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Abstract

South Africa is confronted with a high burden of diabetes, the majority of which are poorly

controlled. The use of mHealth, specifically text messaging for fostering health, is evolving

and studies on its efficacy, the majority of which were conducted in developed countries,

have documented mixed findings. There is no such study done amongst patients living with

diabetes in the resource-poor settings of South Africa. The aim of this study is to determine

the efficacy, acceptability and feasibility of text-messaging in improving glycaemic control

and other clinical outcomes among individuals living with diabetes in low-resource settings

in Eastern Cape, South Africa. The study adopted a multi-centre, two-arm, parallel, rando-

mised-controlled trial design. The study was conducted amongst patients with an uncon-

trolled glycaemic status. Participants were randomly assigned to the intervention (n = 108)

and the control arm (n = 108). Participants in the intervention arm received daily educational

text messages on diabetes for six months. Data was collected at baseline and six months

post-intervention. Blood glucose, blood pressure and anthropometric measurements fol-

lowed standard procedure. Mixed-model analysis was used to assess the impact of the text

messages on blood glucose while linear regression was used to assess its effect on other

clinical outcomes such as weight, body mass index, systolic and diastolic blood pressure.

The mean age of the participants was 60.64 (SD± 11.58) years. The majority of the partici-

pants had a secondary level of education (95.3%) and earned 104.80 to 991.42 USD per

month (67.7%). Both arms of the study showed improvement in their blood glucose levels,

but the intervention did not have any significant effect, the mean adjusted change in blood

glucose was 0.26 (-0.81 to 1.32), p = 0.634. Also, the intervention did not have any signifi-

cant effect on weight, body mass index, systolic and diastolic blood pressure. Almost all par-

ticipants (90.74%) were pleased with the intervention and felt it was helpful. Of those who

participated in the intervention, 91% completed the follow-up after 6 months. Unidirectional

text-messaging was acceptable and feasible amongst adults living with diabetes in this
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setting. However, its efficacy in improving glycaemic status and other clinical outcomes

remains doubtful.

Trial Registration: Pan African Clinical Trial Registry PACTR201810599931422.

Introduction

Diabetes is a significant public health and socio-economic challenge worldwide with an

increasing prevalence and burden [1]. It is also a leading cause of disability and death in both

the developing and developed countries [2,3]. The burden of diabetes is higher in developing

countries where there is a lack of effective and adequately equipped health care systems as well

as poor prevention strategies [4]. South Africa ranks second, just after Ethiopia, amongst the

African countries with the highest prevalence of diabetes [2]. The burden of diabetes in South

Africa as with other nations is further complicated by a high level of sub-optimal control [5].

Several studies conducted in South Africa have recorded a high level of uncontrolled diabetes,

ranging from 69.3% in the Northwest Province to as high as 84% in the Eastern Cape Province

[6,7].

Various factors have been shown to be associated with a high level of uncontrolled diabetes.

These include patients-related factors, like the duration of disease, a poor level of knowledge, a

low level of adherence to drugs and the recommended lifestyle regimen, poor self-manage-

ment behaviour and low self-efficacy [6,8–10]. Other patient-related factors are socio-demo-

graphic characteristics, like younger age, a low level of education and income [11]. Health

system-related factors such as shortage of manpower, a deficiency in disease management

guidelines and poor infrastructures sometimes also impact on the treatment outcomes, includ-

ing the glycaemic control of patients [10, 12]. Several other cardiovascular risk factors like obe-

sity, physical inactivity, alcohol use and smoking also contribute to the growing burden of the

sub-optimal control of diabetes [13,14]. Given the central role of the patients in the manage-

ment of diabetes, interventions that are aimed at educating and empowering the patients are

crucial [15,16]. Traditional measures of educating and empowering the patients through face-

to-face interactions are becoming challenging due to the excessive healthcare system workload

exacerbated by a shortage of manpower. This is currently being augmented with several forms

of distance education using various technological measures [17,18].

The unprecedented rise in mobile technology and the continuous improvement in mobile

cellular network coverage across the world have prompted the use of information and commu-

nication technology (ICT) measures to advance healthcare[19]. Information and communica-

tion technology measures are now being used to educate patients, create awareness, send

reminders, share results, collect data, amongst many other functions [19]. Plausibly, improve-

ment in knowledge, which could result from distance education via ICT measures could also

bring about an improvement in self-management and self-efficacy of individuals and ulti-

mately promote health [17]. Specifically, the use of text messaging for health promotion is

encouraged because of the direct linkage to the recipient, the confidentiality and convenience

of the message, as well as the spontaneity of delivery, and the appealing nature [17, 20, 21].

Many of the studies utilising text messaging for promoting health amongst individuals living

with diabetes were conducted in developed countries [22–27], a few in developing countries,

including some African countries resulting in varied and mixed findings [28–31], but none in

South Africa. In addition, the use of text messaging among patients living with diabetes has

been sparsely investigated in rural areas. This study, therefore, sought to determine the
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efficacy, acceptability and feasibility of text messaging in promoting glycaemic control and

improvement in other clinical measures amongst patients living with diabetes attending pri-

mary health care facilities in resource-poor areas of Eastern Cape, South Africa.

Materials and methods

The study adopted a multicentre, two-arm, parallel, randomised controlled trial design. The

study assessed the effectiveness of a six-month mobile phone SMS intervention in addition to

diabetes standard care in promoting glycaemic control and improvement in other clinical

outcomes.

Study setting

The study was conducted at the outpatient departments of six selected primary healthcare cen-

tres in two districts in Eastern Cape, South Africa. The Eastern Cape Province was created in

1994, and include areas from the Xhosa homelands of the Transkei and Ciskei, as well as part

of the Cape Province. The Eastern Cape Province is one of the poorest provinces in South

Africa [32]. It consists of two metropolitan municipalities, namely, Buffalo City and the Nelson

Mandela Bay Metropolitan Municipality as well as six district municipalities; Alfred Nzo,

Amathole, Chris Hani, Joe Gqabi, OR Tambo and Sarah Baartman [32]. The study was con-

ducted at the outpatient departments of the six selected primary healthcare centres in Buffalo

City Municipality and Amathole Districts, of the Eastern Cape Province, South Africa.

