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1 | INTRODUCTION

| Denise Kendrick'

| Joe Kai'® | Frances Griffiths**

Abstract

Background: Obesity and diabetes are major public health problems. Current ap-
proaches to weight loss show varying success. Complex community-based interventions
work through several interconnected stages. An individual’s actions in response to an in-
tervention depend on many known and unknown factors, which vary among individuals.
Aim: To conduct a realist synthesis to identify in which context, for whom, in what
circumstances, and how weight loss interventions work in obese or overweight indi-
viduals with type 2 diabetes.

Methods: A total of 49 trials identified during a systematic review were subsequently
analysed using realist methodology. This iterative process involved hypothesis gen-
eration about how participants within a particular context respond to an intervention’s
resources producing the outcomes. We used established behaviour change theory to
look for repeating themes. Theory and ‘mechanisms’ were tested against the literature
on what is shown to be effective. Where established theory was lacking, we discussed
issues during discussion groups with individuals living with the condition to generate
our own programme theories.

Results: Mechanisms that were repeatedly identified included high-frequency contact
with those delivering the intervention, social support, education increasing awareness
of diabetes-related modifiable risk factors, motivational interviewing and counselling,
goal-setting, self-monitoring and feedback and meal replacements. The central theme
underlying successful mechanisms was personalising each intervention component to
the participants’ gender, culture and family setting.

Conclusion: This is the first comprehensive realist synthesis in this field. Our findings
suggest that, for weight loss interventions to be successful in those with diabetes, they

must be personalized to the individual and their specific context.

managing type 2 diabetes is expected to cost US$2.5 tn or
2.2% of global gross domestic product.7 Higher prevalence

Worldwide, 1.9 billion adults were classified as overweight
and 650 million as obese in 2016,l with this number increas-
ing and predisposing to the development and rise of type
2 diabetes and its complications.z_6 Worldwide, by 2030,

in black and minority ethnic (BME) populations is a particu-
lar concern as BME groups also experience the poorest out-
comes from type 2 diabetes®’ compared to white populations.
This may be attributable to cultural differences, language and
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literacy issues, ignorance of available services or physical lo-
cations of services away from BME residential areas.'” There
are no published educational weight loss trials in BME indi-
viduals who are overweight or obese with type 2 diabetes in
the UK, and limited trials worldwide.""

Weight loss is important to improve metabolic control,
with large weight losses reversing type 2 diabetes* and
smaller losses of 2.25 to 4.5 kg leading to improvements in
glycaemic control and risk factor reduction.'? Weight loss is
more difficult for individuals with type 2 diabetes, who lose
approximately half the amount of weight as those without di-
abetes undergoing the same intervention,'® with some antidi-
abetes medications causing weight gain.14

For obese and overweight individuals with type 2 diabe-
tes, education on weight loss is important but is often not
enough to affect behaviour change. Intervention techniques
to achieve behaviour change often involve face-to-face meet-
ings, with advice on diet and physical activity.15 1 However,
community-based educational weight loss interventions show
varying success in achieving significant weight loss,'" and
we do not have a comprehensive understanding as to why.

Realist methodology is increasingly being used in health-
care to review and synthesize evidence on complex social in-
terventions,' ' where the underlying mechanisms interacting
between the context and resources provided in an intervention
are unravelled and identified. These context—-mechanism—out-
come configurations are treated as hypotheses that can be tested
and refined by collecting evidence through an interpretive and
iterative process.”’ Complex interventions may work through
several interconnected mechanisms and each intervention is
designed based on one or several theories. Individuals deter-
mine how they react to what is provided within an intervention
through their actions, which are not uniform and depend on
many factors, some unknown.

In the present study we sought to identify the underlying
causal mechanisms operating within different contexts to de-
velop a better understanding of what determines intervention
success or failure and under what conditions. We sought to
explain how interventions achieve effect rather than perform
an assessment of effect, or ‘what works’, as provided by a
systematic review, following on from our previously pub-
lished work.!" We undertook a realist synthesis to identify
in which context, for ‘whom’, in ‘what’ circumstances and
‘how’ weight loss interventions in individuals who are obese
or overweight with type 2 diabetes work.

2 | METHODS

2.1 | Rationale for using realist synthesis

We initially conducted a systematic review and meta-analysis
to identify which community-based educational weight loss

What's new?

e Community-based interventions to achieve weight
loss in people with type 2 diabetes show varying
success, but less is known about why this may
occur.

e This realist review of 49 trials helps provide un-
derstanding of context-specific causal mecha-
nisms that produce weight loss. The successful
mechanisms and programme theories identified
involve personalising each component within the
intervention to the individual. This addresses so-
cial, emotional, physical and psychological needs
for participant self-actualization.

e A single uniform intervention will not meet the
needs of every individual. Personalizing weight
loss interventions to individuals’ demographic,
social and cultural contexts is vital for success.

interventions in type 2 diabetes were successful. We found
multi-component trials providing education and low-calorie,
low-carbohydrate or low-fat meal replacements or diets ap-
peared the most effective.'!

Although, many trials achieved weight loss and other pos-
itive effects on health and well-being, they varied in the type
and duration of the intervention being delivered and in the
skills of the interventionists, and were delivered in varying
social contexts and healthcare systems. Some interventions
appeared well designed but did not result in expected signif-
icant weight loss. Trial authors provided limited or no expla-
nations of why they felt interventions were effective or not, or
why some trials achieved larger weight losses. This variation
suggested intervention mechanisms may not always work in
the same way. To understand this variation, we undertook a
realist review following the RAMESES guidelines.”’

