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Abstract

We present in this thesis the design and development of a new mobile diabetes
management system for social behavioural change and management tailored for Saudi
diabetic patients (SANAD — Saudi Arabia Networking for Aiding Diabetes). The key goals of
SANAD are to close the diabetes management loop by providing remote monitoring for
diabetic patients, a further therapeutic channel to the patient, an opportunity to increase
diabetic patients’ health awareness, and feedback to help diabetic patients maintain a regular
blood glucose level. The key system components consist of: (i) a smart mobile diabetes
management module (MDM-M) used for collecting blood glucose data; (ii) a social
networking module (SN-M), acting as an enhancement module for the MDM-M, the kéy
function of which is currently focused on education purposes; and, (iii) a cognitive behavioral
therapy module (CBT-M), acting as a supplementary module to MDM-M. This module was
designed on the smart mobile platformvand used only by patients who require CBT

therapeutic intervention.

A usability study for the SANAD system is also presented in this thesis to validate the
acceptability of using mobile technologies amongst diabetic patient in KSA and Gulf region.
The preliminary results of the study indicated general accéptancc of the paiiénts in using the
system with higher usability rating in type 2 diabetic patients. In general, the study concluded

that the concept of SANAD system is considered acceptable tool in particularly with Type 2
diabetes patients. o -

A clinical evaluation study of SANAD system‘ is also conducted in this thesis to

evaluate the clinical effectiveness of the system. The primary aim of this study was to L

evaluate the effect of SANAD system on: ) improve glycaémic control; 2) improvc health .
awareness; and 3) enhance self-efficacy. Secondary aims qualitatively evaluated the coménf 4
of communication in SANAD system. The key preliminary results of this stu‘dyl pfé\(idcd a'n

evidence that SANAD has a positive impact on promotingk knowledge of diabetes in

individuals living with type 2 diabetes, and reflects the generallvy'positiveroutcomes of

reducing glycated hemoglobin control (HbAlc (%)),7and increasing  self-efficacy.
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Glossary

a) [DSM]: Diabetes Self-Management

b) [EPR]: Electronic Patient Records

¢) [NIDDM] : Non-Insulin Dependent Diabetes Mellitus
d) [IDDM ]: Insulin Dependent Diabetes Mellitus

¢) [IDF]: International Diabetes Federation

f) [IEEE]: Institute of Electriéal and Electronics Engineers
g) [NHS] : National Health Service

h) [NICE] : National Institute for Health and Clinical Excellence
i) [UI]: User Interface

) [WHO] : World Health Organization

k) [KSA]: Kingdom of Saudi Arabia

1) [MSN]: Mobile Social Network

m) [NCDs]: Non-CofﬁmunicabIe Diseases

n) [ADA]: American Diabetes Association

0) [BG]: Blood Glucose

p) [BP): Blood Pressure |

q) [SMS]: Short Message Service

r) [MMS]: Multimedia Messaging Service

s) [BMI]: Body Mass Index. |

t) [SNSs]: Social Network Sites

u) [LBS]: Location Based Services A

v) [SPSS]: Statistical Package for the Social Sciences
w) [KFUH]: King Fahd University Hospital

x) [UD]: University of Dammam |

y) [MINT]: Medical Information and Network Technology

Glossary



Glossary

z) [IT]: Information Technology
aa) [SANAD]: Saudi Arabian Network for Aiding Diabetes
bb) [RCT]: Randomise Control Trial

cc) [ICT] Information and Communications Technology
dd) [UKPDS] United lzingdom Prospective Diabetes Study
ee) [PAD] Peripheral Arterial Disease
ff) [IGT] Impaired Glucose Tolerance
£g) [IFG] Impaired Fasting Glucose
hh) [OGTT] Oral Glucose Tolerance Test
ii) [HbAlc] Glycated Haemoglobin or Glycaemic Control
1}) [SMBG] Self-Monitoring Of Blood Glucose
kk) [DSMA] Diabetes Self-Management Activities
1I) [SN] Social Networking
mm) [AAFP] American Academy of Family Physicians
nn) [HBM] Health Belief Model
00) [PMT] The Protection Motivation Theory »
pp) [TRA] Theory of Reasoned Action
qq) [TPB] Theory of Planned Behaviour _
rr) [IMSM] Information Motivaﬁon Strategy Model
ss) [SCT] Social Cognitive Theory
tt) [CBT] Cognitive Behavioural Therapy 7
- uu) [CCBT] Computerized Cognitive Behavioural Therapy
vv) [CBGT]Cognitive Behavioural Group Training |
ww) [BGAT] Blood Glucose Awarenesé Training
xx) [MET] Motivational Enhancement Therapy |
yy) [MDM-M] Mobile Diabete§ Managemént Module
22) [SN-M] Social Networking Module |
aaa) [CBT-M] Cognitive Behaviourél Therapy Module
bbb) . [UML] Un:iﬁed Modelling Language -~ -
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cee) [PHP] Hypertext Preprocessor

ddd) [MS-SQL] Microsoft Structured Query Language
eee) [SDK] Software Development Kit

fff) [3G] Third Generation

ggg) [4G] Fourth Generation

hhh) [HCI] Human Computer Interaction

iii) [QUIS] Questionnaire for User Interaction Satisfaction

jii) [DKT] Diabetes Knowledge Test

kkk) [DMSES] Diabetes Management Self-efficacy Scale

111) [IM] Intervention Mapping

Glossary

iit



Contents

Table of Contents

ChAPLEr 1 INErOUCTION .eovereeecrsecsrescessensessssssersssessesssssssasssasssansanssssessuasssessasesssssssesansssnnsanns 1

1.1 Motivation .. renssesasnesensessserereressaressraneasantesanustrssnsesssaressernntestntrre

1.2 Aims and OBJECHIVES ..vccreierisesrecsrncsnssmcssssansansaessasssssassanssnessssasansentssnssnssessassssassosassassassanasasss O
1.3 Contribution Of the RESEATCH w.eueeveeeerercersessasascaseaeasersessssesssssssasasensarsarsssesnsssesssssrarssnsensenanases B
1.8 SLEUCLUTE OF the THESIS .uuereerreersercnsssessasessasasessssasssssessssessassossessassssassassensasssssassissssssssssssssress T

Chapter 2 : A LILErature REVIEW w...cccurcrseeresessssssensessssassanssssssssasssssssnsosasssssssasansnesssssssanseses 8

2'1 'nthdUCﬁOI'I .o (1L sessee vesaasy sesne LLTLTY) 008

2.2 Diabetes Mellitus evesresrasertrenarensstsresasaressessaersattnnarnarasnsarsasannersssereasse B

2.2.1 Complications of Diabetes ........... peveasr e e et IR v vrssnenenns 10
2.2.2 Risk Factors for Diabetes...........cverereervees rereereseeseeresatstesassre Tt s r e bes sssremessnssessnerassesspenses 11
2.2.3 Diagnosis of Dlabetes 12
2.2.4 Prevention of Diabetes .......cceiervreceerene resresarte v inen wvseeraeans rreeanes rerrereres et enbacennes 13

2.2.5 Treatment of Diabetes........crvveeernns srssaresssaressavaes issstrensesraeesersenLrenreassetesaretsener errrresessensass 14

2.3 Diabetes Management.. . ceeresers 14
2.3.1 Diabetes Self-Management ..........ccooerereverennens reveresreenrerensgens vrersesvessesrorsesrssarsassassiassvesssnsrrne L4
2.3.2 Challenges of Diabetes Mahagement in the Kingdom of Séudi Arabia 17 -

2.4 Mobile Diabetes Managerr;ent Systems 197_
2.4.1 Literature Review of Mobile Diabetes Management SyStem .....ureneveseimenemeinininnie 19
2.4.2 Smart Phone Applications for Diabetes Management ................ 23 )

2.5 Mobile Diabetes Management System in the Gulf Region 24 |
2.5.1 INEOAUCHION vovereereserssseesrsersense v R WA 24 A
2.5.2 Methods.......... i i e 24

2.5.3, Results -

2.6 Social Networking for Healthcare....... Srvvssianienaneiinn "2 9 o

2.6.1 General Architecture of SOCial NEtWOTKING wuuu..vernivemmsnssmssinsssssmmssssesssensismssssamonnsens 23

2.6.2 Social Networking Types for Healthtare. ... 30

v




Contents

2.6.3 Social Networking Applications for Diabetes Management .......cccvvievrnnnoeniiencenecnnenn 32
2.6.4 Potential Effects of Social Networking for Diabetes Management ..........ccvveerervsneearesinns 36
2.7 Conclusion......... erreserarenss PR ereserarasressssessssestnsassne . venreserses 37

Chapter3: Cognifiile Behavioural Therapy for Diabetes Management ....ccccureeevssscssnasences 39

3.1 Introduction ......ceesesessne Ceresessntnteetetssetnaatstinasassteaatsastentsserasasararnraerssessesbertatrarsaeraciese 3D
3.2 Behavioural Change Models for HealthCare ...c..cccciinissansicarcissnsinsssnnernsssnsnnmsasennsssesssassesies 39
3.2.1. Health Belief Model ......................................................................................... pressesitones 39
3.2.2. The Protection Motivat‘ion ThEOTY e i e s s e s sressaesense cesnasreesns 40
3.2.3. Theory of Reasoned Action and Theory of Planned Behaviour ... 41
3.2.4. Information - Motivation — Strategy Model........... presrssessriens e s e ae e 41
3.2.5. Social Cognitive TREONY ...ccvvviiinmimmiinniamiessosi. vererrenens vriesnene ...... 42
3.2.6. Cognitive Behavioural Therapy ....eceiiisieesive vttt et enrerestsesasnevans crereree et eaeatees 43

3.3 Cognitive Behavioural Therapy for Diabetes Management......ceovinmsnisescssscnvesinssesseseens 46

3.4 Conclusion...eee.. rersenssaseasressasrettateerets ceees

everes veenes 51

Chapter 4 ; Saudi Arabia Networ'kingrfor Aiding Diabetes (SANAD) 52

4.1 Introduction St

PBNGINOLaNEENPRIEIIRINTIPFUIITROINNINIIT RGNS 52

4.2 SANAD System in Corporation with Cognitive Behavioural Therapy Approach 52

4.3 SANAD System OVErVIeW w...cewesssescssesenss iisseusinsiinsissiaiaseisaanes 54
4.4 SANAD Development MEthOT seerseesesemsesesresenssn e ' 56
4.5 SANAD Réquifements Analysis...... oravanne " 58 7 -
VR R VR T i 53 S
4.5.2 RSULS v S ST . s 60
45.3 Study Summary ... R ———— eerseenes oo ........... e 62 -
4.6 SANAD Systérﬁ Analysis and be#ign.... . reussressetnessn s eses ' e 63
4.6.1 FUNCHION REGUIFEMENES uvvvvessversressssessrsssrsssnes ereirmissrienens I 63 S
* 4.6.2 Non-Functional Requirements .......cuseuserssrinenss ........ i 65 N

4.6.3 SANAD SyStem USES CaSES...vvurveussessisecssesssismessnsssiessssssssasessens PPNV SRSRA NN - S I




Contents

4.6.4 Building Blocks of SANAD SYStEM ....cviimimmiimeninisimmionmmninisnismnniniins s 69
4.7 SANAD System Implementation .....c.eccensesiessssnsrsssassssessssansenes
4.7.1 Mobile Diabetes Management Module........ciniminimmmeienmsoomssme. 71
4.7.2 Social Networking MOGUIE.........ccorvuererensrrsimreesirsemesiosessmesssssssssmssssssssssssrosssisessssssessenesses 72
4.7.3 Cognitive Behavioural Therapy Module........iinnneirn - 72
4.7.4 Feedback Mechanism and Messaging Box Module ......ccevieiiniiimnennemmimemesee 77
4.7.5 Database MOGUIE...cvivierec i S 7 8
4.8 Hierarchical Structure of SANAD SysteM.....ccivsemcsssmscicnnsssnnrescnnsssnnsssssssssssnsssssserssnarasensenss 18

4.9 Conclusion...eecerecerassersnes

L T Ty T Ty Ty Y Ry Y T R Ty Y T P T PRI T YT 80

Chapter 5 : Usab"ity stUdy Of SANAD system IR NI RN e NSNNERNOIPUIATRROIRIIRNIIRAUIIIRIRRETEDIRISIEIIIRIR 81 »

5.1 Introduction .......ceeeees crnvsseserannrossasans

XTTYTY N sescesseuvavey 81

5.2 Usability for m-Health System 81
5.3 SANAD USGBIlIty StUAY..eveeereereerecsesesssssssssssesssssssssssssssssssssssssssssssssssssssssssessssssessesssessssseseess 82
5.3.1 Methods .....coce e S — R A 82
5.3.2 Results and Discussion 84

5.8 ConcluSiON.ceveeersesserersrsnsasssessnesens

L Ty T Yy Ty Y Ly T L Ry T PR T I T R TR STy X Y 91

Chapter 6 : Clinical Study of SANAD System 92

6.1 Introduction

e L L T e L L R LY P A AR LT A E R R L} 92

6-2 StUdy DeSlgn and MethOdS !I'l;.."llil!!.!.l'!.lll‘l.l!l0.0l."l'lll!"...0'OlC'i...t'!"'llli.l;.l'll'lUI.llll"!kl‘ll.l" 92

6.2.1 Study Setting and PartiCipants ........ewuresreinsresssssnsseesssenns s sssessrses 92
6.2.2 Primary and Secondary OULCOMES..ovvererssererrnn rerrdaennen versersnseiansioe, Tesrserenaenesteries onrieniens 93 o

e

6.2.3 Statistical and Qualitative Analysis ..........cceueees s FOSTTSIURORR ORI - . SO

6.3 Resu‘ts nocuun-noonconouunuu-nuun-u-u-n-'u-;oot--too;n-unv;nu-noun'.c-nfu.n-o---unu'nn-no-nvunnvncuuu 95 :

6.3.1 Clinical Outcomes.........nnes RIS T PR ONANL | J S

6.3.2 Social Interactions QUECOMES ...ccvvuvivreerierisreressesseressssenes eesestenareenarenes S R—— L I

6.8 DISCUSSION 1evrreensesserrssnsessersrsssessassassssasssssessarssssesstassssnsessessessssassassnssrans evneriansersans 105

6.5 Céhclusion..................

ssesvene LT

U NIEEINN SRR NRIISRINIRARIVRRIANRNITIRIRRY 107 SR



Contents

Chapter 7 : Conclusions and FUtUre WOrK......ceeveesresesiisssnnsicsssssasnssesessasnesecssssasrssssonssasse 108

7.1 CoNCIUSION . ..vererecssssssnseeseareneavonsnsonenne cesrernnareenaes ceeersereranes cosureeevasaren teersesesensrserassunres seessens 108

7.2 Future Work....... essetsasesnerseeststnsertsrsTeseenrNIIaTaTS revssseseseranerssavanans eennes tevsncesessareneanannnes eeunes 110

REfEI'enCeS Sessenees o.;;-.-o-.---u..-' ------ P NIRRT RN RN IR NN NN RO EIE I EIE RPN RRsRRINERIABEsROREY 112
PUb'ications.......-....n.--n.....uuu ----- L Ty L T Y Y Y N NN Y R T L Ly 124
Appendices ll.lll.'lllll.;.l.l.".t.. ------ Ly T Y Y Y Y Y P Y Y Y R ey 126

ADPENAIX = A.eovenearecrerssnsssssasasnesssesersssssasass . veressansanernstranessane reeesse sy 126

Implementation Tools and Technology ......... eesessesseessensussanas eonsseseres erseressresn corersesnassrreese 126

Appendix - B--uo ----- savessescessrsanee T I L O T T O T T T TS T TTTTTYTN™ xeusnees vou 130

Research Questionnaire ceserssareanenacsnns vesnnnnae seseassentsesssntasenssssessanasnensersasancess 130

vit o




Contents

Table of Figures

Figure 1-1 The Basic Functioning and The Use of The Mobile Diabetes Management System ............. 3
Figure 1-2 The Mobile Users N SAUdi Arabia .. s 4
Figure 1-3 The Internet Users in The Kingdom of Saudi Arabia ......cccecvrmvecnnarnnriiencmeseoses 4
FIBUTE 2-1 TYPES OF DIGDELES ...vcvirerreisrererarerinerereesrrrrersseseressessssssssisessessssiarasasuersasrassssssassesensesssssssrvase 10
Figure 2-2 Major Causes Of DIGDELES .....cvviierverierirassiiesesoriensnnisessesssissssssessssessessssssssesssarsssrerssssssas 12
Figure 2-3 Diabetes Self-Management ACHIVITIES . ..vvvrirrrverensercnenseissessssnssesssssessarsssssersssssseresses 17
Figure 2-4 Challenges of Diabetes Management iN KSA.....o.cuvrreerermeennsisesmsssseserssssssssssssseressessensess 18
Figure 2-5 The Study Search Strategy and Review Process ........cuseres Vervarversesressenensvreareees vererrensnsene 25
Figure 2-6 General Social Networking ArchiteCture .......c.oeovveeeeenverserernennes O - e 29
Figure 2-7 Social Networking Types for Healthcare........vcveuiverecs. reereerers et e sae st nas veresseereaese 30
Figure 3-1 information - Motivation — Strategy Model ......... 42
Figure 3-2 Social Cognitive Theory (SCT) cevvererenanns ........ e prevereernas 43
Figure 3-3 Cognitive Behavioural Therapy (CBT) v.ccververinersrenions seenstesisnsssoranivs e 44
Figure 4-1 The Main Components of SANAD Systemm........ s e SURHERN. &
Figure 4-2 The Relationship and Theoretical Framework of SANAD System Modules and Therr }
Potential IMPACt. ....vunsivriccrsisensissasssseimssanssnsssesons iresrseseseniaetessessnins perrreeons verersreres drveren Sererees w54
Figure 4-3 SANAD SySterm ............... 58
Figure 4-4 The General Waterfall Method and SANAD Waterfall Method ........ s .58

Frgure 4- 5 A Sample Snapshot of The Onhne Questionnarre Used in ThIS Study sesesereneshrie ..... 59

Flgure 4-6 Patlents Preference for SocraI-Networklng Functionalities in The Proposed System . 62

Figure 4-7 SANAD System Use Case Diagram ..........owcv.eee. eresrerteeesesesaesene SRR - I
Figure 4-8 Building Blocks of the SANAD SYStemM........wueeiireeersinrnrnss vrirvertstebrbess SPES ONE SOVORIA N -1
FIBUTE 49 CBT-M CYCR .ttt 13

Figure 4-10 Snapshots of The Dlabettc Patient Smart Phone Interfaces in SANAD System wreresrerenae 79

Fig“"e 4-11 (a,b) Snapshots of The Diabetic Nurse Portal |nterface End (c, ) Snapshots of CBT 7
Therapist’s Portal Interface End in SANAD System.......... U N resserssemsisnnnrn 80




Contents

Figure 5-1: Distribution of six items that measure overall reactions of SANAD system......cc.cueceeereens 86
Figure 5-2 : Distribution of screen related factor item ratings for the SANAD system ......coccieveunienns 87
Figure 5-3; Distribution of Terminology and System information factors of the SANAD system......... 88
Figure 5-4: Distribution of learning factor items of the SANAD SYStEM .......ccorrrermersemmresssrsesesssrersesenss 89
Figure 5-5: Distribution of five scales that measure system capabilities of the SANAD system .......... 91
Figure 6-1 Study Design and Patient SAMPIE SEIECLEM ....v.vrrrerrrerrmersirrsreessessensssersssssesssssassssssssssns 93

Figure 6-2 Relative Frequencies of Themes of Posts as a Percentage of The Total Number of Posts 100




Contents

Tables
Table 1-1 Top 10 Countries for Highest Prevalence of DIabetes ..o 1
Table 2-1 Summary The 2006 WHO Recommendations for The Diagnostic Criteria for Diabetes and
INtErMediate HyPErRIYCEMIA .vuieererreriecenressasserssessssasssessrassssssssressasessssesssssssassesssessassnssssssnsssssssnssnes 13
Table 2-2 Summary of Systematic Reviews on Mobile Diabetes Management Systems.......eueeee w21
Table 2-3 Summary of UK Studies on Mobile Diabetes Management SYSTEMS covvrvvrerecaresniensannsessecsenss 22
Table 2-2-4 Summary of The Key Functions and Characteristics of The Most Successfully Apps. ....... 23

Table 2-5 Summary of Mobile Diabetes Management System Embedding Social Networking Platform

IN GUIE REGION. ..u.vrvvreersensensersrsssessssessssssssssstsatessssssssesserssssssassesssssssmssansssesssssassssssssaseressansrstessessessosseses 28
Table 2-6 Summary Analysing of Social Networking Applications fer Diabetes Management ............ 35
Table 3-1 The Comparatives Summary of The key Advantage and Disadvantage Each Approach......45
Table 3-2 Summary of Cognitive Behavioural Theraby for Diabetes Management .......oeearennnineans 50
Table 4-1 ; Study Patients’ Demographics ........oererserssesserans R ety rrersevrsarenes 60
Table 4-2 Most Popular Negative and POsitive THOUBOLS ...cervmrieirnesrrenssrsrnis i resrsnenerenses 74
Table 4-3 Mood scale ............. neannenennenes s , .....y.....75
Table 4-4 Most Popular I ERT———— - e . 76 ! 1
Table 4-5 Examples of SANAD Text Messages ....... 77 |
Table 5-1: Patients Demographics ......... ................ ...... 84 -
Table 5-2: Means, Standard Deviations and 5% Conﬁdence Intervals for ltems |n QUIS and related

to SANAD......... rerererrsaaseens veersesnersreses bt an R nes DO peerees e e eeries v 85
Table 6-1 Baseline Demographic and Clinical Characterlstlcs of Study Groups ..... 7 95 |

Table 6-2 Paired T-Test Comparing Pre Post HbA1c (%), Diabetes Knowledge, and Self Efflcacy....;..QG : f
’ Table 6-3 Independent T-Test Comparing Mean Post-Pre Change Scores between Study Groups...{. 96 -

Table 6-4 Pearson Corre|atlons between Pre and Post Hbalc (%), Self-Efficacy and Diabetes
Knowledge Scores................. R wersssbonseess oo viensirsiniasnaraiens viveiidsrsiiiaed veessressesssnsssiseesossseirenes 97




Introduction

Chapter 1 Introduction

The global prevalence of diabetes is alarming. In particularly, it is estimated that
about 382 million people would be affected by diabetes mellitus with a projection of 592
million by the year 2035 [1]. This prevalence in the developing countries is more acute in
particularly in the gulf countries. Among the countries in the‘Gulfbregion, Saudi Arabia has
one of the highest number of diabetic population. Table 1.1 shows the top 10 countries for

highest prevalence of diabetes where three of these are in Gulf region.

Table 1-1 Top 10 Countries for Highest Prevalence of Diabetes [1}

Country Name Prevalence (%)
Tokelau - 375
Federated States of Micronesia 35.0
Marshall Islands 349

Kiribat 28.8

Cook Islands 25.7
Vanuatu ‘ 24.0
Saudi Arabia 24.0
Nauru ' 23.3
Kuwait 23.1
-Qatar 22.9

Many complications can be arise if the dlabetes is not properly controlled of whlch' v
the major complications include micro (damage of small blood vessels) and macro-vascular
diseases (damage of large blood vessels) which in turn can lead to other serlous drseases like

peripheral vascular dlseases stroke, and ischemic heart disease; and can affect other organs' .

like eyes, nerves, kidneys etc. [2]. These major risk factors can be related to behavnoural -

aspects or risks like poor diet or nutrition, lack of physrcal exercise, mact:ve lrfest) les etc.[3];
and these factors are correlated and can be scen in people with diabetes, as they can rarely :
Cause the condition mdependently[Zl] Therefore people with type 2 diabetes are prone to -

different risks, as a result, they requrre ‘wide ran;,e of treatments for different comorbld

conditions (dyslipidaemia, hypertension etc.) identified by the abnormal levels of lipids and

lipoproteins [5]. This issue is made chromc in Middle Eastem countrles and kmg:,dom of :

Saudl Arabia due to conservatlve culture and socral hablts and norms




Introduction

One of the main objectives of diabetes self-management is to achieve the normal or
near blood glucose levels, which can help in reducing the complications arising from micro-
vascular diseases [6]. The achievement of this objective can lead reducing the risk of

complication and improving the quality of life of the diabetes patients.

An effective diabetes management system can achieve potential long-term outcomes,
and health status, as it can be identified in different studies[7]. However, one of the major
reasons identified for sustainable self-management include the poor implementation of
patient care guidelines as prescribed by the healthcare providers[8]. Different barriers to the
guidelines and implementation are found, which include the patient’s understanding or
perception about the seriousness of the disease and the need for treatment, inappropriate

guidelines, and resistance from the patients to change their lifestyles [9][10][11].