Study population

The study population was adults with uncontrolled diabetes attending the selected primary

healthcare clinics in the Buffalo City Metropolitan Municipality and Amathole health districts,

who met the eligibility criteria.

Inclusion criteria

The inclusion criteria were age 18 years or above; diagnosed with diabetes at least in the last 6

months, currently receiving treatment at the selected clinics, on stable medication for at least

three months prior to the recruitment, and with an uncontrolled glycaemic control. In addi-

tion to that, the eligible participants must be in possession of a mobile phone, they must be

able to retrieve and read SMSs (or have someone who is available to assist with reading the

SMS daily) and they must be willing to receive SMSs for the period of the study.

Exclusion criteria

Participants were excluded from the study if they had health or mental conditions that could

interfere with the study or their ability to use or read messages on their mobile phones. Being

pregnant or planning to get pregnant within the next six months, and being debilitated or

handicapped in such a way that obtaining anthropometric measurements could be challenging

were the other exclusion criteria.

Eligible participants were recruited sequentially at the selected health facilities on the clinic

days. The recruitment process commenced on the first of July and lasted until the end of

August, 2018. The intervention was performed between September 2018 and February 2019,

while post-intervention data were collected between March and April 2019.
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Sample size calculation

The previous reported mean HBA1c in the setting was 10.6% [33] and standard care for diabe-

tes using metformin has been reported to reduce HbA1c by 1% (11 mmol/L) [34]. Assuming

the intervention adds an extra 0.5% (5.5 mmol/L) and considering a standard deviation of 1

and an alpha error level of 5%, the two-tailed calculation gives a power of 90% with only 84

participants in each arm of the study [29]. A 20% loss of participants to follow-up was antici-

pated, and a sample of 108 participants was required in each group.

Randomisation

The guideline for the management of diabetes is the same across all the primary health care

facilities in South Africa [33], thus all clinics were considered eligible; although the quality of

care might vary across various health facilities as a result of available infrastructures as well asa-

vailable human resources and the experiences of the care providers. Two of the eight health

districts were conveniently selected, from which six clinics were randomly selected. Demo-

graphic and other basic information were obtained from the selected clinics, in order to screen

for eligible participants. From the sample size calculation, 108 participants were required in

each arm of the study, therefore, 36 participants were required from each of the six selected

clinics. The 36 participants were randomly selected from the list of eligible participants from

each clinic, adjusting for age and mean duration of diabetes. Baseline data were obtained from

the randomly selected participants, after which the individuals were randomly assigned to

either the intervention or the control arm using their assigned identification number, follow-

ing a simple randomisation technique, with a 1:1 allocation ratio. Participants in the interven-

tion arm were then contacted to ascertain their preferences in terms of the language of

communication (either the locally spoken isiXhosa language or English), time of receiving the

SMSs, the name and contact of a next of kin or the available support person. The flowchart for

the recruitment, randomisation, allocation and retention of study participants is shown in Fig

1.

Blinding

The study statistician involved in the randomisation was blinded to all identifying information

to avoid bias. Due to the nature of the study, it was impossible for the research staff conducting

the SMS intervention as well as the participants in the intervention arm to be blinded to the

intervention. However, participants in the control arm were blinded to the intervention. The

participants involved in the intervention were privately contacted after randomisation to

remind them of the intervention process and aim. The primary outcome, random blood glu-

cose, as an objective measure, and all other measures were also blinded to the treatment

allocation.

SMS development

The principal investigator and her supervisor was supported by a family physician and a nurse

in the development of the contents of the SMSs that were sent to the participants. The team fol-

lowed the Society for Endocrinology, Metabolism and Diabetes of South Africa (SEMDSA)

guideline for the management of diabetes, the health education materials from the National

Diabetes Education Programme and some sample messages from previous studies which were

documented to be efficient [23,35]. The overall health care needs of the participants were not

neglected. In addition to that, some gaps in diabetes management in the study setting, as iden-

tified in the baseline data also influenced the SMS content. Finally, the opinions of the
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clinicians and other healthcare workers involved in the management of the patients were put

into consideration. The SMS was developed in English and translated to isiXhosa by a profes-

sional translator. Both versions of the message were then pre-tested by sending them out to

various people with similar characteristics as the study participants, including those with little

or no level of education, to ascertain whether they found the message to be easy, simple and

clear. Modifications were made using the various feedbacks received. The integrated behaviour

change framework further guided the intervention [36]. The Integrated Behaviour Change

framework adopted in this study describes the approach and processes which can be utilised to

influence health behaviors. The Integrated Theory of Behaviour change proposes that the initi-

ation and continual engagement in health behaviour change (physical activities, compliance

with dietary recommendations, adherence to medication use and appointment compliance)

can be facilitated by improving condition-specific health beliefs and knowledge, self-regulation

skills and ability (goal setting, self-monitoring, reflective thinking, decision making, planning

and plan enactment) and social facilitation (support from healthcare centre, support group,

SMS, health education). This proximal change, in terms of improved health behaviours could

lead to improvement in long-term outcomes related to health, such as blood pressure and glu-

cose control and weight loss. Some examples of the sent text messages are presented in

Table 1.

One SMS was sent daily, including weekends, and every participant received an average of

184 SMSs for the duration of the study. Core messages which provided a general motivation

and educative messages on diabetes were sent thrice a week and messages specifically focusing

on dietary aspects were sent twice a week. Messages selected randomly from the various other

sections were sent once a week. In this setting, appointments were fixed for every 28 days,

thus, individualised reminders for appointments were sent once a month, based on the date of

the next appointment provided by the patients. In addition, the few patients who admitted to

Fig 1. Flowchart of study participants.

https://doi.org/10.1371/journal.pone.0224791.g001
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taking alcohol and smoking, received messages regarding alcohol use and smoking once every

weekend. The SMSs were sent through an online bulk SMS platform named Zoomconnect.

The platform allows several messages to be sent at once and scheduled when needed. The plat-

form also provided information on the delivery status of the messages (Details of the SMS con-

tents are provided in S1 File).

