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ABSTRACT

Obesity is one of the most serious health problems facing modern society and
strategies to address this pandemic have so far been ineffective. Although weight
loss (WL) is achievable, prevention of weight regain is a major challenge. The
overall aim of this thesis was to identify predictors of WL and weight loss
maintenance (WLM) to promote better tailored and sustainable interventions. A
systematic review evaluated the evidence from 80 studies examining predictors
of WL and/or WLM in behavioural and/or dietary WL interventions (with or without
exercise) in overweight and obese individuals. Aside from physiological factors
such as initial weight loss, a number of personal characteristics broadly
conceptualised as reflecting affective, cognitive, behavioural and motivational
factors were acknowledged as potential predictors of WL and/or WLM. Affective
(e.g. anxiety), behavioural (e.g. eating behaviour, self-monitoring, social support,
physical activity, treatment adherence, previous WL attempts) and motivational
factors (e.g. self-efficacy) were the strongest predictors identified. Study 1
assessed predictors of WL and WLM in free-living participants (N=71) who
received healthy eating advice with (HE+F) or without (HE) advice to increase
dietary fibre. Predictors of WL were age, body weight and body image at baseline
(affective), fasting plasma leptin and disinhibition (behavioural) with some
differences according to diet group. These also predicted WLM at 1 month follow-
up. At 12 month follow-up, having a higher body weight at week 12 and greater
depression (affective) at follow-up were associated with greater weight regain.
Additionally, having stronger beliefs that medical reasons cause obesity
(cognitive) and less stressful life events (affective) were associated with better
WLM. Study 2 utilised an online survey and cluster analysis to examine affective,
cognitive, behavioural and motivational factors in a real world setting with
individuals (N=314), who had previously attempted to lose weight using different
WL methods. Two distinct clusters were identified: less successful (Cluster 1) and
more successful (Cluster 2). Cluster 2 was associated with lower emotional and
external eating, lower disinhibition and higher restraint (behavioural), less
depression, anxiety and stress (affective), and significantly higher diet
satisfaction, eating self-efficacy (motivational) than Cluster 1. Study 3 examined
predictors of WL in an NHS delivered 12 week community based weight
management programme (N=22). Higher diet satisfaction, an improvement in
body image and higher baseline body weight were significant predictors of WL.
Based on the evidence presented in this thesis, there are clear personal
characteristics which promote and sustain obesity. WL and WLM is clearly not
just a problem of appetite control. Affective (stressful life events, body image, diet
satisfaction and depression), behavioural (eating behaviour) and motivational
factors (self-efficacy and motivation) were the most consistent psychological
predictors of WL and/or WLM across all studies. Interventions should therefore
target these personal characteristics in order to promote WL and prevent weight
regain. The paucity of studies incorporating long-term follow-up shows that



further research is needed to examine the role of affect, cognition, behaviour and
motivation in the long term. A multidisciplinary approach to tackle obesity, which
addresses psychological, social, environmental, and biological factors is
essential to ensure comprehensive care, best practice and outcomes.



vi
List of publications and presentations from this thesis

Submitted for publication

Myrissa, K., Dye, L., Gusnanto, A., Danks, C., Lawton, C. L., (2016).
Psychological and behavioural characteristics differentiate between those who
are more and less successful at weight loss over 6 months: an internet survey.
BioMed Central Obesity.

Abstracts

Myrissa, K., Dye, L., Gusnanto, A, Danks, C., Lawton, C. L., (2013). Predictors of
weight loss and/or weight loss maintenance: an internet based survey. Annals of
Nutrition and Metabolism; 63 (suppl 1):1-1960

Myrissa, K., Croden, F, Camidge, D, Gusnanto, A, Walton, J., Hoyland, A., Dye,
L, Lawton, C. L (2014). Healthy eating has beneficial effects on subjective
wellbeing in overweight women: Increasing fibre intake confers additional
benefits. Obesity Facts; 7(suppl 1):1-188

Presentations

Myrissa, K., Lawton, C. L., Gusnanto, A., & Dye, L. (2011). Dropouts and Missing
data. ESRC Doctoral Training Centre Annual Conference, University of York.

Myrissa, K., Lawton, C. L., Gusnanto, A., & Dye, L. (2013). Predictors of weight
loss and/or weight loss maintenance: an internet based survey. International
Union of Nutritional Sciences (IUNS) 20th Congress of Nutrition, Granada, Spain.

