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Diabetes mellitus is one of the most common chronic diseases worldwide, particularly in the Middle East. The
disease is classified into two types: Type 1 and Type 2. In Type 1 diabetes, which is also called insulin-dependent
diabetes, the body does not produce insulin [1]. This type is found among fewer people; approximately 5% of people
suffer with this type of diabetes [1]. In Type 2 diabetes or noninsulin-dependent diabetes, the body does not use
insulin properly [2]. This type is the most common among the diabetes population [2]. Various factors such as family
history, high blood pressure, lack of physical activity, smoking, unhealthy eating habits, obesity and environmental
agents, affect the disease’s occurrence. Interestingly, most of the causal factors are related to behavioral aspects like
eating habits and exercise [3].

With changes in lifestyles, the likelihood of the disease is also changing. According to the International Diabetes
Federation, 387 million people were diagnosed with diabetes worldwide in 2014, which is projected to increase
to 592 million by 2035 (4. Among the 387 million identified with diabetes, 77% of them live in low and middle
income countries, which reflect the large diabetes populations in these countries compared with developed countries.
Also, an estimated 4.9 million deaths in 2014 were due to diabetes, and diabetes resulted in $612 billion in health
expenditures [4]. About 37 million people in the Middle East and North Africa (MENA) region, or 1 in 10 adults,
have been diagnosed with diabetes [5]. Saudi Arabia, which belongs to the MENA region, has an estimated diabetic
population of 3.8 million, and ranks seventh in the world and first in the region in the prevalence of diabetes [6,7].
In Saudi Arabia, 78% of deaths are caused by chronic diseases, and about 5% of the deaths are caused by diabetes;
additionally, expenditures of $1244 per person were incurred in treating diabetes in 2015 [8]. As there is a close
relationship between diabetes and other chronic diseases like high blood pressure and coronary heart disease, the
risk of developing diabetes is an important aspect that must be considered.

Contemporarily to the increase in its diabetic population, Saudi Arabia has recently been undergoing rapid )
changes in smartphone usage. Saudi Arabia has one of the highest mobile penetration rates in the world, ata level ~ FUtU re Ty
of 72.8%. More than 60% of mobile phone users in the country access the Internet on their mobile devices for ~ Medicine ™
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various activities like checking emails and shopping online [9,10]. Also, usage of social networking applications like
Facebook, Skype and WhatsApp on mobile devices is increasing rapidly. WhatsApp is a popular social networking
mobile application with 500 million users worldwide. In Saudi Arabia, WhatsApp is one of the most popular mobile
social networking platforms and is used by 56% of the population [11]. In connection with this work, WhatsApp
is also an application that has been widely used in health and healthcare as it is shown in an overall review carried
out by Kamel et 4l 112). Also, studies conducted in Mexico, Indonesia and London corroborate the usefulness of
using WhatsApp as a tool to increase knowledge about diabetes and help manage the problems caused by this
disease [13-15].

Social networking can be useful in various areas and play a significant role in sharing information and transferring
knowledge. It can be used in managing chronic diseases like diabetes when there is an immediate need to raise
awareness of various behavioral aspects of healthy diet, physical exercise and knowledge of self-management. People
can be educated and their awareness levels can be increased through information sharing and discussions via mobile
social networking applications, which are very convenient and easy to use. This can rapidly decrease healthcare
expenditures in managing such chronic diseases and help people to self-manage their disease effectively.

