508

182

261

818
665
184
241
225

144

Weight loss

(WL) or weight

loss
maintenance
(WLM)

WL

WL

WL

WL

WL
WL
WL
WL
WL

WL

Quality
appraisa
| score

Good

Good

Fair

Fair

Fair
Fair
Fair
Good
Fair

Fair

Group
targeted

Women

Low
African

income

Variables
reported
at
baseline

R,0,G,SES,
SC,+
R,0,G,E,SC
+
G,E+

R,0,G,E,SC
+
G,SES,

R,G,E,SES,
+
R,G,E,SES,
SC,+
R,G,E,SC,
+

Differentia
| measures
reported
for uptake

Differential
measures
reported

for
adherence

and
attendance

SES

Differential
measures
reported

for attrition
variables

G,E,+

E,SC,

Differential
measures
reported for
weight
outcome

R,G
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(Harvest plot
reference)

Mensink
2003 (58)
Mitsui 2008
(99)

Moore 2003
(100)
Morgan 2011
(59)

Nakade 2012
(60)
Nanchahal
2012 (61)

Nicklas 2014
(101)

Nilsen 2011
(62)
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Country

Netherla
nds
Japan
UK
Australia

Japan

UK

USA

Norway

Sample
size

114
46
843
65
235

381

75

213

Weight loss
(WL) or weight
loss
maintenance
(WLM)

WL
WL
WL
WL
WL

WL

WL

WL

Quality
appraisa
| score

Fair
Fair
Fair
Fair
Fair

Fair

Fair

Fair

Group Variables
targeted reported
at
baseline
American
women
- G'+
- G'+
- G,SES,
+
Men 0,G,SES,
+
- G'+
- R,0,G,E,SE
S,SC,+
- R,G,E,SES,
SC,+
Women with O,G,E,SC,
recent +
gestational
diabetes
mellitus

Differentia Differential Differential
| measures measures measures
reported reported reported
for uptake for for attrition
adherence variables
and
attendance
G+ - -
- O,+ +
- - RIOIGI EI
SES,SC,
+

Differential
measures
reported for
weight
outcome



Author, year
(Harvest plot
reference)

O'Brien 2017
(102)

Ockene 2012
(63)

Pacanowski
2015 (64)
Parikh 2010
(65)

Patrick 2011
(66)

Penn 2009
(67)

Country

USA

USA

USA

USA

USA

UK

Sample
size

63

312

162

99

441

102

Weight loss
(WL) or weight
loss
maintenance
(WLM)

WL

WL

WL

WL

WL

WL

Quality
appraisa
| score

Good

Fair

Fair

Fair

Fair

Fair

Group
targeted

Hispanic
women,
majority
foreign
and
income
Latino
community

born
low

Low-income,
high ethnic
minority
community

Men

Variables
reported
at
baseline

R,G,E,SES,
+ (age,
country of
origin)

R,0,G,E,SC
+
R,G,E,

+
R,0,G,SES,
+ (age,
language,
food
sufficiency
)
R,G,E,SC,
+
0,G,SES,
+

Differentia Differential Differential
| measures measures measures
reported reported reported
for uptake for for attrition
adherence variables
and
attendance
- - G
= = G'+
R,SC, - R,+
+
= = +

Differential
measures
reported for
weight
outcome
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Author, year
(Harvest plot
reference)

Phelan 2017
(68)

Puhkala 2015
(103)

Rock 2007
(104)

Rock 2015
(105)

Rodriguez-
Cristobal
2017 (106)
Rosas 2015
(69)

Ross 2012
(70)
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Country Sample

USA

Finland

USA

USA

Spain

USA

Canada

size

370

113

70

697

864

207

490

Weight loss
(WL) or weight
loss
maintenance
(WLM)

WL

WL
WL

WL

WL

WL

WL

Quality

appraisa

| score

Good

Fair
Fair

Good

Fair

Good

Fair

Group
targeted

Low-income
postpartum
women

Male truck and
bus drivers
Women

who
breast

Women
were
cancer
survivors

Low-income
Latinos

Variables
reported
at
baseline

R,0,G,SES,
SC,+

G,+
R,G,E,SC,

RIGI+

G,+

R,0,G,E,SE
S,+ (age,
food
security,
birthplace

)
G,+

Differentia
| measures
reported
for uptake

R,+
(language)