Myrissa, K., Lawton, C. L., Gusnanto, A., & Dye, L. (2013). Predictors of weight
loss and/or weight loss maintenance: an internet based survey. BPS Division of
Health Psychology, University of Leeds

Myrissa, K., Dye, L., Gusnanto, A., Danks, R., Lawton, C. L. (2014). Clusters of
psychological and behavioural characteristics differentiate between those who
are less and more successful at weight loss over 6 months: an internet survey.
International Conference of Obesity (ICO), Malaysia

Myrissa, K., Lawton, C. L., Gusnanto, A., & Dye, L. (2014). Healthy eating has
beneficial effects on subjective wellbeing in overweight women: increasing fibre
intake confers additional benefits. European Congress on Obesity (ECO),
Bulgaria



vii

Table of Contents

Chapter 1 — General Introduction &ThesiS AIMS ..........uuuuuuimiiiiiiiiiiiiiiiiiiiiiinaees 31
1.1 BaCKOrOUNG........ueuiiiieiiieiieiiiiie ettt e e e e e eaeaan s 31
1.2 CaAUSES Of ODESILY ....uuuiiiiiiiiiiiiiiiiiiiiii it 32
1.3 Definition of successful weight loss and/or weight loss maintenance ..33
1.4 Different types of interventions for weight management...................... 35
1.5 Dietary INtErVENTIONS .....cocvviiiiiiiiie e e e e e eeaenn s 35
1.6  Physical activity iINterventioNsS ................uueeuerimiimiiiiiiiiiiiiiiiiiieiieeneeeeees 37
1.7  PharmacCotherapy .............uuuuuuummmmmmmiiiiiiiiiiiiiiiiiiiiiiiiie e 38
1.8 BariatriC SUMQEIY ..uuuii e e it e e e e e e e e e e e aanaaas 39
1.9 Behavioural iNterVeNntiONS...........uuuuuuuueriiiiiiiiiiiiieieeeaeeeneeeieeeee.s 40
1.10 Commercial ProgramMES.........ceeeeeeeeeeeeiiiiiaeeeeeeeeeeeerias e e e e e eeeeeaenna 42
1.11 Weight management programmes provided within the UK National
Health Service (NHS) .......oiiii e 44
1.12 Internet-based INTENVENTIONS ............uueriuuuriiiiiiiiiiiiiiiiiieeaes 46
1.13 Comparison amongst different weight loss interventions...................... 48
1.14 Factors associated with weight loss and/or weight loss maintenance
AN TEIAPSE ... e 50
1.15 Barriers to the prediction of weight l0SS sucCesSs ........cccoeeeeeviivviiinnnnnnn. 51
1.16 Current Statistical Analysis Approaches ..........ccccovvvviiiiiiiieeieeeeiiinnn, 52
0 A I TS T Y LS 10 53

Chapter 2 - Psychosocial/behavioural Predictors of Weight Loss and/or Weight

Loss Maintenance: A Systematic Research ReVIieW..............ccceeeeeeieeeeeeeennnnnnnn. 56
2.1 INTrOAUCTION .. 56
2.2 Literature SearCh........ccoiiii 57

2.2.1 Search strategy and search terms...........cccccceeeeeeeee e, 57
2.3 Inclusion and exClUuSION CrIterIa ..........uuuiiiiieeeiiiiiiiiee e 58
2.4  Tabulation of StUAIES ........uuiiiiiieiiie e 60
2.5 RESUILS ... 61
2.6  Eating BEhaviour ... 106
2.7 Emotional states (depression, mood, anxiety, anger) ................oee..... 108
2.8 SElf-effiCACY ...oooe oo 111
2.9 BINGE AN ....coii e e 112

2.10 PhysSIiCal ACHIVILY ...ccooeeeeeeeeeeeeeeeeeee e 114



viii

2.11 BOAY IMAQE....cciiiiiiiiiiee ettt e e e e et e e e e e e eeeennes 115
2.12 Self-monitoring and self-weighing............ccvviiiiiiiiiiiiiieeee 116
2.13 MOTIVALION ...t e e e e e e et e e e e e e eeeeanes 117
2.14  SOCIAl SUPPOIT.....eiiiiiiiiiiiiiiiiii ittt 119
2.15 Stress and coping SKillS ........covvvviiiiiiiiiiiiiiiiiiiii 120
2.16 Self-BSIEEIM ... 122
2.17 Health Related Quality of Life ...........ccoviiiiiiiiiiii e, 122
2.18 Weight loss goals/expectations............coouuvvuuiiiiiieeeeeeeeiiiie e eeeeeeeanns 124
2.19 Treatment adherence/attendance..........ccccccvvvvviiiiiiiiiiiiiiiiiiiiiiiieeeeen, 125
2.20 Personality trailS .......ccceeeeeiiiiieiiee e 126
2.21 Initial weight loss/previous weight loss attempts...........ccccoeeeeeeeeennnns 127
2.22 Weight bias/attitudes ...........ooovviiiiiii e 128
2.23 QUAlILY Of SIEEP .evveeiiie e 129
2.24 Dichotomous thinking Style .........ccoooiiiiiiiiiiii e 129
2.25 LOCUS Of CONMION ...ovvviiiiiiiiiiiiiiiiiiieieeeeeeeeeeeeeeeeeeeeeee e 130
2.26 Beliefs about causes of ObESItY .........ccoovviiiiiiiiiii e 131
2.27 DISCUSSION ...iiiiiieietii e e e e e ettt e e e e e e e e e e et e e e e e e e e eeaetann e e e eeeeeeeennes 132
2.28 Summary of psychosocial and behavioural characteristics linked to

