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Background: Diabetes is a chronic disease, with high prevalence across many nations, which is 
characterized by elevated level of blood glucose and risk of acute and chronic complication. The Kingdom 
of Saudi Arabia (KSA) has one of the highest levels of diabetes prevalence globally. It is well-known that 
the treatment of diabetes is complex process and requires both lifestyle change and clear pharmacologic 
treatment plan. To avoid the complication from diabetes, the effective behavioural change and extensive 
education and self-management is one of the key approaches to alleviate such complications. However, this 
process is lengthy and expensive. The recent studies on the user of smart phone technologies for diabetes 
self-management have proven to be an effective tool in controlling hemoglobin (HbA1c) levels especially 
in type-2 diabetic (T2D) patients. However, to date no reported study addressed the effectiveness of this 
approach in the in Saudi patients. This study investigates the impact of using mobile health technologies for 
the self-management of diabetes in Saudi Arabia.
Methods: In this study, an intelligent mobile diabetes management system (SAED), tailored for T2D 
patients in KSA was developed. A pilot study of the SAED system was conducted in Saudi Arabia with 20 
diabetic patients for 6 months duration. The patients were randomly categorized into a control group who 
did not use the SAED system and an intervention group whom used the SAED system for their diabetes 
management during this period. At the end of the follow-up period, the HbA1c levels in the patients in 
both groups were measure together with a diabetes knowledge test was also conducted to test the diabetes 
awareness of the patients.
Results: The results of SAED pilot study showed that the patients in the intervention group were 
able to significantly decrease their HbA1c levels compared to the control group. The SAED system also 
enhanced the diabetes awareness amongst the patients in the intervention group during the trial period. 
These outcomes confirm the global studies on the effectiveness of smart phone technologies in diabetes 
management. The significance of the study is that this was one of the first such studies conducted on Saudi 
patients and of their acceptance for such technology in their diabetes self-management treatment plans.
Conclusions: The pilot study of the SAED system showed that a mobile health technology can significantly 
improve the HbA1C levels among Saudi diabetic and improve their disease management plans. The SAED 
system can also be an effective and low-cost solution in improving the quality of life of diabetic patients in the 
Kingdom considering the high level of prevalence and the increasing economic burden of this disease.
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Introduction

Diabetes is one of the most common chronic diseases. As of 
2013, approximately 382.8 million people between the ages 
of 20 and 79 are suffering with this condition worldwide. 
The worldwide costs for treatment of diabetes and its 
related complications in 2013 were estimated to be around 
$548 billion (1). The Kingdom of Saudi Arabia (KSA) has 
the seventh highest prevalence of diabetes in the world with 
over one-fifth of its population suffering with the disease (2).

Recently, there has been an increasing level in the use of 
mobile health technologies, especially for chronic disease 
management. A significant amount of research and pilot 
studies have evaluated the implementation of mobile health 
for chronic disease management particularly for diabetes 
management. The majority of these studies indicated that 
the use of mobile health technology in chronic disease 
management, in particular for diabetes management can 
significantly improve the diagnosis and management of the 
disease in both type-1 diabetic (T1D) and type-2 diabetic 
(T2D) patients which in turn improve their quality of life (3,4).

A typical smart mobile diabetes management system 
consists of several components of sensors, wireless 
technologies, GPS technologies and other functionalities 
designed to provide healthcare related services (5). These 
systems are cost effective solutions that can perform several 
functions such as monitoring the diabetes conditions, 
establishing a communication channel between the patient 
and the medical staff, enabling remote monitoring of the 
patient, record and maintain a database of patient’s medical 
history and enhancing the patient’s knowledge about the 
disease. In recent year, there have been numerous studies 
on the effectiveness of mobile diabetes management system 
(6-8). The clinical outcomes of these studies showed that 
an intervention using these mobile phone systems provided 
improved diabetes outcomes including reduced glycated 
hemoglobin (HbA1c) levels, with improved diabetes self-
management, and enhanced knowledge about the disease. 