2.2 | Scoping the literature
During our initial review, we searched five electronic data-
bases, with additional hand searches. Study selection con-
sisted of randomized controlled trials of community-based
educational weight loss interventions compared to usual care
which recruited individuals aged 18 to 75 years of any ethnic-
ity, with type 2 diabetes and a BMI >25 kg/m?, and measured
weight loss as a primary or secondary outcome. Exclusion
criteria included factors limiting an individual’s ability to
take part in a weight loss intervention or where the main in-
tervention was weight loss surgery or medication.'!

Two independent reviewers (A.M. and A.W.) screened
7383 records and reviewed 228 full texts. This identified 49
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trials which we included in our review (Figure 1). Full details
are provided in the published systematic review.!!

2.3 | Data extraction, analysis and
synthesis processes

In order to identify programme theories (hypotheses describ-
ing underlying causal mechanisms of how an intervention or
intervention component is working, in what circumstances

pIABETIC MIEREK

or context), one author (A.M.) reviewed the introduction,
methods and discussion section of each of the 49 trials iden-
tified in our systematic review twice”® and extracted data,
which were then reviewed by a second author (F.G.). Data
were extracted into Microsoft Word tables relating to context
(country, ethnicity of participants, age ranges, education and
income levels, where available), mechanism (participant re-
actions triggered by the resources provided within the inter-
vention), outcomes (both intended and unintended), explicit

programme theories (theories or mechanisms suggested by

SR
Records identified through database
searching
5 (n=7,383) . N
= Additional records identified
.S Cinahl: 233 Cochrane trials: 2,750 through other sources
= Medline: 1435 Scopus: 119 (n = 49)
g Embase: 2846
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Records after duplicates removed
(n =4,334)
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=
c
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Full-text articles assessed Full-text articles excluded,
for eligibility with reasons
- (n=228) (n=141)
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w
-/ Participants not of interest
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) Not study design of interest
(RCT/surgical interventions):38
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E (n =49 (87 papers)) abstract:48
— Paper unobtainable:2

FIGURE 1 Selection of studies for inclusion into the review. RCT, randomized controlled trial
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the trial authors on why they felt the intervention worked or
did not work), implicit programme theories (theories or hy-
potheses not explicitly stated by the author but identified by
us within the published paper), programme theories through
retroduction (theories or hypotheses inspired by the informa-
tion provided, an explanation of the underlying causal forces,
not just the evidence presented) and middle-range theories
(existing established generic theories available within the lit-
erature, which may help to explain the mechanism of how the
intervention works, generalisable across different contexts).

Initially, we considered data collated from each trial sepa-
rately for context, mechanism and outcome. We then grouped
trials by similarities in context and outcome (whether trials
were successful or unsuccessful at achieving weight loss), to
assess if there were repeating patterns within mechanisms.
We proceeded by constructing our own programme theories
(hypotheses) for unsuccessful trials, based on the interaction
between the mechanism and the context. The explicit pro-
gramme theories we extracted were categorized according
to similar mechanisms to identify thematic patterns of why
intervention designers felt the intervention worked or did not
work for weight loss.

We coded the methods section of all trials using behaviour
change theories (BCTs) v.1 and grouped trials according to
whether they were successful at achieving statistically signif-
icant between-group change from baseline or not, to look for
BCT patterns.

2.4 | Testing against the literature

Our main mechanisms and BCTs identified were compared
to the published literature. Following the iterative process
of the realist review, we identified and focused on an area
lacking explicit and middle-range theory, by examining trials
containing personalisation. A.M. and F.G. developed their
own programme theories to understand the interaction of
context and mechanism for three outcomes: losing the most,
some, or no weight within trials containing personalisation.
We structured these theories using BCT taxonomy. After re-
writing into lay language, we tested these theories by present-
ing them to people with type 2 diabetes, who were asked to
comment on them during facilitated discussion groups, with
a scribe present. We recruited seven participants from an in-
ner-city general practice in Leicester to attend two discussion
groups. Participants were aged 18 to 75 years, had a BMI
>25 kg/mz, and were living independently in the community.
All attendees received a £10 voucher and lunch.

We analysed data from the first discussion group for influ-
ence of social context on intervention impactl&16 and gener-
ated themes.*” We then searched the peer-reviewed literature
for middle-range explanatory theories, which were lacking
for the themes: role of gender and food; food in the family;

and ‘cheat’ days. We explored these themes during the sec-
ond discussion group. These were then tested against the
literature to generate our new programme theories, using a
combination of what participants discussed and the available
literature.

3 | RESULTS

3.1 | Study characteristics

There were 12 461 participants across 49 trials. Twenty-
four trials were conducted in the USA,23_46 four each in
Australia*’ % and Germany [S51-S54] (for references >S50
see Table S1), three each in Sweden [S55-S57] and the UKk*
[S58,S59], two each in Finland [S60,S61], Belgium [S62,
S63] and Canada [S64, S65], and one each in Spain [S66],
India [S67], Kazakhstan [S68], Italy [S69], and New Zealand
[S70]. In trials providing ethnicity data, the percentage of eth-
nic minority participants ranged from 2%* to 100%*>*! in two
trials containing Hispanic or African-American participants.