Assessment of outcome measures

The assessment of the outcome measures was conducted at baseline and at six months after

randomisation. At baseline, demographic data and self-reported measures were obtained

using a validated questionnaire[34]. Clinical measures were obtained from the available clini-

cal records while the assessment of blood glucose level and other measures followed standard

procedure.

Table 1. Examples of SMS contents.

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 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

helps 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 10 minutes’ 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.

https://doi.org/10.1371/journal.pone.0224791.t001
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The primary outcome measure was a change in the mean morning random sugar, which

was measured using an Accu-chek glucose monitoring device. The choice of assessing the ran-

dom blood glucose was made after preliminary investigations at the various primary healthcare

clinics, which indicated that the majority of the patients with diabetes only get to check their

HbA1c level once in a year. A similar report was documented by Daramola’s [37] study con-

ducted amongst people living with diabetes in another province in South Africa. As such, rely-

ing on the HbA1c level as a measure for making clinical judgement regarding glycaemic

control may be unrealistic 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 fasting

and random blood sugar with HbA1c [38–40]. Although it is not the gold standard for measur-

ing glycaemic control, it could, however, be an alternative measure in resource-poor setting as

this, where obtaining the HbA1c level still remains challenging.

Demographic information and clinical history included age, gender, level of education,

employment status, income, duration of illness, presence of other comorbidity and medication

use.

Other secondary measures were co-morbid outcomes (hypertension and obesity), obtained

through blood pressure measurement and anthropometric measurements (body weight and

body mass index). Additionally, the acceptability of the SMS intervention was assessed using

the participants’ feedback obtained through sets of validated questions [23]. Lastly, the feasibil-

ity of the study was determined by the recruitment and retention rates. Further details of the

study intervention is provided in the study protocol S2 File [41].

Study intervention procedure

Both the intervention and control groups proceeded with their usual care including all medical

visits, tests and diabetes support programmes. In addition, the intervention group received the

SMS at an agreed time of the day, according to their needs, care plan and goals. Participants

also received motivational and support messages, advice on lifestyle behaviours like diets,

physical activity, smoking cessation, medication and appointment reminders. Participants in

the control arm only continued with their usual diabetes care at their clinics.

Ethics considerations

The University of Fort Hare Research Ethics Committee granted the ethical approval for this

study. Approval was also sought from the Eastern Cape Department of Health, which included

health districts as well as the clinic managers. Verbal and written informed consent was

obtained from the participants, before the commencement of the study, after thorough expla-

nation of the research purpose and aims. Rights to anonymity and confidentiality were

ensured throughout the study and the participants consented to referral to further care in case

of detection of abnormal findings.

Data analysis

Statistical analysis followed the Intention-to-Treat principle. Descriptive statistics were used to

summarise the demographic and baseline characteristics. Continuous variables were summa-

rised as numbers of observed values, means, standard deviation, minimum and maximum.

Categorical variables were described as frequency and percentages. Chi-square and Fisher’s

exact test were used to assess the difference between groups for categorical baseline variables.

For continuous variables, analysis of variance was used to assess the difference in the baseline

characteristics of the study participants between the intervention and the control group. The

effect of the intervention on the primary outcome between the two groups and at the two
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periods was assessed using the random effects mixed-model analysis. Scaled Identity covari-

ance structure was used as it produced the least AIC level, with minimal study parameters.

Adjustments were made for the type of diabetes, and the baseline outcomes.

Linear regression was used to assess the effect of the intervention on secondary outcome

measures between the two groups and two periods. The assumption underlying the analysis of

missing variables was that the data were missed completely at random. Missing data were

imputed for both the primary and secondary variables using the mean of the variables assessed.

A total of 42 participants were lost to follow-up, 10 in the intervention arm and 32 in the con-

trol arm, and their missing values were imputed. Sensitivity analyses were performed on

assumptions that missing data were not missed at random and the worst-case scenario. All sta-

tistical tests were two-sided at 5% significance level. A p-value of<0.05 was considered statisti-

cally significant. The Statistical Package for Social Sciences (SPSS) version 23 was used for data

analysis (SPSS Inc., Chicago, IL, USA).

Results and discussion

Of the 216 participants, 108 were in the intervention arm and 108 in the control arm. For both

the intervention and the control group, the majority of the participants were females (83.30%

vs 85.20%). More than half of the study participants had grades 8–10 (high school) level of edu-

cation (58.30% vs 58.30%), and the majority had no form of employment (78.70%; 88.90%).

The age of the participants ranged from 18 to 87 years. Overall, the mean age of the partici-

pants was 60.64 (SD± 11.58) years while the mean income was 108.45 (SD ± 120.20) USD

(Table 2).

For both the intervention and the control group, the majority of the participants had Type

2 diabetes (97.20% vs 90.70%), were being treated with oral pills (76.90% vs 74.10%), had con-

comitant hypertension, (80.60% vs 85.50%) and were receiving treatment for hypertension

(75.00% vs 86.80%). Only a small percentage of the participants had no health comorbidity;

27.80% and 16.70% for the intervention and control groups, respectively.

The mean duration of diabetes was 9.06 (SD ± 7.38) years, while that of diabetes treatment

was 8.81 (SD ± 7.20) years.

The average random blood glucose level was 14.29 (±4.39) mmol/L for those in the inter-

vention group and 14.39 (±3.41) mmol/L for those in the control arm. There was no significant

difference in all the secondary clinical measures at baseline (Table 3).

Impact of the daily text-messaging on glycaemic control

The mean difference in the blood glucose from baseline to six months post-intervention for

the intervention group was– 1.58 (SD ± 5.29), while that of the control group was– 1.95

(SD ± 4.69). The mean difference in the change in blood sugar between the two groups from

baseline to post-intervention was 0.51 (-0.80 to 1.82), with no significant difference

(p = 0.441). After adjusting for baseline blood glucose level, diabetes and treatment type, the

mean difference was 0.26 (-0.81 to 1.32), with no significant difference (p = 0.634). The inter-

vention did not have a significant effect on glycaemic status.

