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ABSTRACT

Studies are currently lacking regarding long-term effectiveness and safety of
electronic cigarette (e-cig) among single users (SUs) and dual users (DUs) whom
represent the real world population of vapers community. The primary outcomes of
this study were complete nicotine abstinence rate and safety issues between both
groups of users at week 52. The secondary outcomes were tobacco cigarette (TCG)
only abstinence and > 50% reduction at week 52. Users’ perception, satisfaction, cost
utilisation and nicotine estimation in their e-liquids were also analysed. A one year
follow-up observational study was conducted among 220 regular e-cig users age >18
to 65 years from Kuantan and Pekan, Pahang, Malaysia who used e-cig for at least one
month prior. The e-cig users were categorised as either SUs (used only e-cig, verified
by exhaled carbon monoxide (eCO) of <8 ppm), and DUs (used both e-cig and TCG,
with eCO of > 8ppm). At week 52, 15.9% of SUs (n=11) vs. 6.8% of DUs (n=10) quit
both TCG and e-cig, OR: 2.57; p = 0.048. Whereas 34.8% of SUs (n=24) vs. 17.1% of
DUs (n=25) quit only TCG, OR: 2.58; p = 0.005. Among the DUs 23.3% (n=34)
reduced > 50% TCG consumptions vs. 21.7% of SUs (n=15), OR: 1.092; p = 0.863.
Concerning safety issues, SUs perceived less e-cig adverse effects and withdrawal
symptoms as compared to DUs. The major adverse effects and withdrawal symptoms
observed between both groups were coughing, breathing problems and craving for
TCG smoking. Moreover, seven possible smoking-related diseases such as COPD,
angina, diabetes and two cases of hypertension were diagnosed among DUs, whereas
in SUs a case of hypertension and diabetes each was detected. Analysis of 69 e-liquids
by GC-MS showed high discrepancies between the label and actual nicotine
concentration in more than 85% of the samples. Related to perception of e-cig use,
33% of both groups were satisfied and ranked it is an effective smoking cessation aid.
Regarding e-cig cost utilisation, a total monthly average cost of MYR132.45, was
spent which is less than that for conventional TCG use, reported as 178.80 MYR that
calculated by the Global adult tobacco survey Malaysia (2011). The study concludes
that e-cig can be used as an aid for complete nicotine abstinence among both the SUs
and DUs. However, e-cig SUs are more likely to have total nicotine abstinence than
DUs. Similarly, SUs are more likely to be TCG abstinent than DUs. However, e-cig is
equally effective in SUs and DUs for TCG reduction. No serious adverse effects
related to e-cig were detected. However, the safety of e-cig use in absolute term needs
to be validated further. The nicotine analysis reveals an urgent need for manufacturing
and quality standards of e-liquids in Malaysia. Both users generally have good
perception and satisfaction towards e-cig after long-term use. However, more SUs had
positive perception and satisfaction than DUs. Monthly cost expenditure of both the
e-cig users is less as compared to TCG smokers.



Eoudl Lo

v Jeskl e ag g SV sl Al s adleb e s U R ol ) i
szl gl (ol sl b U ppatoiad) ol s floncdl G sl ¢ 1) il
e A Ayl 35V Ol SOl (S pasandl) Bbdil G Sl S (U)W
ey Al p> SISy 5 SIY) ) g BBl ) e n JST e g L1y iS5
Gl o e sl e o 88 IO By Y Sl sl Ll s Aedl
o 220 o 50 me Al Basly B B Belys eenad # 03 de 52 ¢ )
Bl &V OG5 0l e 3 oty g 3l a8y SN el el et
AL et Ly s G Ul 3y ple 6518y pnjlasl - 415 BY e Ll
3 Sy (Jladl e Gl ol sty adl S0 as e 5115187l (ol
SV G doy ¢y e B dlepliznn Yl Sl Bl o) Al as dly i)
AV e SV e by Wl w3l szl S ow dlo 3 0SS W R
S on el Brs g Ll oV e Gty @S 2y dipall a8y el 5
ez (@3lf (6 Sl 205 pll iz 6 sl VL g Bl 5 Wl Loy bz
GC-U o0 55 SIY sl 10 Y009 LIE gl eSS anl, ) 58 I 2l
Lo ¢ ol Dbl %85 Loz 3 ally i) 55 S 58 5 e oLasldIMS
Gl e 6 MW Basbas Al oS 25 IV ) plissnal 52 A ¢ LY 087 Yl
F3 O 0B gy IV Sl plbsianly shen Ly opedsnnll 25 ST 0 2033
f e L T s i ot 132,45 a4 g0 0SS Law g2 04iky s
@3 0 (Bl may g il od ) 178,80 (Wl el ade 3y sl (sl
Pl S e o) o) s 5SS e g LaaY! 25N Yoot ST aluszaY)
55 SN ol sl o5 0T Gy sleie O ) s e i OF (2 0 e
O gl OB (3 ey Ay SV Sl slas 8 e §)Lo T o e S
Ayl s )y Sl e L b el el (3 T A SV Sl el
b gor Gpodoidl o5 ST LIl (3 g SOV 1 pdd mnnadl g 53 gl polal el s U
Slis Sl Yl bl ) e 259 SN Sl plasianl old Lo yg A el el
kil gal) ) e 3, LaLL BT Sy SOV Sl atoiis S 3 2l 2SI



APPROVAL PAGE

The thesis of Aziz Ur Rahman has been approved by the following:

Mohamad Haniki Nik Mohamed
Supervisor

Shazia Jamshed
Co-Supervisor

Norny Syafinaz Ab. Rahman
Internal Examiner

Harmy Mohamed Y usoff
External Examiner

Noor Zurani Md. Haris Robson
External Examiner

Shahbudin Saad
Chairman



DECLARATION

| hereby declare that this thesis is the result of my own investigations, except
where otherwise stated. | also declare that it has not been previously or concurrently

submitted as a whole for any other degrees at IIUM or other institutions.