Overall, 29 trials were successful at achieving statisti-
cally significant weight change between groups from base-
line. Weight loss interventions ranged in duration from 2%
to 24 months**>° [S56,S70]. Nine interventions contained
education alone, the remaining 40 trials were multicompo-
nent. Intervention contacts with participants were described
in 46 trials, ranging from 1 over 6 months® to 107 over 12
months.>* Duration of each contact was provided in 30 trials
ranging from 5% to 150 min®>*? [S57]. There was pre-selec-
tion in four trials,?®731-3 during which participants had to
prove commitment by completing self-monitoring activities
lasting 3 to 28 days prior to randomisation. In 11 trials a sin-
gle educator had direct contact with participants, in 37 trials
a team of educators with varying professional backgrounds
were involved and in one trial it was unclear. Individual edu-
cation was provided in 21 trials, group education in 10 trials
and a mixture in 17 trials, with one not specifying.

Only 11 trials (24%) explicitly stated the theoretical un-
derpinning of their interventions. These included experi-
ential, social and cognitive learning theories as well as the
cognitive theory of multimedia learning. The quality of re-
porting of the methods and interventions varied among trials,
resulting in different amounts of detail being available for
analysis. Key characteristics of each trial are reported within
the original review."!

3.2 | Context-mechanism—outcomes

We categorised the trials (Table 1, Table S2) into 10 con-
texts, according to similarities in access to healthcare, high-
or middle-income country [S71], and ethnicity. Within seven
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TABLE 1 Mechanisms operating within different trial contexts
achieving significant weight loss or not

Contexts of

Contexts of trials not
trials achieving  achieving
significant significant
Mechanisms weight loss weight loss
High-frequency contact/ ABDF HIJ
high familiarity with
interventionist
Group social support ABDEF HI
Coaching A H
Motivational ABF H
interviewing
Counselling ABE H
Self-monitoring and ABCDFG HIJ
feedback
Goal-setting ABCDFG HIJ

Diabetes-specific ABCDEFG HIJ

education
Meditation H

Meal replacements: ABD H
calorie control/

modified fasting
Incentivisation E
Incorrect targeting of I
intensity of physical
activity
Note: Contexts: A, majority white >80%, access to free or paid healthcare,
high-income countries; B, mainly white 52—-79%, access to high-quality paid
healthcare in USA (high income country); C, majority black and minority ethnic
(BME) > 85%, 65-82% female in intervention group, medically underserved
communities in USA (high income country); D, 54-63% BME, access to high-
quality paid healthcare in USA (high-income country); E, 100% black, access
to high-quality paid healthcare in USA (high-income country); F, 38% black,
females only, majority middle-aged and well educated, access to high-quality
paid healthcare in USA (high-income country); G, Indian or Kazakhstani, access
to paid healthcare (middle-income country); H, majority white >80%, access to
paid or free healthcare (high-income country); I, 47-65% BME, access to paid
or free healthcare (high-income country); J, 80-100% BME, reduced access to
healthcare either uninsured or living below poverty line in USA (high-income
country).

of these 10 contexts, all the included trials demonstrated
statistically significant weight change between groups from
baseline. The remaining three contexts were not statistically
significant.

Mechanisms present in both successful and unsuccessful
trials included high-frequency contact with interventionist,
group social support, coaching, motivational interviewing,
counselling, self-monitoring and feedback, goal-setting,
diabetes-specific education, and meal replacements. This
illustrated that these mechanisms were working in some con-
texts and not in others. Incentivisation was only identified in
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successful, whilst meditation and incorrect targeting of in-
tensity of physical activity were only present in unsuccessful
trials.

Within the largest context (context A, 18 trials) of success-
ful trials there were one to six mechanisms. Self-monitoring
and feedback were the most common (78% of trials), followed
by goal-setting (50%), diabetes-specific education (33%) and
counselling (28%).

Within the largest unsuccessful context (context H, 13
trials), there were one to five mechanisms. Goal-setting was
the most common in 80% of trials, followed by self-moni-
toring and feedback (70%), group social support (50%), di-
abetes-specific education (40%) and high-frequency contact
(40%).

3.3 | Programme theories for trials not
achieving significant weight loss

Programme theories developed (Table S3) by A.M. and
F.G. for unsuccessful trials, were grouped by mechanisms.
Underlying themes included incorrect identification of bar-
riers and not meeting the cultural, ethnic or gender needs
of participants. The interventions did not provide adequate
emotional, physical or social support. When applied to
BME populations, individuals are more likely to face prej-
udice and barriers to healthcare, and even when access is
available they are likely to experience poorer-quality and
reduced access'’ [S72,S73]. Infrequent contact with the
interventionist affected rapport, trust development and ac-
countability [S73]. In addition, those delivering the inter-
vention may have felt inadequately trained or supported,
affecting intervention delivery. Due to failure to identify
and address barriers to participant engagement, participant
self-efficacy was not achieved, and health optimisation
was not prioritized.

3.4 | Trials coded by behaviour
change theories

The majority of trials contained four distinct BCTs: goal-
setting (behaviour; 72% successful vs 90% unsuccessful);
self-monitoring of behaviour (59% vs 65%); social support
(unspecified; 83% vs 90%); and adding objects to the envi-
ronment (55% vs 55%). Problem-solving was present in 11 of
29 successful trials (38%) and eight of 20 unsuccessful trials
(40%; Table S4).

