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A B S T R A C T

Background: Despite the various innovations and treatment modalities, diabetes treatment outcomes remain sub-
optimal globally and in South Africa. This places significant strain on the healthcare system. Text messaging is a
cost-effective measure for promoting health. Yet, its effectiveness in improving diabetes treatment outcomes has
not been documented in South Africa, especially in the resource-restrained settings. This study aims as de-
termining the effectiveness, feasibility and acceptability of text messaging in improving diabetes outcomes in
low-resource settings of the Eastern Cape Province of South Africa.
Methods and analysis: This is a multi-centre, two-arm, parallel, randomised controlled trial which will compare
the use of text messaging in addition to diabetes standard care to standard care alone in promoting diabetes
outcomes for six months. The study will be conducted at six primary healthcare centres in two selected districts
in Eastern Cape, South Africa. The study requires 216 participants if an attrition rate of 20% is anticipated. Data
will be collected at baseline and six months. Randomisation will follow baseline data collection using simple
randomisation, with an allocation ratio of 1:1, after removing any identifying information. The primary outcome
measure is a change in mean morning random blood sugar. Secondary outcomes include change in diabetes
knowledge, medication adherence, self-management, health-related quality of life, mean blood pressure, weight
and clinic attendance. Data will be obtained through self-reporting using validated measures, review of clinical
records and objective measurements. Data collection and measurements will follow standard procedure. Data
analysis will be based on the principle of Intention-to-treat.
Trial registration: This trial was registered in the Pan African Clinical Trial Registry, trial number:
PACTR201810599931422.

1. Introduction

Diabetes, one of the four priority non-communicable diseases
(NCDs) continues to constitute significant public health and socio-
economic threat worldwide [1]. It is a leading cause of death and dis-
ability, with a continual increase in prevalence and associated mortality
across several countries [2,3]. Against previous knowledge of being a
disease found predominantly among the rich nations, developing na-
tions are currently experiencing a swift increase in the burden of dia-
betes, especially among the poorer population [4–7]. Worryingly, the
burden of diabetes in under-resourced settings is complicated by a lack
of effective and adequately-equipped healthcare systems and in-
adequate prevention strategies [8].

A surge in the prevalence of diabetes has been documented in South
Africa with an increasing disease burden and associated mortality [9].

South Africa has the second highest prevalence of diabetes in Africa
[10] and diabetes is the second leading cause of morbidity and mor-
tality in South Africa [11]. Despite the effectiveness of drug therapy in
diabetes management, high rate of poor adherence with therapeutic
regimen persist among individuals with diabetes which contributes to
poor glycaemic control [12,13].

Achieving glycaemic control among individuals with diabetes in
South Africa appears to be a challenging task for healthcare profes-
sionals [14]. This is most likely due to documented poor adherence to
medication and lifestyle therapy and poor knowledge among in-
dividuals with diabetes attending primary healthcare facilities, amidst
other factors [15,16]. As a result, there is a resultant predisposition to
complications development leading to a poor quality of life, disability,
premature mortality and excessive burden on the individuals.

mHealth is an emerging and a cost-effective measure proven to be
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effective in improving patients’ self-management behaviours, knowl-
edge, adherence to therapeutic regimen and compliance with appoint-
ments [17–19] though, sometimes, there are mixed results [20]. The
effectiveness of mHealth among individuals with diabetes has rarely
been documented in South Africa, and more specifically, in an eco-
nomically poor region of the Eastern Cape with high rate of un-
controlled diabetes [21]. Hence, the need for an interventional study to
determine the efficacy of mHealth technology, aside the usual care in
promoting adherence to anti-diabetic therapy and glycaemic control
among individuals with diabetes in a low-resource setting. The parti-
cular mHealth technology of interest is the use of mobile phone text
messaging, which is considered a cost-effective measure of improving
health outcomes [22–25].

Mobile phone SMS is a documented measure for transmitting health
information, even to the most remote areas of the world [26,27]. Also,
the mobile phone SMS could be used to foster diabetes patients'
knowledge and promote adherence to recommended therapy and im-
proved treatment outcomes [25,28,29]. Considering the chronic nature
of diabetes and the importance of patients’ involvement, improvement
in self-management behaviour which could result from the SMS inter-
vention will contribute to improved outcome and quality of life of the
patients. The findings of this study will help to ascertain if the docu-
mented effectiveness in other countries and settings is feasible, accep-
table and effective in resource-limited and remote areas as this setting.
Likewise, the findings of the study could help inform policy makers to
develop preventive strategies for diabetes and other chronic illnesses,
using cost-effective and innovative technologies.

