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Abstract

Background: The SMS text Adherence suppoRt for people with type 2 diabetes (StAR2D) intervention is a
pragmatic randomised controlled trial, testing the effectiveness of brief text messaging for improving clinical
outcomes and medication adherence. The intervention did not impact glycaemic control. We conducted a pre-and
post-trial process evaluation alongside the StAR2D study in Malawi and South Africa, exploring the experiences and
perceptions of patient participants, to better understand potential underlying reasons for the trial outcomes.

Methods: We employed a qualitative research design, including conducting semi structured in-depth interviews
and focus groups at both trial sites. Purposive sampling was used to ensure representation of a wide range of
patients with type 2 diabetes with regards to age, gender, ethnicity, language, and duration of diabetes. We
interviewed the same participants at baseline and at the end of the trial. We used within-case and across-case
thematic analysis to identify key themes.

Results: Brief messages delivered by text were acceptable and useful for addressing informational and support
needs for participants. Some participants reported behaviour changes because of the text reminders and advice on
a healthy lifestyle. Both participating in the trial and the messages were experienced as a source of support, caring,
and motivation. Participants’ ability to act on the messages was limited. A common theme was frustration over the
lack of ability to effectively control one’s blood glucose level. They reported a range of routinised, partial diabetes
care adherence behaviours, shaped by complex and interacting individual, social, and health service factors.
Participant responses and intervention impact were similar across sites, despite differences in health services.

Conclusion: This process evaluation provided context and insight into the factors influencing participants’
engagement with the text messaging intervention. The complex context in which patients take their diabetes
medication, may explain in part, why brief text messaging may have been insufficient to bring about changes in
health outcomes. The scale of need for self-management and health service support, suggests that health system
strengthening, and other forms of self-management support should accompany digital communication
interventions. (Current Controlled Trials ISRCTN70768808, registered 03/08/2015.)
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Background

Introduction

Type 2 diabetes mellitus (T2DM) is a major global pub-
lic health concern [1]. Low- and middle-income coun-
tries (LMICs) are disproportionally affected by a large
and growing burden of premature morbidity and mortal-
ity associated with chronically elevated blood glucose
levels [1, 2], with an estimated 75% of people with dia-
betes living in LMICs [3]. In sub-Saharan Africa, it was
estimated that 12.1 million people were living with dia-
betes in 2010, and numbers are projected to increase to
23.9 million by 2030 [4]. T2DM is the most common
form accounting for over 90% of cases [5]. Health out-
comes for people treated for T2DM could be substan-
tially improved in sub-Saharan Africa, but failure to take
diabetes medicine regularly and to follow a healthy life-
style (described as non-adherence), can result in failure
to achieve the benefits of effective medical treatment
and improved health outcomes [6, 7]. Medication non-
adherence is common, estimated at 30-50% of people
with long-term conditions, across diverse diseases and
patient groups [8]. In sub-Saharan Africa, glucose levels
are adequately controlled in less than a third (27%) of
the diabetic patients, and 60% or more have complica-
tions [5, 9]. Reasons for not collecting or taking medica-
tions as intended are well documented and include
psychological factors, lack of social support, low levels of
health literacy, and health care service interactions that
do not effectively support self-management [10-15].
Diabetes prevalence and associated morbidity, mortality,
and health expenditure are placing a major social, finan-
cial and health service burden on the world [16], which
is worsened in overburdened and low resource settings,
such as sub-Saharan Africa.

Targeted digital client communication, using mobile
phone-based, brief text messaging (also referred to as
short message service or SMS), has been recommended
for adherence support for a range of health issues and
for smoking cessation and adherence to anti-retroviral
treatment [17, 18]. Brief text messaging has also shown
promise for supporting adherence for diabetes [19-24].
However, there are limits to the utility of the evidence
for implementing digital brief messaging at scale, as re-
sults are often mixed or uncertain [17, 20, 21, 25-28], or
come from smaller scale studies, and stakeholder views
are not always explored [20, 21, 29-32]. Even where evi-
dence from experimental studies (such as randomised
controlled trials) are available, it is difficult to

understand the underlying reasons for the effect (or lack
thereof), as such studies do not illuminate the under-
lying pathways of behaviour change [21, 31]. Process
evaluations alongside these studies, can generate insights
into the potential underlying influences and causal path-
ways, and enhance the utility, and applicability of the
evidence [12, 31, 33-36].

We conducted a pre-and post-trial process evaluation
alongside a randomised controlled trial that tested the
effectiveness of brief text messaging in improving health
outcomes and medication adherence compared to usual
care in patients with T2DM in two LMICs, Malawi
(MLW) and South Africa (SA). The aim of the process
evaluation was to explore the experiences and percep-
tions of patient participants, to help understand the po-
tential underlying reasons for the trial outcomes.
Understanding patient participants’ expectations, beliefs,
responses, and satisfaction with the intervention is also
important for assessing the acceptability and feasibility
of the intervention for future upscaling [12, 31, 33, 34,
37].

The trial study

SMS text Adherence suppoRt for people with type 2 dia-
betes (StAR2D) intervention is a pragmatic randomised
controlled trial in two sub-Sharan settings, Malawi, and
South Africa (Current Controlled Trials ISRC
TN70768808, registered 03/08/2015). The trial tested
the effectiveness of sending brief, automated SMS text-
messages, using the patient’s own mobile phone, for im-
proving clinical outcomes and adherence to refilling
medicine, in patients with T2DM, compared to controls.
The trial evaluated a range of clinical and behavioural
outcomes. The primary trial outcome was glucose con-
trol (HbAlc), secondary clinical outcomes included con-
trol of blood pressure (systolic blood pressure) and
measures of the proportions of the participants reaching
treatment goals (with blood glucose, HbAlc < 8% and
systolic blood pressure < 140 mmHg.) The main behav-
ioural outcome was an objective measure of adherence;
the proportion of days covered for prescribed
medications.

Mobile messaging involved receiving up to four SMS
text-messages each week, for 12 months, promoting
regular medication refill, medication, and healthy life-
style changes. Messages were delivered via a remote ser-
ver, in one of four local languages (English, Chichewa,
isiXhosa, and Afrikaans). Messages were one-directional
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and semi-tailored to reflect the clinic setting. Partici-
pants could choose their preferred language and timing
of message delivery. Controls had usual care and re-
ceived infrequent, trial-related messages (no more than
1 per month), that were sent to all participants. Forma-
tive research (that included input from patient and staff
stakeholders) contributed an evidence and theory-
informed set of brief text-messages and delivery mecha-
nisms, as documented elsewhere [38]. The trial protocol
provide further details of the study design and interven-
tion mechanisms [39].

The trial was completed in October 2018, and publica-
tion of the results are in submission (see preliminary re-
sults in the ISRCTN Registry) [40]. To summarise, trial
results did not provide convincing evidence that well-
designed text messages lead to changes in glycemic con-
trol for people with T2DM at 12 months, though there
was evidence of clinically important impact on blood
pressure and overall cardiovascular risk. Findings were
similar between trial sites (paper in submission). The
process evaluation findings presented here offer some
insights about the possible underlying reasons for the
lack of positive effects on the primary outcome in this
trial.

Method

Setting

The process evaluation study was conducted alongside
the main trial at the same local healthcare facilities in
Lilongwe, Malawi and Cape Town, South Africa. Both
sites serve low-income communities and have a high
burden of T2DM. The estimated prevalence of diabetes
in Malawi, for 2014, was 6.6% for men and 6% for
women. For South Africa, the estimated prevalence was
higher for men at 9.7 and 12.6% for women [41]. Dia-
betes care is provided free of charge at both sites, includ-
ing essential medicines and laboratory tests at no cost to
patients.

In Lilongwe, patients with diabetes have scheduled ap-
pointments every 3 months for a health check and to re-
fill their medications. In Cape Town, the medical check-
ups are bi-annual, and the medication refills are once a
month or every 2 months. The Lilongwe health facility
serves patients from the city as well as those living in
the surrounding areas (up to 2 h by public transport),
whereas in Cape Town, most patients live within a short
distance away (the furthest being a 30-min walk away).