Aziz-ur-Rahman

SIGNALUIE. ... Date ..o



INTERNATIONAL ISLAMIC UNIVERSITY OF MALAYSIA

DECLARATION OF COPYRIGHT AND AFFIRMATION OF
FAIR USE OF UNPUBLISHED RESEARCH

EVALUATING COSTS, PERCEPTION, SATISFACTION,
SAFETY AND EFFECTIVENESS TOWARDS ELECTRONIC
CIGARETTE AT KUANTAN AND PEKAN, PAHANG,
MALAYSIA

| declare that the copyright holders of this thesis are jointly owned by the student
and HUM.

Copyright © 2017 Aziz-ur-Rahman and International Islamic University Malaysia. All rights
reserved

No part of this unpublished research may be reproduced, stored in a retrieval

system, or transmitted, in any form or by any means, electronic, mechanical,

photocopying, recording or otherwise without prior written permission of the
copyright holder except as provided below

1. Any material contained in or derived from this unpublished research may
be used by others in their writing with due acknowledgement.

2. 1IUM or its library will have the right to make and transmit copies (print
or electronic) for institutional and academic purposes.

3. The UM library will have the right to make, store in a retrieved system
and supply copies of this unpublished research if requested by other
universities and research libraries

By signing this form, I acknowledged that | have read and understand the IITUM

Intellectual Property Right and Commercialization policy.

Affirmed by Aziz-ur-Rahman

Signature Date

Vi




ACKNOWLEDGEMENTS

By continued blessing of God and my parents, it affords me an immense pleasure to
acknowledge with gratitude the help and guidance rendered to me by a host of people
to whom | owe a substantial measure in the completion of my thesis.

The present research work could not have come to a realisation and had it not
been for the reassuring support and scholarly guidance provided by my supervisor
Associate Professor Dr Mohamad Haniki Bin Nik Mohamed, Department of
Pharmacy Practice, Kulliyyah of Pharmacy, IIUM. His depth of knowledge and
pursuits for academic excellence has always been a source of inspiration to me. In
spite of his heavy pressure of work, he spared his valuable time to go through my
work very meticulously. I consider it my privilege to work under his able and expert
guidance.

| express my deep sense of gratitude and respect to my co-supervisor Associate
Professor Dr Shazia Jamshed, Department of Pharmacy Practice, Kulliyyah of
Pharmacy, 1IUM, whose unflinching co-operation and timely suggestion reflected in
the thesis.

| also consider myself very privileged to have Assistant Professor Dr Norny
Syafinaz Ab. Rahman my post viva supervisor, Kulliyyah of Pharmacy, 11UM for
their support and guidance during the thesis correction period.

I show my gratitude to Assistant Professor Dr Juliana Md. Jafri Dean and Asst.
Prof. Dr Hazrina Ab. Hadi, Deputy Dean, Postgraduate and Research, Kulliyyah of
Pharmacy, 11UM for their support and encouragement during my project work.

I would like to extend my thanks to all Kulliyyah Staffs and my friends
specially Syed Mahmood for their encouragement during the entire study period.

| am grateful to all the study participants who gave their valuable time out of
their busy schedule to answer the questionnaire and cooperated throughout the study
follow-up period.

My heartfelt thanks to my wife Mrs Muneer Sultana whose ever-reassuring
presence and unflinching support made the whole task a worthy experience.

Finally, I extend my deep gratitude to my late parents and my uncle M.A Sattar
and my siblings who were the real source of inspiration, constant encouragement, and
moral support for without their prayers this thesis would have been just a dream. | am
greatly indebted to my father and mother in-laws, brother and sister in-laws for their
generous cooperation, constant encouragement and timely help throughout my
research work.

vii



TABLE OF CONTENTS

N 0L - Tod PSPPSR i
ADSIFACE IN ATADIC....cciiiiie it e et e et ae e nraeeaee on i
APPIOVAI PAJE ... s WY
[ =Tod - = U (o] o IS UPRUPSPPRRN v
COPYIIGNT PAGE ... e vi
ACKNOWIBAGEMENTS ... s vii
TS 0 N o] L= SRS Xii
LISE OF FIGUIES ...ttt e Xiv
List Of ADDreviations. ..o XV
CHAPTER ONE: INTRODUCTION
1.1 Cigarette SmOKING .......c.ouiiriitit i 1
1.2 Characteristic of Nicotine Addiction ...............coooiiiiiiiiiiiiiiin, 2
1.3 Neurobiology of Nicotine Addiction .................coooiiiiiiiiiiii. 4
1.3.1 Nicotinic Acetylcholine Receptors (NAChRS) .......................... 4
1.3.2 Biology of Nicotine Reinforcement ...............c.cooeviiiiiiiinnnnn, 5
1.3.3 Psychoactive Effects of Nicotine and its Withdrawal Symptoms ...6
1.4 Malaysia and Global TobacCo USe ...........ccevviiiiiiiiiiiiiieeen, 7
1.5 Electronic Cigarette Emerging as a New Intervention for Smoking
CSSALION ...ttt ettt et 10
1.6 Problem Statement .........c.oiiiiii 14
1.7 Importance of the Study ... 15
1.8 Research HypOthesis ..........c.ouiiiiii e, 16
1.8.1 Primary OULCOMES. .......ccueiueeieeriesieeieeseerieereessesseesseesaesseeseeseenseenee e 16
1.8.2 Secondary OULCOMES. ........oviiniitiit e, 16
1.9 Study ODJECLIVES .. .ot 17
1.9.1 Primary OBJeCtiVES ..., 17
1.9.2 Secondary ODJECHIVES. .......oviirie e, 17
1.10 Variables Definitions and Terminologies ................ccooiiiiiinin.nl, 19
CHAPTER TWO: LITERATURE REVIEW
2.1 Research Background ...............ccoooiiiiiiiiii i 21
2.2 Studies Related to Effectiveness of E-cigarettes .............................. 22
2.3 Studies Related to safety of E-Cigarettes ..............cccoiiiiiiiiiiiinn, 34
2.4 Chemical Studies Related tO E- CIQ .........ooviiriiiiiiiiiiieeea 45
2.5 Studies on Prevalence, Awareness, Perception and Satisfaction
Towards E-CIgarette ..........cooiiriiiii i 57
CHAPTER THREE: QUALITATIVE ANALYSIS
3.1 Objective of Qualitative Study ............ccooviiiiiiii e 63
3.2 Method
3.2.1 Setting and Interview Inclusion Criteria ..................cccoevinee 64
3.2.2 Participants Characteristics ............cooevuiieiiiiniiiiiininnennnn. 64
3.2.3 Interview Implementation ..............coooeviiiiiiiiiiiiiiia 65
3.2.4 Saturation Of TReMES ..o 67