Both the intervention and the control group showed slight improvements in the secondary

outcomes with no significant difference. There was no significant difference in the mean

change in weight, 0.02 (-1.84 to 2.92; p = 0.654), body mass index, 0.03 (-0.54 to 1.24;

p = 0.439), systolic blood pressure, -0.03 (-4.98 to 2.93; p = 0.610) and diastolic blood pressure,

-0.04 (-2.68 to 1.40; p = 0.535).
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Acceptability and feasibility of the text messaging intervention

Regarding the acceptability of the text messaging (Table 4), the majority of the participants

(n = 98; 90.74%) who completed the post-intervention survey indicated the helpfulness of the

SMS. Of the 98 participants, 43% maintained that the SMS provided more information about

their health and the required diet for health promotion. Also, 24.7% stated that the SMS was a

form of reminder to take their medication, while 15.5% said that the SMS not only provided

Table 2. Demographic characteristics of study participants by study groups.

Variables Intervention

n (%)

Control

n (%)

p-value

Gender

Male 18 (16.70) 16 (14.80) 0.426

Female 90 (83.30) 92 (85.20)

Level of education

No formal schooling 3 (2.80) 2 (1.90) 0.965

Grade 1–7 39 (36.10) 41 (38.00)

Grade 8–12 63 (58.30) 63 (58.30)

Tertiary 1 (0.90) 1 (0.90)

Post-graduate 2 (1.90) 1 (0.90)

Marital status

Never married 16 (15.20) 31 (29.00) 0.018

Married 55 (52.40) 47 (43.90)

Divorced 6 (5.70) 2 (1.90)

Widowed 28 (26.70) 23 (21.50)

Employment status

Government employee 2 (1.90) 0 (0.00) 0.209

Non-government employee 7 (6.50) 3 (2.80)

Self-employed 5 (4.60) 2 (1.90)

Student 0 (0.00) 1 (0.90)

Retired 9 (8.30) 6 (5.60)

Unemployed 85 (78.70) 96 (88.90)

Average current monthly Income (Rand)

0–1500 39 (37.50) 24 (24.50) 0.032

1501–14200 65 (62.50) 74 (75.50)

n = Frequency. For intervention group, n = 108; while for control group, n = 108

https://doi.org/10.1371/journal.pone.0224791.t002

Table 3. Other clinical characteristics of the patients.

Clinical outcomes Intervention

Mean (±SD)

Control

Mean (SD)

p-value

Weight (Kg) 83.76 (15.30) 82.09 (17.24) 0.451

Waist circumference (Cm) 98.52 (20.21) 100.23 (15.67) 0.487

Hip circumference (Cm) 109.88 (18.98) 111.69 (21.43) 0.513

Systolic blood pressure (mmHg) 144.28 (21.15) 146.26 (23.84) 0.519

Diastolic blood pressure (mmHg) 82.28 (10.25) 82.75 (15.07) 0.793

Random blood glucose (mmol/L) 14.29 (4.39) 14.39 (3.41) 0.851

Body mass index (Kgm-2) 32.21 (5.63) 32.14 (7.16) 0.933

https://doi.org/10.1371/journal.pone.0224791.t003
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more information, but also served as reminders to take their medication, and was a source of

motivation.

When asked about the timing of the SMS delivery, almost all of the participants (98%) were

satisfied with the timing of the SMS delivery. Nearly all of the participants (95.9%) declared

their readiness to continue receiving the SMS even after the completion of the study should

the researcher decide to continue with the SMS.

With regards to the feasibility of th study, out of the 108 participants who participated in

the SMS intervention, 91% completed the study. Each of the study participants received a daily

SMS throughout the six months, averaging to 180 SMSs per participant.

Discussion

This study assessed the impact of daily text messaging in addition to standard care on improv-

ing glycaemic status and secondary clinical outcomes amongst individuals with diabetes in

resource-poor settings in the Eastern Cape Province, South Africa. Sub-optimal glycaemic

control is a significant threat to the health of individuals living with diabetes and contributes

significantly to the development of microvascular and macrovascular complications [42–44].

At six months post-intervention, both the participants who received the SMS and those who

did not receive the SMS, showed improvement in their blood glucose level without any signifi-

cant difference, even after adjusting for diabetes type and baseline outcome. A similar finding

amongst a small sample of patients (90 patients in both arms) in India, indicated a decline in

the blood glucose level of participants in the control and intervention groups without any sig-

nificant difference in the mean change between both groups. However, contrary to this present

Table 4. Acceptability of the text messaging intervention.

Variables Frequency

(n)

Percentage

(%)

Did you receive the daily SMS?

Yes 98 100.0

No 0 100.0

Do you think the SMS was helpful?

Yes 98 100.0

No 0 0.0

In what way did the SMS help you?

It gives me more information about my health and more especially about my

required diets

42 43.3

Reminds me to take my medication and go for my appointments 24 24.7

It motivates me 3 3.1

Reminds me to take my medication, and taught me about the required diet 13 13.4

It reminds me to use my medications, teaches me about the required diets and

helps me to stay motivated

15 15.5

Did the SMS stress you in any way?

Yes 1 1.0

No 97 99.0

Are you satisfied with the timing of the SMS?

Yes 96 98.0

No 2 2.0

If we decide to continue, would you like to continue?

Yes 94 95.9

No 4 4.1

https://doi.org/10.1371/journal.pone.0224791.t004
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study, there was more decline among those in the intervention arm [45]. Kollman et al. [46]

also documented no significant improvement in fasting blood sugar level following an SMS

intervention among patients with Type 1 diabetes in Austria. Other studies assessing the

impact of text messaging on glycaemic control mostly used the HbA1c test as a measure of gly-

caemic control and they reported mixed findings. Some studies showed statistically significant

improvement in glycaemic control [23,25,26,35], while, others reported no statistically signifi-

cant improvement in glycaemic control [46–48].

Although the use of text messaging as an adjunct to clinical care could be of help to patients

and could improve health outcomes, it is imperative to consider the interplay of several factors.