Study design

We carried out a process evaluation using qualitative re-
search methods, in a phenomenological approach that
aimed to examine the lived experiences of humans,
through systematic collection and analysis of narrative
material [42]. We collected data at both sites using semi
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structured in-depth interviews (IDIs) and focus groups
discussions (FGDs) with purposive and convenience
sampling of stakeholders. Combining IDIs and FGDs fa-
cilitate a deeper comparison of perspectives, improve
data completeness and enhance the trustworthiness of
findings [43]. While interviews enable one to explore in-
dividual views and experiences in detail, the conversa-
tional nature and interaction in a focus group can help
generate additional insights, test and refine understand-
ings from individual interviews, and stimulate commen-
tary that may not have been elicited from individual
interviews [44].

Participants recruited were men and women, 18 and
older, clinically diagnosed with T2DM and taking dia-
betes treatment (oral medication or both oral and insu-
lin). Purposive sampling was used to ensure
representation of the wide range of patients with T2DM
in the study areas, with regards to age, gender, ethnicity,
language, and duration of diabetes. For the pre-trial in-
terviews, we selected participants that met our criteria,
from an anonymized list of participants that had been
recruited for the trial. A research assistant, with the help
of the trial staff, invited recruits to participate in a pre-
trial individual interview, in person in waiting rooms or
via telephone Pre-trial interviews were conducted after
enrolment into the trial and before the participant was
randomised. We interviewed the same participants at
the end of the trial. We did not monitor the number of
participants who declined to participate. Participants
were reimbursed for their travel and time following local
country research guidelines.

We conducted individual interviews with participants
allocated to the intervention group, as well as those in
the control group receiving usual care (See Table 1 for
breakdown). Control group participant messaging were
infrequent, mainly trial related messages. We wanted to
better understand both intervention and control partici-
pations’ experiences, to see if and how their trial partici-
pation may have contributed to their responses. In a
similar study on adherence to hypertension treatment,
we found that control participants also valued their par-
ticipation in the trial [12].

The process evaluation builds on the StAR2D forma-
tive work that was conducted to develop a evidence- and
theory-informed brief text message intervention [45],
using the Capability, Opportunity, Motivation - Behav-
iour (COM-B) behaviour change framework. The COM-
B framework consolidates evidence from several other
behaviour change theories and developed a behaviour
change taxonomy that can account for contextual factors
influencing behaviour (like socio-economic conditions
and health service factors) [46—48]. It has been widely
used for studying behaviour change, including for pro-
moting adherence behaviour [48-50]. The framework
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Table 1 Data sources and demographics of participants
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Data sources Lilongwe Cape Town
IDIs (Intervention group)
Matched pairs, Total =8 Total = 8 (6 matched, 2 post-trial only)

n=14 (28 IDIs)
Post-trial only, n=2 IDIs
IDIs (Control group)

Matched pairs, n=12 (24 IDIs) Total =7

2 Female participants

5 Male participants

FGDs (Intervention group)

Post-trial FGD, n=4
(25 participants)

1 Male FGD, 6 participants

4 Female participants

4 Male participants

Total =2 (12 participants)
1 Female FGD, 6 participants

5 Female participants

3 Male participants

Total =5
3 Female participants

2 Male participants

Total =2 (13 participants)
1 Female FGD, 6 participants

1 Male FGD, 7 participants

details three main dimensions that drives behaviour
change; Capability, Opportunity, and Motivation, each
with a subset of behaviour change strategies. COM-B
states that an individual needs adequate capability, op-
portunity, and motivation for a behaviour to take place
(such as taking medicine), and that a deficit in any of
these three areas means the behaviour is unlikely to
occur. An individual’s capability to adhere to medicine
and treatment may be affected by psychological factors
of knowledge and memory; opportunity for adherence
may be affected by access to medicine and support, as
well as by physical and social barriers, and motivation
may be affected by psychological factors such a self-
confidence, values, and beliefs [48]. The COM-B frame-
work provided theoretical guidance for developing the
brief-text messages for the StAR2D intervention; the
messages aimed to encapsulate key behaviour change
strategies within the three domains (capability, oppor-
tunity, motivation) of the framework [38]. In this process
evaluation, we continued our use of the COM-B frame-
work, to assist our analysis of underlying reasons for
participant responses [48].

Data collection and analysis

Interviews and focus groups were conducted in private
spaces, either at the health facility, or at the research
agency (Lilongwe), or a nearby community center (Cape
Town). For pre-trial interviews, using a semi-structured
topic guide, the researcher explored experiences and
perceptions of diabetes, sources of information and sup-
port, challenges, and opportunities in managing diabetes,
experiences of receiving healthcare, access to mobile
phones, attitudes to receiving health messaging via their
mobile phones, as well as understanding and expecta-
tions of participation in the study (See Additional file 1
for the pre-trial interview guide). We analysed, but do
not report separately on the pre-trial interviews. Pre-trial
interview data helped with tracking the patient journey

over time, and provide contextual information to better
their responses to the intervention. In the post-trial in-
terviews and focus groups, we focused on participants’
experience and perception of the brief messaging inter-
vention, changes in adherence behaviour and health sta-
tus over time, and whether text messaging may have
influenced behaviour. (See Additional file 2 for the post-
trial interview guide).

End of trial interviews happened once the participants
had completed the trial and at this stage the qualitative
researchers were given confidential access to the alloca-
tion status of participants. Training took place to avoid
unblinding trial staff to individual allocation status. Data
was captured with digital voice recording and was tran-
scribed with anonymization. In Malawi, data collection
was conducted in Chichewa, and translated into English
during the transcription process by trained researchers
(HN, CM, MN). In Cape Town, an English-speaking re-
searcher (SC) conducted pre-trial data collection (most
participants are bilingual), with the help of a Xhosa-
speaking translator for the focus groups. In Cape Town,
the post-trial interviews and focus groups were con-
ducted by a researcher (NS), who is bilingual (isiXhosa
and English). Interviewers were female, trained, graduate
and post-graduate social scientists. Individual interviews
lasted 45—90 min and focus groups lasted 90—120 min.

Interview summaries, capturing the key issues and re-
searcher reflections, were completed within 36 h of con-
ducting the interview, and was used for initial and
iterative analysis of the data. The in-country lead re-
searchers did this initial analysis together with the inter-
viewer. Final analysis, based on interview summaries and
transcripts was done by the first author (NL1). We used
a combination of inductive and deductive analysis, using
a coding framework informed by the categories explored
in the interview schedule and by iterative analysis of
interview summaries. We analysed the data along two
dimensions. The primary dimension was an across-case
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analysis, where we compared and contrasted views
across individual post-trial interviews, and between
intervention and control group participants. A secondary
dimension was analyzing individual pre-and post-trial in-
terviews as pairs, for a longitudinal view of participant’s
experiences and views. For the latter, we only report on
notable changes from baseline interviews and contextual
information for understanding an individual’s post-trial
responses. Themes identified in FGDs supplemented the
data from the interviews and allowed for data triangula-
tion. Standard approaches to ensuring the quality of the
methodology were used, including the use of a coding
framework, confirmation of accuracy of initial analysis
by the interviewers, reaching data saturation and report-
ing of divergent views.

Details of data sources and gender of participants are
shown in Table 1 in the results section. In sum, a total
of 28 individuals participated in individual interviews,
with 26 of those being repeat interviews (pre-and post-
trial with the same individuals) and 2 being only post-
trial interviews (54 individual interviews in total).
Twenty-five individuals participated in the 4 post-trial
focus groups we conducted (2 each per country). The
gender distribution was close to even for both the inter-
views and focus groups, with 26 females and 28 males
participating overall. The age range of participants was
38 to 72 years and the duration of them living with dia-
betes (by the end of the trial), ranged from 18 months to
11 years. The level of co-morbidity was high, with most
participants receiving treatment for at least one other
condition, the most common being high blood pressure
(others were high cholesterol, heart problems, asthma,
HIV, anxiety, and depression).