Diabetes self-management is an approach, where the patients’ skills, knowledge, and
confidence are improved ”by specific educational tools in order to mbanage their condition on
their own on a daily basis [12]. In this approach, the patients’ identifies their conditions and
tries to solve or manage them by developing the "required skills 4and knowledge[13]. In
general, the diabetes self-management programmes' focus on improving the patients’
communication, logical, analytical, decision making, and problcm solvmg skills whrch

ensures an effective approach of dellvermg preventlve servnces [l 2]

These self-care therapy for diabetic is a complex process, as patients need to undergo
difficult lifestyle changes, which would include maintaining reasonable body weight,
appropriate intake of food, physical exercrse, practicing self-glucose momtormg, followmg B

prescribed medxcatxon, and other similar preventlve measures[l4]

Studies have shown that minimum levels of diabctes knowledge are essential for the
patients to effectively participate in the diabetes self-management program, in order to

improve their condition [15] [16][17]. It is not an easy task to learn all the nééeséary skills by

the patlents in managmg their condition [18]; therefore diabetes care skills are consldcred as

one of the most lmportant aspect of the diabetes self-management educational programmes,
Other behavroural management features like motivation, mcreasm&, y the cont’ dmce levcls are

also considered as an xmportant part of these educational programmes.



Introduction

In the last decade, mobile health is seen as an important enhancing approach tor the
diabetes self-management. M-health was originally defined in 2004 as "mobile computing,
medical sensor and communication technologies for health care [19], Since then it become
one of key pillar of ICT for health together with telemedicine, telehealth and ehealth. From

the mobile diabetes management perspective, the basic architecture is shown in tigure 1.1.

Figure 1-1 The Basic Functioning and The Use of The Mobile Diabetes Management System

As it can be seen in figure 1.1, the frontend consist ot a glucometer, which the patients
either wirelessly (via a Bluetooth connectivity linked to the patient's glucose monitor)
transfers the reading to a smart mobile application, or the patients manually enters the reading
through smart mobile application. The readings are stored in a server, from where the
physicians view the readings and provide the leedback to the patients. Feedback may be

received through SMS message to the patient's mobile application.

Although, major studies and pilots of mobile diabetes management were conducted
globally [20], However, few studies if any were conducted in the kingdom of Saudi Arabia,
which is subject of this thesis. Saudi Arabia has one of the highest level of prevalence of
diabetes globally. It also has one of the highest users of smart phones and social networks

globally. The total number of mobile users in Saudi Arabia reached around 51 million at the
3
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end of 2013, with penetration rate of 170% as shown in figure 1.2. Furthermore, the
estimated number of Internet users in the Kingdom of Saudi Arabia is 16.4 million users at
the end of Q3 2013, with a population penetration 55 % as shown in figure 1.3 [21]. In
addition, The total number of social networking users using in Saudi Arabia reached around
7.8 million Facebook’s users, 1 million LinkedIn users and more than 5 million Twitter users
at the end of 2013 [22]. To date, this wide use of mobile devises and social networks in the
kingdom is not effected in their wide use for healthcare application including diabetes
management Furthermore, to best of our knowledge no feasibility pilot study to date has been

conducted on mobile intervention of diabetes self-management for Saudi’s patients.
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Figure 1-2 The Mobile Users in Saudi Arabia [21]
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Figure 1-3 The Internet Users in The Kingdom of Saudi Arabia {21]

L1 Motlvatlon
In resent year, the kingdom has witnessed an mcreasmg level of sedcntary llfcstyles

and western food styles These nutritional and wellbeing habxts contnbuted sngmﬁcantly to
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the increase in diabetes amongst the KSA population. Saudi Arabia population comprises of
highest number of diabetes patients in the world (about 24 %). It is estimated that there would
be a rapid increase in the diabetic population in the Middle East by 2030, by analysing an
increase of 163% compared to the year 2000 [23]. Furthermore, diabetes mellitus is one of
the major causes of deaths in Saudi Arabia[24], and the prevalence of impaired glucose

tolerance, a precursor to diabetes, was as high as 14.1%[25].

In addition, diabetes in the kingdom is associated with increased macro-vascular
complication and increased cardio-vascular diseases [26]. It was also found that the diabetes
is associated with the micro-vascular disease has been of higher prevalence with nephropathy
(12.8%)[27], retinopathy (25.3%) [28], and neuropathy (56%) [29]. It is estimated that 3.5%
of the total inpatient days in the hospitals in the kingdom are accounted to the diabetes and its
related problems, covering annual costs of $ 2.2 billion in 2010, and these costs are estimated

to reach at $ 4.8 billion in Saudi Arabia by the year 2030 [30].

The effectiveness of intensive treatments for type 1 and type 2 diabetes in the
kingdom has been documented in many studies[31]. However, the clinical outcomes of
diabetic care have been unsatisfactory with only 27% of the diabetic patients have reached
the target blood glucose levels in a study conducted by Akbar [32]. In other studies, 77% of
the diabetic patients have recorded for poor control of blood glucose levels [33] with an
overall basis, 49% of the diabetes patients attendmg the primary hcahhcare centres are found _
to be with the case of poor control of blood glucose levels [34]. In addition, it was found that
the large numbers of diabetes patients are developmg high rnsk for diabetes comphcatlons due
to poor control of their blood glucose levels [35]. The alarming prevalence of diabetes in
Saudi Arabia has been called an epidemio by many studies [36][37][38] lt has bu:n
identified that factors like obesity, lack of exercise, and other behavioural aqpects arc the

Prominent factors for increase in the dlabetes among the people of Saudi Arabua [25].

These major healthcare challenges motxvated this study to dcsngn and developud a
mobile diabetes management system mtegratmg social networkmg and behav:oural change
modules tailored for Saudi patients. Most of earlier clinical studies that indicte poor c_hmcal |
Outcomes in KSA diabetic pa'tientvs are due to lack of self-education, the behavioural issues of -
Saudi patients and the lack of knowledge of the seriousness of their diabetic condluons and

the need of self-management and change of life style and diet behavnours It is theref’ore
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timely for studies on the potential of mobile diabetes systems to be applied for Saudi diabetic

particularly for type 2 diabetes.

1.2 Aims and Objectives

The specific aims of this research are:

e To conduct a feasibility and user perspective study on the requirements and

needs study of mobile diabetes system from the Saudi Arabian perspective.

o To design and develop an advanced mobile diabetes management system
tailored for KSA patients that integrates the behavioural change, and the social

networking concepts.

e To conduct a feasibility clinical study on the effectiveness of the system in

Saudi Arabia.

1.3 Contribution of the Research
The major contributions of this thesis can be summarized in the following:

(1) A detailed literature Systematic review to identify the current status and potential
impact of using mobile diabetes management system embedding social networking in
the gulf countries and particularly in the kingdom of Saudi Arabia (KSA).

(2) A detailed‘review to identify the most relevant behavioural change theories that
integrates diabetes management and social networking. |

(3) A preliminary study on the perceptions with the aim of Saudi diabetic patients and 7

medical staff requirements and needs for mobile diabetes management in KSA,

(4) Design and development a new mobile diabetes management system embeddmg o

social network and behav:oural change mtervcntlon modules tailored fc)r Saudn‘
7 dlabetlc patxents (SANAD - Saudi Arabia Networking for Aiding Dlabetes)
(5) A prehmmary usablhty study on cvaluatmg the SANAD system in the I\SA and i in

analysing the aspects of user satisfaction and interaction.

6 A prel:mmary clinical pilot study on the effectiveness of the SANAD in KSA t)pe 2

diabetic patients.
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1.4 Structure of the Thesis

Chapter 2: Literature Review: This chapter discusses the concepts of diabetes
management in general and its challenges in Saudi Arabia. It also presents the following
literature review studies relevant to this work (i) a general review of mobile diabetes
management system, (ii) a detailed review of the previous and the current status of mobile
diabetes management system embedding social networking in the Gulf region, (iii) a review
of social networking for diabetes management and a detailed discussion to provide the gap of

knowledge and why this study is timely and important.

Chapter 3: Cognitive Behavioural Therapy for Diabetes Management: This
chapter discusses health behavioural models, Cognitive Behavioural Therapy, and their

impact on the diabetes management.

Chapter 4: Saudi Arabia Networking for Aiding Diabetes (SANAD): This
chapter presents the system overview and the framework of SANAD system. It also presents
the development process of the system including a preliminary study, the study setting;
methods used and the results of the study in designing the systemb. Moreover, the desigh and

implementation process along with the different tcchnology solutions used are explained.

Chaptér 5: Usability Study of SANAD System: This chapter presents the usabivli‘ty
study results of SANAD system among Saudi Type 2 diabetes patients. It also presents'an
overview of the nmponancc of usablhty factors with mobile heahh partlcularlty in SANAD
~ system, addresses the methodology used in this study. and the prehmmary results of this ,

study and discussion. It also concludes this study.

Chapter 6: Clinical Study on the Effectiveness of SANAD System: This chapter
Presents both the clinical study of SANAD system among Saudl Typc 2 diabetes patlents and

Qualitative evaluation of the content of communication in SANAD social networking module.

It also addresses the methodology used in this study and presents the prellmmary results of

this study and discussion. It also concludes this evaluatnon study

Chapter 7: Conclusxons and Future Work ThlS chapter summarises the
Contributions of this thesis. In addmon, the possxble future research directions in this area is

also discussed.
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Chapter 2 : A Literature Review

2.1 Introduction

This chapter presents a detailed literature review of the research topic related to this
thesis. These include:

1) A general introduction on diabetes and its prevalence in Saudi Arabia.

2) An extensive literature review of a mobile diabetes management system,

3) A review of social networking in healthcare in general and diabetes specifically.

4) A literature review of the previous and the current status of mobile diabetes
management system and social networking fof‘healthcarc particularly in the Guif
region.

5) Discussion and conclusion of these literature review studies.

2.2 Diabetes Mellitus

- Diabetes is considered to be one of the serious public health concerns and a major

chronic disease across the globe, and mainly in developing and developed nations. "Accor'ding .

to the World Health Organization diabetes is a metabolic disorder of multnplc aetlology
characterized by chronic hyperglycaemia y with d:sturbances of carbohydrate, fat and protein

metabolism resulting from defects in insulin secretion, insulin action, or both, Thcre are

serious effects of diabetes which mclude long term damagc or dysfunctlon or lallurc of o

various organs [24] Diabetes is a chronic dlseasc which may occur due to two major rcasons

when the insulin produced by the pancreas is not uscd effectlvely, and when the pancreas |

could not produce enough insulin. The problcm of hlgh blood sugar levels, which othcrwnsc e

called as Ilypergl),cacmla is the result of uncontrolled dxabctes which can cause scrlous f - .

damagc to various organs of the body, especnally blood vessels and nerves in the long run. - iy

kIncreased urination, weight loss, fatigue, and mcrcascd hunger and thirst arc the majori i

symptoms of diabetes [24].

The World Health Orgamzatzon classified dlabetes into three major t}pe [24] The

ﬁrst type is known as type 1 dlabetcs or Insulm dcpendent dlabetes, whxch is mamly observed P
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in children and young adults. It was also known as juvenile diabetes. In this type, the
pancreas does not produce insulin (the hormone required to convert the carbohydrates, fats
and sugar in to energy) [39]. It is caused when the immune system of the body destroys the
beta cells in pancreas that produce insulin, and therefore it is recognized as an auto-immune
disease[40]. Type 1 diabetes accounts 10-15% of all the people diagnosed with diabetes, and
can appear at any age, mostly under 40 [1]. It can be triggered by different factors such as
diet, viruses, and chemicals in genetically predisposed people. Type 1 diabetes can be

effectively managed by a prescribed diet and an effective exercise plan .

The second type is known as Type 2 diabetes or non-insulin dependent diabetes. It
accounts 85-90% of all the people diagnosed with diabetes. This type of diabetes is mainly
caused as a result of insufficient insulin production by the pancreas to maintain appropriate
blood glucose levels or when the body becomes resistant to the effects of insulin. The major
concern with this type is that the symptoms may not appear instantly and may take long time,
But, by the time symptoms are observed, serious problems might be already developed in the
body. Therefore it is also known as late-onset diabetes. Changes in the diet, proper exercise
plan and medication can help in effective management of type 2 diabetes, although insulin

mlght be required at later stages[24].

The third type is known as Gestatronal diabetes, which is usually developed durmgv

the pregnancy due to hlgh blood sugar or glucose levels durmg pregnancy, although the

pregnant women may not be diagnosed with diabetes before The maJor concern wnth tlns;‘

type is that almost 70% of the pregnant women dxagnosed wnth gestatnonal drabetes may

develop type 2 drabetes at later stage This type of dxabetes accounts 4% of all pregnant ) o

kWOmen [41] Frgure 2, l shows a brlef descnptron of these three types SRR
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Figure 2-1 Types of Diabetes [24]

2.2.1 Complications of Diabetes

Many complications can be arise if the diabetcs is not properly controlled, of which
the major complications include micro (damage of small blood vesséls) and macro-vascular
diseases (damage of large blood vessels), which in turn can lead to other serious diseases like
peripheral vascular diseases, stroke, and ischemic heart disease; and can affect othér organs
like eyes (retinopathy), nerves (neuropathy), kidneys (nephropathy) etc.[42]. Considering
longer survival time for diabetes péticnts with increased prevalence, diabetic nephropathy is
considered to be the single léading cause of end-stage renal disease [43]. According to UK
Prospective Diabetes Study (UKPDS), after diagnosing the patients with type 2 diabetes, the
10 years prevalence of microalbuminuria (an indicator which precedes renal failure) was 25;% :
[44].

In England and Wales, the medlcal conditions hke blindness and partial sxght are |
Caused mainly due to diabetes retinopathy , and about 10,000 new cases of dnabctlc
rctmopathy are found every year in the United States [45]. In addmon about 90—100% of :
people with type | diabetes and about 60% of people with type 2 dlabetcs will show somc
degree of dnabetnc retinopathy within 20 years of dlabetcs onset. About 21% of the people

with type 2 diabetes are found with dlabetlc retmopathy at the time of dlagnoms

10
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[45].Microvascular complications like foot ulcers are the result of diabetic neuropathy which

cause about 80% of amputations [46].

Diseases related to heart, Peripheral Arterial Disease (PAD), and Stroke are the few
examples of macro-vascular diabetic complications . Diseases related to heart can be caused
by the increase in the levels of cholesterol, which may build plaques in arteries that might
cause cardiovascular complications. About 70% of deaths of diabetic patients are duc to
cardiovascular complications [42]. Diabetes is considered to be a risk factor and a major
concern for cardiovascular diseases. The adult persons with diabetes (24.5%) are more likely

to get coronary heart diseases than the adult persons without diabetes (6.6%) [47].

2.2.2 Risk Factors for Diabetes

Though the exact cause of type 2 diabetes is not completely clear, there is a strong
hereditary component associated with the risk of developing diabetes. There is a chance of
10%-15 % of developing the type 2 diabetes for an individual if the parent or sibling of that
individual is already diagnosed with type 2 diabetes . The studies on the impact of hereditary
component have found that there is a 6.4% prevalencé of diabetes for an individual, if the
father is diabetic, 10% if the mother is diabetic, and 14.94% if both are diabetic. These results
show there is a strong influence of family history associated with the occurrence of diabetes
[48].

In addition, the lifestyles of the people, environmental and medical factors can also
have an impact in the occurrence of diabetes. Inactive lifestyles, lmproper or poor diet of an
individual with genetic tendency can trigger the chances of having type 2 diabetes, The
sedentary lifestyles, irregular diét high fat consumption, and subsequent obesity are some
contributing factors for the increase in the preva!ence of type 2 diabetes . Among these
obesity is found to be the highly correlating factor, as it is found that about 80% of the type 2
diabetic patients are clinically obese. There are few medical factors which are considered to

be the risk factors for developing diabetes or pre-diabetes conditions, and these conditions

include impaired glucose tolerance (IGT), impaired fasting glucose (IFG), and insulin .

resistance. These conditions are metabolic stages which can be considered as intermediate
Stages between normal éarbohydrate metabolism and diabetes [49][50]. Figure 2.2 shows the

major causes of diabetes that can be scen attributed to several complication factors.

11



Chapter 2

T
4 AN
! Sedentary Y —
Il lileatyie j ” T
\
‘ Atakal ‘ a high bloag 1'
K ol who ‘ PRGLuce ’
/\\"__._. A.
' Lommies Dtabetes ] ) A’; Semaking .i
\ Eoviranment j Causes ' _3
\\“-»...‘.// N
g
/ High fat &

! '
‘:dey l -—" : chuderternl |
ity , & fwret ,"

Qm.s £t ) »-—»f”

Figure 2-2 Major Causes of Diabetes [24]

2.2.3 Diagnosis of Diabetes

Fasting blood glucose test is considered to be the conventional méthod of diagnosing
diabetes. However, World Health Organization has revised the criteria for diagnosing the
diabetes in the late 1990’s. Oral glucose tolerance test (OGTT) was | additionally
recommended in the diagnosis process in order to avoid the chances of missing some diabetic
cases by undertaking only Fasting plasma glucose test [24]. According to World Health
organization‘s and shown in Table 2.1 that summarises the WHO recommendations for the
diagnostic criteria for diabetes and intermediate hyperglycaemia. On the other hand, Glycated
Haemoglobin (HbAlc) can be used as a diagnostic test for diabetes. An HbAlc of 6.5% is
recommended as the cut point for diagnosing diabetes. ’A value of less than 6;5% ’does- hot ;
exclude diabetes diagnosed using glucose tests. HbAlc reflects average plasma glucose bver )
the previous eight to 12 weeks It can be performed at any time of the day and does not

Tequire any special preparation such as fasting [51].
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Table 2-1 Summary The 2006 WHO Recommendations for The Diagnostic Criteria for Diabetes and Intermediate

Hyperglycemia [24]
Diabetes
Fasting plasma glucose 2-h plasma glucose® 2 7.0 mmol/t (126mg/di)
Or

211.1mmol/l (200mg/d!)

Impaired glucose Tolerance(IGT)

——

Fasting plasma glucose 2-h plasma glucose* ; < 7.0 mmol/t {126mg/dl})
and

2 7.8 and <11.1 mmol/l (140mg/di and 200mg/dl)

Presmrmt——

Impaired Fasting glucose (IFG)

Fasting plasma glucose 2-h plasma glucose* 6.1t0 6.9 mmoli/l (llorﬁg/dl to'125mg/dl)
and
{if measured) <7.8rﬁmol/| (140mg/di) b

[P

*Venous plasma glucose z‘houn after ingesﬂon of 75g oral glucose load *if 2-h p!asma g!ucose is not measured status Is
uncenam as d&abetes orIGT cannot be excluded.:

2.2.4 Preventidn of Diabetes

There has been a wide focUs on the prevention of f)’pe 2 diabetes in the medicaly‘” ‘

research for many years. There are several studies which have explalned the possnbnhty of :

Preventing the type 2 diabetes [52] However, the possxbllnty of preventmg the type 2 dlabetcs i o

Wwas first explained in the trials conducted in the mesh Diabetes Prevemmn Study in the by . g

changing leestyles[SB] Many nations have been 1mplementmg the sug:,gethons from the

Study which focus on excess weu,ht loss, physmal exercise, proper diet etc., in preventmg the. -~

diabetes, The follow up study of these trials have shown the 43% reduction in the: mk of

| developmg type 2 diabetes, in the mtervennon group when compared w:th the con’trol group o

53], In addition, other studies have faund that intake of whole gram food and i increase in thek‘; ik
‘ : : 13
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intake of cereal fibres can also be the additional dietary factors in preventing the diabetes
[54].

2.2.5 Treatment of Diabetes

Changing the lifestyles is the additional factor which needs to be adopted for optimum
management of diabetes in both type 1 and type 2 diabetic patients. However, for type 1
diabetic patients, insulin intake is the only option for diabetes management, while for the type
2 diabetic patients there are other optibns which can be used to lower the blood glucose levels
[55]. Three different classes of medications are classified in order to reduce hyperglycaemia.
These include oral anti-diabetic medications are metiglinides and sulfonylureas, biguanides
and thiazolidinediones, and alph- glucosidase inhibitors. These medications are prescribed

according to the condition and the needs of different patients as they act in different ways.

For stimulating the insulin secretion, Metiglinides and sulfonylureas like Gliclazide
and Glipizide are used, and for increasing the insulin sensitivity and for slower absofption of
insulin in the stomach and intestine biguanides and thiazolidinediones like Metformin and
Glucophage are used. Alph- glucosidase inhibitors lfke Acarbose act in different ways by
reducing the breakdown of complex carbohydrates into glucose within the stomach and
intestines. However, even after using the oral medication, many type 2 diabetic patients will
need insulin within 6-10 years in order to maintain apprdpriate glucose levels[$6]. The i
UKPDS longitudinal study has found that intensive insulin therapy has achieved significant

results in declining the progression of diabetes complications [57].

2.3 Diabetes Management
2.3.1 Diabetes Self-Management

Diabetes self-management has been considered as an effective approach in managing
diabetes and préveming subsequent risks of developing other diseases, and loﬁg teﬁﬁ
Complications, by adopting the healthy lifestyles, proper exercise plans, along with the help - .
of medication and physician medical advice. This concept of self-management refers to the
various activities and behavioural changes of diabetic pat_ients in order to promote their health -
by effective management of the diabetes [58]. In this process, there is a need for éare teafn;. :

that includes nurse, physician, educator, dietician, social worker, psychologist, and the
: ' ' 14
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general practitioner, that regularly interacts with the patient in managing the diabetes through
different means [58]. Though there is a support from the care team, the patient is the most
crucial member among all the team members, as he/she must make informed decisions about
adopting different changes in the lifestyles, and how to lead a quality life along with the
illness, because about 95% of the diabetes management is done by the patient alone in the

whole team.

There is a need to educate the diabetes patients regarding the self-management
techniques, update their knowledge and skills, so that they can effectively manage their
condition. For this purpose, using such advances technology for diabetes self-management
has to be developed to the patients as it helps in training the patients in adopting the
recommended changes in the behaviour, lifestyles, diet, and physical exercise. In addition,
the administration of medication, self-monitoring of blood glucose levels and the foot care

will help in effective self-management of diabetes.

Diet control is one of the most important, safe, and natural methods of managing
diabetes. According to the condition of the patients, the appropriate strategy for managing the
diet has to be selected along with the medical nutrition therapy. However other strategies hés '
to be considered in diet management like making right choices in the selection of types of
food, meal planning, and controlling portions of food [59]. A dietary guideline specification
can help in encouraging the responsibility in improving the blood glucose levels of the people
Wwith type 2 diabetes. However, at the same time, it is also necessary to observe that the
suggested nutrition recommendations must be practical and achievable. Dxfferent studles
have shown significant improvements in the effective management of diabetes and its |
associated complications by following the recommended diet plans[60] Adoptmg a healthy
diet plan would also reduce overall healthcare costs as there would be a reducuon in the ‘

hospitalization, and medxcal consumption [61].

In addition to the diet management and medication, physical exercise is one of the

most recommended activities for the type 2 diabetic patients. Usually aerobic exercises are = -

most suitable for the patients as they are easy to follow. But there are studies which have
- recommended that an effective exercise plan, which includes both aerobic exercise and
Circuit type resistance training are necessary in order to improve glycaemic control, and to

Teduce cardiovascular complications[62]. In addition, it was found that circuit type resistance
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training has a positive effect on the psychological function with the older people diagnosed
with type 2 diabetes. As sudden engagement in physical exercise may be difficult, the

engagement process has to be gradually increased so that the patients may find it easy.

Oral medication is usually prescribed when the behavioural activities like diet and
¢xercise are not enough to control the blood glucose levels [55]. According to the study
conducted by the European Society of Cardiology and European Association for the Study of
Diabetes, metiglinides and sulfonylureas are the major oral medications prescribed in order to
reduce hyperglycemia [55]. It is necessary to adopt prescribed medication for improving
glycaemic control and to reduce diabetic complications. Many studies have found that the
adherence to the medication was acceptable, but it becomes worse when the combinations of

medications are prescribed [63].

More recently, SMBG (Self-monitoring of blood glucose) is also considered as an
effective approach for managing diabetes [64]. This process requires a medical device called
glucose meter, which identifies the blood glucose levels. Based on the readings the patients
need to take appropriaté actions by interpreting the results, and also by taking the advice from
the medical practitioners. SMBG can be used with both type 1 and type 2 diabétic patients .
However, it is necessary to educate the patients and improve their skills and knowledge
regarding the disease, before they‘could start SMBG. Different studies have supported the
concept of SMBG, as there is a significant reduction in HbAlc of the diabetic patients in
intervention group practicing SMBG than the control group which did not use SMBG method |
[65](66].

