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Abstract

Background: Physical activity (PA) interventions are an important but underutilised component in the management
of gestational diabetes mellitus (GDM). The challenge remains how to deliver cost effective PA interventions that have
impact on individual behaviour. Digital technologies can support and promote PA remotely at scale. We describe the
development of a behaviourally informed smartphone application (Stay-Active) for women attending an NHS GDM
clinic. Stay-Active will support an existing motivational interviewing intervention to increase and maintain PA in this
population.

Methods: The behaviour change wheel (BCW) eight step theoretical approach was used to design the application.
It provided a systematic approach to understanding the target behaviour, identifying relevant intervention functions,
and specifying intervention content. The target behaviour was to increase and maintain PA. To obtain a behavioural
diagnosis, qualitative evidence was combined with focus groups on the barriers and facilitators to PA in women

with GDM. The findings were mapped onto the Capability Opportunity Motivation-Behaviour (COM-B) model and
Theoretical Domains Framework to identify what needs to change for the target behaviour and linked to appropri-
ate intervention functions. Finally, behaviour changes techniques (BCT) and modes of delivery that are most likely to
serve the intervention functions were selected. Current evidence, patient focus groups and input from key stakehold-
ers informed Stay-Active’s development.

Results: We found that psychological capability, reflective and automatic motivation, social and physical opportunity
needed to change to increase PA in women with GDM. The four key intervention functions identified were Enable-
ment, Education, Persuasion and Training. Stay-Active incorporates these four intervention functions delivering ten
BCTs including: goal setting, credible source, self-monitoring, action planning, prompts and cues. The final design of
Stay-Active delivers these BCTs via an educational resource centre, with goal setting and action planning features,
personalised performance feedback and individualised promotional messages.

*Correspondence: Ralph.Smith@ouh.nhs.uk

! Department of Sport and Exercise Medicine, Nuffield Orthopaedic
Centre, Oxford University Hospitals NHS Trust, Windmill Road, Oxford OX3
7LD, UK

Full list of author information is available at the end of the article

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12884-022-04539-9&domain=pdf

Smith et al. BMC Pregnancy and Childbirth (2022) 22:253

Page 2 of 16

Conclusion: The BCW has enabled the systematic and comprehensive development of Stay-Active to promote PA
in women with GDM within an NHS Maternity service. The next phase is to conduct a trial to assess the feasibility and
acceptability of a multi-component intervention that combines Stay-Active with PA Motivational Interviewing.

Introduction

Gestational diabetes mellitus (GDM) is defined as any
degree of glucose intolerance first detected during preg-
nancy [1]. It has an increasing prevalence worldwide [2].
GDM is associated with serious complications for both
mother and baby [3-5]. Fundamental to the management
of GDM is glycaemic control [6], with increasing levels
of blood glucose suggested as the mechanism for the
increased risk of adverse maternal and infant outcomes
[7].

There is growing evidence indicating the benefits of
physical activity (PA) amongst women with GDM. Meta-
analyses of interventions to increase PA among pregnant
women, have shown improvements in glycaemic control
and reduced insulin requirements [8, 9]. Prescription
of aerobic or resistance exercises appears to be effec-
tive, particularly those that are performed at a moderate
intensity and for a minimum of three times a week [9].
Guidance on the clinical management of GDM, from
the National Institute for Health and Care Excellence
(NICE), recommends healthcare professionals to advise
women with GDM to exercise regularly [10]. Despite this
national guidance, the promotion of PA is an underuti-
lised management tool. This pattern is reported glob-
ally, a recent report from Brazil found that at least 65%
of women with GDM are not meeting PA recommenda-
tions [11] and only a small proportion (6.7.%) were using
healthcare professionals as their source of information
on exercise in pregnancy [12]. Qualitative reports have
found that women with GDM would prefer clear, sim-
ple and specific PA messages with flexible options [13].
Face-to-face or phone follow-up can achieve higher lev-
els of adherence to exercise interventions with support
from healthcare professionals [9]. However, translat-
ing the positive research findings from PA interventions
into routine care for GDM remains a challenge. This is
because time allocation, staff training, and availability of
resources, all compete with other components of care. As
a result, many women with GDM may receive little, or
no, PA advice.

Fundamental to the success of PA interventions is a
sound theoretical basis with the incorporation of appro-
priate Behaviour Change Techniques (BCTs), particu-
larly those that are person-centred, addressing specific
barriers and enablers [14]. For example, techniques such
as goal setting and action planning, shaping knowledge
and comparison of outcomes have been effective in

attenuating the observed decline of PA during pregnancy
[15]. The diagnosis of GDM may provide a ‘teachable
moment’ [16] when women are motivated to optimise
their health over a short period of time and are likely to
respond well to behaviour change interventions. The UK
Medical Research Council (MRC) Complex Interven-
tion Framework emphasises the requirement of using
appropriate theory in intervention design [17] to improve
effectiveness and allow the behaviour change compo-
nents to be replicated [18]. The Behaviour Change Wheel
(BCW) is an evidence-based theory with a comprehen-
sive framework. The BCW delivers a systematic approach
to understanding the target behaviour, identifying rel-
evant intervention functions, and specifying content [18].
It has been successfully used to design other complex PA
interventions [19-21].

There is increasing interest around wearable device
and smartphone applications to increase PA with mod-
est evidence for effectiveness [22]. However, to date,
most apps to promote PA have been developed without
the integration of appropriate BCTs [23]. A systematic
review of the efficacy of interventions that use apps to
improve diet, PA and reduce sedentary behaviours, high-
lighted several common features present in effective PA
app interventions, including goal setting, self-monitor-
ing, performance feedback, motivational messaging, and
game-like features. The authors concluded that there is
modest evidence that app-based interventions can be
effective for increasing PA. Multi-component interven-
tions appear to be more effective than standalone inter-
ventions [24]. Promising results from a randomised trial
found that the combination of a mobile phone app and
brief counselling increased objectively measured PA over
3 months in physically inactive non-pregnant women in
the USA [25].