The lack of a noticeable difference in BCT frequency
between successful and unsuccessful trials (Figure 2a,b)
suggests that specific BCTs alone do not represent a defin-
ing feature of a successful trial. It may be the interaction
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between the BCTs rather than a single BCT that supports
weight loss.

Behaviour change theory feedback on behaviour, was
identified in 13 of 29 successful trials (49%) but in only two
of 20 unsuccessful trials (10%), with increased frequency
in trials achieving 5-10kg weight loss (Figure 2c). When
present, it was nearly always identified in conjunction with

goal-setting, social support, and usually with action planning
and self-monitoring of behaviours. This suggests that an in-
dividual BCT is unlikely to result in a successful outcome
unless combined with appropriate support and feedback
mechanisms. Self-monitoring of behaviours was not seen in
trials reporting >10kg weight loss, but was present in most
trials achieving <10kg weight loss.

No significant weight loss between groups n = 20
125

103 e——

8.1 ——

6.1 —————

41

3.2 =e—

2.7 e—

24 e—

0 2 4 6 8 10 12 14 16 18 20

FIGURE 2  (a) Behaviour change theory (BCT) frequency in unsuccessful trials. Key: BCT ref 1.1 Goal setting (behaviour), BCT ref 1.2
Problem solving, BCT ref 1.3 goal setting (outcome), BCT ref 1.4 Action planning, BCT ref 1.5 Review behaviour goal(s), BCT ref 1.7 review
outcome goal(s), BCT ref 1.8 behavioural contracts, BCT ref 2.1 monitoring of behaviour, BCT ref 2.2 feedback on behaviour, BCT ref 2.3 Self-
monitoring of behaviour, BCT ref 2.4 self-monitoring of outcome(s) of behaviour, BCT ref 2.6 Biofeedback, BCT ref 2.7 feedback on outcome of
behaviour, BCT ref 3.1 Social support (unspecified), BCT ref 3.2 social support (practical), BCT ref 3.3 social support (emotional), BCT ref 4.1
instruction on how to perform the behaviour, BCT ref 5.1 information about health consequences, BCT ref 6.1 demonstration of the behaviour,

BCT ref 6.2 social comparison, BCT ref 8.1 behavioural practice/rehearsal, BCT ref 9.1 credible source, BCT ref 10.3 non-specific reward material
reward (behaviour), BCT ref 12.3 Avoidance/reducing exposure to cues for the behaviour, BCT ref 12.5 Adding objects to the environment. (b) BCT
frequency in successful trials. Key: BCT ref 1.1 Goal setting (behaviour), BCT ref 1.2 Problem solving, BCT ref 1.3 goal setting (outcome), BCT ref
1.4 Action planning, BCT ref 1.5 Review behaviour goal(s), BCT 1.6 discrepancy between current behaviour and goal, BCT ref 1.7 review outcome
goal(s), BCT ref 1.8 behavioural contracts, BCT ref 2.1 monitoring of behaviour, BCT ref 2.2 feedback on behaviour, BCT ref 2.3 Self-monitoring

of behaviour, BCT ref 2.4 self-monitoring of outcome(s) of behaviour, BCT 2.5Monitoring of outcome(s) of behavior without feedbackMonitoring
of outcome(s) of behavior without feedback, BCT ref 2.6 Biofeedback, BCT ref 2.7 feedback on outcome of behaviour, BCT ref 3.1 Social support
(unspecified), BCT ref 3.2 social support (practical), BCT ref 3.3 social support (emotional), BCT ref 4.1 instruction on how to perform the behaviour,
BCT ref 5.1 information about health consequences, BCT ref 6.1 demonstration of the behaviour, BCT ref 6.2 social comparison, BCT ref 8.1
behavioural practice/rehearsal, BCT ref 10.1 Material incentive (behaviour), BCT ref 10.2 Material reward (behaviour), BCT ref 10.3 non-specific
reward material reward (behaviour), BCT ref 10.4 social reward, BCT ref 10.6 non - specific incentive, BCT ref 11.1 Pharmacological support, BCT
ref 11.2 Reduce negative emotions, BCT 12.1restructuring the physical environment, BCT ref 12.5 Adding objects to the environment. (c) BCT by
significant weight change from baseline between groups. BCT ref 1.1 Goal setting (behaviour), BCT ref 1.2 Problem solving, BCT ref 1.3 goal setting
(outcome), BCT ref 1.4 Action planning, BCT ref 1.5 Review behaviour goal(s), BCT ref 1.6 discrepancy between current behaviour and goal, BCT
ref 1.7 review outcome goal(s), BCT ref 1.8 behavioural contracts, BCT ref 2.1 monitoring of behaviour, BCT ref 2.2 feedback on behaviour, BCT
ref 2.3 Self-monitoring of behaviour, BCT ref 2.4 self-monitoring of outcome(s) of behaviour, BCT ref 2.6 Biofeedback, BCT ref 2.7 feedback on
outcome of behaviour, BCT ref 3.1 Social support (unspecified), BCT ref 3.2 social support (practical), BCT ref 3.3 social support (emotional), BCT
ref 4.1 instruction on how to perform the behaviour, BCT ref 5.1 information about health consequences, BCT ref 6.1 demonstration of the behaviour,
BCT ref 6.2 social comparison, BCT ref 8.1 behavioural practice/rehearsal, BCT ref 9.1 credible source, BCT ref 10.1 Material incentive (behaviour),
BCT ref 10.2 Material reward (behaviour), BCT ref 10.3 non-specific reward material reward (behaviour), BCT ref 10.4 social reward, BCT ref 10.6
non - specific incentive, BCT ref 11.1 Pharmacological support, BCT ref 11.2 Reduce negative emotions, BCT ref 12.3 Avoidance/reducing exposure
to cues for the behaviour, BCT ref 12.5 Adding objects to the environment
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FIGURE 2 Continued