On the impact of social networks on health outcomes, a review of the literature indicates that these media can
contribute to increasing people’s awareness of health, medical care and health policies [16]. In several cases it is
observed that social networks allow direct communication and information between patients, doctors, nurses and
relatives, to receive medical support, emotional support and education about various types of diseases. Another
review of the literature presents some cases in which the use of social networks has allowed to transmit messages
that can influence the health and behavior of the patient (17]. The work focuses on the acquisition of knowledge,
attitudes, self-efficacy, motivation, emotions and changes in the patient’s behavior. About this topic, a survey
conducted among executives, doctors and directors of clinics, points out that social networks are potentially useful
for the provision of health services in chronic diseases because through them communication between the patient
and doctors is facilitated. The majority of respondents believe that the use of these means in healthcare is still
incipient [18]. Another study presents several applications of mHealth technologies in the management of chronic
diseases such as diabetes, cancer and cardiovascular diseases, among others [19]. Additional studies analyze the risks
and benefits of social media in healthcare systems [20] or their impact on pharma and healthcare [21] or to promote
health equity [221. In general, these works show the potential of social networks to contribute to the improvement
of health.

Social networking platforms such as Facebook and Twitter have support groups in which people can share
information and participate in discussions. This approach not only increases patients’ awareness levels but also
motivates them to adopt healthy lifestyles to manage diabetes effectively. It can also help them to have a quality
discussion with their doctors and enable them to receive and understand proper feedback and medication. Although
mobile social networking applications provide various advantages, few studies focus on them in managing diabetes,
especially in Saudi Arabia.

Using mobile phones to deliver healthcare services and manage diseases is referred to as mobile health
(mHealth) (19]. Several developed countries have implemented mHealth to manage healthcare services, and studies
have found positive results from its implementation [5,19). However, such studies in developing regions are limited,
and a gap exists between the understanding of diseases and the use of mobile applications to manage them.

Few studies conducted in Saudi Arabia investigate the effectiveness of mobile technology in managing diabetes.
Yet, studies analyzing the use of mobile applications for both disease management and healthcare delivery have
achieved positive results [1,3]. Also, similar studies have been conducted in the Middle East. A study on using
mHealth systems for diabetes management in Iraq (n = 12) showed a significant reduction in HbA1C levels among
the studied population [23]. In this research, the patient is equipped with a smartphone connected by an application
to a glucose monitor. Glucose measurements and patient medical data are sent over the Internet to remote medical
specialists. The installed application reminds patients of the programming of glucose readings and has a message
menu to communicate with medical personnel. HbAlc levels are measured twice a day. As a consequence of
this interaction, the HbAlc levels decreased during the intervention study. Likewise, the study found that the
satisfaction levels of the patients using the application were significantly high, and the patients were happy to use
the mobile application even after the study was over [23].

Another study used short messages services (SMS) to create awareness through education for Type 2 diabetic
patients in Basra, Iraq. The study showed that the intervention significantly improved knowledge and awareness
among the sample population (n = 50) and significantly reduced HbA1C levels in the patients [24]. A systematic
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review of similar studies focusing on mobile phone interventions for glycemic control in diabetes self-management
found similar results. The study reviewed 22 trials, and a meta-analysis of 1657 participants showed reduced HbA1C
values and significant evidence that Type 2 diabetes can be managed efficiently using mobile applications [25].

As well, in a feasibility investigation designed to evaluate the effectiveness of mobile technology (SMS) in Iraq
for over 29 weeks, participants’ knowledge levels improved significantly. The mean knowledge score increased from
8.6 (standard deviation [SD]: 1.5) at the baseline to 9.9 (SD: 1.4) after the intervention study. All of the study’s
participants were highly satisfied with the service and wished to continue using the services even after the study
ended [25].

In a nonrandomized controlled trial conducted in Riyadh, Saudi Arabia, the effectiveness of mobile technology
(SMS) on improving glycemic control was evaluated by educating 100 participants on how to manage diabetes Type
2 effectively [26]. The intervention was education through SMS services. The study showed significant improvements
in the patients’ diabetes knowledge and effective management of their HbA1C levels.

Also, Holtz and Lauckner reviewed 21 articles evaluating the features of mobile technology for managing
diabetes [27]. About 71% of the reviewed studies showed significant improvements in HbA1C levels and self-
efficacy scores.