Motivational interviewing offers a method to deliver
several effective BCTs. It is designed to strengthen per-
sonal motivation and commitment to individualised goals
by eliciting and exploring the person’s own reasons for
change, and addressing key barriers and enablers [26]. In
non-pregnant populations, motivational interviewing has
been shown to improve health behaviours such as reduc-
ing alcohol consumption and improving PA levels [27].
Amongst pregnant women, motivational interviewing
has been effective in improving healthy eating behaviours
[28-30]. No studies to date have explored motivational
interviewing-based PA interventions in women with
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GDM. However, a recently published quality improve-
ment project undertaken by authors of this report, where
motivational interviewing was incorporated into the rou-
tine clinical care for 64 women with GDM, found a sig-
nificant increase in self-reported PA levels after 2 weeks
[31]. Women were invited to a 20-min individual moti-
vational interview on PA by a trained health care pro-
fessional (HCP). A specific motivational interviewing
framework was used including key micro-skills, individ-
ual goal setting, activity planning and specific informa-
tion about the benefits and types of suggested PA (further
details within Additional file 1). Motivational interview-
ing may provide the initial catalyst for behaviour change.
The challenge remains how to maintain and support this
change. Digital technologies provide an opportunity to
support and promote PA remotely and are already used
for remote management of glycaemic control in this set-
ting [32]. The smartphone application (Stay-Active) has
been designed to enhance and support the existing moti-
vational interviewing intervention. This report aims to
describe the design and development, using the BCW
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of Stay-Active to promote and maintain PA in women
attending an NHS GDM clinic.

Methods

Setting

Stay-Active was designed for women diagnosed with
GDM at the Women’s Centre, Oxford University Hos-
pitals NHS Foundation Trust. Women attending had a
confirmed diagnosis of GDM as defined by International
Association of Diabetes and Pregnancy Study Groups
recommendations [33]. Within this clinical service, a PA
motivational interviewing intervention was already being
delivered [31] (see Additional file 1). Stay-Active was
developed by specialist clinicians in this unit, to support
this intervention.

Design

We applied the BCW [34] to inform the development
of Stay-Active. This involved gathering evidence from
current qualitative literature and focus groups. Figure 1

-Focus groups on specific
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Fig. 1 Shows a flow diagram of the method used
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provides an overview of the method. In brief, the steps
followed were:

« stage 1: understanding the behaviour

« stage 2: identification of intervention options

+ stage 3: identification of intervention content and
implementation options.

Stage 1: understanding the behaviour

Central to the BCW, is the COM-B model. This com-
prises of Capability (physical and psychological),
Opportunity (social and physical) and Motivation
(automatic and reflective). Michie et al. [18] propose
that people need these three factors to enhance the
likelihood of performing the behaviour in question.
The COM-B model is supported by the Theoretical
Domains Framework (TDF) [35]. This framework was
applied for a deeper exploration and understanding of
the barriers to and facilitators of change for the target
behaviour [36]. To identify the key facilitators and bar-
riers to PA for pregnant women with GDM and inform
our behavioural analysis, we reviewed and synthesised
the latest relevant qualitative evidence [12, 13, 37-41]
and invited women with GDM to attend focus groups
as part of patient and public involvement (PPI) in line
with Oxford University Hospital Trust’s PPI Strategy
and Policy.

Two focus groups (total of ten women) were conducted
online via the video conferencing application Microsoft
Teams. Participants were invited to the focus groups at
their routine outpatient appointment following an ini-
tial discussion with a specialist midwife. Participants
were invited over a one-month period on a voluntary
basis. They were then welcomed to attend one of two
online focus groups. Participants were not offered any
reimbursement. A leaflet was provided explaining the
purpose of the session and they were conducted in line
with the Hospital Trust’s PPI Strategy. The groups were
facilitated by two trained clinical researchers (authors
RS, YK & NW). The researchers guided the discussions
with open-ended questions around the four topic areas
but refrained from directly taking part in the discussions.
Each session lasted approximately 1 h. A summary of the
discussion was provided by one of the researchers at the
end of each focus group with the opportunity to clarify or
add any missing views. Written notes were made at each
focus group. The sessions were not directly recorded or
transcribed. The notes were then analysed, with themes
identified and mapped onto the six components of the
COM-B model.

Focus groups discussed the following topics:
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1) perceptions of physical inactivity on their health

2) perceptions of the barriers to increase and maintain-
ing PA

3) perceptions of facilitators (Capability, Opportunity
and Motivation) to increase PA levels

4) Feedback was sought on potential design compo-
nents of Stay-Active

This data was then used to inform the COM-B behav-
ioural analysis. This method identified the sources of
behaviour that were involved increasing PA in women
with GDM and resulted in a ‘behavioural diagnosis.

Stage 2: identification of intervention options

To determine the intervention functions most likely to
affect behaviour change, we convened a workshop with
key stakeholders including patient group representatives,
healthcare professionals, software engineers, technology,
and academic experts. This workshop was facilitated by
the researchers (authors RS & LM) and resulted in inter-
vention functions were mapped onto the COM-B model
with the behavioural diagnosis. During the workshop,
the components of existing motivational interviewing
intervention and the information gathered from stage 1
were presented and considered to how Stay-Active could
best help to increase and maintain PA. The stakeholder
groups chose from nine possible functions, including:
education; persuasion; incentivisation; coercion; training;
restriction; environmental restructuring; modelling and
enablement. Stakeholders considered and selected these
possible intervention functions using the APEASE cri-
teria (affordability, practicability, effectiveness and cost-
effectiveness, acceptability, side-effects and safety, and
equity of intervention options) [18].