In the KSA and the Gulf region in general there is an 
increasing prevalence of diabetes considered one of the 
highest globally, whilst at the same time, there has been an 
unprecedented increase in the use of smart mobile phones in 
the region. 

To date, the benefits of mobile health technologies have 
not been fully realized in the Kingdom particularly for 
diabetes patients. Furthermore, to date there has been no 
reported clinical study to show the effectiveness of these 
systems for diabetes care in the Kingdom. In this paper, we 

present an intelligent mobile diabetes management system 
and tailored for T2D patients in Saudi Arabia designed 
with the aim of improving the self-management of the 
disease. The system is named SAED that means happiness 
in Arabic. We present the clinical results and outcomes of 
a pilot study of the SAED system conducted in the Tabuk 
region of the Kingdom. The paper is structured as follows: 
section ‘Mobile diabetes management system’ presents 
the architecture of the SAED system; section ‘Methods’ 
discusses the methodology adopted in our clinical trial 
followed by a discussion on the results in section ‘Results’; 
section ‘Discussion and conclusions’ concludes the paper.

Mobile diabetes management system

In this section, the SAED system architecture is presented 
followed by a discussion on the study design and methods 
in follow up section. A brief description of the SAED 
architecture is given here, a more detailed description of the 
architecture can be found in (9).

The SAED system architecture

Figure 1 illustrates the architecture of the SAED system. 
The system architecture was designed and developed by 
conducting a systematic requirement analysis and holding 
extensive discussions with the stakeholders in the United 
Kingdom and KSA. The SAED system compromises 
of three main components: (I) SAED mobile patient/
healthcare provider component; (II) SAED intelligent 
diabetes management component; and (III) Diabetes 
educational module component.

SAED mobile patient/healthcare provider component
This component is  the mobile end of the system 
implemented using smart phone platform. This component 
covers most of the interaction units of the SAED system 
and further includes three sub-units. The diabetic patient 
unit consists of a smart mobile phone and a blood glucose 
measuring device enabled with Bluetooth. In this unit, 
the patient provides the measurements of his/her medical 
readings (e.g., by measuring the blood glucose level twice 
daily) as prescribed by the clinician. This data is transferred 
via a 3.5G/4G/LTE network to the SAED cloud server.

The Specialist diabetic nurse unit includes a friendly 
web interface and friendly mobile application version to 
the nurses or clinicians involved in the management of the 
patient. It presents a diabetes data management system 
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which enables the clinician to monitor and communicate 
with diabetic patients remotely. It also provides the clinician 
certain controlled access features such as registering the 
patient, accessing the patient health records, providing 
reports, etc.

The admin unit is responsible for the systems repair and 
maintenance. It monitors the technical aspects of the system 
and is also responsible for maintaining the backup of the 
data collected via the system. All the 3 units feature a web 
interface which allows the users to interact with the system 
in an easy and efficient way.

SAED intelligent diabetes management component
This component represents the back end operations which 
mainly involve the process of collecting information or data 
and storing them in the database so that it can be used by 
various other modules such as the decision support systems, 
the educational module, the front end patient and clinician 
mobile unit, etc. This component includes Database module 
which stores information related to individual patients data 
and records related to the laboratory examination results 
(e.g., HbA1c test results) along with the specialist diabetic 
nurses comments on the diabetic readings standard. This 

Figure 1 SAED system architecture. (A) SAED intelligent diabetes management component; (B) SAED mobile patient/healthcare provider 
component.
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unit also enables communication with the information 
system of the hospital where the SAED was deployed. The 
database was designed using the MySQL standard.

The Intelligent decision support is an important module 
of the SAED system designed to act as a clinical decision 
support system to the clinicians. The intelligent decision 
support system was designed to include the following 
features: a standardized format for presenting data and 
interventions, computerized alerts and reminders, a database 
of validated interventions for improving outcomes, patient 
data reports, work-flow tools, documentation templates, and 
an assessment tool to assess the patient‘s condition based on 
their readings.

