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Abstract 

Background In South Africa, the prevalence of gestational diabetes (GDM) is growing, concomitant with the dra‑
matically increasing prevalence of overweight/obesity among women. There is an urgent need to develop tailored 
interventions to support women with GDM to mitigate pregnancy risks and to prevent progression to type 2 diabetes 
post‑partum. The IINDIAGO study aims to develop and evaluate an intervention for disadvantaged GDM women 
attending three large, public‑sector hospitals for antenatal care in Cape Town and Soweto, SA. This paper offers a 
detailed description of the development of a theory‑based behaviour change intervention, prior to its preliminary 
testing for feasibility and efficacy in the health system.

Methods The Behaviour Change Wheel (BCW) and the COM‑B model of behaviour change were used to guide the 
development of the IINDIAGO intervention. This framework provides a systematic, step‑by‑step process, starting with 
a behavioural analysis of the problem and making a diagnosis of what needs to change, and then linking this to inter‑
vention functions and behaviour change techniques to bring about the desired result. Findings from primary forma‑
tive research with women with GDM and healthcare providers were a key source of information for this process.

Results Key objectives of our planned intervention were 1) to address women’s evident need for information and 
psychosocial support by positioning peer counsellors and a diabetes nurse in the GDM antenatal clinic, and 2) to offer 
accessible and convenient post‑partum screening and counselling for sustained behaviour change among women 
with GDM by integrating follow‑up into the routine immunisation programme at the Well Baby clinic. The peer coun‑
sellors and the diabetes nurse were trained in patient‑centred, motivational counselling methods.

Conclusions This paper offers a rich description and analysis of designing a complex intervention tailored to the 
challenging contexts of urban South Africa. The BCW was a valuable tool to use in designing our intervention and tai‑
loring its content and format to our target population and local setting. It provided a robust and transparent theoreti‑
cal foundation on which to develop our intervention, assisted us in making the hypothesised pathways for behaviour 
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change explicit and enabled us to describe the intervention in standardised, precisely defined terms. Using such tools 
can contribute to improving rigour in the design of behavioural change interventions.

Trial registration First registered on 20/04/2018, Pan African Clinical Trials Registry (PACTR): PACTR201805003336174.

Keywords Intervention development study, Behaviour Change Wheel, COM‑B model, Women with gestational 
diabetes, Diet and physical activity intervention

Background
Gestational diabetes mellitus
Gestational diabetes (GDM) is defined as diabetes, first 
diagnosed in the second or third trimester of pregnancy 
that is clearly not pre-existing type 1 or type 2 diabetes 
[1]. It is now one of the most common complications seen 
in pregnancy worldwide and is associated with several 
adverse pregnancy outcomes [2, 3]. While glucose levels 
usually return to normal after delivery, women affected 
by GDM face a significantly increased risk of develop-
ing type 2 diabetes (T2D), cardiovascular disease, hyper-
tension and stroke in the longer term [4, 5]. In addition, 
through intrauterine exposure to maternal hyperglycae-
mia, their offspring are significantly more vulnerable to 
early onset obesity, T2D and cardio-metabolic disorders 
[6, 7]. A study in our setting found that within six years 
of a GDM pregnancy, 48% of the women followed up had 
progressed to T2D, more than two-thirds had three or 
more cardiovascular disease risk factors, and 27% of their 
children were overweight or obese [8].

In South Africa, the prevalence of GDM is estimated to 
be about 10–15% [9] but this is expected to grow, con-
comitant with the dramatically increasing prevalence of 
overweight/ obesity seen in women of reproductive age 
(currently at 60–70%) [10]. Given this expected increase 
and the high risk of progression to T2D among our local 
population, there is an urgent need to develop prevention 
interventions for our setting.

Interventions for women with GDM
Lifestyle interventions focusing on diet, physical activ-
ity, glycaemic control and weight management are the 
primary therapeutic strategy for women with GDM [11, 
12]. Reviews of the current evidence report that such 
interventions can enhance glycaemic control and weight 
management, reduce the risk of foetal macrosomia and 
post-partum progression to T2D [13–15].

Psychosocial wellbeing is a further important modifi-
able factor to target in such interventions. Women with 
a GDM diagnosis are more likely to develop clinically 
relevant levels of affective distress and antenatal and/or 
post-partum depression. Anxiety, stress and depression 
may also be an important causal factor in the develop-
ment of GDM [16, 17]. In addition, there appears to be 

an important interaction between a woman’s psychologi-
cal state and her motivation to follow a healthy lifestyle: 
post-partum depression is associated with an increase 
in comfort eating and decreased physical activity, whilst, 
conversely, physical activity reduces the symptoms of 
depression [18, 19]. Facilitating social support and build-
ing self-efficacy have been shown to be helpful strate-
gies in improving behaviour change outcomes, including 
physical activity among women with recent GDM [20].