Stage 3: intervention content

This stage included the identification of Behaviour
Change Techniques (BCTs) (the active ingredients of the
intervention) and the identification of the mode of deliv-
ery. As in stage 2, these steps were also informed discus-
sions with stakeholders in a second workshop. From the
list of 93 BCTs [42], the stakeholders agreed and selected
the most appropriate BCT that would bring about the
desired change (i.e. being physically active). BCTs that
were already delivered during the motivational inter-
viewing were considered and how Stay-Active could
further support these; seeking to increase and maintain
PA. The mode of delivery for each BCT was also selected
as part of the implementation plan. The practical appli-
cation and delivery of the intervention was discussed.
Finally, the actual behaviour change intervention activi-
ties were identified and designed. The development team
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(researchers and software engineers) shared, trialed, and
piloted specific design components with the PPI group.

Results

Stage 1: understanding the behaviour

The target behaviour identified was to increase and
maintain PA for women with GDM (Table 1). Specific
and generic enablers and barriers to PA for women
with GDM. Several themes emerged and were linked to
COM-B framework. Tables 2 and 3 summarise the bar-
riers and enablers from the focus groups and literature.

Psychological capability

Both qualitative evidence and our focus groups reported
barriers surrounding women’s knowledge on the specific
benefits of PA and concerns about safety. For example
both source identified that women reported a lack of
information on safe activities and described the informa-
tion received from their midwife as ‘limited’ [43]. Ena-
blers included knowledge of the benefits for the mothers
and baby’s health [37, 38]. Women with GDM want mes-
sages to be explicit about what and how much PA they
need to participate in for themselves and the health of
their baby, which is a strong motivator [13]. Semi-struc-
tured interviews with women with GDM in Australia
found they want clear, simple, specific PA messages
directly related to pregnancy outcomes that are delivered
by a credible source [13].

Our focus groups found more specific enablers related
to an increased awareness of PA levels to prevent GDM
complications and specific knowledge about the benefits
and effects of PA related to glycaemic control.

Physical capability

Pregnancy symptoms/discomforts (particularly fatigue
and nausea) and experiencing pain were highlighted in
the focus groups and current literature as common barri-
ers that prevent women from being active [43].

Physical opportunity

Lack of time, access to facilities and weather were iden-
tified as a common barriers across the literature [14],
including having other children and working [43].

Table 1 Specify target behaviour
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Our focus group discussions highlighted online and
home exercise classes as enablers with participants
emphasising the importance of being able to fit PA
around their schedules.

T am more comfortable to exercise at home and can
fit in with my schedule’

Social opportunity
Social support is a key enabler [37, 38].Women suggested
being active was easier when supported by their partners,
family, or friends. Furthermore, support and understand-
ing from HCPs provided a sense of security and comfort.
Focus group participants emphasised the importance
of support from partners but also online social media
groups and specific online classes such as ‘Zumba’

‘Since the diagnosis my partner has been more sup-
portive and is almost dragging me out for walks’

Reflective motivation

Focus group participants highlighted that the diagno-
sis of GDM was an enabler to PA. Women felt it was a
prompt to review all aspect of their health and with Pa
carrying a higher priority. Finding enjoyable activities
that lead to health benefits was also an enabler. Recog-
nition of improvement through self-monitoring and the
identification improvement in glycaemic control were
specific drivers of behaviour change. However, frustra-
tion and lack of physical capacity/ability compared to
pre-pregnancy lead some women to avoid PA.

‘Concerns about the baby and doing everything 1
can’ & it isn’t about me now; it is about my baby’

Activity is now even more important to my health
since the diagnosis of GDM’

Automatic motivation

Negative emotions such as fear of discomfort or doing
harm thorough PA were common barriers. However,
focus group participants highlighted an anxiety of

What target behaviour?

Increasing and maintaining physical activity

Who needs to perform the behaviour?

What does the person need to do to have the preferred outcome?
Who is involved in performing the behaviour?

When will they perform the behaviour?

Where will they perform the behaviour?

Insufficiently active women with Gestational Diabetes Mellitus

Participate at least 150 min per week, motivation to be more active

By themselves, or with others or groups or in group classes or family members.
Time convenient to them/(opportunities)

Parks, walking routes, place of work, leisure centre, at home, gym
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needing to go onto medication as a driver to increase PA.
The importance of establishing a routine was also a key
enabler.

Table 3 shows the barriers and facilitators mapped on
the COM-B and TDF model. The behavioural diagnosis
concluded that the following components and domains
were most suitable: psychological capability (knowledge/
understanding, behaviour regulation), reflective motiva-
tion (beliefs about capability and consequences, goals),
automatic motivation (emotion), social opportunity
(social influences) and physical opportunity (resources).

Stage 2: identification of intervention options
The four key intervention functions most suitable to
address these aspects of COM-B were Enablement
(increasing means/reducing barriers to increase capa-
bility), Education (increasing knowledge or understand-
ing), Persuasion (using communication to induce positive
or negative feelings or stimulate action) and Training
(imparting skills). The links between the COM-B model,
the TDF and the intervention functions are shown in
Table 4. Incentivisation, coercion, environmental restruc-
turing, modelling, and restriction were excluded as they
were not considered suitable functions.

Out of the seven policy categories listed in the BCW
guide as potentially useful for achieving behavioural
change, we identified two:

1) Communication/marketing — for example, using
education materials to raise awareness of importance
of staying active

2) Service Provision (Establishing support services via
the smartphone application).