weight loss and weight 10SS maintenance.............coovviiiiiiee e, 135
P B o] o) 813 (o] 1P 137

Chapter 3 - Physiological and psychological predictors of weight loss and
weight loss maintenance following a dietary intervention — the Leeds Women’s

Wellbeing (LWW) STUAY ......cooiiiiiee e 138
TR I O 1< = 138
G072 [ 11 0 o U711 o I 138

3.2.1 Dietary Fibre and Satiety..........ccccevvviiiiiiiiiiieeei e, 140
3.2.2 Rationale for the present study ...........ccoovviiiiiiiiiiiicci e, 141
3.2.3 Aims of the present Study..............uuuuuiiiiiiiiiiiiiiiiiie 141
G 20 TR | 1= 1 o o £ 142
IS0 15 AR S 116 |21 B 1= T [ 142
3.3.2  PArICIPANTS ....uuiiiiiiiiiiiiiiiiiiiiiiiiiii bbb 142
3.4 Compliance with dietary advice and recommendations..................... 150
G TS (010 VA [T U 150

3.5.1  ANthropoOmMeEtriC MEASUIES .........uuuuuuuumiiiiiiniiiiiiiiiiiiiiiiineinneeeeaaneaaes 150



3.5.2 Biochemical MeasUres ..........ccccccviiiiiiiiiiiiiiiieeeeeeeee 151
3.5.3 Wellbeing Diary Booklets (WDBS) ..........ccoevviiiiiiiiiiiiiiiiiiiiieieeeeee, 151
3.5.4 Food Diary Data: 3 and 7 day food diary records..........ccccccceeee.e. 152
3.5.5 Eating Behaviour ASSESSMENLS.........cccevviviiiiiiiiiiiiiiiiiiiiiiiieeeeeee 153
3.5.6 Body Shape QUESLIONNAIIE ..........cccovviiiiiiiiiiiiiiiiiiiieeeeeeeeeee 155
3.6  Study measures assessed exclusively at 12 month follow-up ........... 155
3.6.1 Intuitive Eating Scale..........cooovviiiiiiiii e 155
3.6.2 Diet Satisfaction QUESHIONNAIIE ............coeeeveviiiieeeeiieee e, 155
3.6.3 Social Readjustment Rating Scale or Life Events Scale ............. 156
3.6.4 Depression Anxiety and Stress Scales........cccoevveeeeviiiiiiiiiieneeeennn, 156
3.6.5 Beliefs about causes of obesity..........cccccvvviiiiiiiii 156
3.7 Study Procedure and Study VIiSitS .......ccccceeviiiriiiiiiiiiieeeeeeeeee e 156
3.7.1  Screening Visit (ViSit 1) ......coovuiiuiiiiiiieeeeeeeeeiee e 156
3.7.2 Inclusion Visit (Visit 2, week -1): Baseline measures .................. 157
3.7.3 Interim intervention visits (Visit 3 and 4, week 4 and 8)............... 158
3.7.4 Intervention visit (ViSit 5, Week 12)..........cccviiiiiiiieiieieeiiee e, 158
3.7.5 Debriefing Visit (Visit 6, Week 13)........cccevviiiiiiiiiiiiiiiiiiiiiiiiiieeeen, 158
3.7.6  Early termination VISit ..........ccooviiiiiiiiiiiiiiiiiieeeeeeeeeeeeeee 158
3.7.7 Optional Follow up Visit (+1Month) .........ccccccoiiiiiiiiiiiiiiiiee, 159
3.7.8 12 month folloOW-UP VISIt.......cooeviiiiiiiiiiiiiiiieeeeeeeee 159
3.8  Adverse EVENS (AES) ... 159
3.9 Ethical considerations and confidentiality .............ccccoeeeeiiiii, 159
3.10 Statistical analySIS ........ccooeiiiiieeee 160
3.10.1 Part 1 Weight I0SS phase ... 160
3.10.2 Part 2 Weight maintenance phase (1 and 12 month follow-up)...163
3.11 Results from weight loss phase —Part 1..........cccocoiiiii, 164
3.11.1 Participant Characteristics at SCreening..........ccccccvveeeeeeeieeeeeennnn. 164