3.5 | Explicit programme theories

Our thematic analysis of the explicit programme theories
provided by the original authors in 36 trials showed recurrent
themes in trials achieving successful weight loss (Table S5).

o Greatest weight loss was achieved during most frequent
contact with interventionists, with weight regain or plateau
once contacts stop or reduce in frequency.

e Level of participant education may affect receptiveness
and response to the intervention, with more specialised and
specific education being less useful than education that can
be applied in a variety of situations. Contact time alone
cannot determine how much education is successfully re-
ceived and retained.

e Pre-selection of more motivated individuals with higher
locus of self-control may result in better outcomes, al-
though their characteristics may vary from a normal
population.

e A visual record of feedback helps with self-regulatory be-
haviours and increased self-efficacy to continue correcting
health behaviours.

e Social support from peers in group situations or family
members undertaking an intervention with participants sup-
ported compliance, social networking and competition. For
long-term maintenance, individuals must believe meaning-
ful improvement in their health and well-being has occurred.
Weight loss and improvements in metabolic control lead to
hormonal changes, resulting in decreased hunger, increased
satiety, better sleep and improvements in mood.

e Meal replacements provide pre-packaged foods with a
known number of calories, mitigating individual responsi-
bility for choosing correct calorie foods.

e Personalising the intervention through identification of in-
dividual barriers helps support weight loss.

In those trials not achieving successful weight loss possi-
ble explanations included: self-selection of goals, no direct
contact with healthcare providers, intensive programmes
requiring larger commitment from participants, failure from
intervention deliverers to give instruction on how to perform
a behaviour and increases in calorie intake secondary to in-
creases in physical activity.

3.6 | Repeated mechanisms observed in
successful interventions

Repeated mechanisms were observed through hypothesis
generating, coding for BCTs and reviewing explicit pro-
gramme theories, and were tested against the published
literature.

3.6.1 | High-frequency contact with those
delivering the intervention

We found participants were motivated through continual
monitoring by a ‘credible source’ [S74]. High-frequency con-
tact provided emotional, psychological and social support,
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promoting trust development, increased engagement and a
feeling of accountability to intervention providers, increasing
compliance. High intensity or frequency of contact in those
with diabetes has been associated with weight loss [S75], and
HbA . reductions [S76]. There is a lack of literature analysing
high-frequency contact with weight loss in type 2 diabetes.

High-frequency contact enhances weight loss in individ-
uals who are obese [S77]. In participants who are obese and
overweight, brief weight loss counselling by a health profes-
sional tripled the odds of wanting to weigh less (odds ratio
3.71) and trying to lose weight (odds ratio 3.53) [S78]. High-
frequency contact may support weight loss through operant
conditioning [S79], where positive behaviours are rewarded
and re-enforced, through social support, recognition from
staff, peers and increased quality of life from observable
weight loss [S80].

3.6.2 | Social support

We found social support from family, friends, intervention-
ists and peers increased learning and motivation for weight
loss behaviours. Entering an intervention with a family mem-
ber resulted in positive interdependence.41 In type 2 diabe-
tes, peer support and sharing of knowledge helps master new
skills [S81], family support predicts treatment adherence
[S82,S83], and family and friends joining in physical activity
predicts weight loss [S84].

Practical and emotional social support can double medical
adherence; social support is felt to help with weight man-
agement through modulating stress management [S85-S87].
Obesity has been associated with absence of close friends
[S88].

3.6.3 | Education

Diabetes education increased participants' awareness of their
positive and negative health behaviours, supporting self-
empowerment and increased self-efficacy. Explicit theory
discussed difficulties of meeting individual needs based on
pre-existing knowledge levels and translating instructions to
change in health behaviours.

Improvements in HbA,. have been found secondary to
type 2 diabetes self-management education [S89], enabled by
technology [S90], where communication, participant-gener-
ated health data, tailored education and personalised feedback
are key. There is extensive literature available on learning
and education theory and discussion of behaviour change
seen in weight loss [S91], but without specific comment on
the underlying mechanism or weight loss in type 2 diabe-
tes. Optimal learning occurs when it is relevant and useful
to the individual [S92,S93]. Tailoring education to existing
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knowledge and actively involving individuals through iden-
tification and suggestion of solutions to problems increases
learning [S94].

Group learning provided an opportunity to learn from oth-
ers' questions and to reflect on learning and achievements,
with a sense of competition after hearing how others are cop-
ing [S95]. It supports social networking, providing peer and
professional support [S59] and increasing compliance. Praise
and encouragement supports motivation [S96]. A realist re-
view [S95] of shared medical appointments proposed that in-
dividuals developed ‘robust’ knowledge about their condition
by hearing others discuss their experiences, motivation and
positive feelings, increasing confidence, professional rela-
tionships and rapport [S95].

3.6.4 | Counselling/motivational interviewing
Counselling and motivational interviewing facilitated iden-
tification of personal goals, barriers and values through a
supportive and collaborative partnership; improving self-
efficacy, body image, stimulus control and self-esteem, en-
couraging weight loss.