The other policy categories were excluded as they were
considered not appropriate.

Stage 3: intervention content

Based on the four chosen intervention functions (Educa-
tion, Enablement, Persuasion and Training), there were a
total of 28 listed BCTs which were reported as frequently
used, and a total of 63 BCTs reported as less frequently
used [34]. Ten selected BCTs were considered appro-
priate to stakeholders. All other BCTs were excluded.
Table 4 shows the mapping of intervention functions,
policy categories, BCTs, intervention strategies. Key fea-
tures agreed amongst stakeholders included goal setting,
self-monitoring, performance feedback and motivational
messaging. The mode of delivery was via a smartphone
application. This mode of delivery had been chosen from
the beginning as it provides an easily accessible and
multi-functioning tool delivering patient resources and

Page 9 of 16

direct messaging. The integrations of the COM-B model
and BCW has helped inform this process. The selected
BCTs with descriptions and BCT taxonomy are shown in
Table 5.

Stay-active

The Stay-Active app incorporates four intervention func-
tions and ten BCTs. Stay-Active has been designed to be
used in conjunction with the initial motivational inter-
viewing intervention supporting key aspects such as goal
setting and feedback. Fig. 2 demonstrates how the BCTs
are delivered, and Table 6 highlights how key enablers
and barriers to PA are addressed across the motivational
interviewing and Stay-Active. At the end of the motiva-
tional interview, women will be encouraged to download
and setup Stay-Active. A specialist midwife will contact
the user on a weekly basis to discuss their progress and
support continued behaviour change.

1) Information about health benefits: Resource cen-
tre:

(Information about health consequences, Credible
source, written persuasion about capabilities, Instruc-
tion to perform the behaviours)

In time-limited clinical consultations, information and
resources about PA compete with other components of
care. Key information about PA via Stay-Active is eas-
ily and constantly available for women to look through
in their own time outside of clinic/appointments. This
contains specific resources including a healthcare pro-
vider approved leaflet on GDM and PA addressing and
explaining specific benefit of PA, an infographic on the
benefits and types of PA, examples with explanations of
suggested home-based workouts/exercise, a short educa-
tional film on the benefits and key messages about PA in
pregnancy, an embedded search function for local NHS
recommended pregnancy specific PA classes, and links
to two credible PA resources (Moving medicine patient
information leaflet (https://movingmedicine.ac.uk/) and
Tommy’s website https://www.tommys.org/). Aiding to
improve knowledge and address barriers such as safety
concerns.

2) Goal setting & action planning

(goal setting, action planning, feedback on behaviour,
Review behaviour goals)

Towards the end of the motivational interview, if
appropriate, women are encouraged to set personal-
ised weekly goals with a specialist midwife, usually two
or three goals are set for a week. Examples include a
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Table 5 The Selected BCTs with descriptions
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Behaviour Change Technique BCT description

Goal setting [1.1]
Action planning [1.4]

set or agree a goal defined in terms of behaviour to be achieved
prompt detailed planning of performance of the behaviour must include at least one of the context,

frequency, duration and intensity

Review behaviour goals. [1.5]

review behaviour goals (s) jointly with the person and consider modifying goal(s) or behaviour change

strategy in light of achievement

Self- monitoring of behaviour [2.3]
strategy

Instruction to perform the behaviour [4.1]
Credible source [9.1]
Written persuasion about capabilities [15.1]

Prompts and cues [7.1]
behaviour

Feedback on behaviour [2.2]
Information about health Consequence [5.1]

Establish a method for a person to monitor and record their behaviour(s)as part of a behaviour change

advice or agree on how to perform behaviour

present verbal or visual communication from a credible source in favour of or against the behaviour
inform the person that they can successfully perform the wanted behaviour

introduce or define environmental or social stimulus with the purpose of prompting or cueing the

monitor and provide informative or evaluative feedback on performance of the behaviour
provide information (e.g. written,verbal, visual) about health consequence

[Bracketed numbers] referred to The Behaviour Change Technique Taxonomy (v1) [42]

brisk walk for 20min x 3/week or attending a yoga class.
Users are able to review and record goals directly onto
the application, update and can access them at any time.
Their weekly goals are integrated into the performance
feedback wheel. Users will be able to ‘sign off’ part or all
of their goals on the application as they are completed.
There will be a prompt to evaluate their goals and feed-
back. On a weekly basis, a specialist midwife will contact
the user, via telephone, to discuss their progress, current
goals and agree adjusted plan if appropriate. Goals can be
set remotely via the application (Fig. 2).

3) Self-Monitoring: (Self- monitoring of behaviour)

The users will be able to record their PA on Stay-Active
with tracking of their completed goals on the perfor-
mance feedback wheel.

4) Performance feedback: (Feedback on Behaviour)

There is a feedback wheel; as users log their PA (Fig. 2),
this will show their personal weekly goal and goal com-
pletion percentage. Unique to this application is the abil-
ity for the specialist Midwife to interact with the user.
The Midwives or HCPs will be able to review the users
recorded PA remotely and then directly send users spe-
cific tailored messages via the application.

5) Motivational messages and
(Prompts and cues)

prompts/cues

When a goal has been completed, users will receive an
automated motivational message depending on the stage
of completion of their weekly goals.

HCPs can view and monitor their user’s activity pro-
gress and communicate feedback by individualised text
messages. Users will also receive motivational messages
about PA at 10am every day via the smartphone notifi-
cation system. These messages were tested and adjusted
with our PPI group (Additional file 2 -Table 1).