As explained by Arora et al. [47], the majority of the SMS interventions that have documented

improvement in glycaemic control amongst the participants focused more on interventions

using bi-directional text messages. The authors further stated that SMS interventions anchored

on facilitating continual linkage of the patients to their health care providers or physicians in

relation to the communicated blood sugar readings tended to yield a significant improvement

in glycaemic control [49]. A similar finding was reported by Quinn et al. [26] who adopted the

use of bi-directional messages augmented by enhanced clinical care. Sometimes, the patients’

attitude also influences the outcome. For instance, Capozza et al. [48] indicated that even

though participants had the opportunity to send their concerns to the care providers, only a

few obliged. Perhaps, the absence of the extra measures which might not have been feasible in

this study setting, could explain the non-significant result obtained.

It is well established that various factors underpin glycaemic control which ranges from

adherence to the recommended therapy, adequate knowledge, positive self-management

behaviour and self-efficacy, as well as the quality of care rendered [9,50–51]. As such, a multi-

faceted approach is required to foster improved health outcomes. Notably, the current study

was conducted among patients with uncontrolled diabetes and with a low socioeconomic sta-

tus. Low socioeconomic status, particularly a low level of income and low literacy level are

associated with a low level of adherence and poorer health outcomes, including sub-optimal

glycaemic control [11, 52–54]. Besides, the factors underlying the poor glycaemic status

among this cohort of participants are not clear. Probably, text messaging alone had minimal or

no effect on the variables influencing the poor glycaemic status of the participants in this pres-

ent study.

This study further investigated the impact of SMS intervention on secondary clinical out-

comes. There was no significant difference in the mean difference in weight reduction between

the two groups. This is in line with various reviews on the impact of the SMS on weight reduc-

tion where the text messaging usually result in no significant improvement in weight status

[22,55]. Consistent with the findings from other studies, there was no significant difference

regarding the impact of SMS on body mass index [56–60]. The two major contributors to

weight loss, namely healthy dietary practices and exercise are rarely practised or practised at a

low level among the study participants. The highlighted reasons were a lack of financial

resources, a lack of time and poor health conditions and these did not improve significantly,

even after the intervention. Therefore, the observed non-improvement in weight and body

mass index is not surprising. This could also explain the non-significant improvement in gly-

caemic status. As much as the text messaging can inform the patients about the required and

expected healthy behaviours, little can be achieved in bringing about the desirable change

without the necessary resources or finances.

Likewise, there was no significant improvement in the blood pressure levels of the partici-

pants, both the systolic and the diastolic. Several studies have shown similar findings [8, 26,

61–64]. Contrarily, a few other studies showed a significant improvement in blood pressure

following mHealth interventions [57,60,65]. The non-significant change in blood pressure
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could stem from the recorded insignificant change in blood sugar level and vice versa, since a

positive linear association often exists between the two factors. This could also be aggravated

by persistent unhealthy lifestyle behaviours, particularly, dietary practices and physical inactiv-

ity. In addition, the poor socio-economic level might have also contributed to this problem

[11, 52–54].

Acceptability of text messaging

The acceptability of the mHealth intervention was further explored among the patients. As

shown in the participants’ responses, all the participants stated that the SMS intervention was

helpful. Some of the listed benefits of the SMS were an improvement in knowledge, motivation

and functioning as a reminder. Generally, there appears to be a high rate of acceptability of

text messaging among patients with diabetes. Several studies have supported this notion

[47,48, 66–68]. Mostly, the acceptability of the text messaging intervention among patients

with diabetes has been associated with its ease of use [59,60,63]. Conversely, a mHealth inter-

vention which involved a non-user-friendly web-based interface showed a low rate of accept-

ability [57].

Feasibility of text messaging

Out of the 108 participants who took part in the SMS intervention, 91% completed the study.

Some of the participants might have lost their contact details, while others might have relo-

cated elsewhere or transferred to another level of healthcare. Though the message was unidi-

rectional, some participants still responded to some of the questions and sent some concerns

through to the investigator. For instance, the message “Have you taken your pills today?” trig-

gered responses from the participants with many responding, “Yes”. Feasibility has often been

defined in previous studies as the ability to complete the study intervention and many of the

previously published articles demonstrated the feasibility of text messaging as a tool to improve

diabetes care, even amongst youths [69–71].

The SMS intervention can be described as an acceptable intervention and a feasible and

acceptable adjunct to standard care for diabetes management. However, its efficacy in terms of

improving health outcomes needs careful consideration, especially among people in the low

socio-economic stratum, people receiving care at low-resource settings (areas with inadequate

resources such as funds to cover healthcare or inadequate equipment and supplies and fewer

trained personnel) and those attending primary healthcare clinics where quality of care might

not be optimal. Though it has been widely shown to have a potential for bringing about

improvement, this, however, requires further actions and interventions.

Strengths and limitations

Several limitations of this study should be considered when interpreting the findings. The

main limitation was the use of random blood glucose rather than the HbA1c as a measure of

glycaemic status, which might not be optimal. The sample size was calculated based on the ini-

tial plan of assessing HbA1c, though, the sample size was also appropriate for capillary blood

glucose measurement. HbA1c is an expensive measure and often unavailable or seldom done

in resource-poor settings and primary healthcare level, as this study setting. Consequently,

using HbA1c as a gold-standard for glycaemic status might not be a feasible measure. There

was an attempt to bridge this gap by assessing the average of the previous three to six blood

glucose readings, however, not all the patients had their blood glucose measured at every clinic

visit. Although participants were instructed to fast for at least 8 hours before the blood testing,

there was no way of ascertaining if they actually did, hence, the term random. Also, only a few
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of the clinics in the selected districts and only two of the eight districts in the province were

covered, thus, we cannot generalise the findings to the entire province or districts. Recruitment

of the study participants was very challenging because of the lapses in the healthcare records

system and we were only able to recruit a very few participants living with Type 1 diabetes.

Finally, there was approximately 19% loss to follow-up which might have introduced bias,

however, a sensitivity analysis was performed and it affirmed the assumption that the study

participants were missed completely at random and the result did not differ when tested,

based on various other assumptions.

Notwithstanding the limitations of the study, the study clearly demonstrated a high level of

acceptability and feasibility of the SMS intervention and a low level of efficacy among the par-

ticipants in this study. The true experimental design employed was a significant strength. The

use of a multi-centre approach added further credence to the study. The use of an objective

measure for primary data, and the use of validated tools are additional strengths. Finally, the

finding of this study could serve as a reference point for other related studies in the province,

and even in the South African context.