3.11.2 Participant Characteristics at Randomisation (week -1, Visit2) ...164

3.12 Habitual Dietary Intake during the Inclusion Phase (between screening

and randomMISALION) .....cooeeeee e 167
3.12.1 Dietary intake assessed by the 7 day food diary records ............ 167
3.12.2 Habitual (baseline) fibre intake..........c.cccooeveviiiiiiiiiic e, 168

3.12.3 Changes in Fibre Intake during the 12-week Dietary Intervention
PaSE o 170



3.12.4 Changes in Dietary intake from baseline to week 12 (n=50)....... 173
3.13 Effects of the Dietary Interventions on Body Weight (Kg)................... 175
3.13.1 Body weight change (kg) from baseline to week 12..................... 175
3.13.2 Body composition assessed using Air Displacement
Plesthysmography (ADP, BOAPOd) .......cccovviiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeee 177
3.14 Effects of the Dietary Interventions on biomarkers of health.............. 178
3.15 Summary Of FINQINGS ......uuuuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiii e 180
3.16 Changes in psychological Measures ..........cccccevveeevviiiiiiee e, 182
3.16.1 Subjective Measures of Body Shape ............ccccccvvviiiiiiiiiiiiinnnnnns 182
3.17 Eating Behaviour CharacteristiCS............cceeiiieeeieeeiiiiiee e 183
3.18 Changes in subjective wellbeing symptoms in response to both dietary
interventions (Diet A and DIet B) ........ccuvvviiiiiiiiiiiiiiiiiiiiieeieeeeeeeeeeeeeeeee e 184
3.18.1 FEeliNg fal .....uuuuiiiiiiiiiiiiiiiiiiii e 185
3.18.2 FeeliNg SliM ... 186
3.18.3 Feeling ENergetiC.........uuuuiiiiiee e 188
3.18.4 Mental @lertN@SS.......uuuuuuuuiiiiiiiiiiiiiiiiiiiiiiiirareaarrabrrrrbr e 189
3.18.5 Mental tir@UNESS......uuuuuuiiiiiiiiiiiiiiiiiiiiiriiiiirb bbb snaannnene 190
3.18.6 Difficulty concentrating ...........cccovvuuuiiiiiiieeeeeeeeece e, 191
3.18.7 Physical tirednNessS .........uuiiiieeeiieieece e 192
3.18.8 HeadaACNES........uuuuiiiiiiiiiiiiiiiiiiiii e 193
3.18.9 BOWEI PAIN ....uiiiiiiiiiiiiiiiiiiiiiiiiiiiii e 194
3.18.10 CoNStPAtION......ccceiiiiiiiiie e 195
3.18.11  BlOAtING ..euuiiiiiie e 196
3.18.12  INAIGESTION ...ttt 197
31813 WIN oo 198
3.18.14 Breast teNUEINESS........ciiii e e e 199
N S S o T o] 011 T2 200
T S 0 G T 1 = 201
3.19 Summary of effects of dietary interventions on subjective wellbeing
5740 1] 0] 01 PP 202
3.20 Predictors of Weight l0SS..........uuuuuiiiiiiiiiiiiiiiiiiiiiiiiiiiieaees 206

3.20.1 Relationship between randomization (Visit 2) variables and body
weight at the end of the intervention (week 12).........ccccccvviviiiiiiiiiiiiinnnnn. 206



Xi

3.20.2 Changes in physiological and psychological variables (V2-V5) and
body weight at the end of the intervention (week 12) ...........ccoevvviciinnnnnn. 206

3.20.3 Relationship between baseline (randomisation, Visit 1)
psychological and physiological variables and weight change during the

intervention (assessed from V2-V5) ........cooiiiiiiiiiiieiie e 207
3.20.4 Changes in physiological and psychological variables (V2-V5) and
weight change during the intervention.............cccooooevvvvveiiiii e, 209
3.20.5 Summary of predictors of weight 10SS..........ccccovvvieeiviiiiiiiiiiiieeee, 210
3.21 PART 2 Weight maintenance phase — 1 month follow-up.................. 212