Post‑partum interventions for women with GDM
While post-partum screening for T2DM is recom-
mended at 6 -12 weeks [21, 22], studies show that there 
is little emphasis on its importance in current models of 
GDM care and that attendance rates, even in high income 
countries are generally very low [23].Continuity of care 
from early in on the post-partum period, easy access to 
screening, reminders and risk awareness counselling are 
all factors that have been shown to improve screening 
rates and increase adherence [23–25].

It has been suggested that leveraging scheduled ‘well-
baby’ visits at health services, including the child’s vac-
cination program and follow-up, may provide a good 
opportunity to conduct the necessary tests and provide 
follow-up advice to GDM mothers [26, 27].

While women are usually highly motivated to change 
their behaviour during pregnancy to safeguard the baby, 
motivation to sustain a healthy lifestyle tends to decrease 
significantly once the baby is born. Women cite the 
demands of childcare, work commitments, tiredness, 
diminished social support, difficulty in balancing house-
hold demands and expectations, finances and resources 
as barriers to maintain the changes in diet and physical 
activity that they initiated while pregnant [24, 27, 28]. 
In addition, factors in the broader built, food, and social 
environments in which women live can make it difficult 
for them to sustain lifestyle recommendations [27, 29, 
30]. Despite these challenges, women are receptive to 
longer-term support and post-partum interventions have 
been shown to be effective in reducing the incidence of 
diabetes or delaying its onset among women who have 
had a GDM pregnancy [31]. It is recommended that 
interventions provide post-partum screening along with 
information on the long-term risk of progression to type 
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2 diabetes, social and professional support for sustain-
ing a healthy lifestyle, counselling on the advantages of 
breastfeeding and enlist the direct involvement of part-
ners and family members [13, 14, 25, 27].

The evidence on interventions for GDM women is still 
limited and more high-quality intervention trials, which 
extend from pregnancy into the post-partum period, 
study long-term outcomes for both mother and child and 
measure cost-effectiveness, are urgently needed to build a 
robust evidence base [14, 32]. A further limitation of the 
current evidence is that most of the existing research has 
been conducted in high-income countries and the value 
of lifestyle interventions has not yet been established 
among women living in low-to-middle income countries 
[13, 14, 25]. Research is needed to understand how to 
effectively engage and support women in these settings to 
modify their lifestyle behaviours and mitigate the risks of 
GDM and T2D.

The IINDIAGO intervention study
The IINDIAGO study is an exploratory, intervention trial 
(PACTR2018050033 36,174, Pan African Clinical Trials 
Registry (PACTR)) which aims to develop and evaluate 
an integrated health system intervention to reduce the 
risk of the adverse effects of GDM during pregnancy and 
of progression to T2D post-partum among disadvan-
taged GDM women attending three large, public-sector 
hospitals for antenatal care in Cape Town and Soweto, 
South Africa.

The exploratory trial was completed in 2021. Study par-
ticipants are 370 women diagnosed with GDM between 
24–36 weeks gestation from urban communities of lower 
socio-economic status with a disproportionately high 
burden of T2D. The intervention includes antenatal and 
postnatal education and counselling from trained peer 
counsellors and a diabetes nurse, as well as referral and 
follow up for diabetes screening at 6 weeks post-partum. 
This is offered at the convenient location of the Well Baby 
clinic, where mothers routinely bring their children for 
their first immunisation. The main outcomes of this trial 
are the completion of the 6-week post-partum oral glu-
cose tolerance test (OGTT) and reduction in diabetes 
risk at 12 months post-partum, using a composite meas-
ure of weight, waist circumference and dysglycaemia.

The development of the IINDIAGO trial follows the 
UK Medical Research Council’s (MRC’s) recommended 
4 stages of research for the development and evaluation 
of complex health interventions (develop-pilot-evaluate-
implement) [33]. Whilst the MRC framework empha-
sises the importance of basing intervention design on a 
theoretical understanding of the target behaviour/s and 
how the intervention could potentially cause behav-
iour change, it does not offer detailed guidance on the 

intervention development stage (stage 1). We identi-
fied the Behaviour Change Wheel (BCW) [34] as help-
ful in meeting our need for more comprehensive and 
detailed guidance on how to design behaviour change 
interventions.

This paper reports in detail on the process involved 
in the development of a theory-based behaviour change 
intervention for GDM women, prior to its preliminary 
testing for feasibility and efficacy in the health system 
(stage 2 of the MRC Framework).

Methods/design
Theoretical framework for intervention development
In developing the intervention, we followed the step-
by-step guidance of the the Behaviour Change Wheel 
(BCW) [34]. This framework synthesises key theoretical 
constructs from 19 different frameworks in the behav-
ioural science literature and links them to a theoretical 
model of behaviour change -the COM-B- that is suf-
ficiently broad to be applied to a diversity of behaviours 
across different settings. It also provides a standardised 
taxonomy for characterising interventions and draw-
ing the possible relationships between outcomes and 
mechanisms of change, which is regarded as a significant 
advance in the discipline as it facilitates the process eval-
uation, replication and comparison of interventions [34, 
35].