Ethical approval

Ethical approval to conduct the study was obtained from
the University of Cape Town (126/2015), National
Health Sciences Research Committee of Malawi (15/7/
1425) and Oxford Tropical Research Ethics Committee
(22-15). All participants who were included in the study
provided written, informed consent to participate.

Results

Demographics

Details of data sources and gender of participants are
shown in Table 1 and summarised in the Methods sec-
tion. The table details the allocation status (intervention
or control group in the trial) of participants in this quali-
tative study. A total of 16 individuals interviewed had
been in the trial intervention group, while all 25 partici-
pants in the focus groups had been in the intervention

group.
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General experience of the brief text message intervention
Expectations, acceptability, and varying engagement with
brief messages

At the start of the trial, participants appeared to have a
clear understanding of and reasonable expectations re-
garding their participation in trial. They hoped to learn
more about diabetes and welcomed the idea of receiving
messages to support their adherence to diabetes
treatment.

At the end of the trial, participants were positive about
the intervention, finding it acceptable, and useful. Sev-
eral reported an improvement in their health, in terms
of lowered and stabilized blood sugar levels (from high
levels they had reported at the start of the trial). How-
ever, participants’ level of engagement with the brief
messages and their responses to the messages varied.
Some reported that the messages helped with the im-
provement in their health and adherence behaviour,
while others felt they had no real need for it (though it
could benefit others). A participant recalled different
messages he found useful:

“Yes, the ones they normally send you says: ‘Have
you drunk your medication today?, or It’s close to
your appointment, Remember to stay hydrated,
‘Stay away from sugary foods.” (Male, SA, FGD)

Those who reported an improvement in their health
felt this was due mainly to their increased confidence in
managing their disease, helped by a greater acceptance
of the disease and by family support. For some, it was
the reminder messages that helped them to refill and
take their medications more regularly. Healthy lifestyle
messages were valued as reminders of the importance of
diet, exercise, and stress management, and for its prac-
tical advice. More generally, the messages provided in-
creased confidence and self-responsibility for taking
their medications. A few participants expressed disap-
pointment that the messages merely reinforced what
they knew already, and a few would have preferred two-
way communication that allowed for direct consultation
with health staff.

Relational elements of the brief text messaging intervention
Participants identified messages and how this influenced
their adherence behaviour, but they also identified more
subtle relational effects that related to their participation
in the trial. There are two elements to the relational ef-
fect. The first is that participants had appreciation for
the content of the messages, as well as for the experience
of receiving the brief messages. Messages generated a
sense of encouragement and support, and it felt as if
they had a supportive relationship with the sender of the
messages. Message content was useful, but receiving a
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message also felt like an act of caring. One participant
described it this way:

“I feel like there is someone out there who cares
about me, who thinks about me. He sends me a mes-
sage to tell me to take my medication. It's nice to
have someone who sends messages.” (Male, SA,
EGD)

A participant, who had been living with diabetes for 4
years, expressed a similar sentiment about feeling cared
for, as if someone sent her a prayer:

“You know, it not about the message. You send a
message to my phone; I take it as a prayer ... know-
ing there is somebody that cares.” (Female, SA, IDI)

A second element is that some participants, in both
the intervention and control groups, felt encouraged and
supported by merely participating in the trial study, irre-
spective of receiving regular messages. Participants
showed appreciation for the positive interactions they
had had with research staff during the study enrollment
and exit procedures. They recalled feeling respected and
listened to, could ask questions, and learn more about
their condition, without feeling judged. One participant
said she had a similar feeling of being listened to when
she saw a psychiatrist for anxiety, while another felt she
had a companion, whom she could “talk to in my head”.
Some in the control group had similar feelings of being
cared for, especially when receiving a ‘Happy Birthday’
message.

Experience and responses to brief text messages in
relation to health

Reminder messages as prompts for refilling medicine
Participants in both sites knew the importance of refill-
ing their medication and reported that most of the time,
they remembered their appointment dates, and could
collect their medicines on schedule. Participants contin-
ued using the same reminder strategies they reported at
the start of study, such as checking their appointment
dates intermittently, and relying on family to remind
them. The reminder messages helped some participants
play a more active role in developing strategies to re-
member, and to be less reliant on family. For instance,
checking their due date in their patient-held record
(called Health passport in Malawi) or their clinic ap-
pointment card (South Africa). Several participants ac-
knowledged that they sometimes struggled to remember
their medicine pick-up date (due to being forgetful, or a
busy lifestyle), and some found the reminder messages
particularly helpful.
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“I told you that I easily forget things, but the mes-
sages were reminding me, especially the clinic day, I
tend to forget it, but the messages were reminding
me.” (Female, MLW, FGD)

The reminders were useful for the extra prompt it pro-
vided, even for those who considered themselves to be
strict about their adherence, as expressed by one
participant:

“The SMS you guys sent us is very great. It helps be-
cause it encourages you to stay on this programme,
and without this programme, you know, we are hu-
man, you will find ways of dodging the issue, pre-
venting yourself from going to the doctor.” (Male, SA,
FGD)

Participants also spoke of a range of obstacles that
sometimes prevented them from refilling their medica-
tion. In Malawi, these included economic factors, such
as having no money for transport for their 3-monthly
visits (some travelled for a 2-h journey by public trans-
port) and having no money to purchase their medication
privately when the clinic was out of stock. In South Af-
rica, refilling required more frequent visits (monthly or 2
monthly). Due to clinic constraints, this usually required
getting in line in the early morning hours before the
clinic door opened, followed by long waiting times inside
the clinic, clinic congestion and poor interactions with
staff, experiences which made them reluctant to visit the
clinic on their appointed dates.

Reminders to prompt and motivate taking medicine as
prescribed

Participants indicated that for the most part, they take
their medicine as prescribed, though several acknowl-
edged it was an ongoing struggle. They continued to use
the same reminder strategies as before the study, such as
visual cues and daily routine, placing the medication on
the bedside or kitchen table so its visible in morning,
evening, and mealtimes. They also depended on family
to remind them.

A few reported being strict about sticking to their
medicine regimen (especially if also taking insulin) and
having a sense of pride about being adherent to treat-
ment. Some acknowledged not always taking their medi-
cation as prescribed, due to forgetfulness, or being too
busy or tired. For them, reminder messages acted as a
prompt to take their medications and reinforced the im-
portance of taking medications regularly. A female par-
ticipant who had been living with diabetes for 5 years
(oral medication and insulin), said the messages helped
her to become more self-reliant:
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“I no longer have this thing where you will find my
sugar high. It’s all thanks to the SMSes, they help
me. ‘Don’t forget your time’, ... ‘Don’t forget your in-
jection time’, ‘Don’t forget time to take pills.” (Fe-
male, SA, IDI)

Similarly, a female participant from Malawi, living with
diabetes for 5 years, explained that the messages helped
her to keep going with taking her medications despite
the side-effects, whereas before she would miss dosages
when she felt nauseas.

Even those with good adherence described having the
occasional slip-up. A participant described how a per-
fectly timed reminder message once prevented her skip-
ping her night-time dose:

“ see they encourage us a lot, like this other day I
was coming from my business, and I was very tired,
and I was just dreaming of getting home, taking a
bath and sleep. But before I slept, I just received the
text asking me if I have taken my medications. That
day 1 completely forgot; thanks to the message it
reminded me, otherwise I could have slept without
taking the medications.” (Female, MLW, FGD).

A few participants also appreciated the messages about
managing one’s medication in risky situations, such as
social gatherings and travelling. They made sure to al-
ways keep a spare dose of medicine when travelling or
attending social events.