3.21.1 Baseline (screening) characteristics of participants who completed
the 1 month fOllOW-UP ........ooiii i e 212

3.21.2 Anthropometric characteristics at randomisation (week -1), week 12
and at 1 month fOllOW UP ......eeiiiiiciiiec e 213

3.21.3 Body weight change (kg) from randomisation (week - 1) to 1 month
10 L[0T o SRR 213

3.21.4 Changes in fibre intake from screening to 1 month follow-up...... 216
3.21.5 Changes in psychological variables (BSQ, TFEQ and DEBQ

L TCTe RS 1) 218
3.21.6 Subjective measures of Body Shape...........cccooeeveeiiiiiiiiiiiiinieeenn, 218
3.21.7 Eating Behaviour CharacteristiCs ............ccuvviiiiiieeeeeeeeicee e, 219
3.21.8 Summary of findiNgS........ccoovviriiiii i 221
3.22 Predictors of weight loss maintenance at 1 month follow-up ............. 222

3.22.1 Relationship between randomization (week -1) variables and body
weight at 1 month follOW-UpP..........eoiiiiii e, 222

3.22.2 Relationship between randomization (week -1) variables and
weight loss maintenance (V5-1 month follow-up) .........cccccceeeieeeiiiiiiiinnnnnn. 223

3.22.3 Relationship between variables at V5 (week 12) and body weight at
1 MONth FOHOW-UP ...eveeeiee e 224

3.22.4 Relationship between variables at week 5 and weight loss
maintenance (V5-1 month follow-up)..........ooiiiiiiiii e 225

3.22.5 Changes in physiological and psychological variables from V5
(week 12) to 1 month follow-up and body weight at 1 month follow-up ....226

3.22.6 Changes physiological and psychological variables from V5 (week
12) to 1month follow-up and weight loss maintenance (V5-1 month follow-
50 228

D) ettt 229



Xii

3.23 12 month FOHOW-UP ....ccooeiiiiiiiee e 231
3.23.1 Participant characteristics at screening and at 12 months .......... 231

3.23.2 Anthropometric characteristics at baseline (week -1), week 12 and
at 12 MONth fOIOW U .....eeiiiiiiiiiiiiiiiii e 232

3.23.3 Body weight change (kg) from baseline (week - 1) to 12 month
FOHOW UP .o 232

3.23.4 Changes in fibre intake from screening to 12 month follow up....234
3.23.5 Changes in psychological variables (BSQ, TFEQ and DEBQ

MMEASUIES) ..t eeeeeeeeetttte e e e e e e eeeeeataa e e e e e eeeeeeassssn e eaeeeeeeeesnnnnnaaeeeeeeeeennes 237
3.23.6 Subjective measures of Body Shape ...........ccccccuvviiiiiiiiiiiiiinnnnnns 238
3.23.7 Eating Behaviour CharacteriStiCS .........cceeevvvveeeiviiiiieeeeeeeeeeeiinnnnnn 239
3.23.8 Summary of fINdINGS ........uuuuimiiiiiiiiiiiii s 241
3.24 Predictors of weight loss maintenance at 12 month follow-up ........... 242

3.24.1 Relationship between randomization (week -1) variables and body
weight at 12 month folloW-Up..........cooviii 242

3.24.2 Relationship between randomization (week -1) variables and
weight loss maintenance (V5-12 month follow-up)........ccccccvvviiiiiiiniinnnnn. 242

3.24.3 Relationship between variables at V5 (week 12) and body weight at
12 MONEN FOHOW-UP ... 242

3.24.4 Relationship between variables at week 12 and weight loss
maintenance (V5-12 month folloW-Up)............uuvuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiies 243

3.24.5 Changes in physiological and psychological variables from V5
(week 12) to 12 month follow-up and body weight at 12 month follow-up 243

3.24.6 Changes in physiological and psychological variables from V5
(week 12) to 12 month follow-up and weight loss maintenance (weight
change from V5 to 12 month follow-up).........ccceeeeiiiiiiiiiiiiici e, 243

3.24.7 Changes in physiological and psychological variables from baseline
(week -1) to week 12 and weight loss maintenance (weight change from V5
t0 12 MoNth fOlIOW-UP) ...vveieeie e e 244

3.25 Psychosocial measures assessed only at 12 month follow up .......... 244

3.25.1 Relationship between psychosocial measures assessed at 12
month follow-up and body weight at 12 month follow-up.......................... 244

3.25.2 Relationship between psychosocial measures assessed at 12
month follow-up and weight loss maintenance (weight change from V5 to 12
MONEN FOHOW-UP) ...ttt 244