Considering the complications associated with Type 2 diabetes as well as factors like increasing mobile penetration
in Saudi Arabia, the primary aim of this study is to evaluate the use of a mobile application, WhatsApp, for increasing
knowledge, self-efficacy and awareness about diabetes management among patients selected at Teaching Hospital

in Al-khobar, Saudi Arabia.

Methodology

Study setting & participants

An intervention study was conducted with female Type 2 diabetic patients. We focused on female patients because
the prevalence of diabetes Type 2 is higher in women than in men. The participants were selected randomly at
Teaching Hospital in Al-Khobar, Eastern Province, Saudi Arabia, on Wednesdays and Thursdays for 6 weeks.
The participants were asked to take part in a face-to-face interview, during which the details of the study were
explained to them. After providing their consent, the participants were selected and divided into two groups: the
control group, whose participants followed their regular diabetes treatment; and the intervention group, whose
participants were allowed to use WhatsApp mobile application for increasing their awareness about the disease. The
ethical consent for this study was given by the Dammam University, Saudi Arabia. The selection process included
enrollment, allocation, follow-up and analysis steps, and the results are shown in Figure 1.

Sampling

A total sample of 82 participants was required, based on the G'Power3.l software pack-
age (www.gpower.hhu.de/fileadmin/redaktion/Fakultacten/Mathematisch-Naturwissenschaf tliche_Fakultaet/Psy
chologie/AAP/gpower/ GPower3-BRM-Paper.pdf). The sample was increased to 92 to account for dropouts. The
participants were randomly divided into two groups: the control group (n = 48) and the intervention group (n = 44).

Inclusion & exclusion criteria

Inclusion criterion: female participants with Type 2 diabetes who were not pregnant and without diabetes compli-
cations.

Exclusion criterion: pregnant females and males.

Intervention tools
The WhatsApp mobile social networking application was used as the intervention tool. This tool is a messenger
application for smartphones and employ Internet to send and receive messages, images, videos and other documents
for free (28). The application allows users to send and receive messages for free using an Internet connection that
also allows the exchange of image, video and audio files. The participants utilized their own phones and had
experience using the WhatsApp mobile social application. The intervention process is designed for a bidirectional
communication and there was not any tailoring to age or education.

The period of intervention was 8 weeks and the study was carried out at Teaching Hospital in Al-Khobar, Eastern
Province of Saudi Arabia. During this period, free messages via WhatsApp were sent to the intervention group
weekly, but they could be more frequent if it was necessary. The messages were written in Arabic language and had
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Assessed for eligibility (n = 92)

* Received allocated intervention (n = 44)

* Did not receive allocated intervention
(give reasons) (n = 0)

Enroliment
Excluded (n = 0)
.| ¢ Not meeting inclusion criteria (n = 0)
o Declined to participate (n = 0)
e Other reasons (n = 0)
Randomized (n = 92)
¥ |r Allocation ] L
1 I
Allocated to intervention (n = 44) Allocated to control (n = 48)

A—
LI

il Follow-up |
Lost to follow-up (give reasons) (n = 0) Lost to follow-up (give reasons) (n = 0)
Discontinued intervention (give reasons) (n = 0) Discontinued intervention (give reasons) (n = 0)
¢ Excluded from analysis (give reasons) (n = 6)
6 dropped out
 ; [ Analysis ] *
Analysed (n = 42) Analyzed (n = 42)
¢ Excluded from analysis (give reasons) (n = 2)
2 refused to complete post intervention
questionnaires

Figure 1. Consort flow diagram.

been reviewed by a specialist in diabetes. Its content was about general diabetes care knowledge, diabetes signs and
symptoms, pathophysiology, etiology, diet therapy, exercising and other topics. The main educational goal was to
improve the level of knowledge of diabetic patients. Meanwhile, the control group did not receive this information
and followed their usual diabetes care.