The COM‑B model
As illustrated in Fig. 1 the BCW consists of 4 layers. The 
hub of the wheel consists of the COM-B model, which 
posits that changing any behaviour of an individual, 
group or population involves changing one or more of 
the following: Capability, Opportunity and Motivation. 
Capability can be physical or psychological; Opportunity 
refers to factors in the physical or social environment 
which facilitate, or hinder behaviour change and Moti-
vation can be reflective (involving conscious evaluations 
and planning) and/or automatic (unconscious emotional 
responses, impulses or habits).

Theoretical Domains Framework (TDF)
Within the three COM-B components that generate the 
behaviour, it is possible to further distinguish Capabil-
ity, Opportunity and Motivation using the Theoretical 
Domains Framework (TDF) (the layer surrounding the 
COM-B hub in Fig. 1). Capability is further broken down 
into knowledge; skills, memory, attention and decision-
making processes and behavioural regulation; Opportu-
nity into environmental context and resources, and social 
influences; and Motivation into social/professional role 
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and identity, beliefs about capabilities and consequences, 
optimism, intentions, goals, reinforcement and emotion.

Intervention functions and policy options
Surrounding the COM-B model and TDF is a layer of 
9 intervention functions to choose from. Finally, the 
outer layer of the wheel identifies 7 types of policy 
options that one can use to deliver the intervention 
functions. As the behavioural related components of 
the COM-B model can be addressed through more 
than one intervention function and policy category, the 
inner wheels can be ‘moved around’ the centre core of 
the BCW.

Application of BCW method to IINDIAGO
We followed the BCW’s systematic step-by-step pro-
cess for intervention development, starting with a 
behavioural analysis of the problem and making a diag-
nosis of what needs to change, and then linking this 

to intervention functions and behaviour change tech-
niques to bring about the desired change (see Fig.  2: 
Flow diagram for design process).

Formative research and stakeholder consultation
Prior to beginning the development process, we under-
took a review of the relevant research literature to 
identify the behavioural, health system and broader 
environmental determinants for GDM and progression 
to T2D, and what types of health system interventions 
have proven viable and effective. In addition, to under-
stand and define the problem of GDM in our setting 
and the barriers and facilitators to behaviour change 
relevant to our target population, we undertook a pro-
gramme of formative, context-driven information gath-
ering (see Table  1). This programme of research took 
about 2 years to complete.

Findings from these studies were presented for dis-
cussion and further interpretation at a stakeholder 

Fig. 1 The Behaviour Change Wheel (BCW)
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Fig. 2 Flow diagram for intervention design process
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workshop, which included the IINDIAGO team, cli-
nicians, dieticians, physical activity specialists and 
representatives from the department of health. Rec-
ommendations from this workshop, findings from the 
formative studies and the literature, and the combined 
experience and multidisciplinary expertise of the IINDI-
AGO project team all served to guide and inform each of 
the ensuing steps- in the development process.

Step‑by‑step development of the intervention
Stage 1: Understand the problem and behaviours
Steps 1 and 2 were undertaken at the stakeholder work-
shop mentioned above. This involved identifying the 
specific behaviours that need to be changed to address 
the problem of GDM, specifying the people and settings 
involved, and then selecting those behaviours that were 
most likely to impact on the problem, and that were feasi-
ble to target in a health system intervention.

In Steps 3 and 4 two members of the research team 
(KEM and JB) used the COM-B model and the Theo-
retical Domains Framework (TDF) to map out a detailed 
analysis of the selected target behaviours in their context 
and to identify what precisely needed to change in GDM 
women to achieve the desired change in behaviour. This 
was facilitated by having analysed the findings of our 
research with GDM women on the factors which hin-
der or facilitate lifestyle change during and beyond the 
GDM pregnancy, according to the main categories of the 
COM-B model: Capability; Opportunity and Motivation 
[37].

Stage 2: Identify intervention options likely to achieve 
desired behaviour change
In Step 5, we considered intervention functions for each 
of TDF domains with reference to the nine options in the 

BCW [34]. We then selected the intervention functions 
or strategies likely to be practical and feasible in our con-
text and effective in bringing about the desired behaviour 
changes in GDM women.

Step 6 involves considering potential policy options 
that could support the implementation of the interven-
tion in the real-world context. The documentary review 
(See Table  1) was conducted to understand the current 
policy framework. Future policy and implementation 
options are to be fully considered, along with stake-
holders, once all the findings of the exploratory trial are 
available.

Stage 3: Identify content and implementation options
We then moved on to establish the content of the inter-
vention (Step 7) and identify possible modes of delivery 
(Step 8). For this task, we drew on Michie’s comprehen-
sive, evidence-based taxonomy of behavioural change 
techniques (BCTs). This provides a standardised lan-
guage with precise definitions for describing the active 
ingredients of interventions which are designed to bring 
about changes in the target behaviours [34]. We also used 
the table which links the most frequently used and effec-
tive BCTs to specific intervention functions. In Step 8 we 
considered which modes of delivery were relevant, prac-
tical, and feasible, given the limitations of our setting and 
resources.