6) Tracking activity and Support:

Specialist Midwives can view how the women progress
in real time. HCPs can contact women via the message
centre if they have not logged or registered activity. The
midwives will provide support over the phone or via the
message centre on a weekly basis (Additional file 2).

Discussion

Main findings

We describe the systematic development of a smartphone
application using the BCW to support PA in women with
GDM. This smartphone application has been designed to
support and maintain PA alongside the existing success-
ful motivational interviewing intervention. This design
includes four intervention functions and ten BCTs deliv-
ered via an educational resource, goal setting and action
planning features, personalised performance feedback
and individualised promotional messages.

Using the BCW facilitated the design to focus on
what needed to change for the target behaviour to
occur, addressing specific barriers and enablers to sup-
port PA. A key aspect is the timing of this interven-
tion, building on a potential ‘teachable moment’ [16]
following a diagnosis of GDM where there is opportu-
nity to re-focus on PA with the health of the baby and
glycaemic control being strong motivators. Using the
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Fig. 2 Provides screenshots taken from Stay-Active demonstrating some of the applications features and the selected behaviour change techiques

used to support users
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Table 6 Enablers and barriers to physical activity in pregnant women mapped on the motivational interviewing session and Stay-

Active

Themes® Motivational Interviewing session Stay-Active
Information on benefits of PA Yes Yes
Information on Types of PA Yes Yes
Addressing concerns Yes Yes
Provide emotional support Yes Yes
Encourage involvement with friend and family Yes No
Using prompt or reminder to be physical activity No Yes
Accessible resources No Yes
Information on resource available in the community (classes for pregnant women) Yes Yes
Monitor PA progress No Yes
Change social norm (you can be active in pregnancy Yes Yes
Time to be physically active No No
Home based exercise Yes Yes
Supervision/follow input Yes Yes

Abbreviations: PA Physical activity

?Themes taken from focus groups, current literature and adapted from Flannery et al. [43]

BCW helped identify behavioural change components
already delivered through the pre-existing motiva-
tional interviewing, identify gaps and areas requiring
support.

Comparison to previous literature

Previous studies have evaluated the use of smartphone
applications as an adjunct tool to lifestyle intervention
during pregnancy with mixed results [44, 45]. A mul-
ticentre, nested randomised trial involved 162 preg-
nant women (10-12-week gestation) [44], whereby 77
women (77/162) in addition to lifestyle advice were pro-
vided with access to a smartphone application designed
to encourage women to set dietary and PA goals and
monitor their progress. Results showed there were no
statistically significant differences in PA between the
treatment groups. However, only a total of 24 women
(31.2%) reported using the smartphone application
and there was no mention of any user involvement in
development design, or a theoretical framework used
to inform the intervention. For our Stay-Active app we
hypothesise the addition of the motivational interview-
ing together with regular follow up and individualised
reminder messages, which will maintain engagement
over the required period.

Kennelly et al. [45] evaluated the effect of a healthy
lifestyle package supported by a smartphone applica-
tion on the incidence of GDM in 565 overweight and
obese women. The intervention consisted of specific
dietary and exercise advice that addressed behaviour
change, supported by a tailor-designed smartphone
application. Self-reported PA levels were measured at

baseline and in the third trimester post intervention.
Whilst the intervention did not decrease the incidence
of GDM, it did result in a greater self-reported exercise
participation by the third trimester. This is important
because PA tends to decline with advancing gestation.

Garnweidner-Holme et al. designed the Pregnant+
app. The app supports automatic transfer of blood glu-
cose values from the glucometer to the smartphone and
also includes information about nutrition and PA for
women with GDM [46]. A qualitative study found that
women experienced increased confidence in their own
GDM-management and increased motivation for behav-
iour change. The information in the app was considered
easily accessible and reliable [47]. However, the results
of their multicentre non-blinded randomised controlled
trial involving 238 women found the Pregnant+ app had
no effect on their primary outcome; 2-h glucose level at
routine postpartum OGTT.

Unlike Pregnant+ and other smartphone applications
used in pregnancy, our application was designed with
specific behavioural change techniques focused only on
PA; supporting the initial motivational interview and
building on the existing relationship between the HCP
and user. This combination is unique to this interven-
tion with features such as individualised and promotional
messaging, reviewing goals on a weekly basis which
updated in real-time and support from a trusted HCP.
The resource centre provides an opportunity for women
to review information about PA from a credible source
addressing key enablers such as home exercise routines
and providing the education on PA types, intensity and
specific impact on GDM.
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It has been highlighted that technology can have a
negative impact. Some women may dislike the idea of
tracking PA which is linked to the clinic and it would feel
like ‘big brother is watching’ them/an invasion of privacy
[43]. However, the relationship built between the user
and HCP during the motivational interview will help the
user to understand it is a means of providing support. A
future merger with a blood glucose monitor application
would seek to build on the high levels of patient engage-
ment and allow women to clearly observe the direct
impact of PA on their glucose levels.

Strengths and limitations

This study used an evidence-informed and systematic
approach to develop an app to promote PA in women with
GDM based on a theoretical framework, the current litera-
ture, focus groups and stakeholder engagement. The inter-
vention was specifically designed to meet the needs of our
local population and may not be applicable to other regions/
healthcare systems. Specifically, it relies on the existing
motivational interviewing intervention. Nevertheless, these
skills can be transferred and disseminated to other HCPs
and could easily be delivered remotely online via video
conferencing. It is acknowledged that technology is rap-
idly advancing and by the time applications are developed,
implemented and tested, the technology may be outdated.

The application of the BCW was time consuming [48]
but resulted in the suitable selection of intervention func-
tions and BCTs. Whilst the BCW has been applied to the
development and evaluation of interventions including
modifying PA behaviour [19, 20, 49] it has not previously
been applied to the development of interventions to pro-
mote PA in women with GDM.