Differential
measures
reported

for
adherence
and
attendance
R

Differential Differential
measures measures
reported reported for

for attrition weight
variables outcome

R,0,SES,SC,+  R,0,SES,SC,

+
G G
G,+ G



Author, year
(Harvest plot
reference)

Shapiro 2012
(71)

Silva 2010
(72)

Stevens 1993
(73)

Stevens 2001
(74)

Svetkey 2015
(75)

Thomas 2017
(77)

Tsai 2010
(107)
Tuomilehto
2001 (108)
van Wier
2011 (109)

Venkat
Narayan
1998 (76)

Country

USA
Portugal
USA
USA
USA
USA
USA
Finland
Netherla

nds

USA

Sample
size

170
239
564
1191
365
271
50
522

1386

95

Weight loss
(WL) or weight
loss
maintenance
(WLM)
WL
WL
WL
WL
WL
WL
WL

WL

WL

WL

Quality
appraisa
| score

Fair

Fair

Good
Good
Good
Good
Good
Good

Fair

Fair

Group
targeted

Women

Young adults
(18 to 35)

"Dutch service-
sector
employees"

Pima Indians

Variables
reported
at
baseline

R,G,E,
+
G,E,SC,
+
R,0,G,SC,
+
R,G,E,

+
R,0,G,E,SE
S,SC,+
R,G,E,

+
R,E,+

G,+

G,E,SC,
+ (age,
birthplace
)
R,0,G,

+

Differentia
| measures
reported
for uptake

RIOIGIEI
SC,+

Differential
measures
reported

for
adherence
and
attendance
G,E,
+

G

Differential
measures
reported

for attrition
variables

G,E,+

E,SC,

Differential
measures
reported for
weight
outcome

R,G
RIGI+

R,G,E,SES,
+
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Author, year
(Harvest plot
reference)

von
Gruenigen
2012 (110)

Wadden
2011 (111)
Whelton
1998 (78)
Wing 1998
(112)
Wylie-Rosett
2001 (79)

Yeh 2016
(113)
Cussler 2008
(129)
Pekkarinen
2015 (126)
Perri 1988
(130)
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Country

USA

USA

USA

USA

USA

USA

USA

Finland

USA

Sample
size

75

261
585
154

588

60
135

201

123

Weight loss
(WL) or weight
loss
maintenance
(WLM)

WL

WL
WL
WL

WL

WL
WLM

WLM

WLM

Quality
appraisa
| score

Fair

Good
Good
Fair

Fair

Fair
Fair
Fair

Fair

Group
targeted

Endometrial
cancer
survivors
(women)

Older persons
(aged 60 to 80)

Chinese
immigrants
Middle-aged
women

Variables
reported
at
baseline

R,0,G,E,SE
S,5C,+

R,G,E,
+
RIGI EI

Differentia
| measures
reported
for uptake

Differential
measures
reported

for
adherence

and
attendance

Differential
measures
reported
for attrition
variables

R,G,E,SC,

Differential
measures
reported for
weight
outcome

R,G

R,G



Author, year
(Harvest plot
reference)

Sherwood
2013 (131)
Simpson
2015 (132)
Svetkey 2008
(127)

Voils 2017
(133)

Wing 2006
(134)
Young 2017
(128)

Astbury 2018
(114)

Bennett 2018
(115)

Country

USA
UK

USA

USA

USA

Australia

UK

USA

Sample
size

419
166

1032

222

314

92

278

351

Weight loss
(WL) or weight
loss
maintenance
(WLM)
WLM
WLM

WLM

WLM

WLM

WLM

WL

WL

Quality
appraisa
| score

Good
Fair

Good

Fair

Fair

Good

Fair

Fair

Variables
reported
at
baseline

Group
targeted

R,G,+

R,G,E,SES,
+

R,0,G,E,SC
+
G,+

O,G,E,SES,
SC,+ (age,
birthplace,
language)

R,G,SES,
+

R,0,G,E,SE
S,SC,+

Differentia Differential
| measures  measures
reported reported
for uptake for
adherence
and
attendance
- R,G,E,
SES,
+
G,SES, G,SES,
+ +

Differential
measures
reported

for attrition
variables

R,G,E,SES,
+

O,G,E,SES,SC
,+ (age,
place of

birth,
language at
home)
G,SES,
+

Differential
measures
reported for
weight
outcome

RIGI+

SES, +

G,SES,

R,G
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Author, year
(Harvest plot
reference)