Whilst this detailed mapping process, incorporating 
theory, evidence and practical considerations was con-
ducted by KEM and JB, it was presented periodically 
for review by the larger project team (all other authors) 
before the intervention design was finalised.

Table 1 Programme of primary data collection to understand context, target group and potential implementers

A document review of all existing policies and clinical guidelines for the management of GDM women in local public sector health services [36]

Individual, in‑depth interviews with key informants and stakeholders, including Department of Health managers, directors, clinicians and policymakers 
to investigate current practice and the potential for and acceptability of an intervention [36]

Nine focus groups and five in‑depth individual qualitative interviews with GDM women (N = 35) sampled from our target population of women 
attending the GDM clinics at Mowbray Maternity and Groote Schuur hospitals in Cape Town. The aim of this study was to gain insight into women’s 
experiences and views of GDM, the feasibility of lifestyle modification in their context, their perceived needs in relation to GDM care and their opinions 
on a potential intervention [37]

A cross‑sectional study on the dietary intake and beliefs of 239 pregnant women with GDM receiving care in a Cape Town public sector hospital. 
Dietary intake was assessed using a quantified Food Frequency Questionnaire and beliefs relating to food choices were assessed using the Theory of 
Planned Behaviour (TPB)[38]

Thirty qualitative interviews with key informants, healthcare providers and pregnant women to assess the acceptability, feasibility, and potential for the 
integration of GDM follow up care into primary care at a local and district level [36, 39] and to identify the lessons learnt from South Africa’s successful 
integration of Prevention of Mother‑to‑Child (PMTCT) programmes into primary care services [40]
Ethical approval
Written informed consent was obtained from each participant in the focus groups and interviews. Ethics approval for the research was obtained from 
the University of Cape Town (HREC: 946/2014) and Université de Montréal (CR CHUM: 2018–7091, 17.128‑ID). Permission to conduct the folder audit 
was obtained from the relevant hospital authorities
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Results
Stage 1: Understand the problem and the behaviours
The problem
A description of the various dimensions of the problem 
has been reported in several other papers from the IIN-
DIAGO project [36–38, 41, 42]. One of these, presents 
the full behavioural diagnosis of the focus group findings 
using the COM-B model [37]. For the purposes of this 
paper, the key findings and their implications for design-
ing the intervention are summarised below:

In our setting, women diagnosed with GDM at the 
level of primary care are referred to a secondary or ter-
tiary level hospital for the remainder of their antenatal 
care [36]. Here, they typically receive a high level of clini-
cal care, with positive birth outcomes. In contrast, they 
receive little attention postpartum, despite the national 
guidelines recommending a 6-week post-partum follow-
up. Several barriers impede follow up: (i) little emphasis 
during antenatal care on postpartum GDM risks; (ii) an 
absence of a standardised and structured post-partum 
care pathway to ensure the provision and accessibility of 
post-partum screening for diabetes; and (iii) the incon-
venience of women having to navigate separate clinics 
for herself and her baby post-partum. Both key inform-
ants [36] and women [37, 41] agreed that the lack of post-
partum follow-up was an important gap in the existing 
model of care. They supported a proposal to combine 
the scheduled 6-week immunisation visit for the infant 
with a post-partum OGTT for the mother at Well Baby 
clinics for improved accessibility and convenience. This 
strategy aligned well with current Department of Health 
policy initiatives, which emphasise integrated care for the 
mother: baby dyad.

Our focus group interviews with women showed that 
while they were satisfied with the standard of clinical 
care, they were frustrated with the limited information 
they had received at the time of referral and enrolment at 
the GDM clinic [37]. Many women reported experiencing 
intense anxiety about the GDM diagnosis and were frus-
trated by the lack of opportunity to ask questions or raise 
their concerns with antenatal care providers at this time 
[37, 41]. They believed that the emotional and psycho-
logical burden of a GDM pregnancy was not adequately 
recognised by antenatal care providers, whose primary 
focus was the safety of the baby [41]. Women who par-
ticipated in the focus groups felt that their emotional and 
psychological needs could be partly met through similar 
facilitated discussions, where they could share their expe-
riences and feel less alone [42].