viii



B B RESUIS oo 67

3.3.1 Smoking Cessation Aid ..........cooiiiiiiiiii 68
3.3.2 Declined Tobacco Cigarettes Consumption ....................ceeveee. 69
3.3.3 Substitute Device for Nicotine .............coovviiiiiiiiiiiiiiinnn 69
3.3.4 Economical Compared TOTCG .......ccoviiiiiiiiiiiiiiieeee, 70
3.3.5 Healthier Alternative to Smoking .................oooiiiiiin 71
3.3.6 Managed Smoking Related Withdrawal Symptoms .................. 71
3.3.7 Pleasurable Compared to other Tobacco Products ................... 72
3.4 CONCIUSION L. 72
CHAPTER FOUR: RESEARCH METHODOLOGY
4.1 STUAY DESIGN ot s 74
4.2 Sample Size Calculation ... 74
A3 SHUAY SIEE ..t 75
4.4 Participants ReCruitment ..o 75
4.5 Inclusion and EXclusion Criteria ...........coooveeiiiiiiiiiieiieeeeeiens 77
4.6 INformed CONSENE ......vieii e 78
4.7 Ethical Committee Approval ... 78
4.8 Materials and EQUIPMENt ... 79
4.8.1 Forms
4.8.1.1 Study Information Sheet ...............ccoiiiiiiiiiii, 79
4.8.1.2 Study Consent FOrm ..........oooiiiiiiiii e, 79
4.8. 1.3 Study FIyer ... 80
4.8.1.4 Quantitative Study Questionnaire ..................ccceeeevenn.n. 80
4.8.1.4.1 Validity and Reliability of Study Questionnaire ...81
4.8.1.5 Fagerstrom Test for Nicotine Dependence (FTND)............ 82
4.8.1.6 E-cig Modified Fagerstrom Test for Nicotine
Dependence scale (ECG-MFTND) ...........cccoovviiinnn.o 83
4.8.1.7 Glover Nilsson Smoking Behavioural Questionnaire
(GNSBQ) vt 83
4.8.1.8 E-cig Modified Glover Nilsson Vaping Behavioural
Questionnaire (ECG-MGNVBQ) .........covvviiniiniinan.. 84
4.8.2 Equipments
4.8.2.1 SMOKEIYZEr® ... oo 85
4.8.2.2 Saliva NICAIErt® .........coiiiiiiiii e, 87
4.9 Study Outline
4.9.1 Baseline Phase: Recruitment, Screening and Categorisation ....... 88
4.9.1.1 RECIUITMENT ...ovitii e, 88
4.9.0.2 SCrEENING . ..vntie it e, 88
4.9.1.3 Categorisation ...........c.ovviriiriit e 89
4.9.2 Observational and Follow Up Phases ................cccooiiiiiinnn. 89
4.9.3 Study Completion Phase ..........coooeviiiiiiiiiiiice e, 90
4.10 Biochemical Validation ..............ccooiiiiiiiiiii e 93
4.11 Study OULCOME MEASUIES ......veieetieet ettt et et eeeaaas 94
4.11.1 Evaluation of E-Cig Effectiveness .............cccocveviiiiinininnnnnnn. 95
4.11.2 Evaluation of E-Cigarette Safety .............c.cooeiiiiiiiiiiiiiinn 95
4.11.2.1 Materials and Methods for Nicotine Estimation
4.11.2.1.1 Sample Selection for Nicotine Analysis .............. 97
4.11.2.1.2 Sample Preparation .............cooeiiiiiiiiiiinninnnn, 97



4.11.2.1.3 Preparation of Standard Nicotine and Internal

Standard Quinoline ..., 98
4.11.2.1.4 Nicotine Estimation by GC-MS ......................... 98
4.11.3 Evaluation of E-Cig Perception and Satisfaction .................... 99
4.11.4 Evaluation of E-Cigarette Cost Utilization ........................... 99
4.12 Data Management and Statistical Analysis ............ccoeveviiiiiininnnn.n 99
4.11.1 Statistical Analysis for Nicotine Estimation ........................ 100
CHAPTER FIVE: RESULTS
5.1 Subjects Recruitment and Follow Up ..., 101
5.2 Baseline Characteristics of Participants ..................ccooiiiiiiininnnn 101
5.3 Smoking History and E-Cigarette Status.............c.ovevviiiiiininninnnnn. 104
5.4 E-Liquid, Nicotine and Puff Intake at Baseline and Follow up Visits ....106
5.5 Reasons to Initiate E-Cigarette USe ............coeviiiiiiiiiiie, 107