Diabetes educational module
The diabetes educational module is aimed at empowering 
the diabetic patients with increased knowledge about 
diabetes which can further facilitate better self-management 
of the disease. Free SMS messages are sent to the patients 
from SAED web application to SAED mobile application. 
The educational program is structured based on a literature 
review of the earlier studies in neighboring countries 
of KSA particularly in Iraq (10) and Bahrain (8) and via 
extensive discussions and collaborations with medical staff 

from Saudi Arabia and based on guidelines for diabetes 
management provided by National Institute for Health & 
Care Excellence (NICE guidelines) in UK. The messages 
covered the following five diabetes education-related 
themes: (I) treatment; (II) blood glucose monitoring; (III) 
diabetes; (IV) complication awareness; (V) improvement of 
clinic attendance and diet. These themes were translated, 
programmed and embedded within the SAED system.

Methods

Study groups

In order to test the SAED system, a small pilot study was 
conducted for 6 months period in the Tabuk region in 
KSA. The clinical trial was conducted with total of 20 
participants. The patients were randomly segregated into 
two groups: Intervention Group and the Control Group 
with ten patients each. T2D patients of both genders with 
an age group between 20–65 years were selected. The 
baseline demographics of the patient sample are given in 
Table 1. A flowchart of the methodology followed during the 
clinical trial is illustrated in Figure 2.

SAED intervention group
In this group the patients were given the SAED system and 
were trained to operate and run the blood glucose device 
and to transmit the measurements using a smart phone 
downloaded with the SAED application. A general outline 
of the SAED intervention group’s clinical trial is given 
below:

•	 The schedule for blood glucose testing was set by the 
diabetic nurse for every patient. The typical setting 
used was: 2–3 times a day, usually before and after 
meals, on 2 or 3 different days in the week. The 
HbA1c testing was performed twice during the trial, at 
the beginning and at the end of the 6-month period;

•	 The patients used a device which measures the glucose 
levels and transmit the measured data via Bluetooth 
to the patient’s smart phone and then to the server 
located at the hospital in the Tabuk region;

•	 The patients accessed various services such as sending 
private messages or queries to the medical staff 
via a user friendly interface on their smart phone 
application;

•	 The medical staff monitored and reviewed the 
patient’s condition using the data collected and stored 
in the database to plan and advice on the treatment;

Table 1 Baseline data of the sample

Measurement  
factor 

Control  
group 

SAED  
intervention

P

Number of Patients 10 10 –

Age 46.1±6.44 44.2±6.66 0.52

Weight 72.2±5.49 72.1±5.84 0.97

Height 169.2±5.61 172.2±7.39 0.32

No. of years since 
diagnosis

5.7±3.2 6.2±3.82 0.75

Cholesterol 232.1±8.19 221.9±29.88 0.37

HbA1c (pre-study) 8.59±1.19 8.50±1.13 0.93

HbA1c (post-study) 8.76±0.76 8.02±1.00 0.27

DKT (pre-study) 46.2±9.60 43.7±10.34 0.0013

DKT (post-study) 61.10±7.43 46.10±9.39 6.1

HDL 46.6±8.78 46.1±8.71 0.9

LDL 144.0±21.78 135.5±18.38 0.36

Fasting BG 135.9±6.65 135.6±16.32 0.97

Random BG 221.9±4.39 222.2±34.22 0.98
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•	 Based on the blood glucose and HbA1c readings from 
the database the specialists made recommendations 
about the risk factors, lifestyle advice, and/or routine 
changes in pharmacological treatment in line with 
NICE and UK diabetes guidelines. This information 
was securely transmitted in real-time to the patients’ 
smart phone;

•	 SMS education program wherein the patients received 
weekly messages to keep them informed about 
diabetes and other related information.

Control group
The monitoring of the patients in the control group was 
done in the traditional way, i.e., the general practitioner 
and/or the practice nurse monitored the patients as done in 
normal circumstances. The patients received their advice 
on the management of diabetes according to the local 
guidelines as agreed between the primary and secondary 
care health careers.