The next steps are to conduct a study of feasibility and
acceptability of the combined intervention (Stay-Active +
Motivational Interviewing consultation) in women with
GDM and evaluating the impact on clinical outcomes, such
as objective PA levels and blood glucose measurements. The
study protocol is pre-registered with ISRCTN 39136.

Conclusion

The BCW enabled a systematic and comprehensive
development of a novel, multicomponent smartphone
intervention to support an existing PA intervention in
women with GDM within an NHS Maternity service.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512884-022-04539-9.

Additional file 1.
Additional file 2.

Page 14 of 16

Acknowledgements

This research was supported by the National Institute for Health Research
(NIHR) Oxford Biomedical Research Centre (BRC). The views expressed are
those of the authors and not necessarily those of the NHS, the NIHR or the
Department of Health.

The framework and content of the motivational interviewing (Additional file 1
-Table 1) was developed with the support and assistance of the Academy for
Health Coaching https:/learn.academyforhealthcoaching.co.uk/.

We are very grateful to Professor Susan Jebb; Professor of Diet and Population
Health at the University of Oxford for her feedback and review of this manu-
script prior to submission.

Authors’ contributions

RS, HR, LM, CR, MS contributed and helped with design of Stay-Active. RS, YK,
NW, MM, SR contributed on interpretation and analysis of data. RS, JH, MM, LM,
SR and YK drafted and wrote the manuscript. All authors revised the content
of the article, and approved the final version.

Funding
This research was supported by the National Institute for Health Research
(NIHR) Oxford Biomedical Research Centre (BRC).

Availability of data and materials
The datasets used and analysed during this current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This quality improvement project was part of a service evaluation to improve
the standards of the care within the GDM service. It was registered with the
Oxford University Hospital Trust Maternity Departmental Clinical Governance
Committee on 8/03/2019 code 5409 allowing for the collection and analysis
of data and service user and staff feedback. This article describes the develop-
ment of a smartphone application in relation to a quality improvement pro-
ject. Therefore, using the research tool below, formal ethic approval from an
ethical body was not required and the project was approved by the Hospital
Trusts governance committee. UK Policy Framework for Health and Social Care
Research. (http://www.hra-decisiontools.org.uk/research/) [50]. However, after
information leaflet was shared with patients, verbal consent was obtained to
participate in this service evaluation. This process was agreed with a patient
and public involvement group at Oxford University Hospitals NHS Foundation
Trust and is in accordance Trust's guidelines and regulations.

Consent for publication

In relation to Fig. 2, informed consent for the publication of identifying images
in an online open-access publication was obtained from the individual shown
in the exercise demonstration photographs.

Competing interests
LM is a part-time employee of Sensyne Health plc. The remaining authors
have no disclosures of interest and there are no other conflicts to declare.

Author details

'Department of Sport and Exercise Medicine, Nuffield Orthopaedic Centre,
Oxford University Hospitals NHS Trust, Windmill Road, Oxford OX3 7LD, UK.
Nuffield Department of Primary Care Health Sciences, University of Oxford,
Oxford, England. *Women's Centre, Oxford University Hospitals NHS Founda-
tion Trust, Oxford, England. “Institute of Biomedical Engineering, Department
of Engineering Science, University of Oxford, Oxford, England. *Nuffield
Department of Women's & Reproductive Health, University of Oxford, Oxford,
England.

Received: 30 October 2021 Accepted: 14 February 2022
Published online: 26 March 2022


https://doi.org/10.1186/s12884-022-04539-9
https://doi.org/10.1186/s12884-022-04539-9
https://learn.academyforhealthcoaching.co.uk/
http://www.hra-decisiontools.org.uk/research/

Smith et al. BMC Pregnancy and Childbirth

(2022) 22:253

References

1.

20.

21.

22.

Basri NI, Mahdy ZA, Ahmad S, Abdul Karim AK, Shan LP, Abdul Manaf MR,
et al. The World Health Organization (WHO) versus the International Asso-
ciation of Diabetes and Pregnancy Study Group (IADPSG) diagnostic cri-
teria of gestational diabetes mellitus (GDM) and their associated maternal
and neonatal outcomes. Horm Mol biol. Clin Investig. 2018;34(1). https://
pubmed.ncbi.nim.nih.gov/29453924/.

Galtier F. Definition, epidemiology, risk factors. Diabetes Metab. 2010;36(6
Pt 2):628-51.

Metzger BE, Lowe LP, Dyer AR, Trimble ER, Chaovarindr U, Coustan DR,

et al. Hyperglycemia and adverse pregnancy outcomes. N Engl J Med.
2008;358(19):1991-2002.

Schneider S, Hoeft B, Freerksen N, Fischer B, Roehrig S, Yamamoto S, et al.
Neonatal complications and risk factors among women with gestational
diabetes mellitus. Acta Obstet Gynecol Scand. 2011;90(3):231-7.

Kim C, Newton KM, Knopp RH. Gestational diabetes and the incidence of
type 2 diabetes: a systematic review. Diabetes Care. 2002;25(10):1862-8.
Kim C. Gestational diabetes: risks, management, and treatment options.
Int JWomen's Health. 2010;2:339-51.

Lowe LP, Metzger BE, Dyer AR, Lowe J, McCance DR, Lappin TR, et al.
Hyperglycemia and adverse pregnancy outcome (HAPO) study: associa-
tions of maternal A1C and glucose with pregnancy outcomes. Diabetes
Care. 2012;35(3):574-80.