3.26 Successful vs unsuccessful weight loss maintenance....................... 245



xiii

3.26.1 Summary of predictors of weight loss maintenance (12 month

FOHOW-UP) et 246
I A B 1Tt U 5= [ PR 248
3.27.1 Summary of the main findings from the two 12-week dietary
(=T AV =T a1 (o 1S 248
3.27.2 Summary of results for weight loss maintenance phase (1 and 12
MONEN FOOW-UP) ... 249
3.28 Effects of dietary interventions on wellbeing............ccccoeeeeei 250
3.29 Summary of predictors of weight loss and weight loss maintenance:
physiological and psychological prediCtors ... 251
3.29.1 Weight 0SS phase ... 251
3.29.2 Weight loss maintenance phase .........ccccccccviiiiiiiiiiiiiiiiiiiiiieeeee, 251
3.30 Effects of age on weight loss and/or weight loss maintenance.......... 253

3.31 Effects of initial body weight on weight loss and/or weight loss
(g F=T] 10T 0= U Lo S 253

3.32 Effects of biomarkers on weight loss and/or weight loss maintenance

3.33 Effects of eating behaviour characteristics on weight loss and/or weight
|OSS MAINTENANCE ... .uuuitiiiiiiiiiiiiiiiiiie bbb be bbb banbbnnnnnssnnnnnes 255

3.34 Effects of body shape perception on weight loss and/or weight loss
MAINTENANCE ... ..t e e e e e e e e e e e e e e e e e e e e e e e eesseaaaaaes 258

3.35 Effects of depression on weight loss and/or weight loss maintenance

259

3.36 Stressful life events as potential predictors of weight loss and/or weight
|OSS MAINTENANCE ... .uuiiiiiiiiiiiiiiiiiiiieiee bbb sebeneaanennnnnnsnnnnnne 260
3.37 Effect of beliefs about causes of obesity on weight management......261
3.38 Effects of the dietary interventions on body weight and possible
reasons for similar Weight 10SS.........ccooieiiiiiiiiiic e, 262
3.39 Promotion of breakfast consumption and the effects of breakfast
consumption on body WeIght .........coooiiiiiii e, 262
3.40 Incidental effects of taking part in a dietary intervention .................... 263
3.41 Why weight loss maintenance is so difficult to achieve?.................... 266
3.42 Limitations of the present study ..........ccoooviiiiiiiiiii e, 267
3.43 Problems assessing habitual food and nutrient intake....................... 267

3.44 Problems encountered when assessing predictors of weight loss and
Weight 0SS MaINtENANCE .........uiiiiiiii e 268



Xiv

3.45 Generalisability of the results...........oooiiii e, 269
3.46 Methodological strengths of the present study .........ccccooeeeviivviiiinnnnnn. 270
3.47 Implications of the study and recommendations for future studies ....271
3.48 Overall Conclusions of weight 0SS SUCCESS ............uuvvviiiiiiiiiiiiiiiiinns 272
3.49 Towards an understanding of putting the person back into weight loss
and weight [0SS MaINTENANCE ..........uiiiiieiiiiiiiiiie e 272
Chapter 4 - An internet survey of the psychological and behavioural
characteristics, and weight loss strategies of successful weight losers .......... 274
o R O 1 =T V1 P 274
N 111 (o o (3o 1o [P 274
G T |V =1 [ Yo £ P 276
4.3.1  Inclusion/exclusion CrIterIa .........uuuiieeeeiieeeeiiie e 276
4.3.2  PartiCiPantS ......ccoooieieeeeeeeeeeeeeee e 276
4.3.3  MEASUIES ...ttt et 277
4.4  Statistical ANAIYSIS ........ovuviiiiie e 279
4.5 Ethical ConSiderationsS ........coooeiiiiiiiiieeeeeeeeeeeeeeeee e 280
A6 RESUIS.. .o 280
4.6.1 Differences in self-monitoring and weight loss strategies............ 287
4.7  Summary of fINdINGS .......uiiiiii e 288
T B 1 Yo U 151 (o TR 288
4.9 Limitations of the present study ..........cccoeeeeiiiiiiiiiiiii e, 293
410 CONCIUSIONS ... 294
4.11 Towards an understanding of putting the person back into weight loss
and weight [0SS MaINtENANCE ..........cooeiieiiiiiieice e 295
Chapter 5- Factors associated with weight loss in obese and severely obese
adults following an NHS weight management programme: a pilot study ........ 296
5.1 OVEBIVIEBW ...ttt ettt e e e e e e e et e e e e e e e e eeeaennnnns 296
022 | 1 0T [V Tox 1 o] o U PPPRT 296
5.2.1 Local rates of obesity in Yorkshire and related behaviour?......... 297
5.2.2 Key features of Kirklees NHS weight management service ........ 297
o0 T |V 1= 1 o o £ 299
TR T A == 1 (o3 o = g | £ 299
5.3.2  INClusion/eXCluSiON Criteria ........cccuvuvuriiieeeeeeeeeeeieee e e e 299