Typically, women received a single, brief consultation 
immediately after diagnosis with a dietician, who advised 
them to follow a restrictive diet and lose weight. The only 
information resource they received was a one-page diet 

sheet with a brief explanation of GDM [36, 37]. They 
unanimously felt this to be insufficient and expressed a 
strong desire for more in-depth information on the risks 
of GDM and for supportive counselling on healthy eating, 
which acknowledged the difficulties they faced in chang-
ing their dietary behaviour and in losing weight. These 
included the expense of healthy foods; a lack of knowl-
edge and skills for how to prepare healthy meals; the diffi-
culty of eating differently from the family and pregnancy 
related cravings for foods high in fat or sugar. Women’s 
knowledge of the role of physical activity in improv-
ing glucose control was very limited and its importance 
appeared to be rarely mentioned by healthcare providers. 
Whilst women were generally motivated to make dietary 
changes to protect the unborn baby, their commitment 
to change did not extend beyond the pregnancy. A criti-
cal finding was that many women were entirely unaware 
of their increased risk for the development of T2D post-
partum or the possible risk of metabolic disease for their 
child. They also reported that sustaining dietary changes 
made in pregnancy was very difficult because intrinsic 
motivation and social support from the family dimin-
ished once the baby was born.

These research findings offered us clear direction as to 
how to tailor an intervention to meet the needs of our 
intended target group. Key objectives included that our 
intervention: commence around the time of the GDM 
diagnosis when women reported experiencing height-
ened anxiety and confusion; incorporate a strong ele-
ment of psychosocial support to alleviate distress and 
help women cope with their fears around the GDM 
pregnancy; address the health system’s failure to provide 
convenient and accessible services for the 6-week post-
partum OGTT and to emphasise the importance of this 
screening in detecting risk for progression to T2D; attend 
to women’s evident need for more information on GDM, 
as well as their need for knowledge, skills and resources 
for sustained behaviour change during and after preg-
nancy; and consider involving the family, as family expec-
tations for the woman to revert to a ‘normal’ diet were 
reported as a significant obstacle to sustaining lifestyle 
change post-partum. These findings are virtually identical 
to those reported by the Living study, which conducted 
formative qualitative research with women in India and 
Bangladesh for the purposes of developing a post-partum 
intervention [27], suggesting that many of the recom-
mendations for interventions made in current reviews are 
also relevant to low-and-middle income countries [13, 
14, 24, 25, 32, 43]. Findings that have to date, received 
less emphasis in the current literature included that our 
intervention needed to clearly re-frame current messag-
ing around GDM so that it is understood to be a warning 
sign of increased, long term risk for T2D for both mother 



Page 8 of 19Murphy et al. BMC Public Health          (2023) 23:894 

and baby, and not just a pregnancy related health issue; 
to offer psychological support to women who struggle 
with feelings of guilt and shame when they fail to adhere 
to the intensive regime of care and to follow the strict 
dietary prescriptions; and to incorporate opportunities 
for peer interaction, support and problem solving, which 
was expressed as a strong desire in our focus groups. 
Furthermore, our findings highlighted the importance 
of us developing information materials and messaging 
about lifestyle change that is acutely sensitive to the poor 
socio-economic circumstances of our target population 
of GDM women and their families, which severely con-
strains their choices. Women’s negative attitudes to the 
traditional, prescriptive advice-giving approach to health 
education in our health services indicated strongly that 
we use methods of education and counselling that are 
patient-centred, i.e. that support autonomy in decision 
making, encourage women to find their own solutions, 
and build self-efficacy and optimism.

The behaviours
The selected target behaviours for the intervention 
were the main, modifiable risk behaviours associated 
with the development of GDM and progression to T2D, 
namely diet and physical activity. Self-care was added as 
a novel third target behaviour to incorporate the aspect 
of psychological well-being and convey a more holistic, 
woman-focused health message.

The exhaustive analysis of these target behaviours 
(Steps 3 & 4 of the BCW) according to COM-B model 
and TDF, is illustrated in Table 2 in relation to ‘Diet’. The 
equivalent matrices for Physical Activity and Self-care 
are included as additional files (see Supplementary Files 
1 and 2).

As can be seen in Table 2, we mapped out an analysis 
for each of the 14 TDF theoretically derived domains 
within the broader categories of the COM-B model: 
Capability; Opportunity and Motivation. Column 1 also 
includes exemplar interview questions from the BCW 
guide, which we used as a tool to interrogate our knowl-
edge of our target audience in relation to each TDF 
domain. Column 2 documents the findings from our 
formative research with GDM women for every TDF 
domain, illustrating how our behavioural diagnosis was 
grounded in our formative research findings. This col-
umn shows the numerous barriers that we found GDM 
women in our setting experienced in managing GDM 
and changing their behaviour to prevent progression to 
T2D. Column 3 identifies what needs to change in GDM 
women (and in their social and physical environment) 
to enable them to achieve the desired change in behav-
iour change. These become the potential targets for 
intervention.

Stage 2: Identify intervention functions and supportive 
policies
The BCW provides a range of nine candidate interven-
tion functions that have been found to be effective in 
bringing about behaviour change: education; persuasion; 
incentivisation; coercion; training; restriction; environ-
mental re-structuring; modelling and enablement. Our 
selection of potential intervention functions or strategies 
for each COM-B component and TDF domain for Diet is 
illustrated in Column 4 of Table  2. Several intervention 
strategies were often relevant to one domain.