5.6 Evaluation of E-Cig Effectiveness
5.6.1 Complete Nicotine Free Status at Week 52

(Primary Outcome, ITT) ..o, 109
5.6.2 TCG Quit Status at Week 52 (Secondary Outcome One) ..........110
5.6.3 TCG Reduction > 50% at Week 52

(Secondary OUtCOME TWO) ....vviiriiie e 111
5.6.4 TCG Smoking Status at Week 52 ............ccoooiviiiiiiiiinnnn. 112

5.6.5 Measure of E-Cig Effectiveness at Week 24 and Week 4
5.6.5.1 Complete Nicotine Free Status at Week 24 and Week 4....113

5.6.5.2 TCG Quit Status at Week 24 and Week 4 .................... 114
5.6.5.3 TCG Reduction > 50% at Week 24 and Week 4 ............ 116
5.6.5.4 TCG Smoking Status at Week 24 .................ccoeenennn. 118
5.7 Evaluation of E-Cigarette Safety
5.7.1 Evaluation of E-Cig Adverse Effects ...................oooiiinl. 119
5.7.2 Evaluation of E-Cig Related Withdrawal Symptoms ............... 121
5.7.3 Disappearance of Adverse Effects & Withdrawal Symptoms
Between Both the GroupS USErs .........c.ccovviiiiiiiiiiiiiiiennnn. 123
5.7.4 Evaluation of Smoking Related Diseases ................c..c.ovenn.e. 125
5.7.5 Nicotine Estimation in Refill E-Liquids Solutions .................. 125
5.8 Measure of Perception and Satisfaction towards E-Cig ..................... 131
5.9 Queries Related To Technical Problems, Physical Injuries and Future
Planto Use E-Cigarette ..........cooovriiiiiiiii e 137
5.10 Measure of E-Cig Cost Utilisation
5.10.1 E-Cig Cost Utilization among the Single Users .................... 139
5.10.2 E-Cig Cost Utilization among the Dual Users ...................... 141
5.10.3 E-Cig Cost Utilization among the Both Study Participants ....... 143
5.11 E-Cig Use among Ever E-Cigarette Smokers .....................coooeee. 145
CHAPTER SIX: DISCUSSION
6.1 INtroduction .........oouiiiiiii i e 147
6.2 Baseline Characteristic of Participants ...............cccooceviiiiiiiinnnnnn. 149
6.3 Smoking History and E-Cigarette Status ...............cooeviviiiiiiiininnn, 152
6.4 Reasons to Initiate E-Cigarette USe ...........cooevviiiiiiiiiiiiiieneen, 154
6.5 Measure of E-Cig Effectiveness ...........cocooviiiiiiiiiiiiiiiiiiien, 156
6.5.1 Complete Nicotine Free Status at Week52 ........................0. 156



6.5.2 TCG Quit Status at Week 52 .........coviiiiiiiiiiiiiiee . 160

6.5.3 TCG Reduction > 50% at Week 52 ........ccooviiiiiiiiiiininnn 164
6.5.4 TCG Smoking Status at Week 52 ..., 167
6.6 Measure of E-Cig Safety

6.6.1 Evaluation of E-Cig Adverse Effects ...............ocooiiiiinin. 169
6.6.2 Evaluation of E-Cig Withdrawal Symptoms ......................... 173
6.6.3 Evaluation of Smoking Related Diseases ..................ceueenenn. 175
6.6.4 Nicotine Estimation in Refill E-Liquids Solutions .................. 178
6.7 Measure of Perception and Satisfaction .................ccooeviiiiiiiiniinnn. 180
6.8 Measure of E-Cig Cost Utilisation ...............ccooeviiiiiiiiiiiein 184
6.9 E-Cig Use among Ever SMOKErS ........ccoiiiiiiiiiiiiiiieieeeeee, 186
6.10 Limitations of the Study ...........cooeiiiiiiiii e, 187
6.10 Strengths of the Study ........ccoiiiiiiii e 190
6.11 Recommendations for the Future Study ...............ccoeviiiiinninnn.. 192
6.12 Conclusions of the Study ..o, 193
REFERENCES .. uiuitiiiiiiiiiiniiiiiiiiiitninetesasasasasssesssssssssssssssssssssssnses 194
APPENDIX I: INFORMATION SHEET [ENGLISH] ..., 216
APPENDIX II:  BORANG MAKLUMAT [MALAYT] ..o, 219
APPENDIX I1I:  CONSENT FORM [ENGLISH] .......coooiiii 222
APPENDIX IV: CONSENT FORM [MALAY] .o, 223
APPENDIXV:  STUDY FLYER ..., 224

APPENDIX VI: QUALITATIVE STUDY SEMI STRUCTURED
INTERVIEW GUIDE ..ottt 225
APPENDIX VII: QUANTITATIVE STUDY QUESTIONNAIRE .................. 229