Conclusions

Similar to previous reports, the use of SMS is an acceptable and feasible measure and serves as

an adjunct to standard clinical care in the promotion of health amongst patients living with

diabetes in this study setting. Although there was a little improvement, the efficacy of unidirec-

tional text messaging in promoting glycaemic control and improving other clinical variables in

this study setting is still doubtful.

Supporting information

S1 File. SMS contents.

(PDF)

S2 File. Study protocol.

(DOCX)

S3 File. Study dataset.

(SAV)

S4 File. Research questionnaire.

(DOCX)

S1 Table. Consort checklist.

(DOCX)

Acknowledgments

EOO received a doctoral study grant from the South African National Research Foundation.

We are grateful to all study participants for their patience and time. Likewise, we appreciate

the management and staff of the various healthcare facilities that participated in this study as

well as the clinicians who contributed in one way or another to the study.

Author Contributions

Conceptualization: Eyitayo Omolara Owolabi, Daniel Ter Goon.

Data curation: Eyitayo Omolara Owolabi.

Efficacy of text messaging intervention on adherence and glycaemic control in South Africa

PLOS ONE | https://doi.org/10.1371/journal.pone.0224791 November 27, 2019 13 / 17

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0224791.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0224791.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0224791.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0224791.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0224791.s005
https://doi.org/10.1371/journal.pone.0224791


Formal analysis: Eyitayo Omolara Owolabi, Anthony Idowu Ajayi.

Investigation: Eyitayo Omolara Owolabi.

Methodology: Eyitayo Omolara Owolabi.

Project administration: Eyitayo Omolara Owolabi.

Supervision: Daniel Ter Goon.

Writing – original draft: Eyitayo Omolara Owolabi.

Writing – review & editing: Daniel Ter Goon, Anthony Idowu Ajayi.

References
1. World Health Organization. Global report on diabetes, Geneva, Switzerland, 2016. https://doi.org/10.

2337/db15-0956

2. International Diabetes Federation. IDF Diabetes Atlas 6th ed., Brussels, Belgium: International Diabe-

tes Federation. 2013. Available at: http://www.idf.org/diabetesatlas.

3. World Health Organization. Diabetes mellitus. Factsheet. Available from: http://www.who.int/

mediacentre/factsheets/fs138/en/ [Accessed June 3, 2018].

4. International Diabetes Federation. Diabetes in South Africa, South Africa. Available from: http://www.

idf.org/membership/afr/south-africa, 2015.

5. Kagee A. Treatment adherence in South African primary health care. South African Family Practice

[Internet]. Informa UK Limited; 2004 Nov; 46(10):26–30. Available from: http://dx.doi.org/10.1080/

20786204.2004.10873151.

6. Adeniyi OV, Yogeswaran P, Longo-Mbenza B, Goon DT. Uncontrolled Hypertension and Its Determi-

nants in Patients with Concomitant Type 2 Diabetes Mellitus (T2DM) in Rural South Africa. Reboldi G,

editor. PLoS One 2016; 11(3):e0150033. Available from: http://dx.doi.org/10.1371/journal.pone.

0150033 PMID: 26930050

7. Kadima FN, Tumbo JM. Screening of long-term complications and glycaemic control of patients with

diabetes attending Rustenburg Provincial Hospital in North West Province, South Africa. Afr J Pri Health

Care Fam Med. 2016; 5(1):1–5.

8. Liang X, Wang Q, Yang X, Cao J, Chen J, Mo X, et al. Effect of mobile phone intervention for diabetes

on glycaemic control: a meta-analysis. Diabetic Medicine [Internet]. Wiley; 2011; 28(4):455–63. Avail-

able from: http://dx.doi.org/10.1111/j.1464-5491.2010.03180.x PMID: 21392066

9. Willard-Grace R, Chen EH, Hessler D, DeVore D, Prado C, Bodenheimer T, et al. Health coaching by

medical assistants to improve control of diabetes, hypertension, and hyperlipidemia in low-income

patients: a randomized controlled trial. The Ann Fam Med. 2015; 13(2):130–138. https://doi.org/10.

1370/afm.1768 PMID: 25755034

10. Zimmet PZ, Magliano DJ, Herman WH, Shaw JE. Diabetes: a 21st century challenge. The Lancet Dia-

betes & Endocrinology 2014; 2(1):56–64.

11. Rahman MS, Akter S, Abe SK, Islam MR, Mondal MNI, Rahman JS, et el. Awareness, treatment, and

control of diabetes in Bangladesh: a nationwide population-based study. PloS one 2015; 10(2):

e0118365. https://doi.org/10.1371/journal.pone.0118365 PMID: 25692767

12. Venkataraman K, Kannan AT, Mohan V. Challenges in diabetes management with particular reference

to India. Int J Diab Develop Countries. 2009; 29(3):103–109.

13. Liu X, Li Y, Li L, Zhang L, Ren Y, Zhou H, et al. Prevalence, awareness, treatment, control of type 2 dia-

betes mellitus and risk factors in Chinese rural population: the RuralDiab study. Scientific Report 2016;

6:31426.

14. Kim SJ, Kim DJ. Alcoholism and diabetes mellitus. Diab Metab J. 2012; 36(2), 108–115.

15. Chatzimarkakis J. Why patients should be more empowered: a European perspective on lessons

learned in the management of diabetes. J Diab Sci Tech. 2010; 4(6):1570–1573.

16. Tol A, Alhani F, Shojaeazadeh D, Sharifirad G, Moazam N. An empowering approach to promote the

quality of life and self-management among type 2 diabetic patients. J Edu Health Prom. 2015; 4 (13):1–

12.

17. Balsa AI, Gandelman N. The impact of ICT on health promotion: A randomized experiment with diabetic

patients. UniversiDad ORT, Uruguay, 2010.