Step 6 For the purposes of implementing the interven-
tion in the health system, we consulted with the Depart-
ment of Health and the clinic staff and management at 
the research sites to secure their support and coopera-
tion. The documentary review and our earlier interviews 
with policymakers and healthcare managers and provid-
ers, (see Table 1), showed that our planned intervention 
would be acceptable and feasible within the framework of 
existing policies and clinical guidelines for GDM care and 
that the routine services could accommodate the types of 
intervention activities we were planning.

Stage 3: Identify content and implementation options
Column 5 in Table  2 illustrates the selected BCTs for 
each intervention function within specific TDF domains 
for “Diet” (Physical Activity and Self Care, see Supple-
mentary files 1 and 2).

Column 6 in Table  2 illustrates the practical activi-
ties, the tools and resources by which the BCTs and 
intervention functions could be feasibly delivered, and 
the intensity and duration of intervention. For example, 
we planned for the intervention functions of Enable-
ment; Education and Persuasion and their associated 
BCTs: social support; verbal persuasion about capability; 
reframing and social comparison, to be delivered through 
the activities of education and counselling by lay coun-
sellors, peer support groups and the use of real-life testi-
monials in the health education leaflets, which modelled 
people in similar circumstances overcoming commonly 
perceived obstacles (see Supplementary File 3 for more 
information on the resources for the intervention).

In summary, Table  2 illustrates how we progressed 
through the various steps in the BCW to tailor our inter-
vention to our target population: starting with a detailed, 
behavioural analysis of the evidence we had gathered on 
GDM women in our setting (Column 2), informed by the 
COM-B and TDF (Column 1); then proceeding to make 
a behavioural diagnosis of what GDM women needed to 
do to change their behaviours (Column 3); to identifying 
what intervention functions or strategies could enable 
them to overcome the identified barriers and achieve the 
desired behaviour change (Column 4 & 5); and finally, to 
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considering what intervention activities and resources 
could potentially deliver such objectives, whilst being 
appropriate, acceptable and affordable (Column 6). The 
matrices were a helpful tool which we devised to combine 
all the different elements we needed to consider for our 
intervention to be effective in enabling change in each of 
the three selected target behaviours. These comprehen-
sive ‘maps’ were then used to make decisions about the 
active ingredients and the scope of intervention within 
the limits of our available resources.

Overview of planned IINDIAGO intervention
The logic model in Fig. 3 provides an overview of the pro-
totype IINDIAGO intervention: its inputs, activities, pro-
posed mechanisms for change and expected outcomes. 
The intervention targeted both women with GDM and 
healthcare providers for change. Our consultations with 
the Department of Health suggested that it was most fea-
sible and appropriate to give lay counsellors the central 
role in delivering the intervention. Lay counsellors are 
principally employed in the SA public health system for 
HIV education and counselling, but the scope of their 
work is increasingly being expanded to include NCD pre-
vention and management. They are drawn from the local 
community and are valued for their intimate knowledge 
of the circumstances, language, and cultural values of the 
local population. We called our counsellors Healthy Liv-
ing Coaches (HLCs) to emphasise their supportive role.

In our intervention plan, their responsibilities included: 
educating and counselling women attending the GDM 
clinic at the tertiary level of antenatal care; offering the 
6 week post-partum OGTT test during the mother’s first 
visit to the Well Baby clinic for immunisation; providing 
continued diabetes education, behaviour change coun-
selling and social support (in the same setting at every 
scheduled immunisation visit: 6, 10, 12, 14, 36  weeks); 
organising three peer support groups in the community; 
and making home visits if women wanted help in educat-
ing the family. We planned for an experienced diabetes 
nurse to undertake the initial counselling in the ante-
natal clinic and to play an important role in supporting 
and supervising the lay counsellors. Both the nurse and 
lay counsellors were to be trained in a patient-centred, 
motivational approach to behaviour change counselling, 
drawing on the principles and methods of Motivational 
Interviewing [44] and Healthy Conversations [45] (see 
Supplementary file 4 for outline of training).

These approaches challenge the traditional prescrip-
tive, advice-giving approach by suggesting that the role 
of the counsellor is to facilitate consideration of behav-
iour change by eliciting arguments for change from 
the patient/client themselves and by helping them 
articulate and resolve their feelings of ambivalence 
about change. A key characteristic is an empathetic 
therapeutic style which emphasises the importance 
of active listening in order to understand the client’s 

Fig. 3 Logic model for the IINDIAGO intervention
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perspective and respecting their autonomy in deci-
sion making [46]. From our qualitative research with 
women [37, 41], it was clear that they were deeply dis-
satisfied with the current approach which simply dic-
tated what they should do and how to do it, with little 
opportunity for engagement and consideration of their 
needs and concerns. They expressed a strong need for 
a more collaborative education and counselling style, 
which included them as active participants and gave 
them opportunities to ask questions, express their feel-
ings and supported them in making informed choices 
about lifestyle change that were realistic in their cir-
cumstances and congruent with their cultural/family 
traditions. The facilitated peer group sessions were 
planned as an opportunity for women to draw on each 
other for social support, peer-based problem solving, 
transfer of skills and modelling. The plans for each of 
these sessions are outlined in Table 3 below.