APPENDIX VIII: FAGERSTROM TEST FOR NICOTINE DEPENDENCE

(FTNDY oo 240

APPENDIX IX: E-CIG MODIFIED FAGERSTROM TEST FOR

NICOTINE DEPENDENCE SCALE (ECG-MFTND) .......... 241

APPENDIX X:  GLOVER NILSSON SMOKING BEHAVIOURAL

QUESTIONNAIRE (GNSBQ) ...viviiiiiiiiiieeeeeeee, 242

APPENDIX XI: E-CIG MODIFIED GLOVER NILSSON VAPING

BEHAVIOURAL QUESTIONNAIRE (ECG-MGNVBQ)...... 243

APPENDIX XII:  ACCEPTANCE LETTER TO USE E-CIG MODIFIED

FAGERSTROM TEST FOR NICOTINE DEPENDENCE
SCALE (ECG-MFTND) ..ouiiiiiiie e 244

APPENDIX XIII: ACCEPTANCE LETTER TO USE MODIFIED GLOVER

NILSSON VAPING BEHAVIOURAL QUESTIONNAIRE

(ECG-MGNVBQ) ..ot 245
APPENDIX XIV: IREC APPROVAL LETTER I .....vvioveeoeeeeeeeeeeee, 246
APPENDIX XV: IREC APPROVAL LETTER I ....cvvvioveeooeeoeeeeeeeee . 247

APPENDIX XVI: PAPER PUBLICATIONS, CONFERENCES

AND CERTIFIED TRAINING PROGRAMS...... ............. 248

Xi



Table No.

Table 1.1

Table 1.2

Table 1.3

Table 1.4

Table 1.5

Table 2.1

Table 2.2

Table 2.3

Table 2.2

Table 2.3

Table 2.6

Table 3.1

Table 3.2

Table 4.1

Table 4.2

Table 5.1

Table 5.2

Table 5.3

LIST OF TABLES

US Surgeon General Criteria for Drug Dependence

Diagnostic and Statistical Manual of Mental Disorders Fifth
Edition (DSM-V, 2013) Tobacco use Disorder

Smokers Definitions as Per Centre of Disease Control (CDC)

FDA Approved Pharmacotherapy and Behavioural
Treatment in Smoking Cessation services and programmes

Different Types or Generations of E-Cigarettes
Studies Related to Effectiveness of E-cigarettes
Studies Related to Safety of Electronic Cigarettes

Maximum Tobacco Specific Nitrosamine Levels in Various
Cigarettes and Nicotine Delivery Products

Levels of Toxicants in E-cig Aerosol Compared with Nicotine
Inhaler and Tobacco Smoke

Studies Related to Chemical analysis of Electronic Cigarettes

Studies Related to Awareness, Prevalence, Views and Perception
about E-cig

Demographic Characteristics of E-Cig Participants for Qualitative
Analysis

Themes Extracted From E-Cig Users Transcripts
Inclusion and Exclusion Criteria of Study Participants
Pico* Smokerlyzer® LED Colour Descriptions
Baseline Characteristics of Participants

Smoking History and E-Cigarette Status

E-Liquid, Nicotine and Puff Intake during Baseline and
Follow up Visits

Xii

Page No.

13
30

41

47

49

53

61

66
73
77
86
103

105

106



Table 5.4

Table 5.5

Table 5.6

Table 5.7

Table 5.8

Table 5.9

Table 5.10

Table 5.11

Table 5.12

Table 5.13

Table 5.14

Table 5.15

Table 5.16

Table 5.17

Table 5.18

Table 5.19

Table 5.20

Table 5.21

Reasons to Initiate E-Cigarette Use 108
Complete Nicotine Free Status at Week 52 (Primary Outcome) 109
TCG Quit Status at Week 52 110
TCG Reduction > 50% at Week 52 111
TCG Smoking Status at Week 52 112
Complete Nicotine Free Status at Week 24 and Week 4 113
TCG Quit Status at Week 24 and Week 4 115
TCG Reduction > 50% at Week 24 and Week 4 117
TCG Smoking Status at Week 24 118
Adverse Events Experienced by Both Group Users at Baseline
and Follow up Visits 120
Withdrawal Symptoms Experienced by Both Group Users at Baseline
and Follow up Visits 122
Time for Disappearance of Adverse Effects & Withdrawal
Symptoms at Baseline and Follow up Visits Between both the
Group users 124
Estimation of Nicotine Concentration among Selected Refilled
E-Liquids 127
Measure of Perception and Satisfaction towards E-Cig 135
Technical Problems, Physical Injuries and Plan to Use E-Cigarette 138
E-Cigarette Cost Utilization among the Single Users 140
E-Cigarette Cost Utilization among the Dual Users 142
E-Cigarette Cost Utilization among All the Users 144

Xiii



LIST OF FIGURES

Figure No. Page No.
1.1 Activation of Nicotine Receptor Releases Various Neurotransmitters 5
1.2 Basic Electronic Cigarette Model 12

1.3 Flow Chart Displaying Various Stages Involved in the Current Study Process 18
3.1 Exhaled Carbon Monoxide status For Qualitative Analysis Participants 65
4.1 Flow Chart Displaying Procedure Prior to the Enrolment Process 76

4.2 Flow Chart Describing Process Used To Validiate The Study Questionnaire 82

4.3 Pico* Smokerlyzer® 86
4.4 Saliva Nicalert® Dipstick Strip and Cotinine Equivalent in ng/ml 87
4.5 Flow Chart Displaying Recruitment and Follow Up of E-Cig Users 92
5.1 Calibration Curve 126

Xiv



APV
AIDS
CDC
CDCR
COPD
CAD
CPTR
DUs
DSM
DEG
E-cig
ENDS
eCO
ECG-MFTND

ECG-MGNVBQ

AEP

FTND
FEV:.