Daley 2019
(135)
Fernandez-
Ruiz 2018
(12)
Fjeldsoe
2019 (116)

Godino 2019
(84)

Haire-Joshu
2018 (117)

Mai 2018
(136)

Nakata 2019
(137)
Sniehotta
2019 (138)
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Country

UK

Spain

Australia

USA

USA

Germany
Japan

UK

Sample
size

583

74

228

298

230

143
119

288

Weight loss

(WL) or weight

loss
maintenance
(WLM)

WLM

WL

WL

WL

WL

WLM
WLM

WLM

Quality
appraisa
| score

Fair

Good

Fair

Good

Fair

Fair
Fair

Good

Group
targeted

Mothers of

preschool-
aged children

Variables
reported
at
baseline

R,0,G,SES,
SC,+
O,G,E,SC,
+

PI RIOIGI EI
SES,+ (age,
language)

R,0,G,E,SE
S,SC,+
(age,
language)
R,G,E,SES,
SC,+

G,+
G,+

O,G,E,SES,
+

Differentia
| measures
reported
for uptake

Differential
measures
reported

for
adherence

and
attendance

Differential
measures
reported

for attrition
variables

R,G,E,SES,
SC

P,R,0,G,E,

SES,+ (age,

language at
home)

Differential
measures
reported for
weight
outcome

R,G,+ (age,
language at
home)

R,SES



Author, year
(Harvest plot
reference)

Tapsell 2017
(118)

Tarraga
Marcos 2017
(121)
Teeriniemi
2018 (122)
Viglione
2019 (119)

Country

Australia

Spain

Finland

USA

Sample
size

251

180

532

45

Weight loss

(WL) or weight

loss
maintenance
(WLM)

WL

WL

WL

WL

Quality
appraisa
| score

Fair

Fair

Fair

Fair

Group
targeted

Veterans

Variables
reported
at
baseline

R,G,E,
+ (age,
birthplace

)
G,+

R,G,+

R,0,G,SES,
+ (age,
food
security)

Differentia
| measures
reported
for uptake

Differential
measures
reported

for
adherence

and
attendance

R,G,SES,
+ (age, food
security)

Differential
measures
reported

for attrition
variables

Differential
measures
reported for
weight
outcome

P — Place of residence, R — Race/ethnicity, O — Occupation, G — Gender/sex, Re — Religion, E — Education, SES — Socioeconomic status, SC — Social
capital, + — plus other factors where discrimination may occur. WL — Weight loss; WLM — Weight loss maintenance
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Supplementary Material (Chapter 5): Meta-analysis forest plots of the differential
effectiveness of behavioural weight management interventions
Occupation

Unemployed vs employed

QOccupation unemployed (versus employed)
Study /Intervention interaction with 95% CI

Ahem 2017 (WRAP) . -3.66 [-19.05, 11.73]

Anderson 2014 (BeWEL) —— 255 -6.26, 1.15]
]

Hunt 2014 (FFIT) —— 0.57[ -5.04, 6.18]

Jolly 2011 (Lighten Up) — e -9.39[-17.97, -0.81]
|

Anderson 2021 (ACtWELL) e 062[ -6.91, 8.14]
I

Overall - 214 -4.82, 0.53]

Heterogeneity: T° = 0.00, I = 0.00%, H® = 1.00

Testof8=0:z=-1.57,p=0.12

-20 -10 0 10

Retired vs employed

Occupation retired (versus employed)/Intervention interaction  Weight

Study with 95% CI (%)
Ahern 2017 (WRAP) —— -1.40[ -4.59, 1.79] 22.08
Hunt 2014 (FFIT) — T 1.39[ -3.56, 6.35] 9.13
Jolly 2011 (Lighten Up) -8.56 [ -17.63, 0.52) 2.73
Anderson 2021 (AGtWELL) @ -1.18 [ -3.03, 0.66] 66.06
Overall < -1.20[ -2.70, 0.30]

Heterogeneity: T° = 0.00, I = 0.00%, H’ = 1.00
Testof 8, = 6;: Q(3) = 3.59, p = 0.31
Testof 8=0:z=-1.57, p=0.12

20 -10 0 10
Other versus employed
Occupation other (versus employed)/Intervention interaction