2. Research aim and objectives

The aim of this study is to determine the effectiveness, acceptability
and feasibility of daily SMS in addition to standard care as a tool in
promoting adherence to anti-diabetic regimen, glycaemic control and
other clinical outcomes among diabetic individuals with poor gly-
caemic control.

2.1. The objectives of the study are

1. Determine the impact of daily SMS on glycaemic control, blood
pressure and weight of diabetic patients.

2. Assess its impact on adherence to medication and diabetes self-
management

3. Evaluate the effectiveness of the daily SMS as a clinic appointment
reminder

4. Assess its effect on the health-related quality of life of the study
participants.

2.2. Research hypotheses

The following hypotheses are framed for the study:

i. Participants receiving the daily SMS in addition to the standard care
will show better improvement in diabetes knowledge and medica-
tion adherence compared to those receiving standard care alone.

ii. Patients receiving the daily SMS in addition to the standard care
will show more improved clinical outcomes in terms of change in
mean blood pressure and body weight compared to those not re-
ceiving the SMS.

iii. Diabetic participants receiving the daily SMS in addition to standard
diabetes care will show better improvement in glycaemic control
compared to those not receiving SMS.

iv Participants receiving the daily SMS in addition to the standard of
care will have a better health-related quality of life compared to
those receiving standard care alone.

3. Methods/design

This study protocol describes a multicentre, two-arm, parallel,
randomised controlled trial aimed at assessing the effectiveness of
mobile phone SMS intervention in addition to diabetes standard care in
promoting adherence, glycaemic control measured as change in mean
morning random sugar, and other clinical outcomes among diabetic
patients for six months.

This study protocol follows the 2013 Standard Protocol Items:
Recommendations for Interventional Trials statement [30] while the
description of the intervention followed the CONSORT checklist [31].

4. Study setting

The study will be conducted at six selected primary healthcare
centres out-patient departments in two districts in Eastern Cape, South
Africa. There are no clear registers to ascertain the number of diabetic
patients attending these clinics as the primary healthcare system record
keeping is flawed in several ways. However, based on the prior inter-
view done with the head of the facilities, approximately 15–20 dia-
betics are seen daily at the outpatient departments, making a total of
about 180–300 diabetic patients per month, based on an average of
three clinic days per week.

5. Study population

The study population are adults with uncontrolled diabetes at-
tending the selected primary healthcare clinics at low-resource settings
in Buffalo City Metropolitan Municipality and Amathole health dis-
tricts, who meets the eligibility criteria.

The eligibility criteria includes being 18 years of age and above;
diagnosed of diabetes at least in the last 6 months; currently receiving
treatment at selected clinics; on a stable medication for at least three
months prior to recruitment; a HBA1c level> 7% or a morning random
blood sugar more than 10mmol/L; possession of a mobile phone with
ability to retrieve and read SMS or have someone who is available to
help with reading the SMS daily; willingness to receive SMS for the
period of the study.

The exclusion criteria include having health or mental conditions
that could interfere with the study or the ability to use the mobile
phone or comprehend messages, pregnancy or plan to get pregnant in
the next six months, debilitated or handicapped in such a way that
obtaining anthropometric measurements could be challenging.

Eligible participants will be recruited sequentially at the selected
health facilities on the clinic days. Recruitment process started in
July–August 2018. Intervention commenced in September which is to
run till end of February before the commencement of the post-inter-
vention data collection.

6. Sample size calculation

The previously reported mean HBA1c in the setting was 10.6% and
standard care for diabetes using metformin has been reported to reduce
HbA1c by 1% (11 mmol/L) [32,33]. Assuming the intervention adds an
extra 0.5% and considering a standard deviation of 1 and an alpha error
level of 5%, the two-tailed calculation gives a power of over 90% with
only 84 participants in each of the control and intervention group. If
20% loss of participants to follow-up is anticipated [24], a total of 108
participants is required in each group.