Participants appreciated the importance of taking
medicines regularly and long-term, but in many cases,
despite their best efforts, their adherence behaviour fell
short. They described a range of partial adherence beliefs
and practice that had become part of their normal rou-
tine. The brief messaging did not seem to shift these be-
liefs and practices. Such behaviours included, for
example, skipping one or more of their dosages on a
regular basis, dropping one of their prescribed diabetes
medications, taking a break from taking their medicine
for a couple of days or even months, or substituting with
alternative remedies. The partial adherence behaviours
was reportedly in response to difficult and distressing
side effects of diabetes medicine that are ignored by cli-
nicians, and insufficient knowledge and counselling to
understand why changes are made to their treatment.
Other reasons include pill fatigue, beliefs about giving
the body “a break” or “cleaning” the body from time to
time, valuing alternative herbal remedies, concerns about
different chronic medications “clashing” with each other,
and suspicion of prescribed medicine with a different ap-
pearance. These beliefs and practices seem to be fairly
entrenched for some, and often operated in parallel
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(even in contradiction) to their beliefs in the importance
of following doctor’s orders.

Healthy lifestyle messages provide knowledge and
motivation for healthy behaviour

Healthy eating Participants were generally aware of the
need to have a healthy diet, but reported a lack of ad-
equate, useful, and timely information to guide them.
They had concerns about what constitutes a healthy diet,
and what local foods were available and affordable for
people with diabetes. In addition to this knowledge def-
icit, participants had different levels of belief in the value
of health eating, alongside medication. Some participants
became more convinced over the years, while others be-
came less convinced about the importance of health eat-
ing. A woman with substantial weight loss due to
healthier eating (she dropped 3 dress sizes) became disil-
lusioned about healthy eating when her blood sugar level
did not stabilize. By contrast, a male participant who
had a dramatic improvement in his health became con-
vinced it was due to his running and weight loss. Mala-
wian participants who did home-farming felt it kept
them physically active and provided healthy produce for
their families.

Participants noted that messages about healthy eating
increased their awareness, made them conscious of what
they are eating, reinforced their own ongoing efforts,
and provided them encouragement and practical advice
on what foods to eat and to avoid. They recalled mes-
sages on limiting fat, oily and sugary foods, and about
using healthier food substitutes. A participant explained
how these messages helped her manage her diet:

“I remember that it is important to reduce fats and
reduce sugar. If for example, I crave red meat, I need
to ensure that I remove the fats, and to boil it in-
stead of frying, so to assist the medication I take. It
will be pointless for me to take pills and eat un-
healthy because it might look like the medication
does not work.” (Female, SA, IDI)

A male participant who was diagnosed with diabetes
the year prior to enrolling in the trial, said he was well-
informed about what foods to eat and to avoid, but that
the messages were useful as it helped him to better man-
age his cravings for the wrong foods. The messages also
helped with managing household challenges of cooking
and eating, such as getting family support for changing
to healthier food options. A woman living with diabetes
for 6years, described how the messages helped to per-
suade her family to use healthier food preparation:
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“I was telling me children, please just boil my food,
they refuse. They say I am just being stubborn. So,
when I received a message from StAR2D talking
about fried foods, 1 showed them and now they are
still applying this knowledge whenever they are cook-
ing, and they cook without adding oil”. (Female,
MLW, FGD)

Adhering to healthy eating at social events can be
challenging and for a couple of participants, the mes-
sages helped to remind them to eat in moderation at so-
cial events.

Physical activity Participants noted that although they
were aware of the importance of regular exercise, they
felt exercise was hard to achieve. They appreciated the
messages for suggesting more feasible ways of keeping
physical active. The exercise related messages motivated
a few participants to increase their physical activity by
walking more, doing more housework and gardening,
and even considering dancing for exercise:

“Yes, I started doing exercises instead of just staying
[inactive]. And they even told us if you cannot man-
age to do exercises, you can put music on your phone
or switch on the radio and start dancing.” (Female,
MLW, IDI)

Stress management Some participants were convinced
that stress was the reason for their high and fluctuating
blood sugar levels, and some found the stress manage-
ment messages particularly helpful. They felt stressed
when their efforts to be adherent to treatment (taking
medicine and healthy eating), did not lead to improve-
ment in their blood sugar levels. Other stressors in-
cluded loss of a spouse or other family members, and
chronic worries about a range of issues (for example, on-
going ill health, one’s diet, substance abuse in the family,
financial insecurity, visiting an overcrowded clinic and
being scolded by clinic staff). The messages reminded
and prompted them to make a conscious effort to better
manage their stress. For example, avoiding getting
stressed by other people’s problems, keeping busy as way
of managing stress (one women helped in the family
home shop), and reminding themselves to relax when
their sugar level was high.

Complex factors influencing diabetes adherence and
engagement with the intervention

As mentioned earlier, participants reported a range of
partial adherence behaviours that seem to be routine
and influenced by individual beliefs as well as social fac-
tors and health service challenges. Partial adherence
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behaviour included reducing and skipping medication,
taking alternative medicine, and struggles with eating a
healthy diet, exercising, and managing their stress. Below
we detail some of the underlying reasons.

Diabetes distress

The overall impression, from some participants, was that
living with diabetes was difficult and distressing, more so
than the other chronic diseases they suffered from (like
hypertension, high cholesterol). The main reasons for
the distress relate to the seriousness and discomfort of
the symptoms, the fluctuations in blood sugar levels, un-
predictability of health changes, and a chronic sense of
not being able to control the disease, no matter their ef-
forts. Living with co-morbid diseases further compli-
cated the experience. Dealing with fluctuations of
symptoms from multiple diseases was frustrating, as was
the different intervals required for taking diabetes medi-
cation (compared to medicine intervals for their other
chronic diseases).

Navigating complex and contested interactions with health
services

Participants had an appreciation for efforts by the health
services but found patient-provider relationships to need
improvement. They felt their views were not sufficiently
considered, that complaints of side effect were ignored,
there was insufficient clinical communication about
treatment, lack of affirmation of patient efforts, and in
places, poor organisation of patient care and limited ac-
cess to medicines — factors that contributed to stress
and demotivation with managing their diabetes
treatment.

What helps to manage diabetes?

Accepting one’s diagnosis and coming to terms with the
need for lifelong medicine was a key factor in improving
managing of diabetes. Acceptance meant worrying less
about the underlying reasons for one’s condition, feeling
empowered to take more self-responsibility for one’s
treatment and health, and finding it easier to follow
medical advice about adherence. A female participant
living with diabetes for over a decade learnt from a ‘role-
model’ diabetes patient in the community, who helped
her to be more accepting of the illness, and to “... just
abide what we are told at the hospital” (Female, MLW,
IDI). Other sources of support came from family,
friends, religious faith, ‘good diabetes’ patient role
models, regular health awareness talks (mainly in
Malawi), and counselling and affirmation from health
care staff.
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Discussion

This process evaluation examined the experiences and
perceptions of participants in randomised controlled
study that tested the effect of brief text messaging sup-
port for adherence to diabetes treatment. It found that
the messages were considered acceptable and useful, and
improved their adherence behaviour for some. However,
against a background of complex coping challenges, and
the routine practice of partial adherence behaviours,
their ability to act on the messages was limited. This
context may explain in part, why the intervention did
not have a positive impact on glycemic control. Process
evaluations alongside trials are valuable for generating
insights about the potential underlying causal mecha-
nisms of the intervention and can inform development
of other programmes [33].

Similarities between Malawi and south African responses
Despite the differences in the way people live and access
health services in Malawi and South Africa, the experi-
ence and perceptions of the text-message intervention
was similar across sites. Malawi patients were a mix of
urban and rural, had longer commutes, with 3 monthly
visits, breaks in continuity of access to free diabetes
medicine, and seemed to enjoy a more positive and
trusting relationship with the health services. The South
African patients were urban, living near the health facil-
ity, with monthly or 2 monthly visits, continuous access
to free diabetes medications, but with more negative
perception and less trust in the health service.

Similar complexities of living with diabetes emerged in
both sites in the StAR2D intervention development
study [45], as well as in other studies [11, 13, 14, 51, 52].
It may be that the complex influences that limit diabetes
adherence, would also limit the impact of text messaging
on adherence behaviour outcomes.