Considering the diabetic complications and its associated risk factors, foot care is one

of the important aspect to be taken in order to prevent Ischemia and Peripheral neuropathy, as -

these two are the major reason for foot ulcer which is a common problem found in about 15% -

of the diabetic patients [46]. This could in addition create other complications like gangrene

by damaging the tissue parts. However, these diabetic complications can be reduced if proper |
Prevention methods are put in to use. The studies in this aspect has found varymg results

which reflects the little evidence on identifying the preventive measures, Few studies [67]
have found that foot care education programmes are effective in preventing the foot ulcers,
While other studies [68] have found that these education programmes are ineffective in

Preventing the foot ulcers. However regular care and daily monitoring guidelines are

EETRE
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prescribed by the National Institute for Clinical Excellence for foot care include examining in
preventing the foot ulcers by identifying the symptoms early and by routine examination by
healthcare professionals [69]. Figure 2.3 shows that both self-management activities linked to
behavioural change approach are key to successfully diabetes self-management and avoiding

complications.
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Figure 2-3 Diabetes Self-Management Activities [70]

2.3.2 Challenges of Diabetes Management in the Kingdom of Saudi Arabia

As described earlier, there is an increasing adoption of unhealthy eating habits and
limited physical activities with increase prevalence of Type 2 diabetes mellitus due to social
norms [71] [72], Managing diabetes in KSA is a difficult task. Various factors are
contributing to this chronic diseases prevalence, such as; family history, obesity, smoking
habits and limited health awareness and education. In addition, hypertension, diabetes along

with coronary artery diseases has become an extreme challenge to the countries health care

system.

Figure 2.4 shows the major challenges affecting diabetes management in KSA. These

are summarized as following:

1) Prevalence of obesity and other chorine diseases such as blood pressure.
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2) Social norms and culture issues such as gender inequality and conservative

restrictions.
3) Low awareness and poor health education and motivation

4) High prevalence of smoking.
5) Unhealthy eating as in eastern society the unhealthy and food with high levels of

carbohydrates and poor nutrition that contribute to diabetes onset

6) No specific national or local guidelines as they still follow NICE guidelines[73]

7) Limited qualified staff and diabetes specialist and nurses
In addition to that, besides these challenges, the KSA covers a large geographical with

desert and remote towns that lack specialist diabetes care.
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Figure 2-4 Challenges of Diabetes Management in KSA
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2.4 Mobile Diabetes Management Systems

2.4.1 Literature Review of Mobile Diabetes Management System

In this section, we will present the meta-analysis, review papers, and analyse their
outcomes .We present some of the pilot and clinical studies conducted in UK and their

outcomes.

Table 2.2 shows the key literature review papers on mobile diabetes management and
their perspectives analysis. The first comparative study reviewed 18 studies on mobile
diabetes management [20]. The study aimed to evaluate the impact of mobile interventions
for persons with diabetes and/or obesity in improving health care outcomes, and the processes
of care for persons with diabetes and/or obesity. The key outcomes of this comparative study
are summarized as follows: (i) 9 out of 10 studies that measured HbAlc reported significant
improvement among those receiving education and care support, ‘(ii) most of the studies
indicated that the use of mobile diabetes intervention improved interaction between patients

and providers, and between parents and children, and their greater satisfaction with care.

The second systematic review study cited to date 21 studies on diabetes manégement
via mobile phohe [74]. In this systematic review a detailed of 21 studies was addressed with
the objective to identify the most common uses of mobile phones in monitoring and -
Mmanaging diabetes, their potential roles in a clinical setting, and the current state of research
in the field. The key outcomes of this study are summarized as follows: (i) most of the
reviewed studies reported that there was a significant improvement in HbAlc, (ii) another
important finding was that the use of such technology imprqved self-efficacy and diébetes
knowledge (iii) the study also pointed out that most studies report extremely positive
Opinions of patients towards such interventiori, but tell nothing about the opinions of the

Providers[74].

The thlrd study is the meta-analysis that reviewed 22 studies [75] wnth the objecuve to
Study the effect of mobile phone usage on glycaemic comrol in diabetes management This
Study cited high cell phone penetration as an opportunity to exploit this quest. Cell phones
were used to deliver test results and SMS remmders of visits were also sent, The key
Outcomes of this meta-analysis are summarized as follows: Q) mobile interventions for
diabetes management reduced HbAlc values by a mean of 0.5% [6 mmoliol ; 95% |
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confidence interval, 0.3-0.7% (4-8 mmolinol)] over a median of 6 months follow-up
duration, (ii) 11 studies among Type 2 diabetes patients reported significantly greater
reduction in HbA 1¢ than studies among Type 1 diabetes patients [0.8 (9 mmolimol)vs.0.3%(3
mmolmol); P = 0.02].

From the UK perspective, table 2.3 shows the mobile diabetes management studies
conducted in the last decade in UK. From these systematic review papers, meta-analysis and
UK papers, we can conclude that the common trends and outcomes of the effectiveness on

mobile diabetes management system are summarized as follows:

1) There is a clear evidence and significant improvement in HbAl¢, self-efficacy and
diabetes knowledge among those using mobile diabetes systems compared to

traditional care.

2) There is a clear evidence on improvement in the interaction between patients,

providers, parents and children.

3) There is clearly no studies in the Gulf regioﬁ on using mobile techhology for for |

type 2 diabetes management particularly in Saudi Arabia.

~ 4) There is a need for a further research studies to develop and evaluate of such

system specifically tailored to the Gulf region particularly in Saudi Arabia‘.k
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Table 2-2 Summary of Systematic Reviews on Mobile Diabetes Management Systems

No. Author, Reviewed Details Outcomes/Analysis
Year Studies
1 Krishna & | 20 articles | 13 studies measured health outcomes, and 5 studies evaluated | Mobile phone and SMS services interventions improved the
’ Boren 2008 | representing 18 | process of care. 9 out of 10 studies reported significant | communication between the patients and doctors, and also
{20] studies improvement in HbAl¢ levels in the control group increased the satisfaction levels.
2 Holtz - - & { 21 articles 62% of the total studies reported HbAlc values as an outcome | Mobile phone interventions can increase the satisfaction
Lauckner measure,. out of which 85% of them reported significant { levels, and can to an extent reduce the HbAlc levels. It can
2012 [74] improvements in HbAlc values. 24% of the studies reported no | help the patients in expanding their horizons in education
changes. Out of 48% studies reporting satisfaction as an outcome | related to their health condition and other health related
measure, more than 90% of them were satisfied. aspects.
3 Liang et al. | 22 trials, 1657 | Mobile ph‘one’interventions for diabetes self-management reduced | Mobile phone interventions significantly reduced the HbAlc
2010[75] | patients HbAlc values by mean of 0.5%. 11 studies related to type 2 | levels in type 2 diabetes patients group, than in the type 1

diabetes reported significant reductions in HbA1c values than the
type 1 diabetic studies [0.8 {9 mmol/ mol) vs. 0.3% (3 mmol / mol);
P=002].

diabetes patient group.

i
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Table 2-3 Summary of UK Studies on Mobile Diabetes Management Systems

No. Author,'k |- Sample Age Sample ' - Duration Study Study .| Diabetes Type Data input Result Comments
Year Population“, - Location Désign' Methods &
: k » Functions

1 prsen et 57.6 23 patients 6 UK RCT Type 2 Internet enabled | Mean decrease in the HbAlc levels of Mbbile phone interventions can improve
al. 2010 : rhonths ‘ Mobile - Phone, | 0.66% with a mean increase in the insulin | the control of blood glucose levels.
178} ‘ Electronic Diary | dose by 17 units

2 Franklin et } B-18 64 patients 12 14 RCT Typel SMS/ automated | Automated text messaging “Sweet Talk” | Automated text messaging can be used
al. 2008 ‘ months ’ text messaging service helped the patients in receiving | extensively with young diabetic patients,
{771 : ‘ ) additional support and increased their | which can improve their knowledge and
: ’ o satisfaction levels satisfaction levels.

3 Tumet et 58 - 23 patients - 3 UK RCT Type 2 Mobile app Tele-heaith - services like telephone Additional support to the elderly diabetic
kal. 2009  ' : months | o monitoring  has  achieved  greater | patients can lead to improved glycaemic
78] ' : satisfaction fevels in the early diabetic | control, © as the satisfaction levels,
ER patients as the system was easy to use { motivation, and the services are improved.

and the frequent visits to the clinics were
reduced to a great extent. .

4 Curran et { NA 6 Patients 2 Weeks | UK RCT N/A Mobile - Devices, | Intensive insulin therapy has a value and j Artificial intelligence can be integrated with

' at. ,:‘ 2010 | s ’ Neural Network needstobefufther investigated. m-heaith  technologies in  developing
{75} k application systems which are more effective and
' accurate in generating the insulin doses

based on the readings entered.
Istepanian § 60 137 : 9 UK RCT Typel Modbile . phones, | Patients in the intervention group {7.76%) | The technical compatibility and the usability
et ai.k 2009 (”mtervent'soﬁ 72 {inteweﬁtion montﬁs L TypeZ Web " based | achieved low levels of HbAlc than those | of the devices in implementing m-health
fso] groupi, k grédp}, o i S applications | in the control group (8.4%). Higher | technologies must be carefully assessed
{57 {control 65 {control ‘ satisfaction levels towards m-heaith | before starting the trial.
g group) = gmup; - intervention. Few technical difficulties.
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2.4.2 Smart Phone Applications for Diabetes Management

In this section, we summaries some of the main smart phone applications (Apps)

available for mobile diabetes management. In recent survey, there is currently nearly 1400

apps on iPhone platform and Android based smart platform and most of the details of these

apps are described elsewhere [81]. Table 2.4 presents some of the most successful

commercial apps available and describe the key functions and characteristics. These include

data tracking, alerts, trend chart, logbook view, social networking, data synchronizing and

behavioral change.

Table 2-2-4 Summary of the Key Functions and Characteristics of The Most Successfully Apps.

Apps Name/ Features Diabetes Llog | Diabetes Pilot | Log Frog | Wave Sense Diabetes Your Glucose
‘ ' DB Manger Diabetes Buddy
Diary
Bi ,
20d Glucose monitoring X X x X x X
Worm———
“ight Monitoring X x x
\
Physical Activity X x X

Diet (seif-monitoring)

) '
90d Pressure (setf-monitoring)

Ry ———

erts

Trend ch art

I°gh°°k view

Socm NEtworking

Dat '
? S¥nchronizing with HCP

Ching and Behaviroal Change

\
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In summary, these apps have in general common features for diabetes management.
However, there is no smartphone application that has linked the social networking and

behavioral therapy modules with mobile diabetes management.

2.5 Mobile Diabetes Management System in the Gulf Region

2.5.1 Introduction

In this section, we review the work carried out in the Gulf region on using mobile for
diabetes management in the context of social networks for healthcare. An extensive review

was conducted to identify such published work in this area.

2.5.2 Methods

This review study reviewed the peer-reviewed articles in electronic medical
databases. Both English and Arabic databases were used in the search. The English databases
included the PubMed, Web of Science and 1EEE Xplorer , while the Arabic databases used
include Al Manhal, Mandumah and AskZad. The search terms used in the databases included
numerous mixtures of the expressions “diabetes”, “mobile phones”, “cell phones”, “smart
phone™ , “social network” and the name of the country. In order to get specific results for the
different countries being studied, the search terms specified the country, for instance “mobile

phones and diabetes and Saudi Arabia”

The selected articles fof the review study were identif‘ned on the following criteria: a) if
the studies had mobile phones as the principal intervention tool for self-management of |
diabetes, b) if the study in the article had either a randomized controlled trial, managed
before-after trial, quasi randomized trial or managed limit trial, c) if the articles were dated
between 2002 and 2013, d) if the articles were published in Enghsh and Arabic languag,e, e)
if the articles were pubhshed in peer reviewed publications or peer reviewed international

conference proceedmgs Furthermore, the articles were also excluded on the followmg :

benchmarks: a) if the article gave reviews without original study data, b) if the article gave

reports that only introduced mobile phone technologies, ¢) if the articles focused on other
discases with diabetes, d) if the articles are written as reports, ¢) if the articles centred only on

the clinical professionals and not on the patient’s side.
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Moreover, data was extracted from the articles according to the study design, application
devices, individuals taking part in the application such as patients and family members and
health care providers; input of data by patients and the data record techniques, targeted
population, roles of the application, techniques used to analyse acceptability, feasibility and
effectiveness, techniques and the outcome of experimental results review if presented, and the

exploration outcomes. Figure 2.5 shows the study search strategy and review process.

195 Engitch anicies identified
17 pubhMed

0 web of wirmnmce

169 KEE

9  hand sewrch

581 Arabic artictes identitied
20h Al Manhel

41  Manduman

334 Askiag

762 exciuded

749 unrelated to diabetes care and mohile phone
> 8 duphcute of overlapping publcations

2 . revews

13 others®

v

14 full-text articies reviewed

11 excloded

preemnnl | 11 did nost Mmeet INCIUsion criteda

v

3 articles Included
1trag

1 Bahrain

1Qatar

Figure 2-5 The Study Search Strategy and Review Process

2.5.3, Res’ults

In the first stage of selection, 195 English articles were and 581 Arabic articles were
identified. Among the English articles, 17 were from Pub Med, non from Web of Science,
169 from IEEE Xplorer and 9 from hand search. On the other hand, among the Arabic articles
identified 206 were from Al Manhal, 41 from Mandumah and 334 from AskZad. In the
second phase of the selection of the data sources, 762 articles were excluded and only 14
articles were full text peer-reviewed articles. Thé 762 articles either gave evaluations short of
Creative study data, gave hearsays that merely gave introductions of cell phone technologies
or focused on other diseases with diabetes. Of the 14 selected articles, only 3 of thése met the -

- €xclusion and inclusion criteria. The three articles identified included 1 Iraq article, 1 Bahrain

5
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article and 1 Qatar article. The summaries of these studies are presented in table 2.5, The 11

articles not selected did not meet the criteria for inclusion and exclusion.

In a study conducted by Hussein et al. in 2011, in Bahrain, the impact of using the
short message services on type 2 diabetes mellitus management was assessed. 34 patients
were selected for the trial, out of which the intervention group had 12 patients and the control
group had 22 patients [82]. The control group received usual care. The intervention group
patients received two mobile numbers, one for the physician, and the other for diabetic
educator. The patients can send unlimited SMS to the two numbers for support, information
and any queries. The study lasted for three months, and the total messages received were 633.
Majority of the messages (64.7%) were concerning the review of the glucose readings, 7%
regarding the dietary and food related queries, 6% were regarding the help in hyperglycaemia
situations, and 4% regarding the medication. Interestingly more messages were sent to
diabetic educator than the physician. However, the amount of messages sent in the first
month was high, and in the next two months, the number of messages received decreased.
The results of the study were interesting, as both groups had a significant reduction in HbAlc
levels. The reduction of HbAlc levels in the intervention group was 2.76%, which is 1.16%
lower than in the control group. The study conducted by Mulvanet et al. reveals the initiatives
taken in implementing the e-health and m-health applications in Iraq, where the DeLPHE-
Iraq project was discussed [83]. Two m-health pilot studies were planned and implemented in
Baghdad and Basrah, which include: a) feasibility and acceptability of SMS service for
Pregnant woman identified with gestational diabetes of their healthcare in Baghdad; and b)

feasibility of mobile phone text messaging to support type 2 diabetes management in Basrah
[84]. , .

The first study involving pregnant women had two groups: intervention group with -

146 pregnant women, and contro! group with 97 pregnant women. A mobile phone is given
to the patients in the intervention group, where they can use the mobile phone for SMS
Service for obtaining information related to the study, or any other health related issues. The
results of the study have shown an increase in the number of visits, with a median of four in
the intervention group and two in the céntroi group. The second study concerning the type 2
diabetes management included 50 patients. The patients were asked to fill a questionnaire at
the start and end of the study to assess their knowledge in health related aspects. During the

Period of study, educational SMS were sent to the patients mobiles. The results were
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impressive, as there is a significant increase in the knowledge of patients from a score of 8.57
to 9.85. In addition, during the period of study, significant reductions in the HbAlc¢ levels of
the patients were observed (from 9.33 to 8.56).

The study presented by Alhazbi and colleagues presents a mobile application that
aims to assist diabetic people in Qatar to manage such chronic disease through glucose
monitoring and diet management [85]. Besides helping patients to log their data of glucose
level and transmit them wirelessly to health care centres, more importantly, the application
supports patients to manage their food consumption by providing them with advices about
food items and their appropriateness to their personal conditions. The recommended mobile
application utilizes concept of ontology to represent Qatari food items and their nutrition. The
information is shared between the three components which include mobile application on
patients that sends and receives data from Food ontology database; mobile application or
System at healthcare operators that sends and receives data from Food ontology database; and

the Food ontology database.

In general, from this review study, there is no much evidence of systems, trials, or
studies conducted in this region in the aspect of m-health in general and mobile diabetes

Management in particularly in Saudi Arabia.
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Table 2-5 Summary of Mobile Diabetes Management System Embedding Sodal Networking Platform in Gulf Region

No. Author, Mean Sampie Sampie Duration Study Study Diabetes Type Data input Resuit Comments
Year Age Population Location | Design Methods &
Functions
1 Hussein et | 46.33 t 7.22 | 34 patients with | 3 Bahrain RCT Type 2 SMS The reduction of HbAlc levels in the | Mobile phone interventions
al. 2011 { (Interventional type 2 diabetes months intervention group was 2.76%, which is | can help in reducing the
(82} group), 12 in 1.16% lower than in the control group. HbAlc Jevels, and also
4759 ¢t 7.10 { Intervention increase the knowledge of the
{Control group) group, and 22 in patients in health related
. contro! group aspects.
b Muivanet N/A Study 1 N/A Baghdad | RCT Gestational SMS Study 1: Increase in the number of visits, | Use of SMS service
et al. 2012 Intervention diabetes with a2 median of four in thg intervention | intervention can have a great
{83} group {146 group and two in the controf group. Study 2: | impact on increasing the
Pregnant increase in the knowledge of patients from a | awareness of the diabetes,
women) score of 857 to 9.85, and significant | and ailso the knowledge
Control kgroup reductions in the HbAlc levels of the | among the people in Gulf
{97  Pregnant patients were observed (from 9.33 to 8.56). region.
Women}
Study2 Basrah N/A Type 2 SMS
S50  type 2
diabetes
v patients
3 Athazbi et | N/A N/A N/A Qatar N/A Type . 1 & | Automatically | Higher satisfaction levels towards m-health | This mobile system was
al. ‘ : Type2 intervention in Qatar. implemented in Qatar, where
2012(85}) the prevaience of diabetes is

significantly high

28




Chapter 2

2.6 Social Networking for Healthcare

In recent years, social networking for different healthcare domains and services has
been increasingly used. In USA, nearly 72% of adults living with chronic disease conditions
use such type of this technology[86].The total number of social networking users using in
Saudi Arabia reached around 7.8 million Facebook's users, 1 million LinkedlIn users and more
than 5 million Twitter users at the end of 2013[22]. In this section, we describe the general
architecture of social networking. We then describe some of the social networking systems
targeting to different healthcare domains and services. Finally, we describes the importance of

social networking for diabetes management.

2.6.1 General Architecture of Social Networking

One of the key definition of social networking is “ A social network in a social science
context is a social structure made up of a set of actors (such as individuals or organizations)
and the dyadic ties between these actors*[87]. Therefore, figure 2.6 illustrates the general
architecture of social network applications. The details of the social networking architecture
are described elsewhere[88]. However, we will describe briefly these building blocks for

completeness.

Figure 2-6 General Social Networking Architecture [88]

e Social networking graph: “is a structure that used for the representation and

implementation of a social network"[89].

« User profiles: are well known as actor profiles of the general social network.
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e Social presence: is a quite new model in a social network framework. In the old social
networking, social presence was basically being connected and available. However,
nowadays it is well known as user’s “current status”, which is a description of a user’s

activity.

e User participation tools: provides techniques for users’ to communication, interaction,

and participation with other users such as instant messaging, and message boards.

e Relation controls: defines the relationship types that can users create with each

other[88][89].

2.6.2 Social Networking Types for Healthcare

In general, there are three types of social networking for healthcare as shown in figure

2.7. These are described briefly below.

Social Networking
for Healthcare

( _ - 1

For Both Healthcare

p:r p:e: [thca{: Professionals and
rofessiona Patients {Hybrid)

For Patiemts

Figure 2-7 Social Networking Types for Healthcare

2) Social Networking for Patients
In this type of social networking, the patients are the key focus of the users. Accordmg to

the social networking architecture, the social graph of thls type is only patlents to the patlents ‘
users. Therefore, this type of social networking is a platform only for patxents to commumcate'-"

With each other. An e\ample of this type is PatientsLikeMe [90]. The main bcneﬁts of patlents
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social networking is that patients and their families appreciate and benefit from contact with
others who are experiencing similar conditions and treatments. It is not always possible or
practical for families to travel to visit support groups but it is much easier to make contact over
the social networking and find all kinds of useful and reliable information, as well as friendly

discussion groups.

b) Social Networking for Healthcare Professionals

In this type of social networking, the healthcare professionals are the key focus of the users.
According to the social networking architecture, the social graph of this type is only healthcare
professionals to healthcare professionals. Therefore, social networking for healthcare
professionals is a platform only for healthcare professionals to communicate with each other.
An example of this type is Sermo.com [91]. There are significant advantages are discovering
how practices vary in different locations, and experts can consult each other on difficult cases
by sharing data and commenting to each other confidentially over the social networking.

¢) Hybrid Social Networking for both Healthcare Professionals and Patients

In this type of social netwérking, the healthcare professionals and patients are the key focus
of the users. According to the social networking architecture, the social graph of this type is
healthcare professionals to patients, healthcare professionals to healthcare professionals and
Patients to patients. Therefore, hybrid social networ'king is a platform for both healthcare
professionals and patients to communicate with each other. An example of this type is
TuDiabetes.org[92]. This type of social networking can support the healthcare distribution
Process by allowing written follow-up clues, test results, a means for patiénts to easily contact
their physician, as well as, share opinions and medical information every time and 'cvcryWherc‘
by offering to physicians an opportunity to improve, the awareness of patient’s health

conditions and enhance their satisfaction,

EF S
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2.6.3 Social Networking Applications for Diabetes Management

In this section, the applications of social networking for diabetes management are
reviewed. We have divided these applications into the following three categories: a) a public
social networking, which is designed for a public use and general purpose and it could be used
by diabetic patients; b) a general social networking for healthcare, which is tailored for many
different conditions and diseases ; c)‘ social networking for diabetes disease which is
specifically tailored for diabetes condition.

Facebook previously invented and considered as public social networking application,
More recently, Facebook service allows users to access and use it via a cell phone or mobile.
Users can upload videos and images and update or exchange ideas, suggestions, and profile
status on wall posts via text messages and much more. Moreover, Facebook is extensible, as
applications can be added to make it more functional and loaded with new features[93].
Similarly, Facebook mobile is also extensible, as users can add various applications for added
functionality. Moreover, a calendar and other mobile applications can also be integrated with
- Facebook mobile for an interactive exchange of information[93]. In the context of health care
services, there are large numbers of pages in Facebook such as private pages for hospitals and
clinics, and many groups that can be activated for a specific purpose or disease. A diabetes

self-management group is one well-known group on Facebook[94].

Twitter is also a social networking platform [95] just like Facebook; however the -
Communication modes are slightly different. It is an online social networking application,
which allows the users to send short messages called tweets. It can be accessed by wen
interface, or SMS, or by using mobile application. Usually much of the conversation on twitter
happens as soon as the tweet is posted and lasts for few hours, whereas on Facebook it _islikely ’
0 go on for longer durations. Therefore, twitter is more like a real time communication
Platform whereas Facebook is like ongoing communicatioh platform, Twitter allowshséfs toq;‘
follow important topics, participate in tweeting or in conversations which are relevant or
important or a point of interest for them. Therefore, it is easy for the users to interact and’gct

the updates which are of interest to them.

Within the diabetes condition context, the diabetes patients can follow differcnt‘uscrs,_
On twitter, where there is a continuous tweets on sharing the information related to diabetes

‘Management, and other related health topics. There are many twitter accounts that share the

32



Chapter 2

diabetes related information like ‘@managediabetes’, ‘@diabetesUK’, ‘@diabetesdaily’,
‘@diabetes_sanofi’, which provide tweets on diabetes management. The users can get real time
information, and can also participate in conversation by posting tweets, which not only
increases their knowledge but also increases their social presence, which can be a new and

interesting approach for dealing with diabetes self-management.