Results

Data collection

Table 1 shows the baseline data of the patient sample of the 
clinical trial. From this, it can be seen that patients with 
diverse conditions were sampled. The characteristics of 
the patients considered in the tests are mentioned in the 
first column. The main features of patients considered are: 
age, height, weight, and period of diagnosis, cholesterol, 
HbA1c, knowledge about diabetes, HDL, LDL, and 
blood-glucose levels.

The data collection was carried out on two visits during 
the course of 6 months. The first visit was at the beginning 
of the 6-month period where the patient’s data was collected 
The standard procedures to collect the data were followed 
and the data collected included personal data like the 
patient’s personal information (i.e., name, birthday, and so 
on), medical history to record disease data such as smoking 
habits, presence of diabetes current pharmacological 

Random selection of 20 
diabetic patients

Invitation to participate via 
email or sms

Signed informed consent

Assessment of eligibility

Both groups answer the 
survey t=0 week

Exclude no informed consent

Exclude non-eligible

Allocated to SAED intervention 
group

-	Train the patients how to use 
the app

-	Complete baseline (t=6 months)

Allocated to control group

-	Complete baseline (t= 
6 months )

Both groups will answer the 
survey again at the end of 

the study

Figure 2 Pilot study plan.
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treatment and body mass index. The routine collection of 
the patient’s venous blood for the measurement of lipids, 
HbA1c, urine sample for albumin and retinal screening was 
also done. The baseline measures were reassessed at the end 
of the 6-month period. 

Other medical and patients data types that were collected 
by the researcher and the medical staff included HbA1c, 
body weight, height, diabetes knowledge questionnaire 
and the system usability questionnaire. For the diabetes 
knowledge test the “Diabetes Knowledge Questionnaire” 
from (11) was adapted.

Results and analysis

The two primary outcomes of the pilot study were 
considered are the HbA1c and the Diabetes knowledge test 
outcomes. At the beginning of the study, for the baseline 
information the demographic variables, glycosylated 
HbA1c, fasting plasma glucose (FPG), 2-hours post prandial 
test (2HPPT) measures were collected as the pre-test data. 
The diabetes knowledge was measured using the standard 
diabetes knowledge questionnaire as (pre and post)-test data 
for both groups. These factors were measured at the end 
of the study, i.e., after the 6-month period. To statistically 
analyse the results paired t-tests and correlation analysis 
were used. The analysis was carried out using the SPSS 
software for the data collected at the beginning and end 
of the trial study. Further, to analyse the effect of other 

factors including the educational level, linear regression 
methods were applied. For the collected data, the data was 
considered to be statistically significant when P<0.05. The 
outcomes of the HbA1c results of the two patients’ arms are 
summarized in Table 2.

From this table it can be seen that there is a significant 
reduction in the HbA1c outcomes at the end of the 6-month 
period for the SAED intervention group when compared 
with the control group. The mean baseline HbA1c for the 
intervention group was seen to be 8.76% (0.76% tolerance) 
and 8.61% for the control group. It is important to note 
that the mean baseline of the intervention group decreased 
to 7.85% from 8.76% at the end of the 6-month period. 
However, for the control group, the mean baseline slightly 
increased from 8.61% to 8.68%. Even at the individual 
level, most patients of the intervention group have shown 
considerable decrease in the HbA1c outcomes. Therefore, it 
is clear that the intervention group has shown better results 
than the control group. Similarly, it can be seen in the Table 3  
below that there is a remarkable increase in the diabetes 
knowledge of the patients in the SAED intervention 
group over the control group who followed the traditional 
methodology of patient monitoring. 