TR TR B B 7= [ | [N 299



XV

5.3.4 Weight management programme ...........couuuuuiiirneeeeeeeiiiiniineeeeenns 299
5.4 StUAY MEASUIES......ccoiiieiiiiiee ettt e e e e 302
5.4.1 ANthropomMetriC MEASUIES .......ccovviiiiiiiiiiiiiiiiiieeieeeeeeeeeee e 302
5.4.2 Eating Behaviour ASSESSMENS.........cccevviviiiiiiiiiiiiiiiiiiiiiiiieeeeeee 302
5.4.3 Body Shape QUESLIONNAIIE ..........ccoevviiiiiiiiiiiiiiiiiieeeeeeeeeee 302
5.4.4 Diet Satisfaction QUESHIONNAIIE ..........ccevveiriiiiiiieee e 302
5.45 Depression and ANXIELY ........cuuuiiiiiieeeiiiiiiiiiine e 302
5.4.6 Dichotomous Thinking in Eating Disorders Scale-11 (DTEDS-11)
.................................................................................... 303
5.4.7 Diet Readiness Test (DRT) ......ucceiiiiiiiiiieeiiiee e 303
5.4.8 Weight Efficacy Lifestyle Questionnaire (WEL) .............cccceeenee.. 303
5.4.9 Binge eating scale (BES) .........ccoeeiiiiiiiiiiiiiiii e 303
5.5 PrOCEAUIE ... 304
5.5.1 Optional SUppOort group SESSIONS.......cccevvvvrvuiiiiieeeeeeeeeriiiiaeee e 304
5.6 Statistical ANalySiS Plan ............coovviiiiiiiii i 304
5.7 Ethical Considerations .........ccoooviiiiiiiiiie e 304
5.8 RESUIS .. 305
5.8.1  PartiCipants ......ooouuuiiiiiii e 305

5.8.2 Weight loss over the 12 week weight management intervention.305

5.8.3 Differences in weight loss between participants differing in the
amount of readiness to start the weight management programme........... 307

5.8.4 Changes in psychological measures over the 12 week weight
ManNagemMENt PrOGraMITIE .....uiiuieeerieeeteeeei e e et e e e et e eeei e e ea e e ean e ean e eeannns 307

5.8.5 Relationship between baseline psychological variables and body
WEIGht At WEEK 12.....eeeeiiii e 308

5.8.6 Relationship between baseline psychological variables and weight
change from baseline to week 12 of the weight management programme

.................................................................................... 308
5.8.7 Relationship between changes in psychosocial variables (week 0-
week 12) and body weight at week 12 ............ccccvvvviiiiiiiiiiiiiiiiiiiiiiiiiiiiieens 309
5.8.8 Relationship between changes in psychosocial variables (week 0-
week 12) and weight change (week 0-week 12)............uvvvviviiiiiiiieinnnnnnns 309
5.8.9 Summary of fiNndiNgS........cccooiiiiiiiiiii 309
RS T I ot U 5= [ 310