PatientsLikeMe [90] is the most social networking application for health care that
assists its users to examine their medical condition, medicine routines and symptoms.
PatientsLikeMe can only resolve for about 16 health related issues and helps to support the
patients emotionally[96]. The user of PatientsLikeMe share their own views, experiences and
recommendations that can help other patients improve their daily routine[97]. Furthermore,
PatientsLikeMe enables the patients to view statistical values and graphs illustrating their
health condition along with the tracking of prescribed drug doses. Moreover, chronic disease
Patients, for instance, diabetic patients can utilize this service to review their glucose levels that
are displayed on trends in graphs ldentrfymg increase and decrease of sugar levels in the
blood[96].

In addition, several patients interacting via PatrentsleeMe are notified for glvmg
contribution of information if required for clinical trials .The mtegratron of online health
tracking and clinical trials facilitate and advise patients to submit an experlenced feedback and
suggestions along with response to drugs .Moreover, clinical trials are considered to be more
effective, as they operate on a large database associated with the health history of patients, The
huge amount of data available in databases will facilitate and provnde a path for understandmg
situations and conditions in a better way. Moreover, the information collected from
PatientsLikeMe will benefit pharmaceutical laboratories, research facilities and educatlonal
institutes and will aid in their research in ﬁndmg better cures for dlseases [98] [96] ‘

'One of another popular healthcare social networking apphcatlon is CureTogether[99]
CureTogether provides an emotional support and information sharing servnce as, it is
Considered the basic service provided to the patients. For example, CureTogether users can -
share their personal information and can track their own medical condition namelessly while
| highlighting the main cause i.e. an emotional support [100]. Furthermore, CureTogether
provides options for self-tracking as well. This option provides an interactive i”nterface for data . ;
entry from the patients. Patients can update health conditions, 'symp'tomvs, t'rcatﬁient or cure and

other related medical information. Patients or groups can view rich graphical screens.
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Moreover, the service also facilitates patients to review their medical details in analytical
mode[96].

MedHelp [101] is a popular social networking application for healthcare that
interconnects common patients with medical experts in facilitating medical advice and
support[102]. Therefore, MedHelp enables patients to manage and review their health
condition.

mCare is a well-known as wireless mobile social networking system for general
healthcare purpose [89] . The proposed social network module for mCare is demonstrated as
following: a) “Users have the ability to share questions and answers with friends, b) Users
have the ability to recommend physicians to friends, ¢) Users have the ability to ask physicians
questions, d) Users have the ability to view their own questions, €) Users have the ability to
view favourite questions, and f) Users have the ability to have access to their Google Health |
records.”[89] ,

There are general and specific diabetes-related social networking available now. One of
the biggest online communities is TuDiabetes.org [92] but there are others such as dLife [103].
Both of these applications offer information for patients and all kinds of supportive advice on
how to live well with diabetes. Patients who use these communities generally do better than
others who have no such support, and this reduces the cost of health care while at the same
time increasing benefits for the patient. Further mdlwdual blogs, dlarles and Wlle are
emerging all the t1me offering tips, daily nutrltlon gu1des, and newsletters as well as the usual

information on symptoms and treatments.

In general, it can conclude from the above studies that, social networkingis not a

replacement for clinicians or doctor; however, they are best suitable for answermg questnons ,

that people consider too 1n31gmﬁcant to ask their health professional and also help in

Overcoming the mformatxon inequality that exists between patients and physnelans
Furthermore, the previous studies have not dealt with any type of mobile dnabeteq management

and behavioural change intervention. While a wide variety of mobile appllcatlons appear to be

available for people with diabetes, we found that there are no such studies and applications on .

8001al networks for diabetes self-management concepts on mobile devnces for Saudn dletetlc '.

patients, and thelr potential remams largely unexplored Table 2.6 presents the analyses )

concept of some of those systems based on the general archlteeture of the socml networkmg‘ A

and mobile dlabetes management tools. -
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Table 2-6 Summary Analysing of Social Networking Applicétions for Diabetes Management

Social Networking System Social User Profiles User Social Presence | User Particpation Tools ' | User Relation Controls | Diabetes Management Tools
: V ' Networking : ' ' ' '
Graph -
Facebook : ' Many - ’ Many Current status Private messaging Friendship Using the pérticipation tools only
s S : for managing their diabetes
Instant messaging - .
condition, such as patients can
ar;d other write their status using this tool.
PatientsiikeMe Patients Patients Current status Private messaging Follow me Diabetic patients can utilize this
; - ' , service to review their glucose
Forum
e levels and display graphs trends
Instant messaging identifying increase and decrease
of sugar levels in the blood.
mCare s Patie’nts & Doctor | Patients & Doctor “{ Current status Private messaging Friendship N/A
Ask Doctor
TuDiabetes Patients & Doctor | Patients & Doctor | Current status Private messaging Friendship N/A, but this social networking
A s ne ‘ 5 : was intergraded with other
"“"’Fa nt messaging platform called Diabetes Analyses
and other
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2.6.4 Potential Effects of Social Networking for Diabetes Management

As described earlier, social networking can provide a superior and more efficient
diabetes management for patients. Recent research studies have shown that using such social
interaction can decrease the incidence of diabetes adverse symptoms, improve health
behaviors and reduce utilization of health care resources. However, up to date there is study
that addresses the effectiveness of using social networking on diabetes management. The
benefits of social networking for diabetes management can be summarized as following:

a) Improves and changes patient’s health behaviours

Social networking for healthcare can be a method to change patient behaviour. This
fact supports that behavioural change through increased awareness and inclination to
exchange ideas and experiences has been supported through online networking applications.
Another example that, the American Academy of Family Physicians (AAFP) has registered
through Facebook, one of the most famous social networking applications, to provide an open
discussion for people with health-related concerns[104]. The ease of access, convenience and
24/7 support services offered by social networking applications enable patients to manifest
behavioural changes as advised and supported by various authoritative medical groups and |

sources.

b) Increases interactions between patients and medical staff

By uSing the tool of social networking on diabetes management, the way of the
communication between patients and medical staff can move from the traditional way, for
€xample, contact can occur during clinical visits only, to the smart one, which will overcome
the drawback of geographical location. |

¢) Reduces utilization of health care resources ;

Improving quality of care, self-efficacy, health state and provide the healthcare |
Services in the way w'hich is remotely that could be affecting the diabetic patients positively,
Which will lead to reduce the risk and complications of diabetes for a short and long term. As
a result of that, the healthcare resource will be saved in terms of, but not limited, financial
and time expenses. ‘ « |

d) Delivers sensible suggestions due to frequent communication
The hugc amount of information exchange and communicatiqn that is _rhorg frequent

Will facilitate and provide the medical staff a path for understanding situations and conditions
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in a better way. Moreover, these will benefit research facilities and educational institutes and

will aid in their research in finding better cures for diseases[98].

2.7 Conclusion

In this chapter, an overview of diabetes condition and diabetes prevalence and its

challenging in Saudi Arabia are presented. The previous work on the use of mobile diabetes

management system is reviewed and analysed. The key and most popular smart phone

application for diabetes management is also presented . Furthermore, the current statue of

mobile diabetes management system embedding social networking is also reported. A review

of social networking in healthcare in general and diabetes specifically is also presented.

From this review chapter, the key outcomes of these reviewed studies are summarised as

follows:

D

2)

3)

4)

The key outcomes of these review papers shows that there is a clear evidence and
significant improvement in HbAlc, self-efficacy and diabetes knowledge among

those using mobile diabetes systems,

The trials and studies of mobile diabetes management system in Gulf region are
very limited, which brings out a clear need to focus on the design, development,
and deployment of m-health system specific to this region particularly in Saudi
Arabia, so that all the other aspects like lifestyles, dietary requirements, ethnicity

etc. are taken in to account in conducting the studies and trials.

The previous studies have not dealt with any type of mobile diabetes management
and behavioural change intervention. Moreover, this technology is very new,ka‘nd
as yet not very much research on its impact on patients who have diabetes
condition. While a wide variety of mobile applications appear to be available for
people with diabetes, we found that there are no such studies and applicatvions on
social networks and behavioural change with diabcte_s management concepts on

mobile devices for Saudi dietetic patients, and their potential remains largely -

unexplored

In parallel and with the explosion use of smart mobile phone technologies, there
is an increase in using social networking in the kingdom especially in the

educated and younger population. Thus, there is an urgent needed for innovative
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strategies for the KSA to deliver healthcare services and medical educations
particularly to diabetic patients by relying on these technologies; and in particular
for enhancing diabetes management by using a diary management system, as well
as providing emotional support and health education using the social networking

concept.

5) To date, there has not been a study conducted to date on the impact and
evaluation of mobile diabetes management systems integrated with social
networking and behavioural change in the kingdom. It is very essential that trial
needed to be conducted and a system needs to be designed specifically for this
region. The more details of health behavioural change issues for diabetes

management will be discussed in the next chapter.
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Chapter 3 : Cognitive Behavioural Therapy for Diabetes

Management

3.1 Introduction

In this chapter, we present the general behavioural change models for healthcare and the
focus on the most relevant research study to this work, namely Cognitive Behavioural

Therapy (CBT) for diabetes management.

3.2 Behavioural Change Models for Healthcare

Behavioural change theories would help people in gaining insight in to their health
related issues influenced by their behavioural aspects, and suggest methods to modify/
change their behaviour to lead a healthy lifestyle [105]. In this process of ehcouraging
individuals to maintain healthy lifestyle by changing their behaviour, different models have
been developed to implement such change in their healthcare setting. The major models

concerned with health behavioural changes are discussed next.

3.2.1. Health Belief Model

1{ealth Belief Model (HBM) is a socio — psycholbgical model that explains and
predicts health behaviour, focusing on the aspect, why indvividuals may écccpt or reject |
Preventive healthcare services or adopt healthy behaviours [106]. The model works with a
Principle of how an individual's perceives and believes of a hégative health COndition Whiéh |

is lnﬂuenced by modifying factors to achieve a likelihood of action by the mdnvnduals [l 05]

As explained by Gochman et al. [107] the IlBM modg,l works with the conccpts of
Perceived susceptibility, which defines an individual's asscsqmcnt of gcttmg, a condition; -
Perceived severity, which defines an individual’s assessment of the seriousness and the
Consequences of a condition; perceived Benefits which defines an individual’s assessment of
Positive outcomes of adapting a behavioural change; perceived barriers, which is an ‘
“individual’s assessment of influences which discourages or étops from ‘adopting  the

behavioural change; The influences from external environment in promoting the behavioural
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change (Cues to Action); and Self-Efficacy, which is an individual’s assessment of

confidence in adopting the behavioural change.

There advantages of health belief model include: easy to implement, and promotes
research in developing preventive models in healthcare; and it can also predict variety of
health actions and provide insights into its complexity and status [107]. However there are
few drawbacks of this model, mainly, firstly, as a psychological model it does not take into
consideration other factors, such as environmental or economic factors, that may influence
health behaviours, and secondly, it does not incorporate the influence of social norms and
peer influences on people's decisions regarding their health behaviours. Most of the HBM-
based research has incorporated only selected components of the HBM, thereby not testing
the model as a whole [107].

3.2.2. The Protection Motivation Theory

The Protection Motivation Theory (PMT) is a theory of persuasion; guided by the
process of guiding oneself or another towards the adoption of an idea, attitude, or an action
by rational and symbolic means. It proposes two appi‘aisals; a process of threat appraisal, and
a process of coping appraisal, in which the behavioural options to diminish the threat are
evaluated [107]. The appraisal of health threat results in adaptive responses or protection
motivation in order to diminish the threat, or maladaptive responsés leading to negative

consequences as a result of non-participation in adapting the behavioural change [108]..

" The major Vcomponehts of the Protection Motivation Theory as ex‘plaiﬁedvby Boer & N
Seydel [107] include susceptibility /vulnerability, severity, threat, resporise efficacy (the
individual’s expectancy that carrying'out recommendations can remove the‘threat), self-
efficacy (the bélief in one’s ability to execute the recommend courses of action ,successfully).,
Coping efficacy (estimation of response efficacy and self-efﬁcaéy),. and Protection
motivation, which is a mediating variable whose function is to arouse, sustain and direct -

Protective health behaviour.

The response efficacy variable is an important factor, which is considered in PMT,
and HBM, but not in other theorics, There are many advantages of using this theory.y Firstly,
it is useful in making predictions which can be tested, Sccbndly, it is easy'to use and épbly}
When compared with HBM. However there are few drawbacks, as it is comprehensive 'in
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nature; and it does not explain behaviour completely. Another drawback with PMT is that,

motives for behaviour other than health are not considered for explaining behaviour,

3.2.3. Theory of Reasoned Action and Theory of Planned Behaviour

In an attempt to provide consistency between the behaviour and attitudes, the theory
of reasoned action (TRA) was formulated in [109] . The main assumption of TRA and
Theory of Planned Behaviour (TPB) is that the individuals are rational in considering their
actions and the implications of their actions; and it is assumed that decisions are made under
uncertainty (Rational Decision Making) [110]. It works with a principle that in assessing the
specific behaviour, specific attitudes must be assessed in reference to the target, context, and
time[111]. Attitudes and Subjective norms are used in assessing the behavioural intentions in
TRA; extending it further, by using Perceived behavioural control (how easily a specific
behaviour will be performed) along with attitudes and subjective norms in assessing

behavioural intentions, TPB was developed[112].

The major difference and one of the special features of this model when compared
with HBM and PMT is that this model considers Social norm as an important variable in
explaining social behaviour. In addition, other advantages include: the problems like .
limitations of the TRA including the inability of the theory, due to its individualistic
approach, to consider the role of environmental and structural issues and the linearity of the
theory components are answered in TPB. It also covers the choosing behaviour of the
individuals, which is not covered in TRA, and provides with improved predictability of
intentions, The relationship between the Actual behaviour and Behavioural intention can be |
assessed in TPB. However the major disadvantage of this model is that, the emotlonal factorsk
like fear, threat, mood etc., are not con51dcred in assessmg the mtentnon and it provides poor

Predictability as per the evndences[l 13].

3.2.4. Information - Motivation — Strategy Model

Information motivation strategy model works with a principle covering the aspects of
information, motivation, and strategy in achieving health behavioural change or adherence.
Information in this model defines that an individual must know what change is necessary, and

other information related to the condition, and the individual should have / be supported with-
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the desire to change (motivation). Then, the necessary tools are to be implemented to achieve,
and manage the change (Strategy)[114].Unlike the other models, it is simplified, and easy to

use, as shown in figure 3.1:

Information
Feairhy arac g, Wnoaatdes,
trif 95, mnasy

Health Behavioral Chango

Motivation
and or Adherence

Attudes. kchags, canfidere,
axpectat o otr

Strategy
Phyysad 3 Lools, Bractcal e,
sl ool

Figure 3-1 information - Motivation — Strategy Model [114]

There are many advantages of this model. Firstly, it is simple and easy to use, as it is
flexible nature for incorporating new techniques and strategies. Secondly, it considers
emotionkal factors like fear, mood,k threat etc., and isv consistent with other theories and
models, and has flexibility for adopting changes. However there are few drawbacks to this -
theory, as it requires continuous updating according to the changing behaviours and social
factors in the society. Other drawbacks include problems in managi‘ng Information flow andb
rapid changing technologies are few drawbacks in the model which can result in poor
outcomes. In addition lack of technology support can affect the process of achieving

, behaviqura] changes[114].

3.2.5. Social Cognitive Theory
Social Cognitive Theory (SCT) explains how people akcyqu‘ire and maintain certain
behavioural patterns, while also providing the basis for intervention strategies. In this

Process, the human behaviour is explamed in terms of a triadic, dynamic, and recnprocal

Model in which behaviour, personal factors, and enwronmcntal influences all interact. An -
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individual’s behaviour is uniquely determined by these interactions [115]. Figure 3.2 shows

the basic principles of SCT.
- Behavior
4
Personal . Environmental
Factors ” Factors

Figure 3-2 Social Cognitive Theory (SCT) [14]

There are several advantages of this model. Firstly, it can be applied in wide range of
areas along with healthcare, and the concepts such as self-efficacy, observational learning and
reciprocal determinism are easily applicable to real-world implementation. Secondly, it
allows cross-cultural analysis, and emphasizes the dynamic composition of individuals, rather
than treating individuals as self-contained rational subjects. However there are few
drawbacks, as it has multiple concepts and is difficult to implement in an intervention, Other
drawbacks include minimizing emotional responses, ignoring biological differences and

hormonal responses, and not easy to implement on smart phones.

3.2.6. Cognitive Behavioural Therapy

Cognitive Behavioural Therapy (CBT) is a psychotherapeutic approach addressing |
| problems such as maladaptive behaviours, health condition etc. Talking and changing your
behaviour can change how you think (cognitive) and what you do (behaviour). Computerized
CBT (CCBT) is one of the most popular examples used these days. As CCBT is a software
Programs for individuals to manage their problems by changing the ways they think and
behave [116]. There are different models, and approaches of CBT used for diffc.rent health
conditions. However, thoughts, feelings, and actions/ bchavnour are the main factorsv "

Considered in CBT, which are mterconnected as shown in figure 3.3;
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Situation

1

Actions € > Feelings

Figure 3-3 Cognitive Behavioural Therapy (CBT) [15]

CBT has major strengths points as it can be used as effective tool for health changing
behavior and it can be completed in short periods of time. Therefore, CBT has more
flexibility for having different structured formats such as group, self, computerized formats as
it would result in better outcomes. Finally, skills learned through CBT are useful knowledge

resources which can be practiced in everyday life.

In general, this theory is considered in this study for diabetes management system. The
reasons for selecting this approach smce it has several advantages over other theoretical
aspect particularly for diabetes management Table 3.1 presents the comparatlvcs summary of

the key advantage and disadvantage of each of the theories presented earlier. From this table,

it can be seen that the CBT offers compatible characteristics and functionalities required for -

the current application:

1) This theory can be achieved in shorter time compared to the other theories

2) This theory is easy to 1mplement on smart phones and easy to measure the main

components of this theory : |
3) This theory is more flexibility for having different structured formats such as group.
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Table 3-1 The Cornparéﬁves Summary of The Kéy Advantage and Disadvantage Each Approach

- Theory name

Advantages

Disadvantages

Health Befief Model
- (HBMm)

ft is easy to implement, and promotes research in
developing preventive models in healthcare.

it can also predict variety of heaith actions and vpfovide
insights into its complexity and status.

it does not take into consnderat:on other factors, such as environmental or economic factors, that may
influence health behaviours.

It does niot incorporate the influence of social norms and peer influences on people's decisions regarding
their health behaviours. Most of the HBM-based research has incorporated only selected components of
the HBM, thereby not testing the model as a whole

tack of technology support

The Protection -
Motivation Theory

it is useful in making predictions, which can be tested.

ftis easy to use and apply when compared with HBM.

As it is comprehensive in nature; and it does not explain behaviour completely.

5

Motives for behaviour other than heaith are not considered for explaining behaviour,

Lack of technology support

Theory of Reasoned

. Action and Theary of

Planned Behaviour :

- This model considers Social norm asan importam vanabte

tn exp!ammg social behaviour. -

The emotional factors like fear, threat, mood etc., are not considered in assessing the intention, and it

" provides poor predictability as per the evidences.

information - Motivation
< = Strategy Model

it is simple and easy to use, as it is flexible nature for
incorporating new techniques and strategies.

it considers emotional factors like fear, mood, threat etc,,

and is consistent with other theories and models, and has
ﬂembdrty for adopting changes.

it requires continuous updating according to the changing behavicurs and social factors in the society.

Problems in managing tnformation fiow and rap:d changing technologies are few drawbacks in the model,
whrch can result in poor outcomes.

Lack of technology support can affect the process of achieving behavioural changes.

Social Cognitive Theory

it can be applied in wide range of areas éiong with

. ~healthrare,” and the concepts such as’ seif-efficacy, |
 pbservational learning and reciprocal determsmsm are

easuy applicable to real-world ;mplementanon.

it auows cmss—cuitura! ana!ysis‘ and emphasaes the
dynamic composition of individuals, rather than treating

: individuais as seti»contained ratiomai subjects. .

it has multiple concepts and is difficult to implement in an intervention, and Non-linear relationships are
not considered.

Minimizing emotional responses, and ignoring biological differences and hormonal responses.

ft is difficult to be completed in short time.

Cognmw Beha'vsaural
Lo T

" fife
" itis easy to rmp&ement and easy tu measure the main

it can be completed in short period of time -

Yt is more flexibility for having different structured formats

such as group; and skills fearned through CBT are usefut
knowledge resources whtch can be pfachced in everydav

components

‘it does not take into consideration other factors, such as economic factors, that may influence healith

behaviours. -
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3.3 Cognitive Behavioural Therapy for Diabetes Management

This section discusses the recent studies on CBT with diabetes management. Two
recent systematic reviews studies were reviewed[117][118], focusing on CBT interventions
in improving glycaemic control in type 1 and type 2 diabetic patients respectively. Other

studies were also reviewed. The summary of these studies are given in table 3.2.

The first study focused on the systematic review and meta-analysis of psychological
therapies to assess their effectiveness in improving glycaemic control in type 2 diabetes.
Studies included in MEDLINE, PsychINFO, EMBASE, and the Cochrane Central Register of
controlled trials were examined and 25 trials were found to be eligible for the study. From
these 25 trials, the study focused on analysing the long-term glycaemic control measured by
percentage of glycated hacmoglobin; measuring blood glucose concentration, weight, and
psychological distress by using the pooled standardised effect for calculating the sizes. The
study distinguishes education and psychological therapy as different approaches in dealing
with diabetes which can co-exist. The aim of the study was to carry out a systematic review
and meta-analysis of randomised controlled trials assessing the effectiveness of psycholkogical
therapies in improving glycaemic control in adults with typé 2 diabetes and in reducihg
psychological distress and bodywefght. , B o

The major findings from the study include: the mean per¢entage of glycated
haemoglobin covering 12 trials with 522 patients was lower (Pooled mean differerhce=k-0.32)
in people assigned a psychological intervention than in the control group; the pooled meah
difference of -0.11 was calculated in blood glucose concentration covéring 8 trials with 314
patients; the poo‘led mean difference of 0.37 was calculated in weight gain aspect covering 9
trials with 455 patients; the pooled mean difference of -0.58 was calculated in péychological _

distress aspect covering 5 trials with 197 patients.

Out of the 25 trials, 712 trials resulted using psychological lhérapies tesul’tred ir:\‘
significantly better glycaemic control approximating to an absolute difference of 0.76% in

glycated haemoglobin. Study of other trials revealed that psychological therapy was

associated with a reduction in psychological distress but did not appear to affect weight

control or blood glucose concentration. As there was no significant results achieved in weight

loss it was stated that the psychological therapies would encourage long term lifestyle i L

changes, which might result in slow weight reduction process. As most of the studies were
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having small sample, the outcomes of the studies in the review were considered to be of
moderate to poor quality.

The second study focused on the systematic review and meta-analysis of
psychological therapies to assess their effectiveness in improving glycaemic control in type |
diabetes associated with children and adolescents, and adults. Studies included in MEDLINE,
PsychINFO, EMBASE, and the Cochrane Central Register of controlled trials were examined
and 29 trials were found to be eligible for systematic review and 21 for meta-analysis. From
these 29 trials, only 21 trials (10 for children and adolescents, and 11 for adults) were studied
which focused on analysing the glycaemic control measured by percentage of glycated
haemoglobin; and psychological distress by using the pooled standardised effect for
calculating the sizes. The aim of the study was to carry out a systematic review and meta-
analysis of randomised controlled trials assessing the effectiveness of psychological therapies
in improving glycaemic control in children and adolescents, and adults with type 1 diabetes
and in reducing psychological distress.

The key findings from the study include: the mean percentage of glycated
haemoglobin covering 10 trials was lower (Pooléd mean difference= -0.35) in children and
adolescents assigned a psychological intervention than in the control group; the mean
percentage of glycated haemoglobin covering 10 trials was lower (Pooled mean difference= -
0.26) in adults assigned a psychological intervention than in the control group; the pooled
mean difference of -0.46 was calculated in psychological distress aspect in children and
adolescents; the pooled mean difference of -0.35 was calculated in psychological distress
aspect in children and adolescents.

The study has found that psychological therapy was associated with a signiﬁcant

improvement in glycacmic control in the 10 studies in children and adolescents, with a .