Study with 95% CI

I
Ahern 2017 (WRAP) —— -2.95[ -9.83, 3.94]
Anderson 2014 (BeWEL) s 2 -0.82[ -2.91, 1.27]

I
Hunt 2014 (FFIT) o 1.74[ -2.41, 5.88]
Jolly 2011 (Lighten Up) _— -13.88 [ -24.01, -3.74]

|

Overall -1.01[ -2.55, 0.53]

Heterogeneity: T~ = 0.00, I’ = 0.00%, H’ = 1.00

Testof6=0:z=-1.28, p=0.20

Anderson 2021 (ACtWELL) o A36] -4.47, 1.76]
I
*
I
I
I
|
I
|
I
L T
0

10



Student versus employed

Occupation student (versus employed)/Intervention interaction ~ Weight

Study with 95% CI (%)
Ahern 2017 (WRAP) + 490[ -825, 18.04] 2506
Hunt 2014 (FFIT) i — 19.70[ 7.81, 31.58] 26.09
Jolly 2011 (Lighten Up) —— -865[ -2524, 794 2222
1
Anderson 2021 (ACtWELL) —— -10.86 [ -22.07, 0.39] 26.63
]
Overall ———— 155 -12.63, 15.73]
1
Heterogeneity: T° = 163.76, I’ = 78.97%, H' = 4.76 !
]
Test of 8 = 6; Q(3) = 15.34, p = 0.00 !
Testof 6 =0:z =021, p = 0.83 i
T T . !
-20 0 20 40
Education
Unive r5|ty versus Post-seconda ry
Post-secondary education(versus university)/Intervention interaction
Study with 95% ClI
1|
Ahemn 2017 (WRAP) i -1.10[ -9.74, 7.54]
Anderson 2014 (BeWEL) —e— -220[-513, 072]
1|
Greaves 2015 (Waste the Waist) ) -1.52[-9.02, 597]
Hunt 2014 (FFIT) T 178[-1.04, 460]
|l
Anderson 2021 (ActWELL) 008[-188, 205]
1|
Overall -0.16 [ -1.84, 1.53]
Heterogeneity- 1° = 0.79, I° = 20.93%, H’ = 1.26 i
|
[
Testof6=0:2=-0.18,p=0.85 !
r . . )
-10 5 0 5 10

University versus A-levels or equivalent

A-level education(versus university)/Intervention interaction
Study with 95% CI

I
Ahern 2017 (WRAP) + 0.01[ -3.73, 3.76

]
Anderson 2014 (BeWEL) -2.30[ -5.34, 0.74]
Greaves 2015 (Waste the Waist) -7.79[ -19.33, 3.75]
]
]

Hunt 2014 (FFIT) . 3.05[ -0.88, 6.98
Anderson 2021 (AGtWELL) 0.19[ -2.04, 2.42
Overall

Heterogeneity: 1° = 1.07, I’ = 24.63%, H* = 1.33

-0A7[ -2.00, 1.66]

Testof ©=0:z=-0.18, p=0.86

T
-20 -10 0 10
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University versus GCSEs or equivalent

Education/intervention interaction (University vs GCSEs/equiv) Weight

Study with 95% ClI (%)
Ahern 2017 (WRAP) —.|— 1.06 [-2.77, 4.89] 33.44
Greaves 2015 (Waste the Waist) = -0.17 [-6.29, 5.95] 13.08
Hunt 2014 (FFIT) -.— 2.17 [-0.86, 5.20] 53.48
Overall e 149[-0.72, 3.71]
Heterogeneity: T = 0.00, I’ = 0.00%, H’ = 1.00
Test of 6, = 6 Q(2) = 0.52, p = 0.77
Testof 6=0:2=1.32,p=0.19
T T T
-5 0 5

Random-effects REML model

University versus no formal qualifications

Education/intervention interaction (University vs no formal) Weight

Study with 95% CI (%)
Anderson 2014 (BeWEL) ——T -4.04[-14.85, 6.78] 27.02
Hunt 2014 (FFIT) Bl = 3.54[ -0.39, 7.48] 72.98
Overall — 1.50[ -5.10, 8.10]
Heterogeneity: 1° = 11.51, I = 40.05%, H* = 1.67
Testof 8 = B: Q(1) = 1.67, p=0.20
Testof8=0:z2=0.44,p=0.66
-20 -10 0 10
Random-effects REML model
Socioeconomic status (IMD)
IMD quintile 1 (most deprived) versus 2