Measurements tools

The Diabetic Knowledge Test (DKT) — a questionnaire comprising 24 items — was used to test general diabetes
knowledge among the participants and was adapted from the Diabetes Education Study, TX, USA (291. The
questionnaire was translated into Arabic language so that the participants could easily answer it. Each question
had three possible answers: ‘yes’, ‘no’ and ‘I do not know’. One point was awarded for every correct answer and
0 points were awarded for every wrong answer. Each participant took the DKT after the intervention study and
at the baseline. After the completion of the intervention, the Dutch/US Diabetes Management Self-Efficacy Scale
(DMSES) translated into Arabic was used to measure each patient’s efficacy expectations for engaging in 20 self-
management Type 2 diabetes activities [26]. The score was recorded on a 1-10 point numerical scale, with higher
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scores indicating greater levels of self-efficacy. The measurement tools were applied at the baseline and at the end
of the study.

Behavioral change model

About the behavioral change model used in our research, we adopted in a general way “The Integrated Theory of
Health Behavior Change’ which suggests that health behavior change can be enhanced by fostering knowledge and
beliefs, increasing self-regulation skills and abilities and enhancing social facilitation (30]. The model indicates that
we need an instrument to improve knowledge, self-efficacy and awareness among the participants. In this sense, we
use WhatsApp as the intervention tool to send messages about diabetes knowledge in order to promote a behavioral
change among the participants. According to the model, when participants receive, analyze and assimilate the
information about diabetes, provided through the messages of WhatsApp, improves their knowledge, self-efficacy
and awareness, and there is a change in the attitude and behavior of the patient regarding the management of the
disease.

In our work, the application of the DKT and the Dutch/US DMSES allow us to measure objectively the
behavioral change in terms of knowledge and self-efficacy. In this context, the knowledge of diabetes is connected
to the understanding that patients have about this disease and is revealed in the responses that they give in the DKT
to 22 specific questions such as signs of the disease, symptoms, medical treatment and physical exercise, among
others [31].

In the case of diabetes, self-efficacy is related to the confidence that people have in their abilities to carry out the
treatment of diabetes that requires diet, exercise and medical treatment (30]. In this study, self-efficacy is measured by
the DMSES engaging participants in 20 self-management Type 2 diabetes activities. In a general way, self-efficacy
is a person’s ability to perform a practical action successfully. When the individual believes that he is capable of
doing something he does it, but if he believes that he cannot do it, he does not.

Concerning awareness about diabetes, it is associated with the perception, understanding and knowledge of the
disease, its problems and treatment alternatives [32].

Statistical analysis

The data collected before and after the intervention study were analyzed using the Statistical Package for the Social
Sciences (SPSS) version 23 (www.ibm.com/analytics/spss-statistics-software and www.spss-tutorials.com/spss-wh
at-is-it/). The study’s findings were considered statistically significant if the probability (p) is less than 0.05 or p
< 0.05. The participants’ diabetes knowledge and self-efficacy scores were the primary outcomes of the study. The
total number of participants from both groups was 92. G Power 3.1 was used for power calculation and indicated
that 41 participants in each group would result in 80% power for the paired samples z-test when comparing the
pre- and post-intervention study scores. The differences between the control and intervention groups were tested
using the t-test. Nominal data among the independent groups were compared using the ¥ test.

Results

A total of 84 patients out of 92 participated in the study, with 42 participants in the control group and the other
42 in the intervention group. Of the eight excluded participants, two of them from the intervention group did not
complete the poststudy questionnaires, and the remaining six participants dropped out from the study.

The demographic information and the clinical characteristics of the participants are presented in Table 1.
According to the table, the application of the Chi-square statistical test expressed in terms of (x?) and the
corresponding probability p indicate that there areno statistical differences in age, education and marital status
between the participants of the intervention and control group. However, the duration of diabetes among the
participants of the intervention and control group shows a significant statistical difference.