Efficacy of text messaging intervention on adherence and glycaemic control in South Africa

PLOS ONE | https://doi.org/10.1371/journal.pone.0224791 November 27, 2019 14 / 17

https://doi.org/10.2337/db15-0956
https://doi.org/10.2337/db15-0956
http://www.idf.org/diabetesatlas
http://www.who.int/mediacentre/factsheets/fs138/en/
http://www.who.int/mediacentre/factsheets/fs138/en/
http://www.idf.org/membership/afr/south-africa
http://www.idf.org/membership/afr/south-africa
http://dx.doi.org/10.1080/20786204.2004.10873151
http://dx.doi.org/10.1080/20786204.2004.10873151
http://dx.doi.org/10.1371/journal.pone.0150033
http://dx.doi.org/10.1371/journal.pone.0150033
http://www.ncbi.nlm.nih.gov/pubmed/26930050
http://dx.doi.org/10.1111/j.1464-5491.2010.03180.x
http://www.ncbi.nlm.nih.gov/pubmed/21392066
https://doi.org/10.1370/afm.1768
https://doi.org/10.1370/afm.1768
http://www.ncbi.nlm.nih.gov/pubmed/25755034
https://doi.org/10.1371/journal.pone.0118365
http://www.ncbi.nlm.nih.gov/pubmed/25692767
https://doi.org/10.1371/journal.pone.0224791


18. Mechael P, Batavia H, Kaonga N, Searle S, Kwan A, Goldberger A, et al. Barriers and gaps affecting

mHealth in low and middle income countries: Policy white paper. Columbia University. Earth institute.

Center for global health and economic development (CGHED): with mHealth Alliance, 2010: 1–79.

19. Beratarrechea A, Lee AG, Willner JM, Jahangir E, Ciapponi A, Rubinstein A. The impact of mobile

health interventions on chronic disease outcomes in developing countries: a systematic review. Tele-

med e-Health. 2014; 20(1):75–82.

20. Milne RG, Horne M, Torsney B. SMS reminders in the UK National Health Service: an evaluation of its

impact on" no-shows" at hospital out-patient clinics. Health Care Manag Rev. 2006; 31(2):130–136.

21. Gurol-Urganci I, de Jongh T, Vodopivec-Jamsek V, Atun R, Car J. Mobile phone messaging reminders

for attendance at healthcare appointments. Cochrane Database Syst Rev. 2013; 12(12):CD007458.

22. 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. JMIR. 2016; 18(4):

e86–e98. https://doi.org/10.2196/jmir.5425 PMID: 27095386

23. Dobson R, Whittaker R, Jiang Y, Maddison R, Shepherd M, McNamara C, et al. Effectiveness of text

message based, diabetes self-management support programme (SMS4BG): two arm, parallel rando-

mised controlled trial. BMJ 2018; 361:k1959–k1969. https://doi.org/10.1136/bmj.k1959 PMID:

29773539

24. Dobson R, Whittaker R, Yannan J, Matthew S, Maddison R, Carter K, et al. Text message-based diabe-

tes self- management support (SMS4BG): study protocol for a randomised controlled trial. Trials 2016;

17:179–189. https://doi.org/10.1186/s13063-016-1305-5 PMID: 27039300

25. Goodarzi M, Ebrahimzadeh I, Rabi A, Saedipoor B, Jafarabadi MA. Impact of distance education via

mobile phone text messaging on knowledge, attitude, practice and self-efficacy of patients with type 2

diabetes mellitus in Iran. J Diab Metab Dis. 2012; 11(1):10–18.

26. Quinn CC, Shardell MD, Terrin ML, Barr EA, Ballew SH, Gruber-Baldini AL. Cluster-randomized trial of

a mobile phone personalized behavioral intervention for blood glucose control. Diab Care. 2011;

DC_110366.

27. Wu Y, Yao X, Vespasiani G, Nicolucci A, Dong Y, Kwong J, et al. Mobile app-based interventions to

support diabetes self-management: a systematic review of randomized controlled trials to identify func-

tions associated with glycemic efficacy. JMIR mHealth uHealth. 2017; 5(3):e35–e53. https://doi.org/10.

2196/mhealth.6522 PMID: 28292740

28. Johnston L, Zemanek J, Reeve MJ, Grills N. The evidence for using mHealth technologies for diabetes

management in low-and middle-income countries. J Hosp Manag Health Policy. 2018; 2:1–14. https://

doi.org/10.21037/jhmhp.2017.12.04 PMID: 29377041

29. Kane SP. Sample size calculator. ClinCalc: https://clinncalc.com/stats/samplesize.aspx. Updated

November 10, 2017. Accessed March 2018.

30. Shahid M, Mahar SA, Shaikh S, Shaikh ZU. Mobile phone intervention to improve diabetes care in rural

areas of Pakistan: a randomized controlled trial. J Coll Physicians Surg Pak. 2015; 25(3):166–171.

03.2015/JCPSP.166171 PMID: 25772954

31. Pop-Eleches C, Thirumurthy H, Habyarimana JP, Zivin JG, Goldstein MP, De Walque D, et al. Mobile

phone technologies improve adherence to antiretroviral treatment in a resource-limited setting: a ran-

domized controlled trial of text message reminders. AIDS. 2011; 25(6):825–534. https://doi.org/10.

1097/QAD.0b013e32834380c1 PMID: 21252632

32. Statistics South Africa. South African Statistics, 2011. South Africa, 1–190. Available from: http://www.

statssa.gov.za/publications/SAStatistics/SAStatistics2011.pdf.

33. The Society for Endocrinology, Metabolism and Diabetes of South Africa Type 2 Diabetes Guidelines

Expert Committee. The 2017 SEMDSA Guideline for the Management of Type 2 Diabetes Guideline

Committee. JEMDSA 2017; 21(1)(Supplement 1): S1-S196.

34. Govender RD, Gathiram P, Panajatovic M. Poor control and management of type 2 diabetes mellitus at

an under-resourced South African Hospital: is it a case of clinical inertia? S Afr Fam Pract. 2017; 59

(5):154–159.