IMD Quintile 1 vs 2/Intervention interaction Weight
Study with 95% CI (%)
Ahern 2017 (WRAP) :—0— 6.48[ 0.41, 12.55] 5.94
Anderson 2014 (BeWEL) -0.20[ -3.65, 3.26] 18.36
Aveyard 2016 (BWel) -0.17[ -3.19, 2.84) 24.07
Greaves 2015 (Waste the Waist) : -7.72 [ -26.44, 11.00] 0.62
Hunt 2014 (FFIT) —'—f -3.02[ -6.41, 0.37] 19.06
Little 2016 (POWeR+) —dlb— -0.27[ -6.24, 5.71] 6.13
Nanchahal 2012 (CAMWEL) _.|_ -0.89[ -5.07, 3.28] 12.56
Astbury 2018 (DROPLET) _T_‘_ 1.97 [ -6.97, 10.90] 2.74

Anderson 2021 (ActWELL) -1.22[ -5.78, 3.34] 10.52

|
Overall 4 -0.52[ -2.00, 0.96]
Heterogeneity: 1° = 0.00, I* = 0.00%, H* = 1.00 :
|
|
|
|
0

Testof 8=0:z=-0.69, p=0.49

30 20 -10
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IMD quintile 1 (most deprived) versus 3

IMD Quintile 1 vs 3/Intervention interaction Weight

Study with 95% CI (%)
Ahern 2017 (WRAP) + 0.61[-4.39, 5.60] 8.56
Anderson 2014 (BeWEL) -0.73[-4.13, 2.68] 16.66
Aveyard 2016 (BWeL) :L;L -2.05[-4.96, 0.87] 21.31
Greaves 2015 (Waste the Waist) ‘: —_—— 14.72 [ 1.73, 27.71) 1.38
Hunt 2014 (FFIT) —‘Q— 0.43[-3.00, 3.86] 16.44
Little 2016 (POWeR+) E 159[-3.64, 6.82] 7.89
Nanchahal 2012 (CAMWEL) | 3.89[-0.28, 8.06] 11.80
Astbury 2018 (DROPLET) ' 0.14[-6.41, 6.69] 5.19
Anderson 2021 (ActWELL) _I?_ 0.48[-3.92, 4.87] 10.78
Overall 0.41[-1.12, 1.95]
Heterogeneity: 1° = 0.67, I° = 12.17%, H® = 1.14 :

1
Testof 6 =0:z=0.53, p = 0.60 :

40 0 10 20 30

IMD quintile 1 (most deprived) versus 4

IMD Quintile 1 vs 4/Intervention interaction Weight

Study with 95% CI (%)
Ahern 2017 (WRAP) e 1.61[-3.38, 6.59] 7.31
Anderson 2014 (BeWEL) —e— -2.15[-5.39, 1.09] 17.31
Aveyard 2016 (BWel) —@- -1.95[-4.77, 0.88] 22.73
Greaves 2015 (Waste the Waist) : 4.85[-5.09, 14.78] 1.84
Hunt 2014 (FFIT) —@ -1.69[-4.89, 1.51] 17.77
Little 2016 (POWeR+) —Lre— 1.52[-3.79, 6.84] 6.43
Nanchahal 2012 (CAMWEL) —. - -3.02[-7.30, 1.26] 9.93
Astbury 2018 (DROPLET) —— -1.79[-7.37, 3.80] 5.84
Anderson 2021 (ActWELL) —r— -1.51[-5.60, 2.59] 10.84
Overall & -1.38[-2.73, -0.03]
Heterogeneity: 1° = 0.00, I* = 0.00%, H* = 1.00 :

I
Testof 8=0:z=-2.00, p=0.05 :

r )

'
-
o
o
=Y
o

20
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IMD quintile 1 (most deprived) versus 5 (least deprived)

IMD Quintile 1 vs 5/Intervention interaction Weight

Study with 95% ClI (%)
Ahern 2017 (WRAP) —E——O— 211[-2.72, 6.95] 8.01
Anderson 2014 (BeWEL) —o— -1.01[-4.32, 2.31] 16.99
Aveyard 2016 (BWel) —Q— -1.46[-4.21, 1.29] 2473
Greaves 2015 (Waste the Waist) : 2.57[-7.61, 12.76] 1.80
Hunt 2014 (FFIT) + -0.39[-3.50, 2.72] 19.38
Little 2016 (POWeR+) + -0.52[-5.56, 4.52] 7.36
Nanchahal 2012 (CAMWEL) —¢— -1.21[-5.73, 3.31)] 9.17
Anderson 2021 (ActWELL) —.+— -2.72[-6.58, 1.14] 12.56
Overall + -0.88[-2.25, 0.49]
Heterogeneity: 7° = 0.00, I* = 0.00%, H* = 1.00 !