The pre- and post-scores of both groups underwent paired comparison using paired #-test to compare the change
in diabetes knowledge and self-efficacy, as shown in Table 2. These results indicate that there was a statistically
significant change in diabetes knowledge and self-efficacy between the baseline and the end of the study in the
intervention group, but not in the control group.

Table 3 compared the changes of knowledge and self-efficacy between the control and the intervention group
using the #test. The findings suggest that if compared with the control group, the intervention group had a
significantly greater improvement in knowledge and self-efficacy.
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Table 1. Demographic baseline and clinical characteristics of the study groups.

Variable

Age (n (%))
<40 years
>41 years

Education (n (%))
Diploma or less
University

Marital status (n (%))
Married
Divorced/widowed
Single

Duration of diabetes (n (%))

<5 years
6-10 years
11-15 years
>15 years

Control group (n = 48) Intervention group (n = 44) Test statistics p-value
11 (22.9%) 11 (25%) x?% =0.485 0.486
37 (77.1%) 33 (75%)

38 (79.2%) 34 (77.3%) x? =0.470 0.492
10 (20.8%) 10 (22.7%)

36 (75%) 30 (68.2%) x? = 4.366 0.112
10 (20.8%) 8 (18.2%)

2 (4.2%) 6 (13.6%)

15 (31.3%) 17 (38.6%) x%=21.766 < 0.001
11 (22.9%) 6 (13.6%)

2 (4.2%) 11 (25%)

20 (41.7%) 10 (22.7%)

Table 2. Pre- and post-diabetes knowledge and self-efficacy using paired t-test.

Group

Control

Intervention

SD: Standard deviation.

Outcome measure Mean + SD 95% Cl p-value
Preknowledge 13.81+1.96 -0.78-0.86 0.92
Postknowledge 13.85 + 1.81 -0.83-0.93 0.91
Pre self-efficacy 5.97 £ 2.05

Post self-efficacy 6.02 + 2.01

Preknowledge 14.45 + 2.38 5.95-7.71 < 0.001
Postknowledge 21.28 + 1.59 0.10-1.23 < 0.001
Pre self-efficacy 6.65 + 1.47

Post self-efficacy 7.34+1.26

Table 3. Comparison of the changes of knowledge and self-efficacy between the control and intervention groups using

t-test.
Outcome measure

Post knowledge level

Post self-efficacy level

SD: Standard deviation.

Group Mean + SD 95% ClI p-value
Control 13.85 + 1.81 7.21-8.69 < 0.001
Intervention 21.8 +£1.59
Control 6.02 + 2.01 0.59-2.05 < 0.001
Intervention 7.34+1.26

From above Tables, for knowledge and self-efficacy of the control group were p = 0.92 and 0.91, respectively.
While, for the intervention group p-values were < 0.001 for both knowledge and self-efficacy.

Discussion

According to this work, the statistical results obtained from the application of the x? shown in Table 1 indicate
that there are no significant differences between the demographic characteristics such as age, marital status and
education of both groups. However, the diabetes duration presents significant statistical differences among both
groups. In general, the average pre-intervention scores of the participants were 13—14.5 for diabetes knowledge and
6 for self-efficacy.

Similarly, the pre- and post-scores of both groups analyzed by the r-test displayed in Table 2 show that the
mean diabetes knowledge of the intervention group at the baseline was 14.45 (SD: 2.38), and increased to 21.28
(SD: 1.59) after the intervention. In the same way, the mean self-efficacy of the intervention group at the baseline
was 6.65 (SD: 1.47) and increased to 7.34 (SD: 1.26) after the intervention process. In addition, the statistical
information demonstrates that the control group does not show a significant improvement in diabetes knowledge
and self-efficacy. In other words, the intervention group with the WhatsApp social networking application revealed
a significant increase in diabetes knowledge and self-efficacy levels (p < 0.001), compared with no significant
improvement in the control group.