7. Randomisation

The guideline for the management of diabetes is similar across all
the primary health care facilities in South Africa [32], thus, all clinics
are considered eligible; although the quality of care might vary across
various health facilities as a result of available infrastructures as well as
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the available human resources and the experiences of the care provi-
ders. Of all the eight municipalities/districts, two were conveniently
selected. In each selected district, the diabetes clinics were assessed for
available facilities such as human resources, HbA1c testing, available
diabetes support programmes. The information were obtained from the
various facilities or unit heads as deemed appropriate. The obtained
information were scored and used to stratify the diabetes clinics into
two levels; average and low resourced clinics. All the clinics were as-
signed an identification number which were hidden from the study
statistician. One average-resourced and two low-resourced clinics were
selected from the two selected districts, summing up to 6 clinics; 4 low
resourced and 2 high resourced clinics. From the clinics selected, de-
mographic and other basic information were obtained to screen for
eligibility. From the sample size calculation, 108 participants are re-
quired in both arms of the study, therefore, 36 participants are required
from each of the six selected clinics. After the collection of the baseline
data, randomisation will take place, where individuals are randomly
assigned to either the intervention or the control arm using a simple
randomisation technique with a 1:1 allocation ratio using the assigned
ID numbers. The study statistician will randomly select 36 participants
from the list of eligible participants from each clinic, adjusting for age
and mean duration of diabetes. Participants in the intervention arm will
then be contacted to ascertain their preferences in terms of the pre-
ferred language of communication; either the locally spoken Xhosa
language or English, preferred time of receiving SMSs, name and con-
tact of next of kin or the available support person (see Fig. 1).

8. Blinding

The study statistician involved in the randomisation will be blinded
to every identifying information. Due to the nature of the study, it will
be impossible for the research staff conducting the SMS intervention
and the patients in the intervention arm to be blinded to the inter-
vention. However, the primary outcome, the random blood sugar which
is an objective measure, and other secondary outcomes will be blinded
to treatment allocation.

9. SMS development

The contents of the SMS to be used for the study were developed by
a team involving the principal investigator, supervisor, family physi-
cian, endocrinologist and a nurse. The team followed the Society for
Endocrinology, Metabolism and Diabetes of South Africa (SEMDSA)

guideline for the management of diabetes, the health education mate-
rials from the National Diabetes Education Programme and some
sample messages from the previously documented pilot studies which
were documented to be efficient [18,24]. Also, the health care needs of
the participants was not neglected. The SMS was developed in English
and translated to Xhosa by a professional translator. The two versions of
the messages were then pre-tested by sending them out to various
people, including those with little or no level of education, to ascertain
simplicity and clarity. Modifications were made using various feed-
backs received.

10. Quality control and data management

In order to ensure accuracy of data, the same team constituting the
principal investigator, and trained research assistants will conduct all
interviews, measurements and data collection at all the centres. The
team led by the PI will constantly check the data for completeness and
accuracy with constant feedbacks from the team. The obtained data
were captured on an excel spreadsheet, using double-entry measure to
improve accuracy. Only the PI will have access to the data.

11. Outcome measures assessment

The assessment of the outcome measures will be conducted at
baseline and at 6 months after randomisation. At baseline, demographic
data, self-reported measures will be obtained using a validated ques-
tionnaire via face-to-face interviews, and clinical measures will be ob-
tained from the available clinical records while the assessment of blood
glucose level will be carried out following standard procedure.

The primary outcome measure is the change in mean morning
random sugar. The choice of assessing the random blood glucose was
made after preliminary investigations at the various primary healthcare
clinics indicated that majority of these diabetic patients only get to
check their HbA1c level once in a year. Similar report was documented
by Daramola's [34] study conducted among diabetics in another pro-
vince of South Africa. As such, relying on the HbA1c as a measure of
making clinical judgement regarding glycaemic control may be un-
realistic in this setting and most especially at this level of healthcare
where a large number of these patients are being managed. Several
studies have long correlated the fasting and random blood sugar with
HbA1c [35–38]. Although it is not acceptable as a gold standard for
measuring glycaemic control, it could however be an alternative mea-
sure in low-resource settings as this, where obtaining HbA1c level still

Fig. 1. Flowchart for recruitment process.
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seems to be challenging.
Demographic information and clinical history will include age,

gender, level of education, employment status, income, duration of
illness, presence of other comorbidity and medication use.

Other secondary outcome measures will be obtained used pre-
viously validated tools:

• Knowledge of diabetes will be obtained with the validated
Simplified Diabetes Knowledge Test Questionnaire-2, the true/false
version [39].