Engagement and relational responses

In this study, those who expressed a benefit, indicated
the reminder messages helped to prompt the desired be-
haviour (mainly in terms of jogging their memory),
which speaks to the behaviour change domain of en-
hanced psychological ‘Capability’ in the COM-B frame-
work. The reminders also reinforced their beliefs about
the need for treatment and increased their sense of sup-
port and self-efficacy. This had the reported effect of
motivating them to be more self-reliant and improve
their adherence behavior, which speaks to the ‘Motiv-
ation’ domain of COM-B framework. Nevertheless, for
the most part, the messages did not seem to change
their beliefs and practices around partial adherence, for
example, taking treatment breaks and use of alternative
remedies. There was also limits to the ‘Opportunity’ do-
main, as the messages did not make a difference to the
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physical or social challenges shaping adherence behav-
iour, such as the complexity of the medical regime, and
challenges around accessibility and experience of health-
care services. The barriers to the Motivation and Oppor-
tunity domains of the COM-B framework may in part
explain the limited adherence behaviour change ob-
served in the trial outcomes.

Studies have found that while text messaging often has
wide acceptability, with positive effects in some areas,
like smoking cessation and antiretroviral medication ad-
herence [17], the evidence for diabetes is mixed [20, 21,
24, 25, 53, 54]. In a study showing long-term success for
diabetes management, the intervention was multi-modal;
tailored and interactive text messaging, self-monitoring
relating to use of insulin, and ability to contact a health
care provider [22, 23, 55].

A cross-cutting issue is the relational aspect of the
mHealth intervention, which had two elements. Firstly,
participants in both settings appear to value not only the
content of the text messages, but also the sense of sup-
port and encouragement they got from merely receiving
messages; almost as if they had established a virtual car-
ing relationship with the sender of the message. Sec-
ondly, they also experienced a sense of support and
encouragement from participating in the research study,
whether they were receiving the intervention or not.
This came from positive interactions with research staff
at the beginning and end of the study. These relational
effects were more pronounced for South African partici-
pants; perhaps as it contrasted more starkly with their
negative perceptions of the health services. A similar re-
lational effect of digital messaging was found in the Cape
Town hypertension adherence study [12], in Kenya with
anti-retroviral adherence [56] and in a high income
country setting, with cardiovascular adherence support
[57].

The complexities of adherence to diabetes treatment

The study highlighted a range of complex issues that
interact with and contribute to routine practice of partial
adherence behaviours (for medical and lifestyle adher-
ence). Participant responses shared a sense of lack of
control over, and limited capacity for improving their
diabetes-related health. The challenges relate to know-
ledge gaps on how to turn information into action, gaps
in continuous access to medicine, complexity of the
medical regime, healthcare interactions that are demo-
tivating, instability in symptoms of diabetes, debilitating
side effects that are not addressed, and beliefs and prac-
tices that negatively shape their adherence behaviour.
Living with other co-morbid disease further complicated
their efforts to manage their treatment regimens and to
maintain good health. Individual, social and health ser-
vice complexities such as those found in this study, has



Leon et al. BMC Public Health (2021) 21:1576

also been reported across settings and patient groups,
prompting calls for more innovative, multi-dimensional,
and tailored adherence interventions [11, 15, 25, 51, 58—
60].

It may be difficult for a text message by itself, to be ef-
fective in improving adherence behaviour and clinical
outcomes, against a background of an overburdened
health system, and where partial adherence beliefs and
practices are entrenched. While participants acknowl-
edged support efforts by health services, they experi-
enced health care as not sufficiently responsive to their
informational, clinical and support needs. A systematic
review of trials in other African settings, using one-way
brief text messaging confirmed the uncertain clinical ef-
fects; with no clear evidence of SMSes improving dia-
betes and hypertension management [53].

We used automated unidirectional SMSes to improve
the feasibility and scalability of the intervention, but lack
of direct, personalised communication with health care
workers may have contributed to the limited interven-
tion impact. A global review of tailored text messaging
for improving diabetes management reported moderate
improvements on blood glucose levels, but mostly in
high-income countries [60]. The review suggested that
certain aspects of tailoring messages may work better,
such as non-automated, direct, and personalised com-
munication. For example, where messages are sent from
a real health care worker, and when SMS communica-
tion is combined with other assessment tools. The direc-
tionality (unidirectional versus bidirectional automated
messaging) did not directly impact the effectiveness of
the interventions [20, 60].

Implication of the findings for research and practice

In the COM-B behaviour change model, all three of the
components of capability, motivation, and opportunity,
are needed for positive behaviour change to occur [46,
47]. Text messaging seem to address the capability and
motivation components, as evidenced by reports of feel-
ing encouraged and motivated, though messages could
not change social and physical opportunity barriers to
adherence. Complex, multi-dimensional interventions
may need to go beyond informational and motivational
support, to address the interactions of patient belief sys-
tems and practices and to improve trust and collabor-
ation between providers and patients [25, 48, 59].
Testing of complex interventions would need to be bal-
anced with the feasibility of implementing such interven-
tions at scale.

Strengths and limitations of the study

The process evaluation was part of a comprehensive
evaluation which included evidence- and theory-
informed intervention development and a costing study,
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alongside a pragmatic randomised trial [39]. The longi-
tudinal perspective (interviewing the same individuals
pre- and post-trial) provided useful contextual informa-
tion and enriched our understanding of participant’s ex-
periences and views over time. Triangulating the use of
individual interviews and focus groups helped to
strengthen the credibility and reliability of the findings
and the sample had good representation from both gen-
ders. We think the study was strengthened by use of
mother-tongue interviewers that allowed for better un-
derstanding of cultural nuances, and where this was not
feasible, we used translation support. The lead re-
searchers of the qualitative study (NL1 and HM) were
also co-investigators on the main StAR2D trial, and we
ensured that there was an appropriate level of independ-
ence between the qualitative and quantitative research
team. We planned to interview a greater ratio of individ-
ual participants in the intervention compared to control
group, but this was a challenge due to logistics of keep-
ing allocation status confidential during the trial. We
would have liked to arrive at a more in-depth analysis of
how the COM-B behaviour change strategies operated,
but we think this requires a combination of methodolo-
gies including use of traditional qualitative approaches,
together with more focused, innovative qualitative tech-
niques, such as cognitive interviewing (used for market
research), and perhaps patient diaries. Combining this
with quantitative data on implementation processes out-
comes (coverage, fidelity), on quality of the health ser-
vices, and stakeholder views, may provide more
comprehensive insights to explain the impact of experi-
mental studies [31, 36, 46].

Conclusion

This process evaluation study provided context and
insight into the factors influencing participants’ re-
sponses to the text messaging intervention in a trial
aimed at improving diabetes clinical outcomes and ad-
herence behaviours. While participants found brief text
messaging acceptable and useful, the complexity of the
context in which patients take their diabetes medication,
may explain in part, why brief text messaging was insuf-
ficient to improve clinical and behaviour impact of the
trial. The scale of need for self-management and health
service support suggests that digital approaches alone
may be unsuccessful, unless accompanied by health sys-
tem strengthening and other forms of self-management
support.

Abbreviations

COM-B: Capability, opportunity, motivation - behaviour; FGDs: Focus groups
discussions; IDIs: In-depth interviews; LMICs: Low-and middle-income coun-
tries; MLW: Malawi; SMS: Short message service; StAR2D: SMS text adherence
suppoRt for people with type 2 diabetes; South Africa: SA; T2DM: Type 2
diabetes mellitus



Leon et al. BMC Public Health (2021) 21:1576

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512889-021-11552-8.

Additional file 1. StAR2D pre-trial interview guide. This the interview
guide used for individual interviews and focus groups with participants at
the start of the trial.

Additional file 2. StAR2D post-trial interview guide. This is the interview
guide used for individual interviews and focus groups with participants at
the end of the trial.

Acknowledgements

We thank the health care services in Lilongwe, Malawi and Cape Town,
South Africa, with whom we are collaborating. We gratefully acknowledge
the participants in this study, who were generous in sharing their insights.
We thank the health authorities in Lilongwe and Cape Town for granting
permission for the study. We thank Dr. J. Ngoma for allowing access to the
health facility and supporting our work in Lilongwe. We thank the research
team members of the StAR2D Trial Collaborative Group, Ms. E. Phiri-
Makwakwa, Ms. C. Delport, C and Ms. V. Madikizela for their support.