Motivational interviewing appears most effective when
tailored to the individual’s level of self-efficacy and readi-
ness to change. Individualised motivational interviewing has
led to improved self-management, self-efficacy, quality of
life and HbA,, levels in type 2 diabetes, increasing transi-
tion from the contemplation to preparation or action stages
[S97,S98]. Motivational interviewing in type 2 diabetes
has been found to be most effective in changing dietary be-
haviour, with the largest impact being on weight reduction
[S99]. Most studies lack explanation of the mechanism by
which motivational interviewing works, but acknowledge an
individualized approach is most effective [S100].

3.6.5 | Self-monitoring and feedback
Self-monitoring increased autonomy for diabetes manage-
ment and development of habits associated with successful
weight maintenance. Self-monitoring using a device (e.g. a
pedometer) or diary provided positive objective feedback on
progress, increasing confidence and motivation and linking
glucose levels with exercise intensity, physical activity and
calories used. Self-monitoring increased accountability to
interventionists, increasing likelihood of maintaining goals
through self-regulation and fear of negative assessment.
Technology usage has been reported to lead to significant
HbA,. improvements [S90]. Feedback is more impactful if
given immediately after a behaviour and linked to real-world
and relatable reference points, such as the exercise equal to
calories in a meal [S101]. More frequent weighing in obesity



MAULA ET AL.

LSCN DIABETIC

has been linked to better weight outcomes [S102], and more
frequent blood sugar-measuring to better HbA . outcomes
[S101]. In patients who are obese with type 2 diabetes, in-
creased self-monitoring of blood glucose was linked to better
weight loss and HbA . improvement [S103].

3.6.6 | Goal-setting

We found participants may benefit from direction, with goals
chosen. Achievement of goals delivered positive psychologi-
cal rewards through self-actualization [S104].

There has been some concern that setting weight loss
goals too high leads to less weight loss, attrition and nega-
tive psychological outcomes [S105]; however, some studies
have shown that less realistic goals are met with better weight
outcomes [S106-S108]. A meta-analysis failed to show statis-
tically significant difference in weight loss goals and weight
loss achieved [S109]. Goal-setting is used commonly in type
2 diabetes management, but there is a lack of type 2 diabe-
tes-specific research in weight loss [S110], with most of the
evidence relating to performance in sports people and motiva-
tion within the workplace. It is felt goal-setting is moderated
by ability, commitment, feedback, task complexity and avail-
able resources. Goal-setting may be modulated by personal
social circumstances. Unless an individual views a health goal
as relevant they will fail to be motivated by it [S96].

3.6.7 | Meal replacements

We found meal replacements allowed participants to ad-
here to calorie targets through ease of use and convenience
of portion control. As meal replacements help with weight
loss, they may bolster confidence and increase engagement
in other aspects of the intervention. However, they remove
locus of control, self-regulating behaviours and responsibil-
ity for healthier food choices and portion sizes. Previous tri-
als have shown that calorie-reduced meal replacements can
help obese and overweight individuals with type 2 diabetes
to lose weight [S111].

Individuals who are obese underestimate calories, even
with a daily calorie limit* [S112]. Meal replacements reduce
calorie counting errors [S113]. Research shows intervention
groups taking meal replacements compared to calorie-re-
stricted or portion-controlled diets achieve large weight
losses [S112-S115].

3.6.8 | Personalisation

Explicit theory discussed personalisation, including identifi-
cation of barriers, time to allow participants to adjust to new

routines, and delivery of personalised advice, increasing em-
powerment and well-being.

Tailoring and personalisation have been used in over-
weight individuals with type 2 diabetes as part of a physical
activity and low-fat dietary interventions. Tailoring during
an interventionincreased low-fat diet take up with no signif-
icant reduction in BMI, HbA, or lipids [S116]. In a tailored
lifestyle intervention for individuals who are overweight and
obese, a home-based dietary and physical activity interven-
tion saw greater weight loss in the intervention and higher
levels of physical activity during the active phase, but a loss
of significance over a longer time period [S117].

3.6.9 | Context and mechanism
configurations that consistently do not work

Often there are multiple mechanisms interacting within an
intervention, especially when multi-component, making it
difficult to identify mechanisms which are active. Possible
explanations include the intervention being designed for a
specific demographic and not being applicable to all partici-
pants. Failure to prioritize health, due to basic and psycho-
logical needs not being met, including: access to adequate
food, water, housing, security and safety [S104], ‘love and
belonging’, self-esteem or emotional well-being hinder self-
actualisation to achieve one’s full potential to optimise health
[S104]. This highlights the importance of focusing on per-
sonalisation of the intervention.

3.6.10 | Trials containing tailoring or
personalization of intervention

After focusing on personalisation, we found five trials con-
tained a personalised component for individuals not achiev-
ing weight loss targets. This included exercise and cooking
classes, exercise equipment, food coupons or meal replace-
ments, and weight loss medication;34 meal replacements,
individualised dietary advice and weight loss medication;*
extension of the weight loss phase [S66, S68]; or adjustment
of calorie prescription.42

Other trials tailored the intervention, offering extra con-
tact>>3340 [S56,S60] with the interventionist, with person-
alised feedback on diet,”>?"3*7 physical activity23’25’37
[S60], weight, BMI or waist circumference [S53,S60,562],
step count® [S53,S60] and glucose levels?>4 [S60,S62];
however, most trials were pre-designed to be delivered in the
same fashion to all participants.