- Pooled absolute reduction in glycated haemoglobin of 0.5%. But in the 11 studies in adults in
the meta-analysis this association was smallelf and not significant, Psycholégical distress wars'
found to be significantly lower in the intervention groups in éhildren and adqlescehtsb but not
in adults. The study has found weak evidence for the effectiveness of psychol.ogical.
treatments in improving glycaemic control in children and adolescents but not in adults.
These two studies have found that there is an impact of psychological therapies in diabetes
Management. However, the findings are varied accordingly with type 1 and type 2 diabetes

groups,
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In a 48-weeks randomised trial conducted by Amsberg and colleagues[119] to analyse
the impact of CBT on type-1 diabetes, the results has shown the greater improvements in all
outcomes including diabetes-related distress, frequency of blood glucose testing, avoidance
of hypoglycemia, perceived stress, anxiety and depression in the intervention group than in
the control group. A significant difference (P<0.05) was registered with respect to non-
severe hypoglycemia, which yielded a higher score in the intervention group. The study has
concluded that CBT-based intervention appears to be a promising approach to diabetes self-
management, and improves glucose control and psychological factors in patients with type 1
diabetes.

In the study conducted by Ven et.al. [120] in assessing Short-term effects of cognitive
behavioural group training (CBGT) in adult Type 1 diabetes patients in prolonged poor
glycaemic control, it was found that CBGT was successful in improving self-efficacy,
diabetes-related distress and mood at 3 months' follow-up, but not in improving glycaemic
control. Glycaemic control (HbA 1¢), diabetes-specific self-efficacy (CIDS), diabetes-related
distress (PAID) and depressive symptoms (CES-D), were assessed in this study. However,
the dropout rate was high in CBGT group, and the study was assessed at three intervals 3
months preceding the trial (T1), at base line (T2), and three months after (T3). The study
showed that CBT had little effect in managing glucose levels in short term treatment. ;

In the study conducted by Snoek et.al [121] in comparing CBT with blood glucose
awareness training (BGAT) in poorly controlled Type | diabetic patients, it was found that
CBT can effectively help Type 1 diabetic patients with co-morbid depression achieve and
maintain better glycaemic outcomes. The primary outcome of the study was HbAlc control,
and the secondary outcomes were: self-care, diabetes-related distress, dlabetes self-efﬁcacy, |
and depressive symptoms. Neither CBT nor BGAT had a significant impact on HbAlc at 6 |
and 12 months' follow-up. Both interventions resulted in lower depressnve symptoms up to 12 ’
months, but only CBT was effective in lowering HbAlc in patients with high baselme ‘,
depression scores up to | year of follow-up.tThis study reflects that CBT can achieve‘ good
results in long term management of diabetes. ‘ »‘ ‘

In the study conducted by Ismail et.al [122] it was found that CBT ‘aims to enable the
patient to |dent|fy and modify unhelpful cognitions and bchawours and is effecnve in the
treatment of a range of psychological problems, but limited evidence in lmprovmg, glycaemlc ,
Control. In regards to this aspect, Motivational Enhanccmcnt Therapy (MET) was used along -

with CBT in a randomised controlled trial with type-l diabetes. The results proved‘tha’t the -

48



Chapter 3

combined MET and CBT approach may be useful in individuals with persistent sub-optimally
controlled diabetes, but MET appeared to be less effective than MET+CBT approach. This
reflects that adding MET to CBT approach in dealing with type-1 diabetes can achieve good

results,
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Table 3-2 Summary of Cognitive Behavioural Therapy for Diabetes Management

No Author, . Sample Durati No of . Study Design Diabetes type Results

- year - ’ on |  Studies (RS '

i Khalida et ‘ 25 , Type 2 diabetes | There are improvements in long-term glycaemic
al,- N/A ' N/A control and psychological distress but not in weight
2004[117] : : : control or blood glucose concentration in people
S who receive psychological therapies.

»2 . Winkley et _ 29 Type 1 diabetes | Psychological treatments can slightly improve
al, . N/A : N/A S glycaemic control in children and adolescents with

"1 2006[118] : : diabetes but have no effect in adults.

3 Amsberg et 94 patients 48 , RCT, two studies with 3 Type 1 There is a significant impact on HbAlc

: al., 2009 L weeks N/A months follow up, and
{119} : : : ' 12 months follow up -

’ 4 Venetal, . 107 patients 3 RCT, three studies were Type 1l CBGT was successful in improving self-efficacy, diabetes-

2005 [19] R o ménth assessed at baseline, 7 related distress and mood at 3 months’' follow-up, but
RO s N/A directly before and 3 not in improving glycaemic control.

i : o months - after the

o ’ intervention. ,

5 Snoek et al,, 86 patients 12 RCT, two studies with 6’ Type 1l CBT can effectively help Type 1 diabetic patients with co-

: ;,4 n 2008 [20] 2 » 5 moﬁth N/A ménths fo!lou) up, and morbid depression . achieve and maintain better
. ' : i : B3 12 months follow up , g!ycaémic outcomes. . -

6. %,sﬁxaii etal., - 344 patients 12 RCT, the patients were Type 1 MET+CBT approach can deliver good results in diabetic

- {ao0p1221 | MET«CBT - | month divided in to three management
r [N=106), MET g ,‘N/A grdhps ) usué! care

{N=117). ;:sua!

gare {n=121}

group, MET group, and
MET+CBT group

50



Chapter3

From the mobile application perspective, more recently, CBT has been applied to
mobile platforms. Furthermore, there are no studies found in the literature review linking the
CBT and mobile application in managing diabetes. However, there are few commercial
mobile applications available, which are concerned with CBT in general, but not in specific
to diabetes management. These are discussed in the next.

“Thought diary pro’ is one such mobile application that uses CBT in resolving a wide
range of emotional and behavioural problems [123]. This smart phone application is designed
to help people record and change the thoughts that cause emotional and psychological
distress. It allows the identification of thinking errors (cognitive distortions), and the
modification of our unhelpful thoughts into more productive ways of thinking. ‘My thoughts’
is another such similar application which is designed to control the thoughts. This application
is a fun little program to keep your mind focused on your true potential. Every time you start
it up, you are greeted with a positive, life-changing affirmation that helps in having positive
thoughts [124].

There are other applications that use the same concept of CBT, but in different
formats. ‘MoodPanda’ is one such application that is used for tracking the mood. The benefit
- of this process is that once you start to track your daily mood it sets a seed in your mind and
You can start to cbncisely think of things that will make you happier and avoiding thing’s that
Won’t[‘12v5]. ‘Cognitive Diary CBT Self-help’ is another such application that helps in
Challengiﬁg the irrational thinking which causes many psychological and emotional
problems. This application provides a simple way of doing this by reviewing the history of

your recorded events [126].

3.4 Conclusion

In this chapter, the main behavioural change models for healthcare were presen’ted.

- The key aépcct of each theoretical models was also analysed in this chapter, This chapter also
Presented a deta:lcd review of Cognitive Behavioural Therapy for diabetes management
followed by discussions on this theory. The key outcomes of this reviewed chapter was that

the Cognitive Behavioural Therapy was more effected on diabetes managemcnt and

considered in this thesis for SANAD system
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Chapter 4 : Saudi Arabia Networking for Aiding Diabetes
(SANAD)

4.1 Introduction
This chapter presents the detailed design and implementation of SANAD system. These

include:
1) The system overview of SANAD system.
2) The development process of the SANAD system.
3) A preliminary study on perception of managing diabetes mellitus through social
networking in the kingdom of Saudi Arabia as user requirements.

4) The design and implementation of SANAD system.

4.2 SANAD System in Corporation wnth Cognitive Behavioural
Therapy Approach

Figure 4.1 shows the general blocked diagram of the SANAD system developed in this
work. It can be seen that the structured of SANAD consist of three building blocks:

1) Mobile diabetes management servicess SANAD mobile diabetes 'management
module will be designed to provide the basic functions of m-health such as add blood |

glucose reading by transferring it wxrelcssly and dxsplay the readmg in a smart :

graphxcal chart.
2) Social networking services : SANAD social networking module will be designed to

provide such social networking service as engage with diabetic patients, messaging

and videos, as it will be mainly based on their clinical requirements and need (on one

- above).
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Mobile
Diabetes
Management
system

Social
Networks

Social
Network
Service

Cognitive
Behavioural
Therapy

Figure 4-1 The Main Components of SANAD System

3) Apply a behavioural change method for improving and changing patient’s health
behaviour by using CBT model. SANAD behavioural change module will be

designed to provide this technique.

Figure 4.2 shows the relationship and the theoretical framework among SANAD system
modules. This figure also shows the potential impact and effect on diabetes management, In
general, it shows integrated these three modules together into one syétem that could be
improved self-efficacy, then improved glycaemic control, and enhanced diabetes
management. The details and implementation of each of this building block will be described

in details in the next chapter of this thesis.
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Figure 4-2 The Relationship and Theoretical Framework of SANAD System Modules and Their Potential Impact.

4.3 SANAD System Overview

The SANAD system comprises two main components. First, the patient end that
comprises of SANAD smart app. The second is remote web portal hosted in a hospital. The
Mobile application facilitates sending, receiving and reviewing patient's diabetic data

whereas the web portal application provide a framework to the diabetic and the CBT
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specialists to set the reading schedule, review the patient’s statue performance and adherence,

and provide a suitable feedback to the patient using SMS. Figure 4.3 provide a general

overview of the SANAD system. The concept of SANAD system in mainly based into three

modules. These are as following:

()

(i)

(iii)

A smart mobile diabetes management module (MDM-M). This module is
used for collecting blood glucose data. This module is also utilized to provide
a framework to the diabetic patient in order to send his/her diabetes medical
data and receive such necessary automatic feedback, and to the medical staff

in order to review the diabetic patient statue remotely

A social networking module (SN-M). This module acting as an
enhancement module for the MDM-M, the key function of which is currently
focused on education purposes. This module is developed to provide a
framework to the diabetic patient in order to receive the necessary educational
feedback such as video tutorials, and contact other diabetic patient or caregiver
in order to share health information and better support. This module is also
utilized to both the diabetic and the CBT specialists in order to review the

diabetic patient statue remotely.

A cognitive behavioural therapy module (CBT-M). This module acting as
a supplementary module to MDM-M. This module is designed on the smart
mobile platform and used only by patients who require CBT,therapéutic
intervention. This module is allows diabetic patient to send his/hér behavioral
change data and retrieve CBT specialties feedback on patient thought, feeling
and behavioural. This module aléo allows the CBT spcclialties to review the
behavioural change of the diabetic patient remotely. This module will -

complct‘cs the proposed SANAD diabetes management cycle.
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Figure 4-3 SANAD System

4.4 SANAD Development Method

Software development typically involves several phases [127][ 128]; specification,
design, implementation, validation, and evolution. Different methodologies in software
engineering can be used to manage the software development process, however due to the
exploratory nature of the project, there is a need for using the method which is effective and
flexible in adapting the changes during the development process. The study conducted in this
thesis and the system development process can be complex as the requirements are assessed
from different users* perspectives. Thus, the development methodology of this research is

mainly based on top down approach /waterfall method.

Waterfall method is a sequential development process involving different stages, where
each preceding stage has to be effectively reviewed and completed before moving to the next
stage[ 129]. It is like the downward flow of development process, where each stage is
systematically arranged to ensure the quality and efficiency of the system to be developed.

Waterfall method is simple to use and has a linear and sequential development stages, which
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is a major advantage. Unlike other development methods, the clients using waterfall approach
can have a clear estimates or idea on the timeline, cost, and the size of the project. The strong
documentation used in waterfall method would allow the enhancements and improvements to
the existing system in future [130]. However, as it is very hard to fix the changes in the later
stages of the development process, care has been taken in reviewing the each stage afier its
completion through verification and validation techniques to ensure the quality in the

development process.

Waterfall method is best suited in this research as there are clear set of requirements,
system’s functionalities, and an idea of how the system is supposed to be. Waterfall approach
has a series of development stages starting with requirements analysis, where the
requirements are gathered, reviewed and analysed. Then based on the requirements set, the
development process is moved on to next stage called Analysis & Design. In this stage, the
design of the sysfem is generated based on the requirements set, which includes the
development of different designs using the concepts of Unified Modelling Language (UML).
After completing the design phase, the development process is moved on to the next stage
called implementation, where the actual system is developed. In the next stage, the developed
system is validated and evaluated. If the system meets the specified requlrements then 1t is
deployed and maintained. These concepts are embedded in to the research developmental
Work, which is represented usmg the SANAD development method, as shown in the

following figure 4.4:
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Figure 4-4 The General Waterfall Method and SANAD Waterfall Method

4.5 SANAD Requirements Analysis

4.5.1 Method o -
In order to explore clinical requirements and needs of SANAD system, a preliminary

study on social networking was carried out both in the KSA and the UK. The 'situdy was
divided into two phases: k(l) Initial interview with diabetic Speéialist ciiniciaﬁ from the KSA
~ and the UK to understand the need for smart mobile management and social networkfng for
diabetes management, and (2) a follow-up questionnaire designed to ‘u‘nderstand and identify
the key social-networking elements required from a diabetic patient’s pérspective in the KSA,
Two senior clinicians from the UK and the KSA participated in this initial phase that
included a total of 30 diabetic patients, Clinical stéf‘f rccfuitcd patients duﬁng an office visit -

or by sending an SMS message.

There were two research instruments used in this study, i) an interview program

contained 10 in-depth questions about the need for social networking tools, diabetes
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management tools, and the main concern of the clinician, ii) a study survey based on the
mobile diabetes management system of an earlier work was used [131]. The questionnaire
was chosen because it matches the areas addressed in this work both diabetes management
and social networking issues. The questionnaire used in this study is divided into four
sections: basic information, diabetes management, social networking with social support, and
a Saudi Arabia social network for diabetics. It was also translated into Arabic. The
questionnaire structure as shown in Figure 4.5 is a sample snapshot of the online
questionnaire used in this study. The design of questionnaire based on multiple choices and

open questions.

The questionnaire was then published and posted online to a Saudi diabetic-patient
group in the Dammam region using Google forms, All of the diabetic patients were informed
that the information given would be kept confidential. A summary of the project is given at
the top of the questionnaire, followed by a description of its importance and a notification
that information gathered will be used for research purposes. Study participants completed a

total of 30 questionnaires.
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Figure 4-5 A Sample Snapshot of The Onlihe Questionnaire Useyd In This Study
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4.5.2 Results

Table 4.1 shows an overview of the demographics of patients used in this study.
Participating patients (N=30) were predominantly male (n=21, 70%). The majority of the
participants were between 18-40 years (n = 22, 73%). Almost all participants (n = 23, 77%)

consulted a diabetes specialist at least once a month.

We also measured the way of accessing internet (n = 29, 97%) of respondents who
had access the internet using PCs, laptops, and smart phones. All participants were engaged
with online social network such as Facebook and Twitter (n = 30, 100%). The majority of the
participants spent more than 6 hours weekly (n = 24, 80%) on social networks, 63% of
mobile phone users use the iPhone as the most popular smart phone followed by HTC mobile
type at 23%. Most of participants preferred to engage with a private social network tailored to
Saudi diabetic patients (n = 24, 80%).

. Table 4-1: Study Patients’ Demographics

General

N
characteristics *
Gender Male 21 {70)
Female 9 (30)
Age group 18-40 22 {73)
4150 8 (27)
51-65 0 ©
Diabetes specialist More than once 23 {77)
consultation ) » v
Once a month 5 (17
Other 2 @
Computerized
characteristics
Internet access PC/Labtop 29 ‘ {97)
Smartphone 2 - 97)
Smaft phone type iPhone 19 {63)
Blackberry 4 3
e T
Nokia 0 ©
- Other 0 ()
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General

characteristics N %
Engaged with web Yes 30 (100)
social network
No 0 ()
Average ttme. Less than an hour 0 )
spending on social
network 1-2 hours 0 {0)
3-4 hours 0 ©
5-6 hours 6 (20)
More than 6 hours 24 (80)
Prefer to use Yes 24 {80)
private social
network for Saudi No 6 (20}
diabetics

From the patient’s requirements and needs perspectives, the following results were the

most significant outcomes and proposed design decisions were made based upon them:

ii.

iii.

iv,

A total number of diabetic patient participating (n=30) prefer the following social
networking functionalities to be incorporated in the proposéd system which are: (i)
ask a doctor (n = 30, 100%), (ii) messaging (n =30, 100%), (iii) blogs (n = 27, 90%),
(iv) video education tutorials on diabetes (n =20, 67%). Figure 4.6 shows a graphical

chart presented those functionalities.

A total of (n=30,100%) and (n=23, 77%) of respondents prefcr' to receive real-time
feedback by SMS and E-mail respectively. | '

A total of (n=22, 73%) of respondents prefer to manage their diabetic cohdition by

using a social networking system.

A total of (n=27, 87%) of respondents would like to share expériences of their v,

diabetic condition with other diabetics friends and relatives by using social:

networking system.
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Figure 4-6 Patients Preference for Social-Networking Functionalities in The Proposed System

From the clinician requirements and recommendations perspectives, the summary of the
outcomes from the UK and the KSA clinician surveyed in this study indicated the following

requirements:

i.  The system should include an emphasis on privacy and limited information exchange

due to the social and religious issues in the KSA.

ii. The system should include social-networking elements and diabetes self-management
elements for enhanced diabetes management in the KSA.

jii.  The system should contain a reminder element delivered via either SMS, e-mail, or a
private message.

iv.  The system should have a simple mechanism for interactivity between patients and
clinicians.

v. The system should include behavioral change strategies based on such health

behavioral change theory.

4.5.3 Study Summary

The results of this preliminary study can conclude that the acceptance of Saudi patients
for using social networking as a tool for better managements of their diabetes is relatively
high. This acceptance is specifically high in younger population (18 - 40 years), whom
preferred the use of a private Saudi social networking tool for managing their condition.
Another important finding was that the preferred social-networking functionalities —such as
ask a doctor, messaging, blogs and video tutorials, had the highest percentages of suggested

functionalities. It is interesting to note that most of the patients prefer to have a real-time
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feedback via SMS services. In addition, the most interesting finding was that al] of the Saudi
patients engaged with some web social networking, which is consistent with other research

outcomes and statistics[22].

Furthermore, the results of this study also indicate that support of the KSA specialist
for such new concept, provided that specific and key restrictions apply to any proposed
network structure. In particular, emphasis was on privacy and limited information exchange.
Another interesting finding was that behavioral change strategies need to be included in the
proposed system to assist patients in changing their behaviour as part of the management
cycle. In conclusion, there is substantial support for the adoption of social networking in

enhancing healthcare awareness in the KSA.

4.6 SANAD System Analysis and Design

In this section, we describé the SANAD system design including, SANAD functions

and non-functions requireménts, uses cases and the building block of SANAD system.

4.6.1 Function Requirements

In general, terms, the system réquirements with respect to the SANAD system are mainly
classified in to functional and non-functional requirements. The funcﬁonal requirements
defines the behaviour of the system or what a system must do, ,_whilc the non-functiona_l
requirements defines or elaborates the performance characteristics of the system or how_ the
system shall be [132][133]. These requirements of the SANAD system are mainly drawvhr
from the problem statement, literature reviews, KSA and UK medical collaborétors and from

the preliminary user requirements study discussed earlier.

As shown in figure 4.1, the system has mainly three modules, and therefore the functional
requirements of the system are specified from the SANAD modules perspectives, which are -

Summarised below:
a) Mobile Diabetes Management Module Requirements
e Providinga customised page that allows the diabetes: medi?al staff to register

the patient in the system. it
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¢ Transmitting the blood glucose levels from the glucometer to the mobile
device using the medical sensor, and then to the server.

e Providing automated feedbacks regarding the current diabetes management
status of the patient, especially relating to the blood glucose levels.

¢ Providing a customised page that allows the patients to review his/her health
data over a period of time in a graphical user interface such as charts and
tables.

e Providing a customised page that allows the diabetes medical staff to record
the patient’s health data in the system.

¢ Providing a customised page that allows the diabetes medical staff to schedule
the timings related to the collection of patients’ readings.

e Providing a customised page that allows diabetes medical staff to review the
patient’s health data over a period of time using graphical user interface such
as charts and tables.

¢ Providing a customised page that allows the diabetes medical staff to send

feedbacks to the patients regarding their diabetes management status.,

b) Social Networking Module Requirements

. Providing a customised page that allows the patients to find friends and addb
them to his/her friends list. | | ’ | E
e Providing a customised page that allows the patient to share health related
information (educational) with other diabetic patients, . - '
. Providing a customised page thai allows the batieht to coxnmuniéate and send
private messages to other users in the SANAD system. S L
e Providing a customised page that allows the patient to view and ~watch o
educational videos and tutorials.
. Providing a customised page that allows the diabetes 'medical’ staff to
communicate with other diabetic pauents ' | |
» . Providing a customised page that allows the diabetes mcdlcal staff to post i

educauonal videos and tutorials.
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o Providing a customised page that allows the CBT therapist to post behavioural

change videos and tutorials.
¢) Cognitive Behavioural Therapy Module Requirement

e Collecting behavioural change data (thought, mood and action).

e Providing a customised page that allows the patient to review his/her
behavioural change data over a period of time using graphical user interface
such as charts and tables.

e Providing an automated feedback regarding the current behavioural change
status of the patient.

e Providing a customised page that allows the CBT therapist to record the
patient’s behavioural change data in the system. ’

e Providing a customised page that allows the CBT therapist to set the

| classification algorithm regarding the behavioural change process,

e Providing a customised page that allows the CBT therapist to set the
messaging box regarding the behavioural change process. ‘

e Providing a customised page that allows CBT therapist to review the patient’s

~behavioural change data over a period of tlme using graphical user mterface
such as charts and tables. - ‘

e Providing a customised page that allows the CBT theraplst to send fcedbacks B

to the patlents regarding their behavioural chang,e process.

4.6.2 Non-Functional Requirements

e Extensibility: As the changes occur in the areas of technology and healthcare delivery,
the system must be able to integrate the new modules or components in to its
architecture. ' | e P

* Maintainability: After the implementation, the system must support in a'dapting.b oth =
malignant and the benign changes focused on improving the quality a.tfrib(!tes, and
also in updating the components and features _ | .

* Privacy: The personal data in the system must be accessed only by the authm m,d

users of the systems or devices.
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e Usability: As the users and patients of the system may be new to this kind of
treatment, the system must be easy to use with attractive graphical user interface,
processing speed, and in providing support in using the devices.

e Reliability: The system must be reliable, as the diagnosis and treatment processes are
controlled remotely, and the patients are completely dependent on the system in
managing their blood glucose levels.

e Portability: The system must be portable, as it can be implemented in other similar

locations or regions, where it is possible.

4.6.3 SANAD System Uses Cases

A Use Case diagram depicts the interactions between the actors and the system. It can
also depict the overall view of the system’s functioning; therefore it can also be considered as
the blueprint of the system [134]). Basically it has four major elements, which include 1) the
actors with which the systém interacts (represented as stick figures), 2) the use cases, or
services which are performed by the system (represented as ellipses), 3) the system itself, and

4) the lines that represent the relationships between these elements[135][136].

The use case diagram of the SANAD System is shown in Figure 4.7 .The diagram
depicts three users/ actors that include the diabetes patients, the diabetes medical staff, and -
the CBT Specialist. The MDM-M use case extends the relationship to the three use cases,
Which include historical record, reminders, and schedule reading time. Thns module is
accessed by the patients to view their historical data, remmdcrs, and the diabetes medical
staff uses this module to view the historical data and readings, and for scheduling the readmg

time,

The CBT-M element includes relationship to three use cases that fnclude,
classification algorithm, data record, and feedback. This module is accessed by the CBT -

Specialist to update the classification algorithm according to the health data record, and to ;

Provide feedback; and by the diabetes patients to update their behavioural data and to view

the information in thexr CBT therapy. The SN-M use case mcludes the relatlonshlp to four

use cases, mainly messages, search and find friend, educahonal maternal and post comments
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The SN-M functionality is used by the diabetes medical staff and the patients to chat with

other actors and to share health related information, as shown in the included use cases.

The data collection use case extends the relationship to two other use cases that
include health diabetes data, and behavioural change data. Health diabetes data use case
further extends the relationship to the four use cases including HbA1C, BMI, BG, and length.
This module is only focused with the function of collecting the diabetes related information.
The behavioural change data use case further extends the relationship to the three use cases
that include thought, mood, and behaviour. This module includes the function of collecting
the behavioural data of the patients. All the three actors are associated with the data collection
use case as the diabetes patients provides the data, and the other actors including the diabetes

medical staff, and the CBT therapist can access this data.
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Figure 4-7 SANAD System Use Case Diagram
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4.6.4 Building Blocks of SANAD System

The general building blocks of the social networking system includes relationship control,
social graph, actor profiles, social presence, participation model, website contents and
application, and infrastructure services model. Considering this architecture, the major
building blocks of SANAD system are developed, as shown in the figure 4.8, and explained in

the following points.