FEF25
FRAs

FCTC
GNSBQ
GABA
GRAS

GC-MS
HPLC
HPLC-DAD

ITT
IRAC
ICP-MS
IS

ITC
UM

LED

LC-MS
MAO-A and B
MYR
MEVTA

GATS
MSD

LIST OF ABBREVIATIONS

Advance Personal VVaporizers

Acquired Immune Deficiency Syndrome
Centre of Disease Control and Prevention
Control of Drugs and Cosmetics Regulations
Chronic Obstructive Pulmonary Diseases
Coronary Artery Diseases

Control for Tobacco Products Regulation
Dual Users

Diagnostic and Statistical Manual

Diethylene Glycol

Electronic Cigarette
Electronic Nicotine Delivery System
Exhaled Carbon Monoxide

E-cig Modified Fagerstrom Test for Nicotine Dependence

E-cig Modified Glover Nilsson Vaping Behavioural
Questionnaire

Eosinophilic Pneumonitis

Fagerstrom Test for Nicotine Dependence

Forced Expiratory Volume in one Second

Forced Expiratory Flow by 25 %

Formaldehyde Releasing Agents

Framework Convention on Tobacco Control

Glover Nilsson smoking Behavioural Questionnaire
Gama Aminobutyric Acid

Generally Recognized As Safe

Gas Chromatography-Mass Spectrometry

High Performance Liquid Chromatography
High-Performance Liquid Chromatography-Diode
Array Detector

Intention to Treat Analysis

International Agency for Research on Cancer
Inductively Coupled Plasma Mass Spectrometry
Internal Standard

International Tobacco Control

International Islamic University of Malaysia

Light Emitting Diode

Liquid Chromatography-Mass Spectrometry
Monoamine Oxidase A and B

Malaysian Ringgit

Malaysian E—vaporizers and Tobacco Alternative Association

Malaysian Global Adult Tobacco Survey
Mass Selective Detector

XV


http://en.wikipedia.org/wiki/Generally_recognized_as_safe

NIDA
nAchRs
NAc
NRT
NECS
NHMS

NET
NMR
NMRR

NCSCT
PM

ppm
%COHb
PFC

PHE
PAH

%DF
PG
RCP

RCTs
IREC

MNWS-R
SUs
SPMA

SPSS
SD
TCG
TQD
THR
TSNA

UPLC-MS

USDHHS
USFDA

USEPA
VTA
\AY

VW
VOC

VG
WHO
3-HPMA

2-HPMA
1-HOP
HMPMA

National Institute of Drug Abuse
Nicotinic Acetylcholine Receptors
Nucleus Accumbens

Nicotine Replacement Therapy
National E-Cigarette Survey

National Health and Morbidity Survey
Natural Extract of Tobacco

Nuclear Magnetic Resonance

National Medical Research Registration
National Centre for Smoking Cessation and Training
Particulate Matter

Parts Per Million

Percentage Carboxyheamoglobin
Prefrontal cortex

Public Health England

Polycyclic Aromatic Hydrocarbons
Percentage Difference

Propylene Glycol

Royal College of Physicians
Randomized Clinical Trials

ITUM Research Ethics Committee

Revised Minnesota Nicotine Withdrawal Scale
Single Users

S-phenylmercapturic acid

Statistical Package for the Social Sciences

Standard Deviation

Tobacco Cigarette

Targeted Quit Date

Tobacco Harm Reduction

Tobacco Specific N-nitrosamines
Ultra-Performance Liquid Chromatography-Mass
Spectrometry

United State Department of Health and Human Services
United State Food and Drug Administration

United State Environmental Protection Agency
Ventral Tegmental Area

Variable Voltage

Variable Wattage
Volatile Organic Compounds

Vegetable Glycerine
World Health Organization
3-Hydroxypropyl Mercapturic Acid

2-Hydroxypropylmercapturic acid
1-Hydroxypyrene
3-Hydroxy-1-Methylpropyl Mercapturic Acid

XVi



CHAPTER ONE
INTRODUCTION

1.1 CIGARETTE SMOKING

Tobacco smoking damages practically every organ of human body and it is one of the
leading causes of several health complications in various countries in the world.
Tobacco use induces numerous illnesses and the decline in physical condition of a
smoker in general (World Health Organisation [WHQO], 2015). Smoking is a major
reason of loss of human lives and ill health in developing nations. Tobacco cigarette
(TCG) usage is rising worldwide and it is one of the chief threats to existing and
future global health (WHO, 2015). TCG abstinence is one of the ultimate economic
strategies, which medical doctors and other health authorities could organise to
increase the lifespan of their patients. There is a considerable relation between high
TCG use and its duration with smoking illnesses. Moreover, studies revealed that
heavy tobacco use is associated with a greater threat with mortality (Wilson, Gibson,
Willan and Cook, 2000). Abstinence of TCG use at any phase of smoking owing to a
significant reduction in risks associated with smoking (Benowitz, 2008).

According to the U.S. National Institute of Drug Abuse (NIDA, July 2012),
cigarette is a very efficient and highly engineered drug delivery system containing
more than 4,000 chemicals one of them is nicotine. Due to the pharmacological action
of nicotine, smokers are dependent on TCG use (Giovino, Field, Tomar, Escobedo and
Slade, 1994). Nicotine is a substance that creates both physical and psychological
addictive effects to smoking. At first, some smokers believe that tobacco smoking is
merely a habit, but repetitive failure to quit tobacco use made them realise that it is

more of an addiction than habit, and increases their dependency to nicotine.