896

J. Comp. Eff. Res. (2018) 7(9) future science group



Evaluation of WhatsApp for improving diabetes knowledge

Analogously, the change of scores between the control and intervention groups described in Table 3 points out
that related to the control group there is a statistically significant increase in diabetes knowledge and self-efficacy in
the intervention group, after the utilization of the WhatsApp social networking application (p-value < 0.05).

In consequence, Tables 1, 2 & 3 show that diabetes knowledge and self-efficacy levels increased significantly with
the WhatsApp social networking application in the intervention group. Regarding the control group, where the
WhatsApp social networking application was not used, diabetes knowledge and self-efficacy levels did not improve
meaningfully.

According to this research, the changes in knowledge and self-efficacy scores, in addition to being statistically
significant, are also meaningful because it makes sense to conclude that the participants of the intervention group
who received information about diabetes were able to improve their diabetes knowledge, thanks to the system of
messages sent through WhatsApp. On the other hand, we can expect that the participants in the control group,
who did not use WhatsApp to receive any information about this disease, did not improve their knowledge and
self-efficacy. These results are in agreement with the behavioral change model employed in this research [31].

Other studies have shown significant improvement in diabetes management after deploying mobile technologies
to deliver healthcare {1,3,7,101. However, despite these results, the research on adopting mobile technologies for
healthcare delivery in Saudi Arabia is limited, although a few studies have been conducted in the MENA region [3,25-
27].

Regarding this work, it is pertinent to comment that it presents some limitations since it mainly focuses on
diabetes knowledge and self-efficacy while neglecting other healthcare services like reminders, general support
messages and appointment reminders. Also, the HbA1C levels of the patients were not used in the analysis process.
Another limitation of our work is that we did not evaluate the effect of ‘participant contact’ from the intervention
content.

The scope for further research may involve many aspects that can be included and analyzed in future studies. For
example, we may use WhatsApp interconnected with a similar system to that employed in Iraq study to measure
the Hb1Ac levels of participants; then, the HbA1C levels of the patients and general support messages can be
used as a measurement tool for effective analysis of the intervention [23]. In addition, different behavioral therapies
can be integrated with mobile applications to analyze their impact on diabetes management. Also, future research
may also focus on expanding the service areas offered through mobile applications, which could lead to a major
breakthrough for healthcare service delivery in Saudi Arabia. Finally, future mHealth research work in this area is
currently underway to conduct a larger scale study.

Conclusion

Considering the increasing adoption of mobile technologies in Saudi Arabia, this study investigates the scope of
mobile technologies, specifically social networking applications like WhatsApp, in diabetes management, and shows
that this technology is significantly operative in managing this disease. The results indicate that the WhatsApp
messenger mobile application can be used as an effective tool to improve diabetes knowledge and self-efficacy. Up
to the level of knowledge of the author, this is the first study of this type applied in Saudi Arabia.
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Summary points

e This work evaluates the use of WhatsApp for improving knowledge, self-efficacy and awareness about diabetes
management.

e The study was conducted with an intervention and control groups at Teaching Hospital in Al-Khobar, Eastern
Province, Saudi Arabia.

e Pre- and post-intervention scores on diabetes knowledge and self-efficacy from both groups were analyzed using
the x2 and the t-test.

e At the baseline, the mean diabetes knowledge of the intervention group was 14.45 (SD: 2.38) and this value
increased to 21.28 (SD: 1.59) after the intervention with the WhatsApp application.

e The mean self-efficacy of the intervention group rose from 6.65 (SD: 1.47) to 7.34 (SD: 1.26) during the
intervention.

e Related to the control group, there is a statistically significant increase in diabetes knowledge and self-efficacy in
the intervention group.

e No significant improvements were noted in the control group.

e The observed changes in the intervention group were meaningful and statistically significant.

e WhatsApp can be used as an effective tool to provide knowledge, self-efficacy and awareness about diabetes
management among the Saudi population.
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