:
Testof 86=0:z=-1.26, p =0.21 :

-10 0 10 20

Socioeconomic status (annual household income)

>£40,000 versus <£40,000

Income/Intervention interaction

Study with 95% CI
Ahern 2017 (WRAP) o -1.88 [ -5.20, 1.44]
Anderson 2014 (BeWEL) —— 0.71[-1.87, 3.29]
Overall ———— -0.36 [ -2.86, 2.13]
Heterogeneity: 1° = 1.04, I = 31.18%, H’ = 1.45 |
Testof 6= 0: z=-0.29, p = 0.77
5 0 5
Social capital (marital status)
Married or cohabiting versus single
Married vs single/Intervention interaction
Study with 95% ClI
Anderson 2014 (BeWEL) '. 1.96 [ -2.14, 6.06]
Hunt 2014 (FFIT) ¢ 1.48 [ -2.40, 5.35]
Overall ———— 1.71[ -1.11, 4.52]
Heterogeneity: T° = 0.00, I* = 0.00%, H® = 1.00 |
!
Testof 0=0:z=1.19, p=0.24 i
2 0 2 4 6
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Married or cohabiting versus separated, widowed, or divorced

Married vs separated/Intervention interaction  Weight

Study with 95% CI (%)
Anderson 2014 (BeWEL) o 0.79[ -2.14, 3.71] 58.56
Hunt 2014 (FFIT) —@ 247[-1.01, 5.95] 41.44
Overall — 149[-0.75, 3.72]

Heterogeneity: T° = 0.00, I = 0.00%, H’ = 1.00 |

Testof 6,=6;: Q(1) = 0.53, p = 0.47 i

Testof 8=0:z=1.30,p=0.19 E

-2 0 2 4 6

Plus (age)
Age/Intervention interaction Weight

Study with 95% CI (%)
Ahern 2017 (WRAP) —07|— -0.06 [ -0.16, 0.05] 10.44
Anderson 2014 (BeWEL) —OIL— -0.02[-0.17, 0.12] 6.28
Aveyard 2016 (BWel) —‘IL -0.04 [-0.09, 0.01] 29.34
Greaves 2015 (Waste the Waist) f 0.00 [ -0.35, 0.35] 1.21
Hunt 2014 (FFIT) —:——0— 0.09[-0.04, 0.21] 8.09
Jebb 2011 —IL—O— 0.13[-0.05, 0.30] 4.41
Jolly 2011 (Lighten Up) ——— 0.07 [-0.07, 0.20] 6.83
Little 2016 (POWeR+) —‘— -0.01[-0.10, 0.08] 13.58
Nanchahal 2012 (CAMWEL) —0—: -0.08 [-0.18, 0.01] 12.72
Penn 2009 (EDIPS) 4|—0— 0.12[-0.07, 0.31] 3.80
Astbury 2018 (DROPLET) —clb— -0.02[-0.22, 0.19] 3.31
Overall 1‘ -0.01 [-0.05, 0.03]
Heterogeneity: 1° = 0.00, I* = 19.89%, H* = 1.25 |

|
Testof 6 =0:2=-050, p = 0.62 Favours older | Favours younger

4 -2 0 2 4
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Supplementary Material (Chapter 7): baseline demographics survey

We would like to ask you some questions about your background, so that we can understand
whether this intervention meets the needs of different groups of people.

What is your age in years?

What is your sex?