SANAD User Participation Tools ; SANAD Smartphone
Messaging-Post comment- BG reading - CBT data Application and Web Portal
(thought, feeling and action)

SANAD Social SANAD User SANAD Soaal SANAD Infrastructure Services
Presene*! Profiles : Graph: Model
Current Diabetic Diabetic
Health Patients/ Patients/ « Mobile Social
Status Nurse/ Nurse/ diabetes networking
Therapist lherapst management X
services services
H H CDT services Feedback
SANAD Relationship Control services

Figure 4-8 Building Blocks of the SANAD System

SANAD Relationship Control: The relationship control in SANAD system is a friend

relationship with diabetic patients ,diabetic nurses and CBT therapist.

SANAD Social Graph: The social graph of SANAD is signified by the following type of
friendship relationships: diabetic patients to diabetic patients, diabetic patients to diabetic
nurses, diabetic patients to CBT therapist.

SANAD User Profiles: The user profile represents the personal information of a person.
These profiles can include different types of information based on the needs and the
requirements of a system. A user profile can also be digitally represented on a system. The
users can also be specified as actors. There are mainly three types of actors in the SANAD

system: diabetic patients, diabetic nurse, and CBT therapist.
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SANAD Social Presence : Social presence is the degree of salience (quality or state of being
there) between two communicators using a communication medium [137]. This feature is
quite a new model in a social network framework. The type of media used plays an important
role in the social presence theory. For example, face to face video or mobile calls have higher
social presence than other media. Mediums with high social presence are sociable, warm, and
personal; and mediums with low social presence are less personal. With the social networking
context, the social presence nowadays is known as the user’s current status, which reflects the

description of the users’ activity. The Social presence in the SANAD System is well known

as current health status.

SANAD User Participation Tools: User participation tools are basically those tools, using
which the users can interact with the system and the other useré of the system. There are
different types of user participation tools, as required by the different systems. For example, a
group chat window in Facebook messenger is a tool that provides a platform for the users to
participate in chatting. Similarly, the features like instant messaging, posting comments or
messages, offline messagiﬁg etc. are available with different tools, and can improve the
experience of the users in paﬁicipation. The participation tools of SANAD system are
messaging between the users, the ability of users to post comments, the ’ability of the diabetic
patients to insert their reading information, and the ability of users to submit their therapeutic

data.

SANAD Smartphone Application and Web Portal: The SANAD system comprises two
main applications. First, mobile application, which is downloaded on the patient’s smartphone.

The second is web pdrtal application, which is hosted on the hospital.

SANAD Infrastructure Services Model: In this model, the content and services of SANAD
system are included as following: i) mobile diabetes management services, ii) social

networking services, iii) CBT services, and iv) feedback services.
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4.7 SANAD System Implementation

In this section, we present the implementation of SANAD system. The SANAD system
comprises two main applications, which are smart mobile application and web petrol
application, and these two applications are mainly based into three modules discussed earlier.

Thus, this section is specified from the SANAD modules perspectives.

In general, a custom server PHP application is used to support remote log-in. This custom
server is also used to review diabetic patient data, user settings, and provide such feedback by
the medical staff. In addition to viewing patient data and assessment results, a key feature was
allowing diabetic patients to access via the web rather than mobile use. Diabetic patient data
was stored on a remote Microsoft MS-SQL secure database server portal. The mobile phone
platform is implemented using Android OS and the JAVA SDK. The blood glucose sensor
using Bluetooth (Polymap Wireless adaptor) is also used for transferring the data to the mobile
app. GALAXY S Il is used as the mobile phone, running Android 4.0 to send the clinical data
in a real time to thé server portal. For more details of the implementation tools used in lﬁis

thesis, see appendix (A).

4.7.1 Mobile Diabetes Management Module

"This module consist of two main components i) patient’s mobile diabetes end, and ii)
remote server and web portal interface for diabetic staff end. The patient end COI‘IS“i’StSkOf an’
Android based smart phone equipped with a special (myDiabetes) smart App d‘éveloped for
this purpose. The myDiabetes App was linked wirelessly via a Bluetooth adaptor (Polymap
Wireless) linked to the patient’s blood glucose monitor (OneTouch Ultra 2 blood glucose
monitor (LifeScan Inc., Milpitas, CA). The patient glucose level measurements and medical
data were sent wirelessly to the remote server using local HSXPA (3.5G or 4G) cellular and
internet network connectivity. The patient was able to display their blood glucose ddta in
graphical presentation such as table and chart. The remote server and web portal interf‘ace for
diabetic staff end consist of the SANAD health information and management system, which -
assists the medical staff td schedule the reading time and date and send such feedback and "

observe the statue of the panties remotely. Apart from the web and internet technology, text

n.
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messaging was also used to improve the diabetes management, by acting as a medium of

communication.

4.7.2 Social Networking Module

The key function of this module is to provide the necessary social information required for
the SANAD system. This module consist of patient’s mobile social networking end
(mySocial), which provides to the patient: i) a simple mechanism for interactivity between the
patients and the clinicians; and ii) display a video education tutorials on diabetes; and web
portal medical staff end, which assists them to interact with patients and post educational

videos, tutorials and useful information.

4.7.3 Cognitive Behavioural Therapy Module

. This module consists of a patient’s mobile CBT component (myThought). This module
assists the patient in providing his/her CBT data remotely via the smartphone App. It will also
display the patient’s CBT (thought, mood, and action) in graphical presentation, such as in
formats of tables or charts, linked with a web-portal CBT specialist component; this will assist
the therapist in sending feedback and observing the state of the patient’s behavioural changes
remdtely. This module will aid in CBT intervention by applying a specific classification
algorithm to decide whether or not to trigger an intervention via SMS message, instructing the
patient to submit his or her CBT data. The CBT cycle in SANAD system is shown in figure
4.9, :

The CBT-M cycle starts from thé evént in which high'blo'bd glucose le\?els"of the patients
are recorded or observed from the diabétes management system. In such an event, and based
on the classification algorithm, detalled in the next section, the system will automat:cally send
an SMS to the patient, requesting the submnssnon of his or her CBT data. The patient will then
submit the CBT data, which comprises thought, mood, and action. The pauent is required to
select the approbriate options, which define the thought, mood, and action at the point of time
When the list is dmplaycd on their mobile screens and when accessmg the CBT-M module

application. These actions are dlscussed in detail in the fo]lowmg section, which completcs the

CBT-M cycle.
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S5 : CBT specialists observation
S6: Manual feedback from the CBT Therapist
S7: Condition-no
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4.7.3.1 Classification Algorithm

The classification algorithm used in this unit is the software that triggers the CBT-M
therapy module and the automated message, if the specified criterion is met. The criterion is
the reading of the blood glucose level. For example, the average BG level of a patient for one
week can be set at 200 mg/dL, which could be a criterion for a patient. In case the patient’s
average BG level during a week crosses 200 mg/dL, then an automated text message will be
sent to the patient, requesting the submission of the CBT data. Then, the patient will access
the CBT-M module to load the behavioural data and submit the data by selecting the most
suitable option from the list given for each specific component, including thought, mood, and
action. The data is then analysed by the CBT therapist, who sends feedback to the patient
accordingly. The criterion for the CBT algorithm is set by the CBT therapist, based on the

each patient’s type of diabetes and health condition.

4.7.3.2 Thought

Thoughts are basically the ideas or opinions that are derived from thinking. -
They can be categorized as positive and negative thoughts. Some of the most popular
negative and positive thoughts from the review [138] and consultation with CBT

specialist are developed, which include: -

Table 4-2 Most Popular Negative and Positive Thoughts

Most popular negétive - " Most popular positive
thoughts | thoughts -
I am confused I can do it better
1 am afraid ‘ -1 will learn to love and be
| happy
I am scared Life is interesting
| have no patience - Preally feel good
I am stupid lam a good person
I am not capable of loving I really handled this situation
well
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My hopes have vanished I like people
1 will never be able to change | 1 will find strength to solve
any difficulty
I have no enthusiasm for 1 am honest
anything
Everything is my fault I am very responsible
[ am inferior to others I am important to my family
Life isn’t worth it I am lucky
[ am not as good as others [ am intelligent.

The patients can choose their thoughts from the table and move on to the next

step, where they can define their mood.

4.7.3.3 Mood
Mood is the temporary state of mind or a feeling that is presented in a person at

a certain point of time. The mood can be different in different time periods. However,
the mood can be categorized into different sets of feelings and can be numbered in
order to analyse the changes in the mood of a person [139]. This process can be
reflectedona mobd scale. The paﬁents can select their fnood as shown inith‘c 4tablc 4.3,

and move on to the next step, where they can define their action,

“Table 4-3 Mood scale

Mood scale Scale weight

- Thebest 9

Much better
Better

Better than regular

- Regular

Worse than regular

Worse

] Wl &l vl o <l o

Much worse

~The worst : o |
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4.7.3.4 Action
Action is the process of doing something, and it defines the patients’ behaviour.

Therefore, an action list is developed for this purpose[138], where the patients can

choose the actions they have done. The list is shown in the following table.

Table 4-4 Most Popular Actions

Most popular actions

Wear clothes [ like

Watch or participate in sports

Help groups I respect (NGO/

local community)

Buy things

Talk to my friends

Read books, magazines, and

newspapers

Drive a car

Do my job

Sing

Watch nature

Give gifts

Take pictures

- Listen to jokes

Pray

After filling the action paft the patients can submit their "seluctiori‘ 'data i
remotely This data will be reviewed by the CBT theraplst and w1ll scnd the

suggestxons and feedback to the panents as requxred
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4.7.4 Feedback Mechanism and Messaging Box Module

The key function of this module is to provide the necessary gate for the medical staff

and the CBT therapist to set and send automated and manual feedback to the diabetic patients.

The following points are the main features of this module:

Y

2)

3)

4

Automated feedback: The system will send automated text messages to the
diabetes patients, which may include reminders, feedbacks, acknowledgements
etc.

Diabetes status feedback: Based on the readings, the diabetes nurse will use the
web-based portal to design customised manual messages and feedback and then
send it to the patients.

Behavioural status feedback: Based on the readings, the CBT Therapist will use
the web-based portal to design customised manual messages and feedback and
then send it to the patients. |

Messaging box: The system will have a messaging box, where all the messages
are saved and can be uSed fbr reference. A sample of theses messaging is shown

in table 4.5.

Table 4-5 Examples of SANAD Text Messages

Message categories , Example messages

Reminder

Could you please submit your blood glucose level

General Automated Feedback ‘ Could please have a look to diabetes Video ih the

social networking module

Acknowledgement P Your thought has been sent. Thank you |

Diabetes Status Feedback Your blood glucose level was normal during the

last week.

Behavioural Status Feedback v -.We have noticed that your mood level was up to

normal last month.in this case, we need to talk .

more via the social networking module

7
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4.7.5 Database Module

The data used in the system functioning is stored in the SQL database server. The
database is designed using the tables with different attributes. The data is stored in these
tables and can be retrieved, updated, edited, inserted according to the requirements of the
users while using the system. There are 11 tables in the SANAD System database which
include schedule, reading, healthdata, messagingbox, thought, user, video, video_categories,

messages, messages conversations, and search tables.

4.8 Hierarchical Structure of SANAD System

The GUI and the hierarchical structure of the system running on the mobile devices

and Webserver are presented in figures 4.10 and 4.11.
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Figure 4-10 Snapshots of The Diabetic Patient Smart Phone Interfaces in SANAD System
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Figure 4-11 (a,b) Snapshots of The Diabetic Nurse Portal Interface End, (c,d) Snapshots of CBT Therapist’s Portal
Interface End in SANAD System

4.9 Conclusion

In this chapter, we presented the general design and implementation of SANAD system.
In particularly, we presented the details of :

1) The preliminary study on the perceptions with the aim of Saudi diabetic patients
and medical staff requirements and needs for mobile diabetes management
conducted in KSA.

2) The design and development of a new mobile diabetes management system
embedding social network and behavioural change intervention modules tailored
for Saudi diabetic patients.

3) The relevant modules and their functionality of SANAD system.

80



Chapter5

Chapter 5 : Usability Study of SANAD System

5.1 Introduction

As described in chapter 4, the development process of SANAD system includes
usability evaluation study. This chapter presents the usability study results of SANAD
system among Saudi Type 2 diabetes patients. The aim of this usability study was to assess
the usability factors that have influenced the design of the SANAD system, to identify
perceptions of its usability factors among Saudi type 2 diabetic patients in Saudi Arabia. In
this chapter, we also presents an overview of the importance of usability factors with mobile
health particularity in SANAD system, the study design and method used in the usability

study and the preliminary results of this study and discussion.

5.2 Usability for m-Health System

The usability feature in mobile smartphohe applications is gaining importance, as
there is tremendous growth in the usage of mobile devices and applications across the globe, -
The usability of mobile applications in m-health aspect, is also gaining importance, as there
are many research studies being carried out, and there are many procedures bemg
implemented in the delivery of healthcare such as SMS (Short Meseagc Scmce) mobile
applications, video confercncmg and bemg a part of tele-monitoring and tele-dlagnosxs[ﬂ]
The benefits of usabxhty testing of mobile health applications include reducing measurement
error, and respondent burden. The trend for moblle phone users to purchase smanphones is
on the rise[140] . This means that health users, such as diabetes patnents, wnll have more
choice as new applications are developed, increasing the competition and demand for high
performance systems. The usability of a system, such as a smartphone ‘mobile- healthb'. ,
application is guided by Human-Coniputer-lnteractién (HC‘I), which is the interface between

the system and the user. The overall idea behind defining system usability relates to the

ef‘fcctweness and efficiency of that system in achxevmg the specnﬁed goals and 1he g5t

satisfaction levels of its users. The term usability is defined variously as the emcacy and
efficiency of the interface and users reactlons to the interface [141]; as user acceptance,
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including a combination of both practical acceptability (e.g., system functionalities such as
speed, reliability, compatibility, usefulness (i.e., achieving its specified objectives in terms of
utility and usability)), which mediates the system’s social acceptability [142]. Utility and
usability refer to identifying if a system is doing what it is supposed to do; and how well
users are able to use the system, respectively, including itslearnability, efficiency,
memorability, error preventability and process control, and user satisfaction [143]. Shackel
defined four aspects of system usability including effectiveness, learnability, flexibility, and
attitude [144]. Similarly, Rubin and Chisnell defined system usability asits usefulness,
effectiveness, learnability, and attitudes [145]. Smith and Mayes (cited in Carvalho, 2001)
defined usability as: easy to learn, easy to use and user satisfaction levels [141]. As there is
no consistent definition or model of system usability, the present study has operationalized
the usability of the SANAD system as five constructs: overall reaction; screen factors;

terminology and system information; learning factors; and system capabilities.

5.3 SANAD Usability Study
3.3.1 Methods

53.1.1 Study Setting and Participants

A’preliminary evaluation study of the SANAD system was carried out in the Dammam
region in KSA in collaboration with the medical school in the region. The main objective of
the study was to investigate the usability aspects of the SANAD systerﬁ among thé Saudi
diabetes patients. The participants constituted of 33 type 2 diabetic patients (17 male, 16
female). The study was conducted in the Dammam region of Saudi Arabia. Patients were

recruited by clinical staff during an office visit or by sending an SMS message.

Three tasks are designed, based on the three functional of the system which are carried out
using the SANAD system. Care was taken to ensure that the tasks weré simple and met the

purpose of the application. These tasks include the following:

- 1) Perception toward the SANAD ﬁobile diabetes management module: measuring

blood glucose level by using this module and sénding it to the SANAD’ server;
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2) Perception toward the SANAD social networking module services: sending a private

message to the nurse or other friend, watching videos, searching and finding a friend;

3) Perception toward the SANAD CBT module: submitting histher CBT data to the

server, and the system displaying the data in chart and tables.

5.3.1.2 Measurement Tools

Questionnaire for User Interaction Satisfaction (QUIS) was used in this research for
designing the questionnaires for the survey. QUIS was developed by Shneiderman, and is
based on OAI (Object-Action Interface) model [146]. The assessment of the satisfaction
levels of the users is subjective and a complex question, and to overcome this, QUIS was
used as it gauges the satisfaction aspect of software usability in a standard, reliable, and valid
way. QUIS was first implemented using a nine point Likert scale rating on a standard paper
and pencil form. It focuses on the analysis of usability features based on six aspects, which
include overall reaction to the system, screen factors, terminology and system feedback,
learning factors, system capabilities[142]. '

By using QUIS version 7.0, the questionnaire is arranged in a hierarchical format which

includes:

1) Demographic questionnaife, , v

2) Six scales for measuring overall reaction ratings of the system including terrible /
wonderful, difficult / easy, frustrating / satisfying, madgquate power / adcquate
power, dull/ stxmu]atmg and rigid / flexible. ; -

3) Four measures including screen factors, termmology and system fcedback learmng,

~ factors, system capabilities, for analysing interface aspects. - ’ B ;

Each item in the QUIS questionnaire is rated on ascaleof 1t0 9, ahd an additional option

‘N/A (Not applicable), is also provided, in case the users feels that the qUestionnaire is not

applicable to them. [147].

Statnsncal data visualisation tools like bar charts, and box plots are used to dnsplay and | . N

analyse the survey results, Bar charts were used to represent the difference between mean of
an jtem and the selected criterion, h1¢ans' and standard deviation for each item in the
questionnaire and diagnostic tests [148] were carried out in this research. Overall means are

calculated in each section for indicating if the mean of an item is above or below the -
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criterion. To determine the reliability of the mean, 95% upper and lower confidence intervals

at the 0.05 level of significance are plotted during the analysis of results.

5.3.2 Results and Discussion

5.3.2.1 Patient’s Demographics

Thirty-three patients with type 2 diabetes, who were recruited from the outpatient
clinic in Naval Technical Institute Clinic, completed the study. The demographic and clinical
characteristics of the study groups are summarised in Table 5.1, The participants were both
men and women (17 male, 16 female), the large majority were aged 41-50 years, and the

majority had a diagnosis of diabetes for five years or less.
Table 5-1: Patients Demographics

Type 2
General characteristics n %
Gender _ Male 17 . | {48.5)
Female 16 (51.5)
Age group " 1840 14 (42.4)
4150 18 (45.5)
51-65 e
level of education Secondary 16 (48.5)
Diploma » [ ‘21'2)
University or 10 © . (30.3)
more .
marjtal status Married 12 (36.4)
Widowed/Divorc = 12 . (36.4)
ed _ :
, Never married CER )
diagnosed with diabeteslong . years 13 (.'39;4)- ‘
6-10 years 8 242
1115 years : 2 (15.2)
>15 yearé 7 (21‘2)‘ ‘
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5.3.2.2 Saudi Type 2 Diabetes Patients Group

Table 5-2: Means, Standard Deviations and 95% Confidence Intervals for items in QUIS and related to SANAD

Table 5.2 presents the means and standard deviations of each item in 95% Confidence
Intervals for each items in QUIS of SANAD study

No 95 %
Overall Mean SO '
Lower Upper
1 Terrible / Wonderful 6.79 1.24 6.35 7.23
2 | Difficult / Easy 6.33 0.92 6.01 6.66
3 | Frustrating / Satisfying 6.64 1.32 6.17 7.10
4 Inadequate power / Adequate power 6.24 1.30 5.78 6.70
5 | Dull / Stimulating 6.39 1.14 5.99 6.80
6 | Rigid / Flexible 6.00 0.97 5.66 6.34
Screen M=6.40 :
1 | Characters on the mobile screen 6.45 1.06 6.08 6.83
2 | Highlighting on the screen 6.36 1.14 5.96 6.77
3 | Screen layouts were helpful 6.03 0.98 5.68 6.38
4 | Sequence of screens 6.67 1.22 6.24 7.10
Terminology & System information M=6.38
1 | Use of terminology throughout system 6.58 112 6.18 6.97
2 | Terminology relates well to the work you 6.55 1.18 6.13 6.96
are doing. ’ :
3 Messages which appear on screen ‘ 5.84 6.59
. A . 6.21 1.05
(inconsistent/consistent)
4 Messag_es which appear on screen 6.09 1.07 5.7; . 6.47
{confusing/clear)
5 Mgbile keeps you informed about what it is 6.27 1.10 5.88 @55
doing
6 | Error messages 6.15 1.20 5.73 6.58
: Learning factors M=6.31 .
1 Learning to operate the system 6.76 1.25 6.31 7.20
2 | Exploration of features by trial and error 6.12 1.14 5.72 6.53
3 | Remembering names and use of commands 6.58 1.20 6.15 7.00
4 | Tasks can be performed in a straight- : 5.91 0.84 5'6]7 N 5_2;
forward manner v ;
System Capabilities M=6.34 : T
1 | System speed 6.39 1.14 5.99 6.80
2 | The system is reliable . 8.97 1.07 5.59 6.35
3 | system tends to be 697 1.29 6.51 7.43
4 | Correcting your mistakes 6.27 1.18 5.85 6.69
5| Ease of operation depends on your level of 6.15 115 5.74 6.56
experience - : : ' : ' :
M=6.35
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5.3.2.2.1 Overall Reaction Ratings

Out of the six items, four were rated lower than the mean response (m = 6.40). These
items were ease-of-use. perceived powerfulness, level of stimulation and flexibility, which
indicates a need for additional scrutiny. The other two items (impression and satisfaction)
were rated higher than the mean response. Depending on these results, it can be concluded
that the system indeed has a positive impact on diabetes patients, but the overall impression
and the satisfaction in using the system received a good response. Figure 5.1 depicts the
reliability of the items in the overall reaction ratings part. By using the mean of 6.40, and the
95% confidence interval plotted, it was reflected that the mean ratings of individual items are

not very different from the overall mean of 6.40 at the 0.05 significance level.

Overall Reaction Rating

Items

Figure 5-1: Distribution of six items that measure overall reactions of SANAD system relative to overall mean of 6.40 (flat
horizontal line), and 95% upper and lower confidence intervals. Items reflect item numbers in Table 5.2.

The results indicate that the mean concern for impression, ease of use, satisfaction,
being stimulated and perceived powerfulness were significantly greater than the mean
concern of flexibility. The mean difference was 0.79 between two 9 point Likert ratings for
impression and flexibility: 0.33 between two 9 point Likert ratings for ease of use and

flexibility; 0.64 between two 9 point Likert ratings for satisfaction and flexibility; 0.24

86



Chapter5

between two 9 point Likert ratings for perceived powerfulness and flexibility; 0.39 between

two 9 point Likert ratings for being stimulated and flexibility.

5.3.2.2.2 Screen factors

Out of the four items, two items were rated below the mean response (m = 6.38):
‘highlighting on the screen’, and 'screen layouts were helpful’. The other two items,
"characters on the screen’ and 'sequence of screens' were rated higher than the mean
response. The result reflects that the screen-related factors, particularly highlighting and
screen layouts, need be improved for users to make the best use of the system. A bar chart is
created to represent the reliability of the items in the screen factors part as shown in Figure
5.2. By using the overall mean of 6.38 and the 95% confidence interval plotted, the mean
ratings of individual items are shown to be not much different from the overall mean of 6.38

at the 0.05 level of significance.

Screen factors

I Items

Figure 5-2 : Distribution of screen related factor item ratings for the SANAD system, including overall mean (flat
horizontal line) and 95% upper and lower confidence intervals. Items reflect item numbers in Table 5.2

The results indicate that the mean concern for "highlighting on the screen’, "sequence
of screens’, and "characters on the screen' were significantly greater than the mean concern
of ‘screen layouts were helpful*. The mean difference was 0.33 between two 9 point Likert

ratings for ‘highlighting on the screen’ and "screen layouts were helpful’; 0.64 between two 9
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point Likert ratings for ‘sequence of screens* and 'screen layouts were helpful*; 0.42
between two 9 point Likert ratings for 'characters on the mobile screen* and 'screen layouts

were helpful™*.

5.3.2.23 Terminology & System Information

Out of the six items, four were rated below the mean response (m = 6.31): ‘clarity in
messages appearing on the screen*, 'error messages', ‘consistency in messages appearing on
the screen’, and ‘system informing the users on what is being done*. The other two items,
‘terminology throughout the screen* and ‘terminology relating to the work being done', were
rated higher than the mean response. This result reflects that consistency and clarity among
the messages and system features for informing its users on the work being carried out need
to be improved. Figure 5.3 represents the reliability of the items in the terminology and
system information section. By using the overall mean of 6.31 and the 95% confidence
interval plotted, the mean ratings of individual items are found to be not very different from

the overall mean of 6.31 at the 0.05 level of significance.

Terminology & System Information

»

»

J j 1 T )
w = L T

(>

n
4
1 2 3 4 5 6
Items

Figure 5-3: Distribution of Terminology and System information factors of the SANAD system, including overall mean
(flat horizontal line) and 95% upper and lower confidence intervals. Items reflect item numbers in Table 5.2

The results indicate that the mean concern for 'terminology throughout the screen*
and ‘terminology relating to the work being done* are significantly greater than the mean

concern of ‘clarity in the messages appearing on screen*. The mean difference was 0.49
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between two 9 point Likert ratings for terminology throughout the screen* and ‘clarity in the
messages appearing on screen*; 0.46 between two 9 point Likert ratings for ’'terminology

relating to the work being done* and ‘clarity in the messages appearing on screen*.