Cremona A, O'Gorman C, Cotter A, Saunders J, Donnelly A. Effect of
exercise modality on markers of insulin sensitivity and blood glucose
control in pregnancies complicated with gestational diabetes mellitus: a
systematic review. Obes Sci Pract. 2018;4(5):455-67.

Harrison AL, Shields N, Taylor NF, Frawley HC. Exercise improves glycaemic
control in women diagnosed with gestational diabetes mellitus: a sys-
tematic review. J Physiother. 2016;62(4):188-96.

(NICE) TNifHaE. Gestational diabetes: risk assessment, testing, diagnosis
and management 2020.

. Galliano LM, Del Vecchio AHM, Silvani J, Faganha C, Del Vecchio FB. Physi-

cal activity level in women with gestational diabetes mellitus: lifestyle
INtervention for diabetes prevention after pregnancy (LINDA-Brasil)
study. J Diabetes. 2019;11(6):457-65.

Arasoo J, Dominic N, Ramadas A, Kean Heng L, Liew E, Tiong CW, et al.
Perceived barriers to exercise in women with gestational diabetes mel-
litus. Int Med J Malaysia. 2018;17:49.

Harrison AL, Taylor NF, Frawley HC, Shields N. Women with gestational
diabetes mellitus want clear and practical messages from credible
sources about physical activity during pregnancy: a qualitative study. J
Physiother. 2019,65(1):37-42.

Harrison AL, Taylor NF, Shields N, Frawley HC. Attitudes, barriers and
enablers to physical activity in pregnant women: a systematic review. J
Physiother. 2018,64(1):24-32.

Currie S, Sinclair M, Murphy MH, Madden E, Dunwoody L, Liddle D.
Reducing the decline in physical activity during pregnancy: a systematic
review of behaviour change interventions. PLoS One. 2013;8(6):e66385.
Lawson PJ, Flocke SA. Teachable moments for health behavior change: a
concept analysis. Patient Educ Couns. 2009;76(1):25-30.

Craig P, Dieppe P, Macintyre S, Michie S, Nazareth |, Petticrew M. Develop-
ing and evaluating complex interventions: the new Medical Research
Council guidance. Int J Nurs Stud. 2013;50(5):587-92.

Michie S, van Stralen MM, West R. The behaviour change wheel: a new
method for characterising and designing behaviour change interven-
tions. Implement Sci. 2011;6:42.

Munir F, Biddle SJH, Davies MJ, Dunstan D, Esliger D, Gray LJ, et al. Stand
more AT work (SMArT work): using the behaviour change wheel to
develop an intervention to reduce sitting time in the workplace. BMC
Public Health. 2018;18(1):319.

Handley MA, Harleman E, Gonzalez-Mendez E, Stotland NE, Althavale P,
Fisher L, et al. Applying the COM-B model to creation of an [T-enabled
health coaching and resource linkage program for low-income Latina
moms with recent gestational diabetes: the STAR MAMA program. Imple-
ment Sci. 2016;11(1):73.

Truelove S, Vanderloo LM, Tucker P, Di Sebastiano KM, Faulkner G. The use
of the behaviour change wheel in the development of ParticipACTION's
physical activity app. Prev Med Rep. 2020;20:101224.

Gal R, May AM, van Overmeeren EJ, Simons M, Monninkhof EM. The effect
of physical activity interventions comprising Wearables and smartphone

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Page 150f 16

applications on physical activity: a systematic review and Meta-analysis.
Sports Med Open. 2018;4(1):42.

Middelweerd A, Mollee JS, van der Wal CN, Brug J, Te Velde SJ. Apps to
promote physical activity among adults: a review and content analysis.
Int J Behav Nutr Phys Act. 2014;11:97.

Schoeppe S, Alley S, Van Lippevelde W, Bray NA, Williams SL, Duncan MJ,
et al. Efficacy of interventions that use apps to improve diet, physical
activity and sedentary behaviour: a systematic review. Int J Behav Nutr
Phys Act. 2016;13(1):127.

Fukuoka Y, Haskell W, Lin F, Vittinghoff E. Short- and long-term effects
of a Mobile phone app in conjunction with brief in-person counseling
on physical activity among physically inactive women: the mPED rand-
omized clinical trial. JAMA Netw Open. 2019;2(5):e194281.

Miller WR, Rollnick S. Motivational interviewing : helping people change.
3rd ed. New York: Guilford Press; 2013.

O'Halloran PD, Blackstock F, Shields N, Holland A, lles R, Kingsley M, et al.
Motivational interviewing to increase physical activity in people with
chronic health conditions: a systematic review and meta-analysis. Clin
Rehabil. 2014;28(12):1159-71.

Simmons D, Devlieger R, van Assche A, Jans G, Galjaard S, Corcoy R, et al.
Effect of physical activity and/or healthy eating on GDM risk: the DALI
lifestyle study. J Clin Endocrinol Metab. 2017;102(3):903-13.

Handmaker NS, Miller WR, Manicke M. Findings of a pilot study of
motivational interviewing with pregnant drinkers. J Stud Alcohol.
1999,60(2):285-7.

Asbjérnsdattir B, Vestgaard M, Ringholm L, Andersen LLT, Jensen DM,
Damm P, et al. Effect of motivational interviewing on gestational weight
gain and fetal growth in pregnant women with type 2 diabetes. BMJ
Open Diabetes Res Care. 2019;7(1):e000733.

Smith R, Ridout A, Livingstone A, Wango N, Kenworthy Y, Barlett K, et al.
Motivational interviewing to increase physical activity in women with
gestational diabetes. Br J Midwifery. 2021;29(10):550-6.