As per the WHO definition, drug dependence has defined as “a behavioural
intention in which the usage of psychoactive medication is recognised to have severe
importance over other actions which once had a considerably higher value” (Edwars,
Arif, and Hodgson, 1982). In other words, the medication has resulting to regulate
behaviour to a level that reflected as unsafe to the individual or whole community.
Previous studies indicated that tobacco smoking is psychoactive addiction. Moreover,
an average smoker requires four or more smoking cessation efforts before succeeding
the complete walk out (Giovino et al., 1994). Nearly more than 95% unaided quit
attempts fail to achieve the long-term smoking abstinence (Hughes, Keely, and Naud,

2004).

1.2 CHARACTERISTIC OF NICOTINE ADDICTION

Diverse criteria and definitions have described by different health organisations and
authorities for drug dependence or addiction. For health concerns of smoking to
nicotine addiction, US Department of Health and Human Services (USDHHS)
developed the norms for medication addiction (US Surgeon General report, 2014).
Nicotine met all the surgeon general reports major norms for medication
dependencies, which commented that substance, must stimulate obsessive use, retain
psychoactive actions, and strengthen its specific use. However, a number of additional
criteria mention in the report revealed by many smokers but generally not present in
all the TCG consumers. For example, certain individuals who quit smoking do not
relapse and some smokers revealed that the absence of nicotine withdrawal signs

when they quit smoking (US Surgeon General report, 2014; Tablel.1).



Table 1.1 US Surgeon General Criteria For Drug Dependence

» 1.Principal Norms

e Extremely organized or obsessive use

e Psychoactive action

e Medication force behaviour

» 2.Supplementary conditions
2.1:Dependent manners frequently | 2.2: Addiction to medication

include frequently induce

e Stereotypic medication use e Tolerance

e Usage even damaging adverse * Physical addiction
effects e Enjoyable

e Reverse to use after cessation action(euphoric effect)

e Repeated Medication desires

Source: US Surgeon General Report, 2014

The American Psychiatric Association (APA) has developed other standards
for drug addiction in Diagnostic and Statistical Manual of Mental Disorders Fifth
Edition (DSM-V) in tobacco use disorder segment (DSM-V, 2013, Tablel.2).
However, the most commonly used scale worldwide for evaluating the level of
nicotine addiction is Fagerstrom Test for Nicotine Dependence (FTND). This scale
created on the answer to six queries, which indicated that higher the scale score the
more addicted to nicotine the subject is (Heatherton, Kozlowski, Frecker and

Fagerstrom, 1991).



Table 1.2 Diagnostic and Statistical Manual of Mental Disorders Fifth Edition
(DSM-V, 2013) Tobacco Use Disorder

The pattern of medication use leads to clinical notable damage or suffering, as demonstrated by
underneath standards happening at any time within a one-year period.
1. Tolerance, as explained whichever of the below condition.
e The Clear necessity for greater than before dosing of the ingredient to attained the
preferred action.
e Significantly reduce effect with the sustained usage of a similar quantity of the
ingredient.
2. Withdrawal signs as established by any of the beneath conditions:
e The distinguishing elimination patterned off the ingredient.
e Asimilar ingredient used to release or escape withdrawal signs.
3. The ingredient frequently consumed in high quantity over extended time.
4. Determined craving or ineffective attempt to reduce or normalize ingredient usage.
5. Excessive time is consumed in actions needed to get the ingredient, for using the
ingredient, or reverse to its action.
6. Significant community, professional, or entertaining accomplishments are lost or diminished
due to ingredient usage.
7. The practice of ingredient is uninterrupted even with information that its use had an obstinate
or repeated bodily or emotional problem that is possible to lead, triggered, or worsened by the
ingredient.

Source: Diagnostic and Statistical Manual of Mental Disorders-Fifth Edition
(DSM-V, 2013).

1.3 NEUROBIOLOGY OF NICOTINE ADDICTION
1.3.1 Nicotinic Acetylcholine Receptors (nAchRs)

When a smoker draws a puff from TCG, nicotine quickly administered to the
pulmonary venous circulation. Then it reaches the arterial circulation and transfers
swiftly to the brain. In the brain, it attached to nAChRs, which is a ligand-gated ion
channels. Bonding of nicotine to nAChRs releases the sodium (Na*) and calcium
(Ca™) ions from the neuron cell membrane. These exchanges of cations across cell
membrane activate the neurone cell, which leads to generating various

neurotransmitters that produce rewarding effects of nicotine (Benowitz, 2008).



The nAChRs is a complex structure; consisting of 5 subunits which exist in
both peripheral and central nervous systems. In the human brain, nearly nine a-
subunits (0p-010) and three B-subunits (B2-f4) of NAChRs are present. The plentiful
subordinate receptors in human brains are asf, o3Pz, and oz, The asf; sub-classify
receptor chiefly exist in the humanoid brain and it is supposed to be involved in the

nicotine dependence effect.

1.3.2 Biology of Nicotine Reinforcement

Nicotine stimulates pleasing actions by associating with nAChRs on neurons in the
brain, mesolimbic reward system. This leads to a release of various neurotransmitters
including dopamine mainly in the Ventral Tegmental Area (VTA) and Nucleus
Accumbens (NAc). This passage appears to be associated with drug-induced
rewarding effects besides other regions such as the hippocampus, amygdala, and
Prefrontal Cortex (PFC). Other neurotransmitters released along with the dopamine
are norepinephrine, acetylcholine, serotonin, Gamma-Aminobutyric Acid (GABA),

glutamate, and endorphins that mediate several actions of nicotine (figurel.1).