Case records were developed to assist the lay coun-
sellors keep meticulous records for process evaluation 
purposes and to guide them through the key tasks of 
each session. Regular group feedback meetings were 
planned to give them opportunities to support each 
other and discuss how to address problems. Ongoing 

coaching and role play practice were planned for the 
first few months of the intervention, building on and 
reinforcing the initial training in counselling.

Discussion
In this paper we have illustrated how we used the BCW 
framework and COM-B model to design an intervention 
to assist women with GDM to reduce their risk of adverse 
effects during pregnancy and prevent progression to 
T2D.

The intervention is currently being tested against 
usual care in an exploratory trial – as recommended by 
the MRC Framework for the Development of Complex 
Interventions (the protocol for the trial is being reported 
elsewhere). Following the results of this study, modifica-
tions are likely to be made to the intervention and study 
design in preparation for a full clinical trial to assess 
effectiveness.

In our experience, although exacting and time consum-
ing, the BCW was a valuable tool to use in designing our 
intervention and tailoring its content and format to our 
target population and local context. Following the BCW 
process prompted a rigorous analysis of the problem and 
how it could potentially be addressed in our setting. It 

Table 3 Outline of peer support group sessions

Overall objectives:

 1. To connect women with counsellor and with other women in the intervention cluster
 2. To provide community‑based peer support in line with the key messages of the intervention programme
 3. Demonstrate practical activities which bridge theory into practice
 4. To create a non‑clinical ‘safe space’ for women to express their concerns, ask questions and share experiences
 5. To welcome an opportunity for partners, family members or friends to participate in the intervention

Healthy Living Coach (HLC) to make all practical arrangements for the community‑based support group sessions: book/arrange suitable venue, ensure 
minimum number of participants at set time, organise refreshments, keep attendance register and records for process evaluation, invite experts if 
needed/wanted
HLC are provided with a general format for each session, including activities and materials relevant to each theme
General Format:
 1. Icebreaker
 2. Introduction from HLC about the theme of each session and why it is important to attend all three sessions
 3. What does x mean to you (being healthy, eating well, physical activity, self‑care)? HLC to elicit baseline of knowledge and build on what they know
 4. Short presentation on Diet/ Physical Activity/Self‑care
 5. Group activities: eg cooking demonstrations, physical activity, group sharing, meditation
 6. Discussion and feed back

GROUP 1: Making Healthier Choices (CAPABILITY)—The WHAT
Objectives:
 1. To develop the knowledge and skills to enable behaviour change in diet, physical activity and self‑care
 2. To demonstrate skills through practical activities

GROUP 2: Finding Solutions (OPPORTUNITY)—The HOW
Objectives:
 1. To share ideas and experiences for how to overcome common barriers in the social and physical environment
 2. To generate context‑specific and realistic solutions in a supportive group setting

GROUP 3: Self‑care and becoming an agent of change (MOTIVATION)—The WHY
Objectives:
 1. To develop a sense of agency to change oneself and one’s family by sharing success stories and practical strategies
 2. To align healthy lifestyle behaviours with core values and identity
 3. To raise greater self‑awareness of mental and physical health and convey a more holistic approach to health
 4. To reinforce the concept of women becoming their own “body experts”—informed and proactive patients
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allowed for the consideration and incorporation of evi-
dence from various sources: the research literature, the 
findings from our primary formative research with GDM 
women and stakeholders (both qualitative and quantita-
tive), as well as the judgements of the research team and 
other stakeholders, based on their accumulated knowl-
edge and experience. It guided us through a systematic, 
step-by-step process, moving from identifying and select-
ing the relevant target behaviours, to a thorough analysis 
of these behaviours and the barriers to change according 
to the COM-B model, to identifying the most promis-
ing, feasible and culturally appropriate behaviour change 
techniques, intervention functions and modes of delivery 
in our context. Using this model provided a robust and 
transparent theoretical foundation on which to develop 
our intervention, assisted us in making explicit the 
hypothesised pathways for behaviour change and enabled 
us to describe the intervention in standardised, precisely 
defined terms.