5.3.2.2.4 Learning factors

Out of the four items, two were rated lower than the mean response (m = 6.34), which
include exploring the features by trial and error and being able to perform the tasks in a
straightforward manner. The other two items include learning to operate the mobile system
and remembering the names and use of commands that were rated higher than the mean
response. The results show that it is easy to learn the mobile system and for users to
remember the names and the commands. However, the users did not find trial and error
useful in exploring the system's features, and it was difficult to complete the tasks as easily
as the users had expected. These areas need to be improved so that users can explore the
system and perform tasks. Figure 5.4 depicts the reliability of the items in the learning factors
section. By using the overall mean of 6.34 and the 95% confidence interval plotted, it is

reflected that the mean ratings of individual items are not very different from the overall

mean of 6.34 at the 0.05 level of significance.

Learning Factors

Items

Figure 5-4: Distribution of learning factor items of the SANAD system, including overall mean (flat horizontal line) and
95% upper and lower confidence Intervals. Items reflect ltem numbers in Table 5.2
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The results indicate that the mean concern for ‘learning to operate the mobile system’,
‘exploration of features by trial and error method’, and ‘remembering the names and use of
commands’ were significantly greater than the mean concern of ‘tasks can be performed in a
straightforward manner’. The mean difference was 0.85 between two 9 point Likert ratings
for ‘learning to operate the mobile system’ and ‘tasks can be performed in a straightforward
manner’; 0.21 between two 9 point Likert ratings for ‘exploration of features by trial and
error method® and ‘the tasks can be performed in a straightforward manner’; 0.67 between

two 9 point Likert ratings for’ remembering the names and use of commands’ and the ‘tasks

can be performed in a straightforward manner’.

5.3.2.2.5 System Capabilities

Out of the five items, three were rated lower than the mean response (m = 6.35):
‘reliability’, ‘auto correction capabilities’, and ‘ease of operations on the system’, Depending
on these results, the users or the participants were happy only with the speed and noise of the
system. Reliability is the only factor, which received the lowest average rating. Therefore,
additional developments are needed in order to improve the reliability‘ of the system ahd
thereby increase the user's trust in the system. Figure 5.5 represents the reliability of the items -
in the system capabilities section. By using the overall mean of 6.35 and the 95% confidence
interval plotted, the mean ratings of individual items are shown to not be very dif’ ferent from

the overall mean of 6.35 at the 0.05 level of significance.
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System Capabilities
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Figure 5-5: Distribution of five scales that measure system capabilities of the SANAD system, including overall mean (flat
horizontal line) and 95% upper and lower confidence intervals. Items reflect item numbers in Table 5.2

The results indicate that the mean concern for speed, noise levels, and correcting
mistakes were significantly greater than the mean concern of reliability. The mean difference
was 0.42 between two 9 point Likert ratings for 'speed' and ‘reliability’; 1.00 between two 9
point Likert ratings for 'noise levels' and ‘'reliability’; 0.30 between two 9 point Likert ratings

for ‘correcting your mistakes' and 'reliability*.

5.4 Conclusion

In this chapter, we present a usability study of mobile social networking system
tailored for patients with diabetes in the K.SA (SANAD). A questionnaire was designed based
on the OUIS for the purpose of this usability evaluation study. The outcome of the study
concludes that the users of the system provided good ratings in the overall reaction
categories. In particular, the patients reported a higher satisfaction with the overall
impression, and satisfaction including screen, learning, and capabilities aspects of the system.
However, poor ratings were obtained in aspects relating to terminology and system
information and learning factors. This indicates that these factors should be improved in order
to increase the users' satisfaction. As result, these factors of the system functions have been
taken into account and improved in the version two of the system. In general, the outcome of
this study indicated that the concept of SANAD is considered acceptable tool in patients with
Type 2 diabetes. The main limitations of the study are the sample selected and the fact that

the research was conducted in only one region of the KSA.
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Chapter 6 : Clinical Study of SANAD System

6.1 Introduction

In this chapter, we present the clinical study of SANAD system among Saudi Type 2
diabetes patients. . The primary aim of this study was to evaluate the effect of SANAD
system on: 1) improve glycaemic control; 2) improve health awareness; and 3) enhance self-
efficacy. Secondary aims qualitatively evaluated the content of communication in SANAD
system. In this chapter, we also present the study design and method used in this study, the

preliminary results of this study, and the discussion,

6.2 Study Design and Methods

6.2.1 Study Setting and Participants

Participants constituted 20 type 2 diabetic patients (15 male, 5 female). The study
‘design was a randomized controlled trial (RCT) with two groups, intervention group (using
SANAD system) and control group as shown in ﬁghre 6.1. Patient records were reviewed for
the following eligibility criteria: duration of type 2 diabetes > 1 year, HbAlc < 12 % and age
<=50 years at the time of enrolment. Exclusion criteria was currently pregnant. In the
intervention group, the diabetic patients used SANAD system, and they were.taught in how to
operate and run the blood glucose device to transmit meas’u’remehts using SANAD
smartphone app, how to use the social networking servicés and how to apbly the CBT |
intervention and when, in one group sessions lasting 30-45 minutes. The patient in the control

group were receive the normal care and management entirely from the general practitioner

and/or practice nurse in the medical centre. The study was conducted in Dammam region of -

Saudi Arabia. Patients were recruited by clinical staff durihg an office visit or by sending an o
SMS message. Written informed consent was obtained from all patients before entry. Ethical -
approval was obtained as the standard for clinical research studies in KSA and UK. Ethical -

approval for this study was granted by the ethical committee of Naval Technical Institute -

Clinic, KSA and Kingston University, UK.
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20 patients enrolied

10 Control Group st cmmemendy- | 10 Intervention Group
{3 female & 7 male) {2 female & 8 male)

1 patients withdrew
> 1 transferred their clinical care to the
other one

v

19 completed the study

Figure 6-1 Study Design and Patient Sample Selected

6.2.2 Primary and Secondary Outcomes

The primary outcome measure was glycaemic control assessed by HbAlc . The
second outcome measures were health awareness measured by Diabetes Knowledge Test and
behavioural change measured by Self-efficacy Scale. A brief description of these outcomes

are summarized as following:

Glycemic Control: HbAlc was collected using an aqueous finger stick 3-uL blood
sample collection kit. The HbAlc method used for this study used a multi method sample
screening via high-performance liquid chromatography-ion exchange for detecting possible |
interference followed by high-performance liquid chromatography-bioassay analysis to |
determine the percent HbAlc. HbAlc was collected uSing this method at enrolment and 6- |

month intervals for every participant for the duration of the study.

Diabetés Knowledge"fest (DKT): The DKT was used to measure patient diabéies
management-related kndwledge [149]. The DKT is a 24-item test kdevelope(d_by the Starr
County, Texas, Diabetes Education Study and is a shortened version of the original 60- item
survey froiﬁ Villagomez et al. [150]. Poss‘ible answers to each question are yes, no, and | do
not know. The items were scored with one point given for a correct answer and zero ’points'

given for an incorrect answer or an I do not know response. The DKT was collected at

Baseline and Month 6. (See the appendices)

Diabetes Management Self-efficacy Scale - (DMSES): The ‘20-item Dutch/US

DMSES measures the individual's efficacy expectations for engaging in 20 type 2 diabetes
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self-management activities, for example, taking daily exercise, keeping to a healthy eating
plan when away from home [151]. The scale is scored according to a 1-10 point numerical
scale indicating the level of efficacy expectation the respondent has for each item with higher

scores indicating greater levels of self-efficacy. The DMSES was collected at Baseline and

Month 6. (See the appendices).

6.2.3 Statistical and Qualitative Analysis

The prerost control-intervention data were analyzed using the Statistical Package for
the Social Sciences (SPSS) version 21. Statistical significance was defined as probability (p)
< .05 [152]. Power calculations were performed using GPower 3.1, The primary outcome
measures were HbAlc (%), total diabetes knowledge, and average self-efficacy. Ten
participants were evaluated in each group. Power calculation indicated that 10 participants
per group had 60% power (two-sided, large effect size, p-value = 0.05) for the paired samples
t-test to compare the pre and post data at baseline and 6 months. The assumption of normality
was met, with all skewness values close to 1 [153]. The main hypothesis testing differences
between the control and intervention groups over time was calculated using mixed ahalyéis of
variance (ANOVA), and paired t-tests. To assess the amount of change from baseline to 6
months, change scores were calculated for each outcome measure using‘the formula [time2-
time 1]; and percentage change was calculated for each outcome measure using the formulai
[((time2-time1/time1)*100)]. Independent samplesy t-test and linear regression were then used
to assess the impact of the intervention on mean using the change scores for each outcome
measure. For thé linear regression analyses, the independent variable was condition (dummy -
coded as: O=control, 1=intervention group), and the three dependent variables wére the
HbA]c (%), diabetes knowledge, and Vself-efﬁcacy change scores. Pearson correlations
compared pre and post HbAlc (%), diabetes knowledge and’ self-efficacy scores. All -
quélitati’ve data collected will be analyzed by thematic analysis using the method of content

analysis, developed descriptive codes based on broad themes in the data [1 54]. '
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6.3 Results

6.3.1 Clinical Outcomes

The baseline demographic and clinical characteristics of the study groups are
summarised in Table 6.1. Chi-square and independent samples t-tests revealed there were no
significant differences between control and intervention group in dcmégraphic or clinical
characteristics, except for education, which was ‘higher in the intervention group
(X2(2)=6.79, p<.05). The participants were mainly men, the large majority were aged 18-40
years, and were married, and the majority had a diagnosis of diabetes for five years or less.
On average, participants scored 8-9 for HbAlc (%), 12-12.50 for diabetes knowledge, and 5
for self-efficacy scores.

Table 6.2 shows the baseline and post-intervention scores with regard to the main
hypothesis, and paired t-test results. Table 6.3 shows the Independent samples t-test
comparing mean post - pre change scores for each outcome measure between study groups.
Table 6.4 shows the Pearson correlations between pre and post HbAlc, diabetes knowledge

and self-efficacy.

Table 6-1 Baseline Demégraphlc and Clinical Characteristics of Study Groups

Variable - Category : Control Intervention - Test of Group p-value
: © group Difference :
group ‘
n (%) 10 10
Gender Male 7 (70%) - 8(80%) X2 =.267 : 1.000
Female ) 3(30%) 2(20%) » .
Age Group 18-40 years 8 (80%) 9 (90%) X2 =.392 1.000
: o 41-50years . 2(20%) - 1(10%) R— s SR
Education - < Secondary 5(50%) 0 (0%) X2 =6.79* .034
Diploma 2{20%) - 5{50%) - o ‘
2 University 3(30%) 5 (50%) ‘ ‘
Marital Status : Never Married 3 (30%) 3 (30%) S %2 =000 1.000
: , . Married . T(70%) 7{(70%) -- fe S s
Duration of <=5 years 10 (100%) 8 (80%) X2=222 A74
~ 610years - 0(0%) ~  2(20%) o : ;
HbA1c (%) 8.84+1.16 8214115 t=122 ' 238
Diabetes Knowledge - 1250+097  12.10%1.97 t =576 : 572
_Self-Efficacy 521036 519043 t=114 Coo1

Note. Data are n (%), means & SD, X2 = Chi-Square test result; t = independent saMples i;«test result,

g5



Chapter 6

Table 6-2 Paired T-Test Comparing Pre-Post HbA1c (%), Diabetes Knowledge, and Self-Efficacy

Group Pair Outcome Measure Mean SD Mean SEM t-value p-
Change value
Intervention Pairl Pre HbAlc (%) 8.14 1.20 .600 102 5.84%*** 000
group Post HbAlc (%) 7.54 .96
Pair 2 Pre Knowledge 12,11 2.09 -2.44 .530 -4.61** 002
Post Knowledge 1456 1.59
Pair3 Pre Self Efficacy 5.17 45 -.994 192 -5.16*** .001
Post Self Efficacy 6.17 .39
Control Pair1 Pre HbAlc (%) 8.84 1.16 .050 .109 455 .660
group Post HbAlc (%) 8.79 1.10
Pair 2 Pre Knowledge 1250 - .972 -1.00 1.52 -.208 .840
Post Knowledge 1260 184
Pair3 Pre Self Efficacy 5.21 36 .035 251 .440 671
Post Self Efficacy 5.17 .49

Note. SD = standard deviation, SE M = standard error of the mean.

*¥p<,01, ***p<.001.

Table 6-3 independent T-Test Comparing Mean Post-Pre Change Scores between Study Groups

Outcome Measure Study Group N Mean SD SEM  t-value p-value
Change :

“HbALC (%) Control 10 -050 347 110  363** 002
Change Score Intervention 9 - -600 308 .103 |
Diabetes Knowledge Control 10 .100 1.52 482  -3.28%* 004
Change Score Intervention 9 244 159 530 B
Self-Efficacy Cdnfroi - 10 -035 .252’ 7.080 -4.94*** 000
Change Score. ‘ 9 .99 5718 .93 |

R S

Intervention

Note, SD=standard deviation, SE M=standard error of the mean. **p<.01, ***p<.001.
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Table 6-4 Pearson Correlations between Pre and Post Hbalc (%), Self-Efficacy and Diabetes Knowledge Scores

Pre Post Pre Post Post
HbAlc HbAlc Diabetes Diabetes Pre Self- Self-
Group Mean SD (%) (%) Knowledge Knowledge Efficacy  Efficacy
- Control group Pre HbAlc (%) 8.84 1.16 -
Post HbAlc (%) 8.79 1.10 954" -
Pre Diabetes Knowledge 112.50 9718 326 339 -
Post Diabetes Knowledge 12.60 1.84 .343 174 .560 -
Pre Self-Efficacy R 5.21 0.356 -.280 -337 361 .555 -
Post Self-Efficacy 5.17 0.492 -.193 -.258 .128 403 .872% -
Intervention group . Pre HbAlc : ' 821 1.15 -
Post HbA1c (%) 7.54 .9645 .983" -
Pre Diabetes Knowledge - 12.10 11.97 -315 -313 -
Post Diabetes Knowledge 14.56 1.59 -.755° -711° 6574 -
Pre Self-Efficacy 519 0.426 =127 -.085 - .307 .260 -

; Post Self-Efficacy 6.17 0.386 -425 -.478 -.041 .512 .050 -
**_ Correlation is significant at the 0.01 level {2-tailed). ’
* Correlation is significant at the 0.05 level {2-tailed).

A, Correlation approached significance {p =.055). ~
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HbA1c: Mean baseline HbAlc (%) was 8.14 (SD 1.20) and decreased to 7.54 (SD
0.96) after the SANAD intervention (mean [SE] decrease .600 [.103]). A paired-samples t-
test showed this change to be significant (p = .001) (see Table 6.2). Linear regression
analysed each study group separately, and revealed that age significantly predicted change in
HbAlc (%) in the intervention group, with older age (i.e., 41-50 years) associated with higher
HbAlc (%) at six months, as compared with baseline values (B = .865, t = 3.67, p<.05).
Gender and educational level did not predict the change in HbAlc (%). In the contrql group,
education level predicted the change in HbAlc (%) (B = -.714, t = 4.94, p<.05), with lower
education associated with higher HbAlc (%) at six months, as compared with baseline
values. Baseline and 6-month HbA Ic values were positively and strongly correlated for both
intervention and control group (r(9) = .983, p<.01; and r(10) = .954, p<.01, respectively) (sce

Table 6.4). An independent samples t-test compared mean change in HbAlc (%) scores

between the control and intervention group, and revealed that HbAlc (%) decreased by | 600 |

points in the intervention group, but decreased by only .050 points in the control group, and
this difference was signifi cant t(l7) 3.63, p< 01 (see Table 6. 3)

‘Diabetes Knowledge: The mean dlabctes knowledge scorc prior to thc mterventmn S
(baseline) was 12.11 (SD 2.09), which rose to 14.56 (SD 159) aftemard This. mcrease, o

(mean [SE] 2.44 {0. 530]) was shown to be sngmﬁcant usmg the palred»samples ~test (p =

0.002) (see Table 6. 2). Linear regression demonstrated that age, gender, and educauonal level L‘, : |

were not related to increased diabetes knowledge in each study group. Correlahon between i |

diabetes knowledge scores before and after the SANAD intervention approached sxgmﬁcance ‘, : : : :
(r(9) =657, p = .055) (see Table 6. 4). An mdependunt samples t-test revealed that dxabctes' s

knowledge sngnmcamly increased in the intervention group by 2. 44 pmms, and mcrcaqed by} o

100 points in the control group, (1 7) =.3, 28 p< 01 (eee Table 6 3)
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Self-Efficacy: The mean self-efficacy score prior to the intervention (baseline) was
5.17 (SD 0.45), which rose to 6.17 (SD 0.39) afterward. This increase (mean [SE], .944
[0.192]) was shown to be significant using the paired-samples t-test (p = .001) (see Table
6.2). Linear regression demonstrated that age, gender, and educational level were not related
to increased self-efficacy in each study group. There was no correlation between self-efficacy
scores before and after the SANAD intervention (r(9) = .050, p = .899) (see Table 6.4). An
independent samples t-test indicated that self-efficacy significantly increased in the
intervention group by .994 points, but decreased in the control group by .035 points, t(17) = -
4.94, p<.001) (see Table 6.3).

6.3.2 Social Interactions Qutcomes

The other aim of the study is to assess and qualitatively evaluate the content of
communication in SANAD. After collecting six months® worth of social networking activity
in the system, there was a total of 654 posts for analysis. The posts were then coded based on
the type of content they referred to expedite classification and further scrutiny. In the end, the
posts fell into eight different categories: information provision, information requesting,
advice provision, greeting, diabetes status, positive mood and feeling, negative mood and |
feeling, and irrelevant posts. Note that relevance was assessed based on whether the posts fell
within the purview of the goals and aims of the system. Morcover, the posts were originally
in Arabic and have been translated into English for this dxscussmn o ' |

By carrying out a thematic analysis on the data that has been gathered the vanous
Categories of posts can be distilled into three themes: information sharing, emotional
expression, and community formation. The quantitative breakdown of the various themes is

shown in Figure 6.2.
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50.682

17.74

9.79

Information Emotional Community {rrelevant
Sharing Expression Formation

Figure 6-2 Relative Frequendies of Themes of Posts as a Percentage of The Total Number of Posts

Information Sharing

Majority of the posts (50.92%) that were posted in the SANAD system focused on the
relay of information, which emphasises how diabetic patients are keen towards the need to
gain more information to better manage their disease [155]. Among the posts that fell within
this theme, there were more posts providing information and advice compared to those posts
asking for information. These posts that endeavoured to introduce new tips to others who are
afflicted with diabetes were about symptoms, dietary considerations, physical activity, and
medications. One particular poster, noted the most common symptoms for diabetes in the

hope of making people more aware of its onset:

-6 (351 (yalie Gaii§ yalun f a3 3 Sia g2 pills Cilin g 3 e Sull Gia ja sl el e
T c,wu pie7 b Sl uu.am

Symptoms of diabetes: 1 - extreme thirst, dry mouth 2- frequent urination 3 - severe
fangue 4 -constant hunger 5- lack of sudden weight 6 frequent mfectxons 7- blurred
vision. '
Much of the information that was shared, however, was focused on dictary tips and
reminders and this indicates that the greatest challenge that diabetics have to overcome is the

need to better manage the food that they eat. Many of the posts regardmg, such dletary tlps

fell in the same thread as these particular posts

Uﬂ)ah,uaql’dluj‘.muﬂ‘dmwwﬁéy‘%&@%%)‘ N‘)’Jﬁw@h@md@)ﬂ\ .
¥ |
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Camel meat is delicious, and the therapeutic benefits of camel milk helps to reduce
the level of blood sugar and resistance diabetes.

Bha jeu¥l i

o SSall Uil et

& S8l Q4 el

Capall 48 JEVI A a

Lalait e dhiladl Uyle Caay
Uil dbitadl e iy

L aall (5 yiana e ddailaali Ude Gany

Please be advised that brown bread is very useful for us. Orange and apple are also
very helpful and please do try to eat low fat food. Additionally, we must keep our foot
clean, our eyes well, and our health safe.

Another type of information sharing tweet pertained to the kind of physical activity
that is required of diabetic patients. These were often written with a sense of urgency in light
of the fact that many diabetics are led to their condition due to a sedentary lifestyle [156].
More so, the onset of diabetes is also viewed as a hindrance to pursuing a more active life,
which is why many dlabetscs continue to have low lcvels of physncal activity [157]. In many
Cases, these posts on physical activity were intertwined with those on dietary advice as they |

are both needed for weight management. One example of this is the following:

bzs-:gud»!b.;}.mw).c» |

ENw e

, oM Gaad
' N u\.,ud\.gc«m‘ ‘
@1W»J»b%u@www\w '

; Plcase be advised that the honey is a good substntute for other sweets and chocolatus .
~ for diabetics. Grilled food is also very good for the diabetic panent Fmally, to become

less obese, please increase your level of physxca! activity by exerc:smg for at least fm' '
15 minutes a day. . Cod : ~

Medicatlon was also amon&, g the mformatxon that was gn cn, hm\ever, 1t was prow 1ded :

less than the duetary and lifestyle tlps given above. This could be due to the fact that the _' |
SANAD system provided an avenue fm‘ the participants to 8o beyond the usml and cc)mmcm e

advice provnded by health practmoncrs One of the posts 1hat prowdud med:cauon

lnformatmn was as follows
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J&A\ua).g.‘.,s\.‘dl&,ﬂ\ au,g)..u;.gmyt,mbgmsytimqs.xe\..gduwmauﬁ

Studies showed that Vitamin D helps in the treatment of depression and neuropathic

pain female patients with type 2 diabetes.

In terms of the questions asked in the system, they were very direct and with little
context due to the character limitations of twitter. Most of the questions were dietary in
nature as the participants either inquired about whether eating a particular food was okay or
whether substitutes of a particular food type was available. Shown below are some of these

posts:

9 g5 saali 13le oS3 Y al

I'love to eat, but could you please advise me what type of food that is good for
diabetic patients?

g Sl pall Bl e ila plae Slas ] (Saa
Could you please gwc more mformanon about the main benefits of Datcs for
diabetes? : ,

In summary, therefore, the questions and information that was moved around in the

~ SANAD system focused on informal pieces of knowledge that are rarely asked in the hospital

setting. In this way, the system provnded a more casual point of mterface for the pamc:pants S |

to learn more about the disease and the means thmugh “hxch they could bctter manage it..

~ Emotional Expression

The social media component of the SANAD System was also used by many nf the

Participants as an outlet for emouonal expression, most of “hlch were expressuons of -

frustration over their current state of health and the hm:tanens that constantly hamper 1hem, s

One pamcular participant iamented over the changes m hfe dxspasmon that dlabetes can 2

bring to a person s life and thxs was exprcssed in the post

' When you are dxagnosed with diabetes, it means that your hope and opinm;sm towards :
life wnll suffer greatly . R , o .

Jaidly Javh ‘*MM‘-ﬁww‘ﬁy’ W
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This sentiment needs particular emphasis because it presents a notable opportunity for
counsellors and other healthcare professionals to address the fears and problems of the
patients. Much of the frustration, however, seems to draw from the inability to fully enjoy the
pleasures of being able to eat what they wanted to eat. This is shown in the posts of some

participants:

3 Sl 5 e (5 pla b gl i g i i gl

I am feeling very fearful of any piece of sweet because I believe that eating them will
increase my blood glucose level.

g 3l o iz gilaay JSYI ol jlasal
The eating limitations that are poééd by diabetes makes me angry when I am hungry.

Nevertheless, amidst these numerous statements of frustration, there were still some
who were positive about their condition. Many of the positive posts emerged after an implied

realisation that the limitations brought about by diabetes do not necessarily mean that one

will live a less hieaningful life. Many initiatives of care providers have been geared o o

:Ilustratc that inasmuch as diabetes makes certain cho:ces less pos51blc, there are sml many ‘
Opportunmes for diabetic patients to lnve a full lafe[lSS] Thls is encapsulated m one of thc‘ |
Posts: o : o , :

.}h“gquf,gw‘ugkﬁyuamwowiu\ﬁ g__uSd,S Sy

In the past jUSt after I was dlagnosed Ithought that my life would become m:serable,' T

~ but as each day passes, I begm to realize that 1t isn’t so bad and because of thxs. my
’ opurmsm is growmg

In_this sense, emotional expression becomes a mauer of pf:rspectwe Those LA e

‘ mdmduals who are able to see beyond the hmxts of their condmon are able to develap an",’ e

enthusmsm regardless of the diabetes, Morcover based on the honest and candid nature of the' e :

emotional e\pressxon that is demonstrated by the pamc:pants of the SANAD system, it shows1 e

that the particular system was able to develop a notable connection with the pammpams.fi—' o

aIIOWm;, 3 them to freely express themselves. Studies have shown thc ai‘f‘ccnvc dnmcnmon ot a ‘,

3
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disease is also important to consider to make sure that one has a positive health-related
quality of life[159]. |

Community Formation

The final theme that emerged in the posts of the participants to the social media
component of the SANAD system was community formation. These posts were basically
efforts of direct interaction where people greeted one another, gave advice on how to deal
with diabetes, or talked about their current status. The development of rapport is important in
fostering genuineness and promoting freer self-disclosure, both of which are integral in any

support group [160].