Male

Female

None of these (please specify)
Prefer not to say

O O O O

What is your ethnicity?

o White (including British, English, Welsh, Scottish, Northern Irish, Irish, Gypsy or any
other White background)

o Mixed (including White and Black Caribbean or any other Mixed background)

o Black/African/Caribbean/Black British

o Asian or Asian British (including Indian, Pakistani, Bangladeshi, Chinese or any other
Asian background)

o None of these (please specify)

o Prefer not to say

What is your highest educational qualification?

o No formal qualification

o GCSE or equivalent (e.g. CSE, O Levels, level 2 awards)

o A-Level or equivalent (e.g. Level 3 awards, Applied General, Advanced apprenticeship

o Post-secondary education (e.g. CertHE DipHE HNC, HND, Foundation Degree, Level 4
or Level 5 Awards)

o University Degree or equivalent (e.g. BA, BSc, degree apprenticeship, Level 6 award)

o Higher Degree or equivalent (e.g. MA, PhD, PGCE, Level 7 or Level 8 award)

o Other (please specify)

o Prefer not to say

Which category best describes your usual occupation?

Employee in full-time job (30 hours or more a week)

Employee in part-time job (under 30 hours a week)

Self-employed, full or part-time

On a Government supported training programme (e.g. Modern Apprenticeship/
Training for Work)

O O O O



O O O O O O O O

Full-time education at school, college or university
Voluntary work, full or part-time

Unemployed and available for work

Permanently sick/disabled

Wholly retired from work

Looking after the home, children or other dependents
Other (please specify)

Prefer not to say

What is your current situation?

Are you...?

O

O 0O O O O O O O O O

O O 0O O O O

Travelling to a place of work or study (e.g. to a hospital, office, factory or
supermarket)

Usual occupation working from home

Furloughed

Unable to carry out usual occupation

Voluntary work, full or part-time

Unemployed and available for work

Permanently sick/disabled

Wholly retired from work

Looking after the home, children or other dependents
Other (please specify)

Prefer not to say

Single

Married/Civil partnership
Co-habiting

Widowed
Separated/Divorced
Prefer not to say

How many adults (aged 18 and over) are living in your household?

How many children (aged 17 and under) are living in your household?

Do you have any caring responsibilities?

270

0 O O O O O

None

Primary carer of a child (or children) aged under 18 years?
Primary carer of a child (or children) with a disability?
Primary carer of an adult with a disability?

Primary carer of an older person or people (age 65+)?
Secondary carer



o Prefer not to say

Thinking about the cost of living as it affects you and your household, which of these best describes
your situation at present?

Find it a strain to get by from week to week
Have to be careful about money

Able to manage without much difficulty
Quite comfortably off

Prefer not to say

0 O O O O

About how long would it take to get from your home to the nearest accessible open recreation area
such as a park or other open space if you walked to it?
o 1-5min
6-10 min
11-20 min
21-30 min
More than 30 min
Don’t know

O O O O O

Which of these best applies to your home?
o | have access to my own garden
o | have access to a communal garden
o | have access to a private outdoor space but not a garden (e.g. balcony, yard, patio
area)
o ldon't have access to a garden
o Don't know

We would like to ask you some questions about your food consumption since lockdown. Since
lockdown, has there been a time when:

- You were worried you would run out of food because of a lack of money, access or other

resources?
o Yes
o No

- You were unable to eat healthy and nutritious food because of a lack of money, access or
other resources?

o Yes
o No
- You ate only a few kinds of foods because of a lack of money, access or other resources?
o Yes
o No
- You had to skip a meal because there was not enough money, access or other resources to
get food?
o Yes
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o No
You ate less than you thought you should because of a lack of money, access or other
resources?

o Yes

o No
Your household ran out of food because of a lack of money, access or other resources?

o Yes

o No
You were hungry but did not eat because there was not enough money, access or other
resources for food?

o Yes

o No
You went without eating for a whole day because of a lack of money, access or other
resources?

o Yes

o No

We would like to understand more about your support during social distancing. Please rate how
much you agree with the following statements on a scale of 1 to 5, where 1=strongly disagree and
5=strongly agree.

Strongly Strongly
Disagree Agree
I receive a lot of understanding and security 1 2 3 4 5
from others
There is someone very close to me whose help I 1 2 3 4 5
can always count on
If I need to, I can borrow something from 1 2 3 4q 5
friends or neighbours without any problems.
I know several people with whom I like to do 1 2 3 4q 5
things
When I am sick, I can ask friends/relatives to 1 2 3 4 5
handle important things for me without
hesitation
If I'm very depressed, I know who I can turn to. 1 2 3 4 5
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