Authors’ contributions

NL1, HN, SC, KB, NL2, AC and AF were responsible for the study conception
and design. NL1, HN, KB, SC, NL2, AC and AF were responsible for drafting
the protocol. NL1, HN, CM, MN, SC, NS and NM were responsible for data
collection. NL1 was responsible for the analysis and for drafting the
manuscript. All authors contributed and reviewed drafts of the manuscript.
All' authors read and approved the manuscript.

Funding

Funding for the study was provided by the Medical Research Council UK
(MR/M016498/1) and the South African Research Council through the Global
Alliance for Chronic Diseases Diabetes Programme. The funder did not play
any role in the study design, data collection and analysis, decision to publish,
or preparation of the manuscript. The authors are also funded by their
institutions which contributed indirect funding through the author’s time. AF
is a NIHR Senior Investigator and receives funding from the NIHR Oxford
Biomedical Research Centre.

Availability of data and materials

The datasets that support the findings of this study are available from Dr.
Natalie Leon (author NL1) Restrictions apply to the availability of these data,
which were used under license for the current study. Reasonable request for
data access will be considered by Dr. Leon and the PI of the StAR2D study,
Prof Andrew Farmer.

Declarations

Ethics approval and consent to participate

The protocol was approved by the University of Oxford Tropical Research

Ethics Committee (OXTREC) (Ref: 22-15); the University of Cape Town Re-

search Ethics Committee (UCT HREC REF: 126/2015), the University of Wit-
watersrand Research Ethics Committee (R14/49) and the Malawi National

Health Services Research Committee (NHSRC #15/7/1425). In addition, the
relevant health authorities granted permission for the study, including the
intervention development work. All participants who were included in the
formative study provided written, informed consent to participate.

Consent for publication
Not applicable.

Competing interests
The authors have declared that they have no competing interests.

Author details

'South African Medical Research Council, Fransie van Zyl Drive, 7535,
Tygerberg, Cape Town, South Africa. “Department of Epidemiology, School
of Public Health, Brown University, Providence, RI, USA. *Malawi
Epidemiology and Intervention Research Unit, Lilongwe, Malawi. *Chronic
Disease Initiative for Africa, University of Cape Town, Cape Town, South

Page 11 of 13

Africa. °Division of Social and Behavioural Science, School of Family Medicine
and Public Health, University of Cape Town, Cape Town, South Africa.
SLondon School of Hygiene and Tropical Medicine, London, UK. "Nuffield
Department of Primary Care Health Sciences, University of Oxford, Oxford,

UK.

Received: 19 July 2020 Accepted: 26 July 2021
Published online: 21 August 2021

References

1.

Msyamboza KP, Mvula CJ, Kathyola D. Prevalence and correlates of diabetes
mellitus in Malawi: population-based national NCD STEPS survey. BMC
Endocr Disord. 2014;14(1):41. https://doi.org/10.1186/1472-6823-14-41.
Bertram MY, Jaswal AVS, van Wyk VP, Levitt NS, Hofman KJ. The non-fatal
disease burden caused by type 2 diabetes in South Africa, 2009. Glob
Health Action. 2013,6(1):19244. https.//doi.org/10.3402/gha.v6i0.19244.
World Health Organization. Global report on diabetes. Geneva: World Health
Organisation; 2016.

Shaw JE, Sicree RA, Zimmet PZ. Global estimates of the prevalence of
diabetes for 2010 and 2030. Diabetes Res Clin Pract. 2010;87(1):4-14. https//
doi.org/10.1016/j.diabres.2009.10.007.

Hall V, Thomsen RW, Henriksen O, Lohse N. Diabetes in sub Saharan Africa
1999-2011: epidemiology and public health implications. A systematic
review. BMC Public Health. 2011;11(1):564. https.//doi.org/10.1186/1471-24
58-11-564.

Pladevall M, Williams LK, Potts LA, Divine G, Xi H, Elston Lafata J. Clinical
outcomes and adherence to medications measured by claims data in
patients with diabetes. Diabetes Care. 2004,27(12):2800-5. https://doi.org/1
0.2337/diacare.27.12.2800.

Asche C, LaFleur J, Conner C. A review of diabetes treatment adherence
and the association with clinical and economic outcomes. Clin Ther. 2011;
33(1):74-109. https.//doi.org/10.1016/j.clinthera.2011.01.019.

World Health Organisation. Adherence to long term therapies: evidence for
action. Geneva: World Health Organisation; 2003.

Ayah R, Joshi MD, Wanjiru R, Njau EK, Otieno CF, Njeru EK et al. A
population-based survey of prevalence of diabetes and correlates in an
urban slum community in Nairobi, Kenya. BMC Public Health. 2013;13(1):371.
https:.//doi.org/10.1186/1471-2458-13-371.

Stephani V, Opoku D, Beran D. Self-management of diabetes in sub-Saharan
Africa: a systematic review. BMC Public Health. 2018;18(1):1148. https://doi.
org/10.1186/512889-018-6050-0.

Zimmermann M, Bunn C, Namadingo H, Gray CM, Lwanda J. Experiences of
type 2 diabetes in sub-Saharan Africa: a scoping review. Glob Health Res
Policy. 2018;3(1):25. https://doi.org/10.1186/541256-018-0082-y.

Leon N, Surender R, Bobrow K, Muller J, Farmer A. Improving treatment
adherence for blood pressure lowering via mobile phone SMS-messages in
South Africa: a qualitative evaluation of the SMS-text adherence SuppoRt
(StAR) trial. BMC Fam Pract. 2015;16(1):80. https://doi.org/10.1186/512875-01
5-0289-7.

Rushforth B, McCrorie C, Glidewell L, Midgley E, Foy R. Barriers to effective
management of type 2 diabetes in primary care: qualitative systematic
review. Br J Gen Pract. 2016,66(643):e114-27. https://doi.org/10.3399/bjgp1
6X683509.

Mathew R, Gucciardi E, de Melo M, Barata P. Self-management experiences
among men and women with type 2 diabetes mellitus: a qualitative
analysis. BMC Fam Pract. 2012;13(1):122. https://doi.org/10.1186/1471-22
96-13-122.

Pound P, Britten N, Morgan M, Yardley L, Pope C, Daker-White G, et al.
Resisting medicines: a synthesis of qualitative studies of medicine taking.
Soc Sci Med. 2005;61(1):133-55. https://doi.org/10.1016/j.socscimed.2004.11.
063.

Cho NH, Shaw JE, Karuranga S, Huang Y, da Rocha Fernandes JD, Ohlrogge
AW, et al. IDF diabetes atlas: global estimates of diabetes prevalence for
2017 and projections for 2045. Diabetes Res Clin Pract. 2018;138:271-81.
https://doi.org/10.1016/j.diabres.2018.02.023.

Free C, Phillips G, Galli L, Watson L, Felix L, Edwards P, et al. The
effectiveness of mobile-health technology-based health behaviour change
or disease management interventions for health care consumers: a
systematic review. PLoS Med. 2013;10(1):21001362. https://doi.org/10.1371/
journal.pmed.1001362.


https://doi.org/10.1186/s12889-021-11552-8
https://doi.org/10.1186/s12889-021-11552-8
https://doi.org/10.1186/1472-6823-14-41
https://doi.org/10.3402/gha.v6i0.19244
https://doi.org/10.1016/j.diabres.2009.10.007
https://doi.org/10.1016/j.diabres.2009.10.007
https://doi.org/10.1186/1471-2458-11-564
https://doi.org/10.1186/1471-2458-11-564
https://doi.org/10.2337/diacare.27.12.2800
https://doi.org/10.2337/diacare.27.12.2800
https://doi.org/10.1016/j.clinthera.2011.01.019
https://doi.org/10.1186/1471-2458-13-371
https://doi.org/10.1186/s12889-018-6050-0
https://doi.org/10.1186/s12889-018-6050-0
https://doi.org/10.1186/s41256-018-0082-y
https://doi.org/10.1186/s12875-015-0289-7
https://doi.org/10.1186/s12875-015-0289-7
https://doi.org/10.3399/bjgp16X683509
https://doi.org/10.3399/bjgp16X683509
https://doi.org/10.1186/1471-2296-13-122
https://doi.org/10.1186/1471-2296-13-122
https://doi.org/10.1016/j.socscimed.2004.11.063
https://doi.org/10.1016/j.socscimed.2004.11.063
https://doi.org/10.1016/j.diabres.2018.02.023
https://doi.org/10.1371/journal.pmed.1001362
https://doi.org/10.1371/journal.pmed.1001362

Leon et al. BVIC Public Health

20.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32,

33.