Furthermore, the mean baseline for the intervention 
group which was at 46.20% rise significantly to 61.10% in  
6 months. The control group also showed slight increase, 
i.e., from 43.70% to 46.10%, however, when compared with 
the intervention group it is relatively much lower. It is also 

Table 2 HbA1c outcomes

Patients
SAED intervention Control group

Pre Post P Pre Post P

1 8.7 8.2 11.0 11.8

2 9.5 7.7 9.0 8.9

3 9.4 8.8 8.2 8.3

4 8.2 6.4 6.5 7.0

5 8.9 8.1 10.9 10.8

6 10.2 8.4 7.5 7.7

7 8.4 7.9 8.1 8.3

8 8.6 8.4 7.9 8.0

9 7.9 7.2 7.5 7.1

10 7.8 7.4 8.4 8.9

AVG (STDEV) 8.76±0.7 7.85±0.70 0.012 8.61±1.76 8.68±1.54 0.437
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important to note that all patients in the intervention group 
have shown very good improvements in their diabetes 
knowledge, whereas in the control group there are high 
inconsistencies with each patient.

Discussion & conclusions

In this paper we presented a smart phone system designed 
and developed for self-management of T2D patients in 
the KSA. We also presented the details of a pilot study to 
test the effectiveness of this technology on improving the 
HbA1c levels and self-management of Saudi patients in the 
Tabuk region. The results indicated the clear improvement 
of HbA1c and the Diabetes knowledge outcomes of the 
intervention arm compared to the control group of the 
patents. The results are in agreement with other global 
studies that indicate the effectiveness of smart phone 
intervention of T2D patients. These results indicate that 
SAED system and approach can provide excellent assistance 
tool in improving the diabetic management of Saudi patient 
considering the high level of usage and penetration of smart 
phone technologies in the Kingdom. The SAED system 
can also provide the specialists with important medical 
information about each individual patient that are essential 
for the decision making process in their diabetes progress 
treatment plan. The integrated of educational tool can 
provide the diabetics patient with relevant information for 
improved diabetes management. This is especially important 

in remote region of KSA where healthcare facilities are still 
insufficient and lack specialist diabetic care that ensures 
effective medical intervention and care, where systems 
like SAED can provide such efficiency and effectiveness. 
Furthermore, the proper adaptation of system like SAED 
can provide an improved remote self-monitoring and 
management that can eventually reduce the burden of the 
relatively high levels of mortality rates due to this disease 
in this Kingdom and the region. Despite the successful 
pilot study, some challenges to SAED system exist. The 
pilot study was conducted on small patient population of  
20 patients. In order to improve the robustness of the 
results, further large scale studies are needed to validate 
these results on larger patient population. Other obstacles 
that faced the team of the study included; he shortage 
of medical and engineering expertise in the region, 
poor infrastructure in terms of lack of specialist diabetic 
nurse and medical expertise and poor mobile technology 
infrastructure in the hospitals and training facilities for 
such new technologies. In addition to the existing social 
traditions that can resists in the adoption process new 
technologies such as mobile health solutions. These 
challenges can be alleviated by adopting some simple 
measures such as: (I) identify a clear m-health strategy for 
providing urgent solution to major medical challenges such 
as diabetes prevalence as part of the national e-healthcare 
plan in the Kingdom; (II) increase the awareness of using 
mobile health technologies amongst the medical community 

Table 3 Diabetes knowledge test outcomes

Patient 
SAED intervention Control group

Pre Post P Pre Post P

1 44 71 54 49

2 52 64 57 62

3 39 55 30 35

4 35 60 49 52

5 41 64 39 37

6 52 50 37 41

7 53 67 38 42

8 31 50 31 35

9 61 69 58 55

10 54 61 44 53

AVG (STDV) 46.20±9.62 61.10±7.43 0.0013 43.70±10.34 46.10±9.39 0.029
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and their medical training; (III) improve the infrastructure 
for mobile technologies that can better facilitate the mobile 
health solutions in the healthcare sector; (IV) inclusion of 
m-health as part of the medical educational curriculum; (V) 
the need for the more public awareness plans on mobile 
health amongst diabetic patients in the Kingdom.
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