Mackillop L, Hirst JE, Bartlett KJ, Birks JS, Clifton L, Farmer AJ, et al. Com-
paring the efficacy of a Mobile phone-based blood glucose manage-
ment system with standard Clinic Care in Women with Gestational Diabe-
tes: randomized controlled trial. JMIR Mhealth Uhealth. 2018:6(3):e71.
Metzger BE, Gabbe SG, Persson B, Buchanan TA, Catalano PA, Damm P,
et al. International association of diabetes and pregnancy study groups
recommendations on the diagnosis and classification of hyperglycemia
in pregnancy. Diabetes Care. 2010;33(3):676-82.

Michie S, Atkins L, West R. The behaviour change wheel: a guide to
design interventions. London: Silverback; 2014.

Cane J, O'Connor D, Michie S. Validation of the theoretical domains
framework for use in behaviour change and implementation research.
Implement Sci. 2012;7:37.

Alexander KE, Brijnath B, Mazza D. Barriers and enablers to delivery of
the healthy kids check: an analysis informed by the theoretical domains
framework and COM-B model. Implement Sci. 2014;9:60.
Bandyopadhyay M, Small R, Davey MA, Oats JJ, Forster DA, Aylward

A. Lived experience of gestational diabetes mellitus among immi-

grant south Asian women in Australia. Aust N Z J Obstet Gynaecol.
2011,51(4):360-4.

Carolan M, Gill GK, Steele C. Women's experiences of factors that facilitate
or inhibit gestational diabetes self-management. BMC Pregnancy Child-
birth. 2012;12:99.

Symons Downs D, Ulbrecht JS. Understanding exercise beliefs and
behaviors in women with gestational diabetes mellitus. Diabetes Care.
2006;29(2):236-40.

Martis R, Brown J, McAra-Couper J, Crowther CA. Enablers and barriers for
women with gestational diabetes mellitus to achieve optimal glycaemic
control - a qualitative study using the theoretical domains framework.
BMC Pregnancy Childbirth. 2018;18(1):91.

Chévez-Courtois M, Graham C, Romero-Pérez |, Sdnchez-Miranda G,
Sanchez-Jiménez B, Perichart-Perera O. Experiences, perceptions and
self-management of gestational diabetes in a group of overweight
multiparous women. Cien Saude Colet. 2014;19(6):1643-52.

Michie S, Richardson M, Johnston M, Abraham C, Francis J, Hardeman W,
et al. The behavior change technique taxonomy (v1) of 93 hierarchically
clustered techniques: building an international consensus for the report-
ing of behavior change interventions. Ann Behav Med. 2013;46(1):81-95.


https://pubmed.ncbi.nlm.nih.gov/29453924/
https://pubmed.ncbi.nlm.nih.gov/29453924/

Smith et al. BMC Pregnancy and Childbirth

43.

44,

45.

46.

47.

48.

49.

50.

(2022) 22:253

Flannery C, McHugh S, Anaba AE, Clifford E, O'Riordan M, Kenny LC, et al.
Enablers and barriers to physical activity in overweight and obese preg-
nant women: an analysis informed by the theoretical domains framework
and COM-B model. BMC Pregnancy Childbirth. 2018;18(1):178.

Dodd JM, Louise J, Cramp C, Grivell RM, Moran LJ, Deussen AR. Evaluation
of a smartphone nutrition and physical activity application to provide
lifestyle advice to pregnant women: the SNAPP randomised trial. Matern
Child Nutr. 2018;14(1):e12502.

Kennelly MA, Ainscough K, Lindsay KL, O'Sullivan E, Gibney ER,

Mccarthy M, et al. Pregnancy exercise and nutrition with smartphone
application support: a randomized controlled trial. Obstet Gynecol.
2018;131(5):818-26.

Garnweidner-Holme LM, Borgen |, Garitano |, Noll J, Lukasse M. Design-
ing and developing a Mobile smartphone application for women with
gestational diabetes mellitus followed-up at diabetes outpatient clinics in
Norway. Healthcare (Basel). 2015;3(2):310-23.

Skar JB, Garnweidner-Holme LM, Lukasse M, Terragni L. Women's experi-
ences with using a smartphone app (the pregnant+ app) to manage
gestational diabetes mellitus in a randomised controlled trial. Midwifery.
2018;58:102-8.

Webb J, Foster J, Poulter E. Increasing the frequency of physical activity
very brief advice for cancer patients. Development of an intervention
using the behaviour change wheel. Public Health. 2016;133:45-56.

Ojo SO, Bailey DP, Brierley ML, Hewson DJ, Chater AM. Breaking barriers:
using the behavior change wheel to develop a tailored intervention to
overcome workplace inhibitors to breaking up sitting time. BMC Public
Health. 2019;19(1):1126.

Authority HR. Decision tool 2017. Available from: http://www.hradecisio
ntools.org.uk/research/docs/DefiningResearchTable_Oct2017-1.pdf.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 16 of 16

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



http://www.hradecisiontools.org.uk/research/docs/DefiningResearchTable_Oct2017-1.pdf
http://www.hradecisiontools.org.uk/research/docs/DefiningResearchTable_Oct2017-1.pdf

	Applying the behaviour change wheel to develop a smartphone application ‘stay-active’ to increase physical activity in women with gestational diabetes
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Setting
	Design
	Stage 1: understanding the behaviour
	Stage 2: identification of intervention options
	Stage 3: intervention content

	Results
	Stage 1: understanding the behaviour
	Psychological capability
	Physical capability
	Physical opportunity
	Social opportunity
	Reflective motivation
	Automatic motivation
	Stage 2: identification of intervention options
	Stage 3: intervention content
	Stay-active

	Discussion
	Main findings
	Comparison to previous literature
	Strengths and limitations

	Conclusion
	Acknowledgements
	References