Figure 1.1 Activation of Nicotine Receptor Releases Various Neurotransmitters

DOPANINE — & Pleasure, hunger, suppression
NOREPINEPHEINF — Stmulation, hunger, suppression
ACETYLCHOLINE — Stunulation, cogmtive Improvement
NICOTIINE. GLUTAMATE —— & Leaming, memory augmentation
SERCOTONIN ——+& DMood modulation, Reduce hunger
BETA-ENDORPHIIN — Decrease In anxiety and tension
GABA — » Decrease in anxiety and tension

Source: Concept Adopted From Nicotine Addiction (Benowitzs, 2008)



Nicotine also regulates dopamine discharge incoherently by interacting with
nAChRs situated on the excitatory glutamatergic and inhibitory GABA neurons in the
VTA. These glutamatergic and GABAnergic neurons initiate a number of other brain
areas such as NAc, hippocampus, amygdala, and PFC. Together glutamate and GABA
neurotransmission shows vital characters in the expansion of nicotine dependence.
Apart from straight and ancillary activation of various neurotransmitters liberation,
prolonged TCG use diminished the brain monoamine oxidases A and B effect that
alleged to increase dopamine and norepinephrine neurotransmitters level at the
synapses region. Thus, enhances the action of nicotine and leads its further addiction

(Markou, 2008).

1.3.3 Psychoactive Effects of Nicotine and Its Withdrawal Symptoms
In human beings, nicotine via TCG stimulates dopamine release that induces pleasure,
decreases stress and anxiety. Smokers use TCG to uphold their period of alertness and
to control their temper in everyday life. When an individual halts TCG withdrawal
signs of nicotine emerge such as difficulty in concentration, increased appetite,
craving for tobacco, insomnia, irritability, depressed mood, restlessness, anxiety
(DSM-V, 2013). Hedonic dysregulation i.e. a perception that there is small pleasure in
life and accomplishments no longer enjoyable also associated with smokers those who
quit TCG as a withdrawal sign. The nicotine withdrawal signs in untreated smokers
create mental disturbances similar in strength that realised in psychiatric patients
(Hughes, 2006).

It believed that comparative shortage in dopamine discharge together with
prolonged nicotine interaction is responsible for various behavioural disorders,

tobacco craving and anhedonia (perception of displeasure). Thus, pharmacological



action of nicotine dependence may assume as a mixture of both positive and negative
effects in human beings. The supply of nicotine generates positive effects in smokers
such as mood and functioning enhancement. However, in the absence of nicotine,

smokers have recognised its negative consequences such withdrawal symptoms.

1.4 MALAYSIA AND GLOBAL TOBACCO USE:

Currently, around 1.3 billion individuals involved in tobacco smoking and it
anticipated to reaching 1.6 billion by 2025. Smoking produces extensive challenges to
the country’s health care system and monetary burden to undeveloped nations.
According to the WHO, tobacco use is the third leading cause of all death worldwide.
At present, smoking is responsible for 7 million deaths globally (WHO, 2017) and it is
anticipated to touch 8.3 million by 2030 (Mathers and Loncar, 2006).

In Malaysia, 20000 deaths have reported annually due to smoking-related
diseases (Fathelrahman et al., 2009; National Health and Morbidity survey [NHMS],
2015). However, as per Malaysian clinical management guidelines on TCG addiction
(Mahayiddin, Mazlan, and Bakar, 2003), it will reach 30000 by the year 2030. The
Malaysian Global Adult Tobacco Survey (GATS, 2011) reported 43.9% of men, 1.0%
of women, and 23.1% over-all (4.7 million adults) were current tobacco smokers. The
survey also reported that the majority of current smokers (56.4%) plan to quit one day,
but only 6.3% smokers were planning to quit within the next month and 8.0% within
the next 12 months. Among the survey, of the participants who attempted to stop TCG
use in the previous 12 months, 80.3% who tried were deprived of any support,
whereas merely 9.0% used pharmacotherapy such as Nicotine Replacement Therapy

(NRT) and other medications.



However, as per latest NHMS (2015) the prevalence of current smokers was
22.8% and it has slightly dropped from 23.1% that was reported by GATS in 2011.
The prevalence of male smokers too dropped from 43.9% in 2011 to 43.0% in 2015,
but the smoking prevalence among females had greater than before from 1.0% in 2011
to 1.4% in 2015. According to NHMS (2015), nearly five million Malaysians aged 15
years and above smoked. The NHMS used the term current smokers as per Centres for

Disease Control and Prevention (CDC) model that are mention in the table 1.3.

Table 1.3 Smokers Definitions as per the Centres For Disease Control And
Prevention

Type of smoker Definition
Current smoker Smoked > 100 TCG in lifespan and using TCG every day or some days
in last 30 days of investigation

Ever smoker Smoked > 100 TCG in lifespan

Ex-smoker Smoked > 100 TCG in lifetime, however, did not smoke any TCG in
the last 30 days earlier investigation

Light smoker Current smoker who smoked <10 TCG per day

Moderate smoker | Current smoker who smoked between 10-20 TCG per day

Heavy smoker Current smoker who smoked >20 TCG per day

Passive smoker Non-smoker who expose to someone else smoke at least fifteen

minutes for 3 days, in the last 7days
Initiation smoke Age at which TCG was first tried
age

Source: The Third National Health and Morbidity Survey (NHMSIII, 2006)

Heavy nicotine dependent smokers require evidence-based pharmacological
and behavioural interventions. In Malaysia NRT, products and varenicline are
currently approved pharmacologic agents for smoking cessation. Nicotine supplied in
NRT products (e.g., gum, patch, lozenge or inhalator) support to reduce withdrawal
symptoms during smoking cessation attempts. However, current approved United
States Food and Drug Administration (USFDA) smoking cessation medications such

as NRT, bupropion, varenicline (Tablel.4) have shown good results in experimental