Other intervention studies have reported similar ben-
efits from using the BCW and COM-B model. These 
include other reports on the development of interven-
tions aimed at improving physical activity and/or diet 
[47–49] and smoking cessation among indigenous Aus-
tralian pregnant women [50]. To our knowledge, there 
are only a handful of studies which describe the use of 
BCW in the development of interventions specifically for 
GDM women. The STAR MAMA project [51] concluded 
that using the BCW enabled a much more thorough and 
detailed planning process for the development of their 
intervention, which used an automated, telephone call 
system to deliver tailored diabetes prevention messag-
ing to Latino women with prior GDM. The Stay-Active 
project [52], which developed a smart phone app to 
increase physical activity among GDM women attend-
ing NHS services, found, as we did, that mapping their 
findings from their focus groups with GDM women 
onto the COM-B model and TDF helped them focus on 
what needed to change for the target behaviour to occur, 
to address specific barriers to and enablers for behav-
iour change in their context, and then to link these to 
appropriate behaviour change techniques. Flannery et al. 
(2018) [53] similarly highlight the value of the COM-B 
and TDF in making a diagnosis of the barriers and facili-
tators to physical activity as a basis on which to develop 
an intervention for at risk, obese pregnant women.

There is broad consensus in these reports that 
the BCW is an accessible, comprehensive and flex-
ible methodology for intervention design and that 
the stepped approach assists developers to conduct 
a rigorous behavioural diagnosis that captures the 
complexity of health behaviour, link theory to inter-
vention content and strategy, and consider a range of 

intervention functions and policy options. Further, the 
explicit account of the development process and the 
assumptions about the intervention required by the 
BCW facilitates the subsequent evaluation of the oper-
ationalisation of the selected behaviour change tech-
niques and process evaluation [47–49, 54]. However, 
there are also some notable caveats in using the BCW 
framework: firstly, it requires considerable time. In our 
case, the programme of formative research took about 
2  years, and the iterative process of input and design 
took over a year, along with preparing for the trial (oth-
ers have reported between 12 -24  months). Further-
more, for a good outcome, the application of the BCW 
requires the skills of health professionals from multiple 
disciplines and the leadership of someone with a thor-
ough understanding of the model, preferably a behav-
ioural scientist. In our experience, the amount of time 
and the in-depth knowledge required of the formative 
data, the COM-B model, TDF domains and the BCTs 
for the behavioural analysis and mapping steps, made 
it difficult to consistently involve other members of the 
research team or stakeholders in this part of the BCW 
process, limiting their input to the workshop and vari-
ous feedback meetings. Similarly, this may be a limita-
tion to the participation of GDM women or healthcare 
providers in a co-production type of design process. 
Maindal et  al. (2021) who developed a similar inter-
vention for GDM women in Denmark using the Hawk-
ins’ co-production (2017) framework, rather than the 
BCW, report that their evidence-based, iterative design 
process, which involved multiple stakeholders, was 
immensely complex, and time and resource consuming 
[55, 56]. Reflecting on this, they argue that is impor-
tant that future intervention studies closely monitor 
and cost the resources required, but at the same time, 
they conclude that the thoroughness of the approach 
was essential for creating intervention ownership, rel-
evance, and effectiveness.

A further limitation of the BCW is that while there is 
some evidence for the acceptability, validity, and reliabil-
ity of self-evaluating COM-B, there is no standard meas-
ure with which to test the predictive validity of COM-B 
or to assess the impact of interventions based on COM-B 
model [57–59].

Criticism has also been levelled at the COM-B model 
by Marks [60], who argues that the model’s omission 
of ’Wanting’ as a crucial causal factor in behaviour 
change, makes it unfit for purpose ‘Wanting’ is defined 
as the mental state that motivates an individual or group 
towards a goal that is desirable, but not essential for sur-
vival. Whilst raising questions of the models’ explana-
tion of how the various determinants interact to cause 
behaviour change may well be warranted, we understood 
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Motivation in the COM-B model to include the element 
of both ‘need’ and ‘want’. In the TDF, the domain of Moti-
vation includes aspects such as identity, beliefs, optimism 
and emotion which build motivation, desire and need. 
The BCW manual also suggests that interview questions 
for this domain include ones which explore how much 
and why a person may or may not want to do X.

Conclusion
This paper offers an in-depth description of designing 
a complex intervention tailored to the challenging con-
texts of urban South Africa and embedded in the existing 
health system. To date, much of the reporting on behav-
iour change interventions has lacked adequate detail on 
the process of development, intervention content, defi-
nition of behaviour change techniques and an underly-
ing theoretical rationale. This makes it difficult for the 
results to be judged reproducible or to draw conclu-
sions about intervention effects and causal mechanisms. 
This limitation can be partly attributable to the fact that 
interventions are commonly designed without the use 
of evidence-based models or behaviour change theory 
[61–64]. Our paper contributes to addressing this lack in 
the literature by describing the intervention development 
process in sufficient detail to allow for greater insight 
into the active ingredients of our intervention, improved 
interpretation of the findings of the RCT, replication of 
the design process in a different setting and for compari-
sons to similar interventions.

Use of such a systematic and analytical approach is 
likely to optimise the feasibility and efficacy of interven-
tions, as well as the quality of evaluation. If such rigour 
is to become a standard of good practice, research agen-
cies and funders need to recognise the need to allocate 
sufficient personnel, time and funds for this purpose and 
regard it as a worthwhile investment in enhancing the 
prospect of producing effective interventions.
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