34.

35.

36.

(2021) 21:1576

World Health Organisation. WHO Guideline: Recommendations on digital
interventions for health system strengthening. Geneva, Switzerland: WHO;
2019.

Orr JA, King RJ. Mobile phone SMS messages can enhance healthy
behaviour: a meta-analysis of randomised controlled trials. Health Psychol
Rev. 2015,9(4):397-416. https://doi.org/10.1080/17437199.2015.1022847.
Arambepola C, Ricci-Cabello I, Manikavasagam P, Roberts N, French DP,
Farmer A. The impact of automated brief messages promoting lifestyle
changes delivered via Mobile devices to people with type 2 diabetes: a
systematic literature review and meta-analysis of controlled trials. J Med
Internet Res. 2016;18(4):e86. https://doi.org/10.2196/jmir.5425.

Farmer AJ, McSharry J, Rowbotham S, McGowan L, Ricci-Cabello |, French
DP. Effects of interventions promoting monitoring of medication use and
brief messaging on medication adherence for people with type 2 diabetes:
a systematic review of randomized trials. Diabet Med. 2016;33(5):565-79.
https://doi.org/10.1111/dme.12987.

Dobson R, et al. Effectiveness of text message based, diabetes self
management support programme (SMS4BG): two arm, parallel randomised
controlled trial. BMJ. 2018;361:k1959.

Dobson R, Whittaker R, Jiang Y, McNamara C, Shepherd M, Maddison R,

et al. Long-term follow-up of a randomized controlled trial of a text-
message diabetes self-management support programme, SMS4BG. Diabet
Med. 2020;37(2):311-8. https://doi.org/10.1111/dme.14182.

Haider R, Sudini L, Chow CK, Cheung NW. Mobile phone text messaging in
improving glycaemic control for patients with type 2 diabetes mellitus: a
systematic review and meta-analysis. Diabetes Res Clin Pract. 2019;150:27-
37. https://doi.org/10.1016/j.diabres.2019.02.022.

Van Olmen J, et al. The effect of text message support on diabetes self-
management in developing countries - a randomised trial. J Clin Trans!
Endocrinol. 2017;7:33-41. https//doi.org/10.1016/}jcte.2016.12.005.

Fottrell E, Ahmed N, Morrison J, Kuddus A, Shaha SK, King C, et al.
Community groups or mobile phone messaging to prevent and control
type 2 diabetes and intermediate hyperglycaemia in Bangladesh (DMagic):
a cluster-randomised controlled trial. Lancet Diabetes Endocrinol. 2019;7(3):
200-12. https;//doi.org/10.1016/52213-8587(19)30001-4.

Bobrow K, Farmer AJ, Springer D, Shanyinde M, Yu LM, Brennan T, et al.
Mobile phone text messages to support treatment adherence in adults with
high blood pressure (SMS-text adherence support [StAR]): a single-blind,
Ramdomized Trial. Circulation. 2016;133(6):592-600. https://doi.org/10.1161/
CIRCULATIONAHA.115.017530.

Odeny TA, Bukusi EA, Cohen CR, Yuhas K, Camlin CS, McClelland RS. Texting
improves testing: a randomized trial of two-way SMS to increase
postpartum prevention of mother-to-child transmission retention and infant
HIV testing. AIDS. 2014;28(15):2307-12. https://doi.org/10.1097/QAD.
0000000000000409.

Aranda-Jan CB, Mohutsiwa-Dibe N, Loukanova S. Systematic review on what
works, what does not work and why of implementation of mobile health
(mHealth) projects in Africa. BMC Public Health. 2014;14(1):188. https.//doi.
0rg/10.1186/1471-2458-14-188.

Williams JL, et al. Effective interventions to improve medication adherence
in type 2 diabetes: a systematic review. Diabetes Manag (Lond). 2014:4(1):
29-48. https;//doi.org/10.2217/dmt.13.62.

Mookherji S, Mehl G, Kaonga N, Mechael P. Unmet need: improving
mHealth evaluation rigor to build the evidence base. J Health Commun.
2015;20(10):1224-9. https://doi.org/10.1080/10810730.2015.1018624.

Hall AK, Cole-Lewis H, Bernhardt JM. Mobile text messaging for health: a
systematic review of reviews. Annu Rev Public Health. 2015;36(1):393-415.
https.//doi.org/10.1146/annurev-publhealth-031914-122855.

Moore GF, Audrey S, Barker M, Bond L, Bonell C, Hardeman W, et al. Process
evaluation of complex interventions: Medical Research Council guidance.
BMJ. 2015;350(mar19 6):h1258. https://doi.org/10.1136/bmj.h1258.
Campbell NC, Murray E, Darbyshire J, Emery J, Farmer A, Griffiths F, et al.
Designing and evaluating complex interventions to improve health care.
BMJ. 2007;334(7591):455-9. https.//doi.org/10.1136/bmj.39108.379965.BE.
Lakshman R, et al. Using the Medical Research Council framework for the
development and evaluation of complex interventions in a theory-based
infant feeding intervention to prevent childhood obesity: the baby milk
intervention and trial. J Obes. 2014;2014:646504.

Francis JJ, Eccles MP, Johnston M, Whitty P, Grimshaw JM, Kaner EFS, et al.
Explaining the effects of an intervention designed to promote evidence-
based diabetes care: a theory-based process evaluation of a pragmatic

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

52.

53.

54.

55.

Page 12 of 13

cluster randomised controlled trial. Implement Sci. 2008;3(1):50. https://doi.
0rg/10.1186/1748-5908-3-50.

Maar MA, Yeates K, Toth Z, Barron M, Boesch L, Hua-Stewart D, et al.
Unpacking the black box: a formative research approach to the
development of theory-driven, evidence-based, and culturally safe text
messages in Mobile health interventions. JMIR Mhealth Uhealth. 2016;4(1):
e10. https://doi.org/10.2196/mhealth.4994.

Leon N, Namadingo H, Bobrow K, Cooper S, Crampin A, Pauly B, et al.
Intervention development of a brief messaging intervention for a
randomised controlled trial to improve diabetes treatment adherence in
sub-Saharan Africa. BMC Public Health. 2021;21(1):147. https.//doi.org/10.11
86/512889-020-10089-6.

Farmer A, Bobrow K, Leon N, Williams N, Phiri E, Namadingo H, et al. Mobile
messaging support versus usual Care for People with Type 2 diabetes on
glycemic control: protocol for a multicenter randomized controlled trial.
JMIR Res Protoc. 2019;8(6):12377. https://doi.org/10.2196/12377.

ISCRTN Registry. SMS supporting treatment for people with type 2 diabetes
(ISRCTN70768808). 2015. [cited 2020 30 July]; Available from: https://doi.
0rg/10.1186/ISRCTN70768808.

NCD Risk Factor Collaboration. Diabetes - Evolution of diabetes over time.
2017. [cited 2020 30 July]; Available from: http://ncdrisc.org/diabetes-preva
lence-line-from-map.htm.

Byrne MM. Understanding life experiences through a phenomenological
approach to research. AORN Journal. 2001;73(4):830.

Green G, Thorogood V. Qualitative methods for health research. London:
Sage; 2006.

Braun V, Clarke V. Using thematic analysis in psychology. Qual Res Psychol.
2006;3(2):77-101. https://doi.org/10.1191/1478088706qp0630a.

Leon N, et al. Intervention development of a brief messaging intervention
for a randomised controlled trial to improvediabetes treatment adherence
in sub-Saharan Africa. BMC Public Health. 2021;21(147):1-14. https.//doi.org/1
0.1186/512889-020-10089-6.