Programme theories generated (Table S6) for interven-
tions containing personalisation for participants losing the
most weight included extra resources or incentives, such as
meal replacements or weight loss medication, pre-selection
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of motivated individuals, individualised counselling and
motivational interviewing, social support, and increased
quality of life from observed weight loss. Those partici-
pants losing some weight were supported through cul-
turally tailored interventions and integration of physical
activity alongside other commitments. Those who failed to
achieve desired weight loss may have barriers or triggers
which were not addressed, including cost associated with
adopting healthy behaviours, other health problems taking
priority, low levels of motivation and confidence and fail-
ure to develop habit or resilience.

3.6.11 | Analysis of discussion group findings
within social framework

Themes emerging in discussion groups were grouped (Table
S7) as described below.

e Society/cultural differences: macronutrient composition
and flavours of cultural foods differ, diet foods need to
better cater for ethnic palates. Cultural practices including
fasting may help with weight loss. Societal and cultural
roles of gender related to cooking and housework are im-
plicated in weight loss.

e Public policy: available time, facilities, space and cost of
physical activity.

e Community: messages to prioritize participant’s health first.

e Organizational: education from credible sources and
monitoring, general practitioners prescribing weight loss
medication, incentivization for weight loss behaviours,
workplace promoting healthier habits.

e Interpersonal: responsibilities such as being a carer may
take priority, social support from family friends and peers.

e Individualisation: prioritization and habit development,
personalisation of programmes needed to account for co-
morbidities and environmental restructuring to support
weight loss activities.

3.6.12 | Findings and theory generation
from second discussion group

Programme theories included 'cheat days' promoting de-
monisation of specific food groups, with participants feel-
ing they lost self-control on cheat days. The societal and
cultural role of women in food preparation which was felt
to be changing as more women enter the workforce, in-
creasing the likelihood of processed food consumption and
leading to increased normality for men to prepare food.
Lastly, family mealtimes supported interpersonal connec-
tion and a sense of purpose for the individual preparing the
meal (Table 2).

DIABETIC IR

Summary of key findings

4 | DISCUSSION

41 |

This realist review helps identify and provide an understand-
ing of mechanisms interacting within a specific context,
which result in intended and unintended outcomes during tri-
als to achieve weight loss in type 2 diabetes. All interventions
reviewed were delivered within complex health and social
systems, which are in turn, set in complex social and other
contexts. There is existing literature to show that each of the
mechanisms we identified has been successfully applied, but
not specifically in the context of type 2 diabetes.

Successful mechanisms identified include high-frequency
contact with intervention providers who participants deem
credible. Effective education in diabetes for weight loss
must be relevant and relatable to an outcome, supported
through translation of specific instruction on behaviour to
patient-recognizable and desired outcomes, thus increasing
self-efficacy. Self-monitoring increases the autonomy and
accountability of the individual to intervention providers,
through knowledge of feedback. Guided goal-setting is sup-
portive of weight loss. Personalising the intervention to meet
the needs of the individual, and delivering it at the right time
for participants to focus on health outcomes is important. This
was reinforced by findings from our discussion groups, un-
derlining the need for tailoring the intervention to the indi-
vidual’s social circumstances, including culture, gender and
family circumstances. It is likely, however, that not one sin-
gle factor accounts for weight loss, and multiple factors work
synergistically to achieve weight loss in overweight and obese
adults with type 2 diabetes, moderated by the physical and
social environment surrounding the individual.

Central to every mechanism or theory identified in this re-
view that contributed to success or failure of an intervention
was how relevant the resource or information provided was to
the individual, whether the intervention was tailored to the in-
dividual’s needs or motivational constructs, and the perceived
relevance of the outcome to their social, emotional, physical
and psychological needs. Social connection was important as
this was intrinsic to several mechanisms. We found BCTs of
goal-setting, self-monitoring of behaviours, social support and
adding objects to the environment in most successful and unsuc-
cessful trials. Feedback on behaviours was seen with increased
frequency in successful trials, especially those achieving 5-10-
kg weight loss, however, this was nearly always present with
goal-setting, social support and usually with action planning
and self-monitoring of behaviours. It is likely that an interaction
between multiple BCTs determines a successful trial.

There were fewer identified trials (15) in majority BME
populations compared to majority white populations (34), with
eight (53%) and 21 (62%) successful trials, respectively. In this
limited number of trials with majority BME populations, there
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(Continued)

TABLE 2

Programme theory generated

Testing against the literature

Findings of discussion group

Food becomes the common mediator and focus

The importance of increased home cooking is not only limited to the nutritional constitution

3. Role of food in the family: Eating together

of the prepared food but also food in the family helps to provide closeness and a sense of for conversation and acts to increase social

is a necessity, helping with improved

purpose. Previous cross-sectional and longitudinal studies have found several benefits to interaction and bonding within the family

communication and bringing you closer,

group, leading to beneficial psychological
and physical outcomes. Therefore, it can

having regular family meals, including healthier food consumption [S133-S138], reduced

‘increases love between each other when

fast food consumption, better weight control [S139], and improved psychosocial well-

you eat together’. Cooking also brings

be associated with positive family times

being [S140,S141], including fewer depressive symptoms and better self-esteem. Eating

enjoyment; children enjoy the food made

and a sense of interpersonal connection and

purpose.

with the family as an adolescent and subsequently an adult has been associated with

for them so this makes the cook/parent

healthier diet consumption and weight and psychological outcomes in comparison to those

that never ate with the family [S142].

feel good. Eating together described as

‘bonding' and ‘family time’, helping to

keep the family together. Children invite

parents over for dinner and vice versa.