• Medication adherence will be assessed with a self-designed, medi-
cation adherence questionnaire

• Health Related quality of life will be assessed with the EQ-5D quality
of life questionnaire [40].

• Diabetes self-management behaviour using the Diabetes Self-man-
agement questionnaire [41,42].

• Co-morbid outcomes (hypertension and obesity) will be obtained
through blood pressure measurement and anthropometric mea-
surements (body weight, height, and waist and hip circumference).

• Compliance with appointment will be assessed via the appointment
and visit records of the patient.

• Behavioural characteristics (smoking, alcohol use and physical ac-
tivity using the WHO STEPwise approach.

• Acceptability of the SMS intervention using the participants' feed-
back obtained through some sample questions from a validated tool
[18]

• Feasibility of the study was assessed by the recruitment and the
retention rates

12. Study intervention procedure

Both the intervention and the control groups will proceed with their
usual care including all medical visits, tests and diabetes support pro-
grammes. In addition, the intervention group will receive short message
services (SMS) at an agreed time of the day, tailored according to their
needs, care plan and goals. Participants will as well receive motiva-
tional and support messages, and advice on lifestyle behaviours like
diets, physical activity and smoking cessation and medication and ap-
pointment reminders. Where appropriate to their care, participants will
also receive reminders to check their blood glucose levels. Some sam-
ples of the SMS contents are shown in Table 1 below.

13. Data analysis

At baseline, relevant summary statistics was used to assess for si-
milarity in the baseline information across the two study groups.
Afterwards, all imbalances were adjusted for. The treatment evalua-
tions will be performed based on the principle of intention-to-treat
(ITT). Continuous variables will be summarised as numbers of observed
values, means, standard deviation, median, minimum and maximum.
Categorical variables will be described as frequency and percentage.
Chi-square and Fisher’s exact test will be used to assess the difference
between groups for categorical baseline variables. For continuous
variables, analysis of variance will be used to assess the difference in
the baseline characteristics of the study participants between the in-
tervention and control group. The effect of the intervention on the
primary outcome between the two groups and at the two periods will be
assessed using the random effects mixed-model analysis. Linear re-
gression will be used to assess the effect of the intervention on sec-
ondary outcome measures between the two groups and two periods. All
statistical tests will be two-sided at 5% significance level. The Statistical
Package for Social Sciences (SPSS) version 22 was be used for data
analysis.

14. Ethics and dissemination

The ethical approval for this study was obtained from the University
of Fort Hare Research Ethics Committee. After this, approval was
sought from the Eastern Cape Departments of health. On receiving this,
the approval from all the included sub-districts was also obtained. Also,
approval was obtained from the clinic managers. Lastly, verbal and
written informed consent was obtained from the participants before the
commencement of the study, after due explanation of the research
purpose and aims. Rights to anonymity and confidentiality will be en-
sured throughout the study and participants consented to referral to
further care in case of detection of abnormal findings.

Data obtained will be published in peer reviewed journals and
presented at conferences after due communication with the patients,
health district, relevant stakeholders and the general public.

15. Discussion

This paper presents the protocol for a two-arm, parallel RCT aimed
at assessing the effectiveness, acceptability and feasibility of mHealth
technology in promoting treatment outcomes among diabetic patients
with uncontrolled glycaemic status in the low-resource settings of the
Eastern Cape Province of South Africa. The specific mHealth technology
being evaluated is the mobile phone SMS and the particular treatment

Table 1

CORE MESSAGES
Control of your blood glucose level require you to eat good food, do exercise and

regularly use your pills/insulin as prescribed. Your nurse, dietician and doctor
can assist you.

You are the most important member of your healthcare team because you are the one
who manage your diabetes day by day.

It is important to know your blood glucose level overtime because you do not want
your blood sugar to get too high.

Do you know if your sugar is normal or close to normal, you have less chances of
developing heart problems, stroke, eye problems and kidney problems? The
answer is YES!!!

HEALTHY EATING
Eating healthy diet is an important aspect of your diabetes management. It will help

in controlling your blood glucose level.
Ensure you make a diabetes meal plan with the help of your nurse.
Choose food such as fruits, vegetables, whole grains, bread, cereals, low-fat or

skimmed milk and cheese.
Water is the best drink. Choose water rather than juice, regular soda, Twizza drink or

coke
Avoid using too much margarine, butter, mayo or salad dressing
STRESS AND MOOD MANAGEMENT MESSAGE
Hello [name]. Too much stress can increase your blood sugar. Make sure you have

fun and do something you enjoy today. This will help you reduce stress and
improve how you feel.