In terms of the advice that was provided by the various members of the community,
they were mostly medical or dietal'y in nature. They were often phrased as urgent reminders
such as the case of one poster who 1mplored that the rest of the partncnpants constamly attend
regular check-ups with their doctors to make sure that everythmg is well and good. The _
provision of such advice allows for the bulldmg of trust because the partucxpams realise that |

they are starting to look out for one another

Another aspect of commumty formation was self»dlsclosure through the form of ,
revcalmg one’s diabetes status. On one hand, this can constitute an emotlcmal catharsxs '
because it allows the individual to completely recogmse his or her condxtxon but, on the 0ther
“hand, it also empowering to others because it gives the individual's fellow partlupants the’

licence to do the same thmg Some of the posts on dlabetes status were the followmg

Mlde}ledjl)shMldem

I have eaten my diabetes tablets a little b:t early before the dmer and then l felt that
my blood glucose level was going low. - : L "

low,

gﬂ}dld&dﬂ%ﬁ&lmgiqmlr‘wkf&‘, i

When l stay thh my famxly and dmcuss our ISSUC, my blood glucoqe level is gomg , e

w04
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1 do not eat very well at the breakfast time and my wife was doing our lunch too late,

as result, my blood glucose level was going low today.

The final set of posts falling within the theme of community formation were greetings
by the participants. These were basically recognitions of the social nature of the system; that
is, the participants fully acknowledge that there are other people who are trying to manage

diabetes better along with them.

6.4 Discussion

~This feasibility study, which is the first evaluation of SANAD for diabetes type 2
patients in Saudi Arabia, provides evidence that SANAD has a positive impact on promoting
knowledge of diabetes in individuals living with type 2 diabetes, and reflects the generally
positive outcomes of reducing glycated hemoglobin control (HbAlc (%), and increasing self-
efficacy. This is also the first study to analyse the content of diabetes patient’s ’posts on the
SANAD private social networking module. This study offers préliminary su"pport for the
proposed public health benefits of social networking for type 2 diabetes rﬁanagement. :

- Our pre-post randomised controlled trial revealed that pamcnpants levcl of dlabetes‘ .
knowledge in the mtcrvcnnon group mcreased sxgmﬁcantly followmg the mterventton, whlch e
is consistent with the findings of Haddad et al., who found a mean pre-poet increase of | 29
pomts in diabetes knowledge[84] Our study found an even largcr mean mcrcasc of 2. 44 o

points in knowlcd&,e (p<.05). Further trials and chmcal ob‘;crvatxon are requlred to dctermmc | :} S

Whether this increase in diabetes knowledge 1s chmcally sufﬁcxent A hmltatmn of our

randomxscd control mal is that 1he intervention group were more hnghly educatcd than the
control group. This may have facilitated their information processmg and retennon of |
diabetes information, over and abcve cffects of lhc SANAD uuerventnon In addmon, mean | :
glycemic control in our mtervenuon group achleved a sugmf cant mean decreasc of 600
~Points from basehnc levels (p< {)l) whereas mean’ HbAh: concentratlon in- contmls e
decreased only .05 pomts from baseline levels ThlS f'mdmg suggests that the SANAD syst&mt - o
1s comparably ei‘fecmc to SMS text messaging for gl)cemlc control, as Haddad et al. [84):3;},‘
found a mgmﬁcant change in }lelc levels (p<. 001) vnth a mean ducrease of 8.6 (%) in t)pé
‘2 diabetes patients; and is as effectxve as the s:mx!ar §\~Lct Talk dewce whxch decrea*zc.d_‘dv

intervention patients HbAlc concentration by 9.2 pmnts (p=<.001), which dxd not change
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significantly in controls from baseline levels. Self-efficacy improved significantly in our
SANAD intervention patients by .994 points from baseline scores (p<.001), which is
comparable to the Sweet Talk associated improvement in self-efficacy in their treatment
group, which improved by 62.5% (p<.01) [77]. In summary, the SANAD application
combines the advantages for improving mean glycemic control and diabetes knowledge,
found by Haddad et al. using SMS; and the improvements in self-efficacy found by Franklin
et al. using Sweet Talk, a mobile phone text messaging support network. In addition,
SANAD features includes videos and communication between patients and physicians,
making it a more efficient system for improving all three target outcomes. A previous
usability study found SANAD system is well received by diabetes patients in Saudi Arabia,
but as a first development, obviously requires some upgrade to increase satisfaction [161].

This study has revealed notable strengths of the SANAD system and the present
study. For example, it is the first mobile diabetes management system to be developed and
tailored for Saudi diabetes type 2 adult patients, to enhance their diabetes type 2 management,
including improving glycemic control, diabetes knowledge, and self-efficacy for behavioural
change, based on cognitive behaviour therapy (CBT). It was easy to recruit type 2 diabetes
patients from one healthcare clinic in Dammam, Saudi Arabia. This study is also the first
randomised clinical controlled trial, in the Gulf area, particularly in Saudi Arabia to evaluate
the effectiveness of SANAD for adult type 2 diabetes. A recent usability study [161]provides
evidence that the SANAD system is easy to use. v : , k

Limitations of this study that may affect internal and external validity include the
small sample size (N=20), which was due to limited fundingr,rAdditional limitations are that
there was 1 patient dropout in the intervention group due to transferring him to another
clinical. Recruiting from one small healthcare clinic in one region (Dammam), reduced the
generalizability of results however this is an exploratory pllot RCT; therefore 1t was not
intended to generalise results to this population. ' ,

Ethical approval from Saudi government sector was difficult to obtain in terms of
time (a very slow process). It was also difficult to gain ethical approvaly from Kingston
University London for this study. The issue of using self-report tools (c g., to measure self-
efficacy, is associated with common method bias (eg mood bias, socnally dus:rablu
fesponding). It is possible that mterventnon participants may have felt grateful for receiving a

top branded smartphone, and felt obligated to report better self-efficacy, The fi ndmb that
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change in self-efficacy and glycemic control was uncorrelated among intervention

participants adds some validity to the limitation of self-report findings.

6.5 Conclusion

In fhis chapter, we present both a clinical study of SANAD system among Saudi type
2 diabetes and qualitative evaluation the content of communication in SANAD system. The
key outcomes of the SANAD clinical study conéludes that SANAD has a positive impact on
promoting knowledge of diabetes in individuals living with type 2 diabetes, and reflects the
generally positive outcomes of reducmg glycated hemoglobm control (F IbAlc (%), and
increasing self-efficacy. In addition, the social networking aspect of the SANAD system was
assessed by analysing the poSts of the participahts yia the social networking module. It was
found that there were three prominent themes in the posts and these were information
provision, emotional express:on, and community formatlon The various poats Wlthm each
theme demonstrated how the system was able to effectlvely foster a commumty among the

participants as they were shown to be actively communicative and helpful with one another.
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Chapter 7 : Conclusions and Future Work

7.1 Conclusion

The primary aims and contributions of this thesis are the design, implementation, and
evaluation of the next generation of mobile social diabetes management for Saudi patients
(SANAD). The work, which was carried out to achieve these aims, as well as the results of
the work, was reported in the previous chapters of this thesis. In this section, 1he
achievements and conclusions which have been previously drawn will be summarized as

follows.

(i) Comprehensive Study and Rewew of Mobile Dmbetes Management and Soclal
Networkmg System. ~

A comprehensive study was camed out to understand the procedure of traditional and
current diabetes management procedures by searching and studymg extensive documem:s‘
from Saudi dlabetes framework and National Institute far Heahh and Chmcal Excellence B

'(NICE) and other sources cxted in the thems

A comprehensive review on state of art of mobile diabetes managcment and social

networkmg systems was performed, This review involved studying past and exxstmg, research

projects, and examined their advantages and shoncommgs and ndenufy the current status and e

potential impact of using mobile dnabetes management system by embeddm& somal T

networkmg in the Gulf reg,xon and pamcularly in the kmgdom of Saudl Arab:a (KSA)

(i) Comprchensne Review of Health Bchav:ou ral Change Theones

A comprehcnsne study was camed out to ldentxfy the most rele\ant hu!th bchawoural il

change theorncs for dxabetcs managcment Thxs rewcw mvolved studymg, these thwneq

| ¢Xamined their advantages and shortcomings, and 1dmt1fy 1he smtable thcory that can be ufged -

on mob:lc. diabetes managcmcnt system by embeddmg social netwcrkmg From tms revncw, b
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the Cognitive Behavioural Therapy (CBT) was chosen. Thus, from these two reviews, the

initial architecture of SANAD system was proposed.

(iii) Design and Implementation of the SANAD system

The complete architecture of SANAD system on the three modules, mobile diabetes
management module, social networking module and CBT modules together with relevant
software and hardware options of the system were presented. The SANAD system was
designed and developed based on the previous work in this area and the preliminary study
conducted with the aim of collecting the Saudi diabetic patients and medical staff

requirements and needs.
(iv) A Preliminary Usability Evaluation Study of SANAD System.

The thesis also presents the preliminary usability study with the aim of evaluating the
SANAD system in the KSA and in analysing the aspects of user satisfaction and interaction.
In this study, a Questionnaire for User Interaction Satisfaction (QUIS) was used and a total of
33 users with type 2 diabetic patients participated in this study. The preiiminary results of the
usability study indicated general acceptance of the patients in using the system with higher
usability rating in type 2 diabetic patients. In general, the study concluded that the concept of
SANAD system is considered'acceptable tool in patients with Type 2 diabetes. | |

(v) Pilot and Preliminary Clinical Study of SANAD System

The thesis also presents a pilot clinical study with aim of evaluating the SANAD
System in collaboration withrmedical collaborators in the KSA and in analysing the as;;ects
| of user clinical outéomes (HbA 1¢), self-efficacy and diabetes knbwledge, and a qualitatively 2
evaluation study of the content of communication in SANAD. A total of 20 subjects with
type 2 diabetic (15 male, S female) participated in this study. The study design was a
randomized controlled trial (RCT) with two grbups, intervenﬁoﬁ group (using SANAD
system) and control group. The key preliminary results of this study provided an evidence
that SANAD has a positive impact on promoting knowledgé of diabetes in individuals living

With type 2 diabetes, and reflects the generally positivé outcomes of reducing glycated

hemoglobin control (HbAlc (%), and increasing self-efficacy. Furthermore, the content of =~

communication in SANAD system was assessed by analysing the posts of the participants in
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the SANAD social networking module. It was found that there were three prominent themes
in the posts and these were information provision, emotional expression, and community
formation. The various posts within each theme demonstrated how the system was able to
effectively foster a community among the participants as they were shown to be actively

communicative and helpful with one another.

7.2 Future Work

The area of mobile diabetes management system is considered as an emerging field of
modern healthcare in the Gulf region. Significant technical and clinical progress and
advanced technologies can be utilized to enhance the performance and ubiquity of such
systems. In this section, we give suggestions about how the work presented in this thesis can
be carried out further. The future work which can presently be seen in this field may be

classified into a number of categorics.

The first category for future research is related to the fact that the current system does -
not has a specific diabetes education progranime' content. This can be achieved by designing
and developing a tailored diabetes education programme for Saudi patients that suitable and
fit for moblle dnabetes management system usages. This programme can be developed by

using intervention mappmg (IM) methodology.

The second category is related to the intelligent strategies for SANAD system. The -
research area that can be contributing to future work is the application and integration of Data
Mining techniques for behavioural change issue. This gives the system the ability to suggest

to the user of the SANAD behavioural change module extra feedback to his/her diabetes

management status, based on the patterns of previous behavioural. For example, when a

diabetic panent submit his/her behavioural change data to the health provider server, the
System would automatically suggest to him/her the best way for i 1mprovm1, and mana;,mg

diabetes condition.

The third category is related to the design of SANAD system. As the SANAD system -
was mainly designed for type 2 diabetic patient. Design and development a tailored mobile.
Systems for type | and elderly diabetic patients can be considered in future work by designing
and adding a gamification concept for type 1 diabetic patients and an easy icons, and

functionalities for elderly diabetic patients.
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The final category is related to the clinical study. A power calculation recommended
19 participants to produce paired t-test results (one-tailed) with 95% power (based on a large
effect size, d = .8; and recommended 35 participants per group to produce independent
samples t-test results (one-tailed) with 95% power, based on a large effect size, to compare
change between control and intervention groups in future SANAD trials). This larger sample
would be feasible in a national study to replicate this study in central, east, west, north and
south Saudi Arabia. To improve external validity, a more sophisticated random sampling
strategy is also recommended in future trials, such as multi-stage cluster random sampling
within each region, recruiting diabetes patients from primary health centres as the sampling
frame. This study should then be replicated in national studies of Bahrain, UAE, Iraq, and
Egypt. Validation is then recommended SANAD for use in English-speaking countries, to
further validate and widen the marketability of SANAD to help patients self-manage their
diabetes, and share knowledge and support with their peers. Importantly, SANAD is currently
available exclusively on Samsung’ android operating system. Therefore, Samsung should be
approached to fund part of the costs of a future national feasibility study, including supply of
Galaxy smartphone and associated charges for participants. The SANAD system is currently
being conﬁgured for use on 10S (iPhone), which should significantly broaden its usage and
appeal to the larger market of diabetes patients across the world, and this will also require

RCTs and usability studies.
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Appendix - A

Implementation Tools and Technology

Tools Name

Brief Description

PHP

PHP is known as hypertext pre-processor, which is basically a scripting
language used for web development, and also used for general
programming. It can be embedded in to the HTML source code directly,
which improves and simplifies the process of web designing and
development. In SANAD System, a custom server PHP application is
used to support remote log-in. It is also use to review of the diabetic
patient data, control user settings and in providing feedback by the
medical staff. In addition, viewing patient data and aésessing the results,
a key feature developed ’u:sing PHP, to allow the diabetic patients to

access via the web rather than mobiles.

SQL data base

Structured Query Language is a programming language" used for
manéging the data in the relational dataﬁase ménagcmént systéms.
Different data management options like edit, copy,’ insert, save, update
etc. can be easily used with SQL. It allows to use different expressions
like ‘when’, ‘else’, *=’, *>'. ‘<’ etc., and makes it ‘casy to extrzict the
required information from the database like reportsiof‘ rezidings over a
period of time, The SQL database is used in the SANAD ‘Systém for,

managing the data by the different users.

Social engine

Social engine is a PHP community software used for building customised
social network website or application. Any user can create a personalised
social network website according to his/her requirements, and use it fér
different purposes, Different templates can also be used in improving the
graphical user interface of the website. This software is used for
developing the customised social network for SANAD Systc!ﬁ invollvying

the panicipants, diabetes patients, diabetes nurse, and the CBT 'thera'pi‘st.
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Different features like messaging, posting an educational video and

tutorials etc. are added to the system using the social engine.

Android

Android is a mobile operating system based on the Linux Kernel, mainly
developed for smartphones. The graphicél user interface of the Android
uses different manipulation techniques closely related to real wdrld
actions like swiping, touching, pinching, tapping etc. Android based
mobiles afe used in the SANAD System, for trahsmitting the data related
to blood glucose levels, behavioural aspects, and other information from

the diabetes patients to the SQL Server.

JAVA SDK

Java Software Development Kit is a platform for developmg dlflerent
software applications on different operating systems hke Mac, Wmdows,
Linux etc. It has many components and functionalities which help in
developmg effecuve and efficient applncatmns whnch run on Java

platform, and can be used on different devices, Java SDK is used for
developing the mobile application to be used by the diabetes patnents in

accessing, submitting, viewing the health related infofmation.

Platform eclipse

It is an lntegrated Development Envxronment (ID’L), and poesess the
workspace and plugms optlom for - 1mprovmg the developmg
envu'onment lt is used for developmg, dlfferent appllcatlons and mostly
written in Java. Platform ecl:pse is used m developmg thc, mobzle

appllcauons for SANAD Systcm

frersnrmons

SMS text local

SMS text local provxdcs services in dellvermg text mesqagcs as pcr the

customised reqmrcmems. Instant text mcssagmg, autamatc.d tcxt messagpe B

~ dglnery gmup tcxt messagmg, online tcxt messagmg, text to ema:l etc.

are few major features of this system SMS text local scrvsces have bcen, >
used in the SANAD System to send automated text mcssages, feedhacks '

and alerts to the diabetes patrents Itis also used for sendmg custcsmzsed

messages to mdwldual panents lxke mformatmn re;@ardmg thur s

treatment, medncatlon, readmgs ctc by thc, dxabctxc nurscs y " ‘

Cron job -

The cron job is job scheduling software which is used 10 perform certain |
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actions at specified time intervals. The tasks can be automated using the
cron job, if they are specified to run at specific times. The tasks can be
run only once or multiple times at specified intervals. The Cron Job is
used in the SANAD System to send automated SMS alerts, automated
recording of the readings at specified time intervals, and also to develop

weekly reports, and assessments,

GALAXY S I

Galaxy S3 is a smartphone developed by the Samsung which has wide
range of features and applications. It uses Android operating system, and
can be operated purely on touch screen. It has a 4.8” wide screen with
HD output, and 1.5Ghz processor, and possess different connectivity
features like Bluetooth, wi-fi, mobile data networking etc. and can use
3G network. These advanced features and medium price of the mobile
are the key factors in using this mobile in the SANAD System. The
Galaxy S3 mobiles are used by the diabetes patients to transmit their
health related data to the scrver, and to interact with the other users in the

system.

BGM

Blood Glucose Monitoring is one of the important processes in the
SANAD System. Daily monitoring of blood glucose levels of the patients
data is an important function of the system, Glucometers attached with
Bluetooth sensor are used in collecting the readings. The ,Glu’cometers’
used in SANAD system is LifeSéan OneTouch/ Ultra 2. The Bidétooth

wireless adopter used in SANAD system is Polymap one.

Xm}

Extensible Markup Language is a markup language used for structuring,,
storing and transporting the data, with a focus on what a data is. It is easy
to use own tags are created by the users which can be read by the
machines and humans, It helps in simplifying the procéss of data
managcment during the apphcauon changes, system updating etc. XML
is used in the SANAD System for managng the data by creatmg xml ﬁlcs

which can be accessed and managed easily.

JavaScript

JavaScript is a dynamic programming language used in designing the

web pages. It is the part of web browsers which allows the client side
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scripts to interact with the user. Different functions can be prescribed in
the scripts and the scripts can be then embedded in to the HTML pages.
The script loads along with the web pages, and the functions are
executed. It helps in building more effective web pages according to the
requirements of the users. Java Script is used in developing the web
pages in the SANAD System which are then embedded in to HTML
Pages.

CSS3

The Cascading Style Sheets are used for designing the web pages to
make them more effective while browsing. CSS is designed primarily to
enable the separation of document content from document presentation,
including elements such as the layout, colours, and fonts. This separation
can improve content accessibility, provide more flexibility and control in
the specification of presentation characteristics, enable multiple pages to
share formatting, and reduce complexity and repetition in the structural
content. CSS is used in the SANAD System while bdevelopin‘g the web
pages in order to differentiate the data and the design, and also for

providing an effective design of web pages.
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Appendix-B

Research Questionnaire

Diabetes Knowledge Test (DKT): * Please answer the following questions by ticking the

correct box?

Questions

, Eon‘t
Yes iNo Know

Eating too much sugar and other sweet foods is a cause of diabetes.

The usual cause of diabetes is lack of effective insulin in the body.

Diabetes is caused by failure of the kidneys to keep sugar out of the urine,

IKidneys produce insulin.

In untreated diabetes, the amount of sugar in the blood usually increases.

If | am diabetic, my children have a higher chance of being diabetic.

Diabetes can be cured.

A fasting blood sugar level of 210 is too high.

The best way to check my diabetes is by testing my urine,

10

Regular exercise will increase the need for insulin or other diabetic medication. -

11

There are two main types of diabetes: Type 1 (insulin-dependent)

and Type 2 (non-insulin dependent).

12

AN insulin reaction is caused by too much food.

13

Medication is more important than diet and exercise to control my diabetes. -

12

Diabetes often causes poor circulation.

15

Cuts and abrasions on diabetes heal more slowly.

16

Diabetics should take extra care when cutting their toenails.

17

A person with diabetes should cleanse a cut with iodine and alcohol.

18

The way | prepare my food is as important as the foods | eat.

19

Diabetes can damage my kidneys.

20

Diabetes can cause loss of feeling in my hands, fingers and feet,

21

Shaking and sweating are signs of high blood sugar.

22

Frequent urination and thirst are signs of low blood sugar.

23

Tight elastic hose or socks are not bad for diabetics. =

22

A diabetic diet consists mostly of special foods.
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Diabetes Management Self-efficacy Scale (DMSES): Below is a list of activities your
may have to perform to manage your diabetes. Please read each one and then circle the
number that best describes how confident you usually are that you could carry out that
activity. For example, if you are completely confident that you are able to check your blood
sugar levels when necessary, circle 10. If you feel that most of the time you could not do it,
circle 1 or 2. If you feel that all of the time you could not do it, circle 0

Questions

1 I am able to check my blood/urine sugar if necessary

2 I am able to correct my blood sugar when the sugar level is too high

3 I am able to correct my blood sugar when the blood sugar level is too low
4 I am able to choose the correct food

5 I am able to choose different foods and stick to a healthy eating pattern

6 ! am able to keep my weight under control

7 1 am able to examine my feet for cuts

8 I am able to take enough exercise, for example, walking the dog or riding a bicycle

9 | am able to adjust my eating plan whenill ;

10 t am able to follow a healthy eating pattern most of the time

11 | am able to take more exercise if the doctor advises me to

12 When taking more exercise | am able to adjust my eating plan

13 { am able to follow a healthy eating pattern when | am away from home

14 | am able to adjust my eating plan when | am away from home

15 t am able to follow a healithy eating pattern when { am on holiday

16 1am able to follow a healthy eating pattern when | am eating out or at a party

17 1 am able to adjust my eating plan when | am feeling stressed or anxious

18 1 am able to visit my doctor once a year to monitor my diabetes -

19 | 1am able to take my medication as prescribed

20 | am able to adjust my medication when t am ill
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Questionnaire for User Interaction Satisfaction (QUIS):
PART 1: Overall User Reactions
Please circle the numbers which most appropriately reflect your impressions about using this computer system,

Not Applicable = NA.

1.1 Overall reactions to the system: terrible wonderful
123456789 NA

1.2 frustrating satisfying
123456789 NA

13 ‘ dulf - = “stimulating
123456789 NA

14 ’,‘ , | k . » difficult s éasy .
123456789 NA

15 AR ' : inadequate “adequate

' : power po’wer, ' ’
123456789 CoNA
16 o dgid o flexible
123456789 NA
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PART 2: Screen

2.1 Characters on the computer screen

2.2 Highlighting on the screen

2.3 Screen layouts were helpful

2.4 Sequence of screens

PART 3: Terminology and System Information

3.1 Use of terminology throughout system

3.2 Terminology relates well to the work

you are doing?
3.3 Messages which appear on screen

3.4 . Messages which appear on screen

hard to read easy to read

123456789

unhelpful helpful

123456789

never always

123456789

confusing © clear

123456789

~ inconsistent . - consistent -

123456789

- never - always -

123456789

‘inconsistent . consistent

123456789

o confusing oo e clear o

123456789

NA

NA

NA

NA

NA

NA ,

NA =

NA
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3.5 Computer keeps you informed about

what it is doing

3.6 Error messages

PART 4: Learning

4.1 Learning to operate the system

4.2  Exploration of featyres by trial and error

43 Remembering names and use of commands

" 4.4 Tasks can be performed in a straight-forward

manner
‘ ‘PARTVS: System Capabilities

5.1  System speed

5.2 The system Is reliable

never always

1234567889

unhelpful helpful

123456789

difficult easy

123456789

discouraging encouréging

1234567809
difficult - ' easy

123456789

never always

123456789

,“too’slow , fast enough

123456789

copever Ll always

123456789

NA

NA

NA

NA

NA

oNa

NA

CNA
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5.3  Systemtendsto be

5.4 Correcting your mistakes

5.5 Ease of operation depends on your

level of experience

noisy quiet
1234567889 NA
difficult easy
1234567869 NA
never always
123456789 NA