Michie S, Richardson M, Johnston M, Abraham C, Francis J, Hardeman W,

et al. The behavior change technique taxonomy (v1) of 93 hierarchically
clustered techniques: building an international consensus for the reporting
of behavior change interventions. Ann Behav Med. 2013;46(1):81-95. https.//
doi.org/10.1007/512160-013-9486-6.

Michie S, van Stralen MM, West R. The behaviour change wheel: a new
method for characterising and designing behaviour change interventions.
Implement Sci. 2011;6(1):42. https://doi.org/10.1186/1748-5908-6-42.

Michie S, Yardley L, West R, Patrick K, Greaves F. Developing and evaluating
digital interventions to promote behavior change in health and health care:
recommendations resulting from an international workshop. J Med Internet
Res. 2017;19(6):e232. https.//doi.org/10.2196/jmir.7126.

Michie S, Hyder N, Walia A, West R. Development of a taxonomy of
behaviour change techniques used in individual behavioural support for
smoking cessation. Addict Behav. 2011;36(4):315-9. https://doi.org/10.1016/
jaddbeh.2010.11.016.

Michie S, Ashford S, Sniehotta FF, Dombrowski SU, Bishop A, French DP. A
refined taxonomy of behaviour change techniques to help people change
their physical activity and healthy eating behaviours: the CALO-RE
taxonomy. Psychol Health. 2011;26(11):1479-98. https://doi.org/10.1080/
08870446.2010.540664.

Eyles J, Harris B, Fried J, Govender V, Munyewende P. Endurance, resistance
and resilience in the south African health care system: case studies to
demonstrate mechanisms of coping within a constrained system. BMC
Health Serv Res. 2015;15(1):432. https.//doi.org/10.1186/512913-015-1112-9.
McLean SM, et al. Appointment reminder systems are effective but not
optimal: results of a systematic review and evidence synthesis employing
realist principles. Patient Prefer Adherence. 2016;10:479-99. https.//doi.org/1
0.2147/PPA.S93046.

Linde DS, Korsholm M, Katanga J, Rasch V, Lundh A, Andersen MS. One-way
SMS and healthcare outcomes in Africa: systematic review of randomised
trials with meta-analysis. PLoS One. 2019;14(6):e0217485. https://doi.org/1
0.1371/journal.pone.0217485.

Owolabi EO, Goon DT, Ajayi Al Efficacy, acceptability and feasibility of daily
text-messaging in promoting glycaemic control and other clinical outcomes
in a low-resource setting of South Africa: a randomised controlled trial. PLoS
One. 2019;14(11):20224791. https://doi.org/10.1371/journal.pone.0224791.
Dobson R, Carter K, Cutfield R, Hulme A, Hulme R, McNamara C, et al.
Diabetes text-message self-management support program (SMS4BG): a pilot


https://doi.org/10.1080/17437199.2015.1022847
https://doi.org/10.2196/jmir.5425
https://doi.org/10.1111/dme.12987
https://doi.org/10.1111/dme.14182
https://doi.org/10.1016/j.diabres.2019.02.022
https://doi.org/10.1016/j.jcte.2016.12.005
https://doi.org/10.1016/S2213-8587(19)30001-4
https://doi.org/10.1161/CIRCULATIONAHA.115.017530
https://doi.org/10.1161/CIRCULATIONAHA.115.017530
https://doi.org/10.1097/QAD.0000000000000409
https://doi.org/10.1097/QAD.0000000000000409
https://doi.org/10.1186/1471-2458-14-188
https://doi.org/10.1186/1471-2458-14-188
https://doi.org/10.2217/dmt.13.62
https://doi.org/10.1080/10810730.2015.1018624
https://doi.org/10.1146/annurev-publhealth-031914-122855
https://doi.org/10.1136/bmj.h1258
https://doi.org/10.1136/bmj.39108.379965.BE
https://doi.org/10.1186/1748-5908-3-50
https://doi.org/10.1186/1748-5908-3-50
https://doi.org/10.2196/mhealth.4994
https://doi.org/10.1186/s12889-020-10089-6
https://doi.org/10.1186/s12889-020-10089-6
https://doi.org/10.2196/12377
https://doi.org/10.1186/ISRCTN70768808
https://doi.org/10.1186/ISRCTN70768808
http://ncdrisc.org/diabetes-prevalence-line-from-map.html
http://ncdrisc.org/diabetes-prevalence-line-from-map.html
https://doi.org/10.1191/1478088706qp063oa
https://doi.org/10.1186/s12889-020-10089-6
https://doi.org/10.1186/s12889-020-10089-6
https://doi.org/10.1007/s12160-013-9486-6
https://doi.org/10.1007/s12160-013-9486-6
https://doi.org/10.1186/1748-5908-6-42
https://doi.org/10.2196/jmir.7126
https://doi.org/10.1016/j.addbeh.2010.11.016
https://doi.org/10.1016/j.addbeh.2010.11.016
https://doi.org/10.1080/08870446.2010.540664
https://doi.org/10.1080/08870446.2010.540664
https://doi.org/10.1186/s12913-015-1112-9
https://doi.org/10.2147/PPA.S93046
https://doi.org/10.2147/PPA.S93046
https://doi.org/10.1371/journal.pone.0217485
https://doi.org/10.1371/journal.pone.0217485
https://doi.org/10.1371/journal.pone.0224791

Leon et al. BVIC Public Health

56.

57.

58.

59.

60.

(2021) 21:1576

study. JMIR Mhealth Uhealth. 2015;3(1):e32. https://doi.org/10.2196/mhea
[th.3988.

van der Kop ML, et al. In-depth analysis of patient-clinician cell phone
communication during the WelTel Kenya1 antiretroviral adherence trial.
PLoS One. 2012;7(9):246033. https;//doi.org/10.1371/journal.pone.0046033.
Redfern J, Santo K, Coorey G, Thakkar J, Hackett M, Thiagalingam A, et al.
Factors influencing engagement, perceived usefulness and behavioral
mechanisms associated with a text message support program. PLoS One.
2016;11(10):20163929. https://doi.org/10.1371/journal.pone.0163929.
Bhargava A, Booysen Fle R. Healthcare infrastructure and emotional support
are predictors of CD4 cell counts and quality of life indices of patients on
antiretroviral treatment in Free State Province, South Africa. AIDS Care. 2010;
22(1):1-9. https://doi.org/10.1080/09540120903012585.

Easthall C, Barnett N. Using theory to explore the determinants of
medication adherence; moving away from a one-size-fitsallapproach.
Pharmacy (Basel). 2017,5(3):1-9.

Sahin C, et al. Tailored mobile text messaging interventions targeting type 2
diabetes self-management: a systematic review and a meta-analysis. Digit
Health. 2019;5:2055207619845279.

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

Page 13 of 13

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

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e 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



https://doi.org/10.2196/mhealth.3988
https://doi.org/10.2196/mhealth.3988
https://doi.org/10.1371/journal.pone.0046033
https://doi.org/10.1371/journal.pone.0163929
https://doi.org/10.1080/09540120903012585

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Introduction
	The trial study

	Method
	Setting
	Study design
	Data collection and analysis
	Ethical approval

	Results
	Demographics
	General experience of the brief text message intervention
	Expectations, acceptability, and varying engagement with brief messages
	Relational elements of the brief text messaging intervention

	Experience and responses to brief text messages in relation to health
	Reminder messages as prompts for refilling medicine
	Reminders to prompt and motivate taking medicine as prescribed
	Healthy lifestyle messages provide knowledge and motivation for healthy behaviour

	Complex factors influencing diabetes adherence and engagement with the intervention
	Diabetes distress
	Navigating complex and contested interactions with health services
	What helps to manage diabetes?


	Discussion
	Similarities between Malawi and south African responses
	Engagement and relational responses
	The complexities of adherence to diabetes treatment
	Implication of the findings for research and practice
	Strengths and limitations of the study

	Conclusion
	Abbreviations
	Supplementary Information
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