35. Islam SMS, Niessen LW, Ferrari U, Ali L, Seissler J, Lechner A. Effects of mobile phone SMS to improve

glycemic control among patients with type 2 diabetes in Bangladesh: a prospective, parallel-group, ran-

domized controlled trial. Diab Care. 2015; 38(8):e112–e113

36. Ryan P. Integrated theory of health behavior change: background and intervention development. Clini-

cal nurse specialist CNS. 2009 May; 23(3):161. https://doi.org/10.1097/NUR.0b013e3181a42373

PMID: 19395894

Efficacy of text messaging intervention on adherence and glycaemic control in South Africa

PLOS ONE | https://doi.org/10.1371/journal.pone.0224791 November 27, 2019 15 / 17

https://doi.org/10.2196/jmir.5425
http://www.ncbi.nlm.nih.gov/pubmed/27095386
https://doi.org/10.1136/bmj.k1959
http://www.ncbi.nlm.nih.gov/pubmed/29773539
https://doi.org/10.1186/s13063-016-1305-5
http://www.ncbi.nlm.nih.gov/pubmed/27039300
https://doi.org/10.2196/mhealth.6522
https://doi.org/10.2196/mhealth.6522
http://www.ncbi.nlm.nih.gov/pubmed/28292740
https://doi.org/10.21037/jhmhp.2017.12.04
https://doi.org/10.21037/jhmhp.2017.12.04
http://www.ncbi.nlm.nih.gov/pubmed/29377041
https://clinncalc.com/stats/samplesize.aspx
http://www.ncbi.nlm.nih.gov/pubmed/25772954
https://doi.org/10.1097/QAD.0b013e32834380c1
https://doi.org/10.1097/QAD.0b013e32834380c1
http://www.ncbi.nlm.nih.gov/pubmed/21252632
http://www.statssa.gov.za/publications/SAStatistics/SAStatistics2011.pdf
http://www.statssa.gov.za/publications/SAStatistics/SAStatistics2011.pdf
https://doi.org/10.1097/NUR.0b013e3181a42373
http://www.ncbi.nlm.nih.gov/pubmed/19395894
https://doi.org/10.1371/journal.pone.0224791


37. Daramola OF. Assessing the validity of random glucose testing for monitoring glycaemic control and

predicting HbA1c values in type 2 diabetes at Karl Bremer hospital. Masters Thesis, Stellenbosch Uni-

versity, South Africa, 2012.

38. Reidpath DD, Jahan NK, Mohan D, Allotey P. Single, community-based blood glucose readings may be

a viable alternative for community surveillance of HbA1c and poor glycaemic control in people with

known diabetes in resource-poor settings. Global Health Action [Internet]. Informa UK Limited; 2016

Aug 9; 9(1):31691. Available from: http://dx.doi.org/10.3402/gha.v9.31691

39. Makris K, Spanou L, Rambaouni-Antoneli A, Koniari K, Drakopoulos I, Rizos D, et al. Relationship

between mean blood glucose and glycated haemoglobin in Type 2 diabetic patients. Diabetic Medicine

[Internet]. Wiley; 2008 Feb; 25(2):174–8. Available from: http://dx.doi.org/10.1111/j.1464-5491.2007.

02379.x PMID: 18290858

40. Rosediani M, Azidah AK, Mafauzy M. Correlation between fasting plasma glucose, post prandial glu-

cose and glycated haemoglobin and fructosamine. Med J Malaysia. 2006; 61(1):67–71. PMID:

16708736

41. Owolabi EO, Goon DT. The use of text messaging for improving adherence to anti-diabetic regimen in

low-resource settings of South Africa: A study protocol for a randomised controlled trial. Contemp Clin

Trials Commun. https://doi.org/10.1016/j.conctc.2019.100418 PMID: 31372574

42. Asif M. The prevention and control of type-2 diabetes by changing lifestyle and dietary pattern. J Edu

Health Promot. 2014: 3:1.

43. Deshpande AD, Harris-Hayes M, Schootman M. Epidemiology of diabetes and diabetes-related compli-

cations. Physical Ther 2018; 88(11):1254–1264.

44. Kirkman MS, Briscoe VJ, Clark N, Florez H, Haus LB, Halter JB. Diabetes in older adults. Diab Care.

2012; 35:2650–2664.

45. Adikusuma W, Qiyaam N. The effect of education through Short Message Service (SMS) messages on

diabetic patient’s adherence. Scien Pharm. 2017; 5(2):23–29.

46. Kollmann A, Riedl M, Kastner P, Schreier G, Ludvik B. Feasibility of a mobile phone–based data service

for functional insulin treatment of type 1 diabetes mellitus patients. JMIR. 2017; 9(5):e36–e53.

47. Arora S, Peters AL, Burner E, Lam CN, Menchine M. Trial to examine text message–based mHealth in

emergency department patients with diabetes (TExT-MED): A randomized controlled trial. Ann Emer-

gency Med. 2014, 63(6):745–754.

48. Capozza K, Woolsey S, Georgsson M, Black J, Bello N, Lence C, et al. Going mobile with diabetes sup-

port: a randomized study of a text message–based personalized behavioral intervention for type 2 dia-

betes self-care. Diab Spect. 2015; 28(2):83–91.

49. Kim HS. A randomized controlled trial of a nurse short-message service by cellular phone for people

with diabetes. Int J Nurs Stud. 2007; 44(5):687–692. https://doi.org/10.1016/j.ijnurstu.2006.01.011

PMID: 16618486

50. Adeniyi OV, Yogeswaran P, Wright G, Longo-Mbenza B. Diabetic patients’ perspectives on the chal-

lenges of glycaemic control. Afr J Prim Health Care Fam Med. 2015; 7(1):1–8.

51. Li MZ, Su L, Liang BY, Tan JJ, Chen Q, Long JX, et al. Trends in prevalence, awareness, treatment,

and control of diabetes mellitus in mainland China from 1979 to 2012. Int J Endocrinol. 2013; Article ID

753150:1–14.

52. Assari S, Moghani Lankarani M, Piette J, Aikens J. Socioeconomic status and glycemic control in type 2

diabetes; Race by gender differences. In Healthcare 2017; 5(4):83–93.

53. Houle J, Lauzier-Jobin F, Beaulieu MD, Meunier S, Coulombe S, Côté J, et al. Socioeconomic status
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