Are you feeling down? If yes, ask help from a friend, family member, clergy,
counsellor or your nurse today.

REMINDERS
Have you taken your pills today?
Hello [Name]. Did you check your sugar level today or recently?
Hi [Name]. Tomorrow is your next appointment visit to your nurse, do not forget.

Going for your appointment help you and your nurse/doctor manage your
diabetes better.

FOOT CARE
Check your feet regularly for blisters, red spots or swelling
Looking after your feet will help you prevent foot problems in the future
EXERCISE
Set a goal to become more active most days of the week. Start slow by taking 10min'

walk, three times a day.
Stay at or get healthy weight using your planned diets and doing more exercise
SMOKING AND ALCOHOL
Avoid taking alcohol in order to better control your diabetes level
Hi [Name]. Good management of your diabetes includes not smoking. Talk to your

nurse about how they can help.
GENERAL
Brush your teeth daily and floss to keep your mouth, teeth and gums healthy
Report any changes you observe in your health to your nurse/doctor.
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outcomes of interest are adherence to medication and lifestyle regimen,
diabetes knowledge, health-related quality of life, clinic attendance and
clinical outcomes such as change in mean blood glucose, blood pressure
and weight. It has been documented that the use of innovative tech-
nologies, including the SMS is a measure of promoting and improving
health, even at a low-cost [27–29]. The use of the mobile phone SMS
will assist in overcoming barriers in information dissemination re-
garding diabetes, its management and for enhancing the required be-
havioural change, if effective.

Even though there are documented studies on the use of mobile
phone SMS in promoting adherence and glycaemic control in many
developed countries and few developing countries [25–29], there are
no such studies on diabetes in South Africa. Although its use for other
chronic health conditions such as hypertension has been documented, it
is however important to evaluate its effectiveness with regards to dia-
betes on its own, considering the complexity of diabetes management
and expected lifestyle and behavioural modifications.

This intervention uses a multi-centre approach which is rarely in use
in previous studies of this nature, especially in developing countries and
this approach is sometimes preferable [24]. Also, the use of the multi-
centre approach will assist in prompt recruitment of the participants as
there are hardly any record of patients in place in majority of the
clinics, so we rely only on whichever diabetic patient visits the clinic
during the recruitment period. Nonetheless, this study will be limited to
few centres due to time and financial restraints. Also, to avoid bias,
randomisation will only take place after identification of potential,
eligible participants.

Likewise, we focused on the low-resource areas and we chose to
evaluate this intervention at the primary healthcare level where human
power, and resources are limited, yet, where majority of the chronic
patients are managed. This intervention is not considered tedious as
only a minimal technological skill is required. The short messages will
be sent using an internet-based bulk SMS platform with options to show
the status of the message as either delivered, read or not delivered. This
study differs in that it is not conducted in urban areas as usually done in
previous studies and it is targeted at individuals with little level of
education who are usually found in these areas.

It is worthy of note that the HBA1c which is considered the gold
standard will not be used as a yardstick for measuring glycaemic con-
trol in this study. This is owing to the fact that HBA1c is rarely con-
ducted at the prescribed interval for the patients with uncontrolled
diabetes in this settings, despite being emphasised in the diabetes
management guideline [32]. The unpublished data gathered during the
preliminary studies shows that less than a quarter of these patients has
had their HBA1c level evaluated in the last six months. As such, we rely
on the most feasible and practical measure at this level of healthcare
which is the morning random blood sugar. This test, even though not
considered a gold standard is seen as an easy measure and is the more
feasible option sometimes used in making clinical judgement at this
level of healthcare in this setting. Studies have already correlated this
measure with the HBA1c and supports that it be used with caution in
resource-limited settings where access to HBA1c test is limited. How-
ever, in order to give room to little changes, the average of the blood
sugar reading at the point of data collection and the two previous
readings in the last two months will be used in this study, since the
majority of the patients visit the clinic every month and will likely get
this test done at each visit.

The findings of this study will assist in determining the effectiveness
of this innovative measure even in the least opportuned level of health
care system where many of these patients are being managed.
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trial number: PACTR201810599931422.
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