Cooking may be associated with a carer
role: cooking for parents, resulting in

cooking big portions so there is plenty for

everybody.

DIABETIC IS

were no distinguishing patterns of mechanisms between suc-
cessful and unsuccessful trials. Where trials were unsuccessful,
programme theories discussed that the intervention was not
culturally appropriate, failure to develop a trusting relationship
with those delivering the intervention or peers within a group
setting, failure to identify barriers or participants basic needs
and address these, and failure to modify existing health beliefs.

4.2 | Comparison with existing literature
Similar to our findings on BCTs a previous review [S118]
found that 'problem-solving', 'feedback on behaviour', 'add-
ing objects to the environment', and 'social comparison' were
associated with significant HbA  reductions. Environmental
modification, including providing all foods, were more than
twice as effective at reducing HbA |, compared to interven-
tions using behavioural change interventions. In an intensive
behaviour change community-based trial in recently diag-
nosed type 2 diabetes, a higher number of BCTs were found
to be associated with a reduction in BMI, with goal-setting,
goal review, and social support showing the strongest rela-
tionship [S119]. Similar to our findings, goal-setting and so-
cial support were seen in the majority of successful trials,
with successful trials having, on average, 6.0 BCTs, com-
pared with 5.6 in unsuccessful trials. Another systematic re-
view of a physical activity intervention in type 2 diabetes also
found a higher number of BCTs was associated with better
outcomes [S120]. A process evaluation foundover the short
term, better social support was associated with increased en-
gagement in self-regulatory behaviours [S121].

A review on physical activity and diet interventions in type
2 diabetes found four BCTs, ‘instruction on how to perform
a behaviour’, ‘behavioural practice/rehearsal’, ‘action plan-
ning’ and ‘demonstration of the behaviour’, were associated
with significant HbA . reductions.'” These were not seen in
the majority of successful trials within the present study.

A realist review [S122] identified the key mechanisms as-
sociated with diabetes management in people with dementia.
It found the requirement for personalised, family-centred care
and relationship development with healthcare professionals
who reprioritise care towards the family and patient instead
of clinical directives. This is very similar to our findings,
where the successful mechanisms and programme theories
identified concentrated on an underlying theme of person-
alising each resource to meet the individual’s demographic,
social and cultural context are vital for success.

4.3 | Strengths and limitations

Few public health interventions have been reviewed using re-
alist methodology. The present review is unique in taking this
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approach to review the mechanisms associated with successful
weight loss in overweight and obese adults with type 2 diabetes.

Within realist methodology, understanding context is key.
We recognise that the data we extracted from the included
studies was limited to what was provided by authors within
the trials and protocols, where available, for our context—
mechanism—outcome generation and identification of theo-
ries based on which the intervention was developed. Authors
did not describe mechanisms and explicit programme theo-
ries, when provided, were brief. While we tried to identify
mechanisms, we note these often do not work in isolation and
often inter-relate. However, we were able to hold discussion
groups to further develop our own programme theories.

We coded the trials using BCTs dominant in healthcare
research, but could have also looked at educational theory
when reviewing the trials. All trials provided education, but
only one trial mentioned tailoring education to participants'
baseline knowledge. One trial discussed varying the stimulus
during teaching to appeal to learners who learn in different
ways [S58].

In trials containing pre-selection, selection bias may be
important. Pre-selection may have meant individuals' read-
iness to change or self-efficacy was higher in committing
to intensive lifestyle change, which may affect outcomes.
In particular, most of the available trials reviewed consisted
of mainly white participants, suggesting that research to de-
liver culturally sensitive and relevant behaviour change in-
terventions is lacking in minority populations. This may be
because recruitment and retention has proved challenging for
researchers within these groups. All data were extracted by a
single author, after reviewing each paper twice. It is therefore
possible that some data may have been missed.

Five (10%) of our included studies reported weight loss
as a secondary outcome and failed to show a significant ef-
fect. These studies may have been underpowered to detect
significant differences. Had these studies had greater power,
they may have been categorised as being successful within
our review. However, as this only applies to five studies, this
is unlikely to have had a major impact on our findings.

4.4 | Implications for policy and
practice and further research

This study underlines that single uniform interventions will not
meet the needs of everyone in a socially diverse overweight
or obese population with type 2 diabetes. Each individual has
unique insight and experience of living with their condition, in
a unique set of circumstances. Policy makers and those who de-
liver interventions need to focus accordingly on matching the
right person to the right intervention. Our findings highlight this
challenge, and support the fundamental importance of person-
alising any weight loss intervention to make it relevant to an

individual’s social and cultural context. Given the important
role of interpersonal connection between family, friends or
other individuals with the same condition, lifestyle change in-
terventions should be inclusive of the family or social unit to
facilitate cultural change within this context. For example, such
interventions should include group education or an ability to
enter the intervention with a family member or friend.

To improve outcomes, intervention designers may wish
to focus on screening of participants prior to inclusion to
better identify participant’s motivation, expectations and
perceived self-efficacy before embarking on an intensive
weight loss programme in those with type 2 diabetes, in an
effort to personalise the intervention. However, this may
make interventions more expensive, due to the additional
steps in the process required, and also less generalizable.
Research focused on BME populations is required to iden-
tify their specific needs and barriers to support weight loss.
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