5.9.1 Summary of main findingS..........ccoeviiiiiiiiiiii e, 310



XVi

5.9.2 Potential screening tests to identify those who are more motivated

towards behaviour change ...........cccoo 311
5.9.3 Lack of psychological input during the 12 week weight
ManNagemMent ProgramIME .........couuuuiieirriieeeerie e err e e 312
5.9.4  Group versus individual treatments for weight loss...................... 313
5.9.5 Challenges encountered when evaluating weight management
programmes offered within the NHS ............ccccooiiiiiie 314
5.9.6 Clinical implications for primary Care.............ccccccvuvermmmmmmemmnnnnnnnns 315
5.9.7 Strengths and limitations of the present study.............cccccevvvennnnn. 316
5.9.8 Future research and recommendations ..............ccccccuvvviviinninnnnns 317
5.9.9  CONCIUSIONS.....uiiiiiiiiiiiiiiiiiee e e e e e e e e 318
5.9.10 Towards an understanding of putting the person back into weight
loss and weight 0SS MaINTENANCE..........uuuuuiiiiiiiiiiiiiiiiiiiieiieeeeeees 318
Chapter 6 — General DISCUSSION ..........cccuviiiiiiiiiiiiiiiiiiiieieeeeeeeeeeeeeeeeee e 320
6.1 Overview of thesis fiNdiNgS ........covvvviiiiiiiiiiiiiiiieeee 320
6.2 Towards an understanding of putting the person back into weight loss
and weight [0SS MAINTENANCE ...........uuuiiiiiiiiiiiiiiiiiii e 320
6.3  AfECHVE FACIOIS ....uuuiii et e e e e eeeees 323
6.3.1  BOQY IMAGE ....uuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii bbb 323
6.3.2  DEPIESSION ...ttt 323
6.3.3  Stress and stressful life eVents............cccccviiiiiiiiiiiiiiiie 324
6.3.4  Diet SatiSTaCtioN ............uuiiiiiee e 325
6.4  COgNItIVE FACIOIS......cciiiiiiiiiiiiiiiiiiieiieeeeeeeeeeeeeeeeeeee e 325
6.4.1 Beliefs about the causes of obesity..........cccccvvvviiiiiii i, 325
6.5 Behavioural FaCtOrS...........cuuviiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeee e 326
6.5.1 Eating BENAVIOUN ...........vviiiiii e 326
6.5.2 Treatment adherence/attendance ............ccccccuvvviiniiiiniiininniinnnnnn. 326
6.6  Motivational FaCtOrS.........ccouiiiiiiiiiiie e 327
6.6.1  Self-effiCacCy......cccuuuiiiiiiie 327
6.6.2 Motivation as a key factor for successful weight loss................... 328
6.7 Physiological factors associated with weight loss and/or weight loss
MAINTENANCE ...t e e e e e e et et e e e e e e e e e eaebaa e e e e e eeeeeennes 329
6.8 Strategies associated with weight 0SS ...........cccooveiiiiiiiiiiii, 329

6.9 Why is changing behaviour and sustaining behaviour change so
QIffICUIT? <. e e 330



XVii

6.10 Weight stigma as a de-motivator of weight l0SS.............ccccevviiiiiernnnnn. 332
6.11 Individual variability in weight loss and weight loss maintenance ...... 333
6.12 Group versus individual based interventions for weight loss.............. 333
6.13 Consideration of other treatment outcomes in weight loss interventions
.......................................................................................... 334
6.14 Strengths of thisS thesSiS.........ccoooe oo, 335
6.14.1 Analytical approach ... 335
6.15 Limitations of the present thesis ..., 336
6.15.1 SAMPING ISSUES ....ooieeeeeeeeeeeee e 336
6.15.2 L0OSS tO fOlIOW-UP .covvviiiiieeeeeeeeee e 337
6.15.3 Seasonal effects on weight 10SS .........ccoovviviiiiiiiieeee e, 339
6.15.4 Failure to control for physical activity.............ccooeeeeeiiiiiiiiiiineeeen, 340
6.15.5 Reliance on self-reported data ..............ccoovvviiiiiiiiceiieiice e, 341
6.16 Future research and recommendations ..........cccoeeeeeeieeieee e, 341
B.17 CONCIUSIONS ... 344
A £ (= (=1 0] 0T 346
APPENDICES......oitiiiiii ittt e e e e e e et e e e e e e e e s b aeeeeaeeeeeannn 398
Appendix 3.1 Randomisation Schedule................cccceeiiiiiiiiiiiic e, 399
Appendix 3.2 Participant Information Sheet and Informed Consent form ....400
Appendix 3.3 Demographic Information Questionnaire (DIQ)............ccc....... 409
Appendix 3.4 Standard operating procedures for introducing Diet A at
INCIUSION PhAase (WEEK =1) ... 413
Appendix 3.5 Standard operating procedures for introducing Diet B at
INCIUSION PhAase (WEEK =1) ... 415
Appendix 3.6 Fibre Intake Table..........cccoooeiiiiiiiii e, 419
Appendix 3.7 Wellbeing Diary Booklets (WDBS) ........cccoevvvviviiiiiiieeeeeeeennns 421
Appendix 3.8 Dietary Instrument for Nutrition Education (DINE) ................. 427
APPENdiX 3.9 LWW — DINE ....c.ovviiieiie et 431
Appendix 3.10 — Eating Attitudes TesSt -26.........cccevvviiiiiiiiiiiiiiiiiiiiieeiieeeeeee 433
Appendix 3.11 Dutch Eating Behaviour Questionnaire (DEBQ) ................. 435
Appendix 3.12 Three Factor Eating Questionnaire (TFEQ)........ccccccvvveeeee. 439
Appendix 3.13 Body Shape Questionnaire (BSQ-34)........ccccccvvvvvviiviiieennnnn. 446
Appendix 3.14 Intuitive Eating Scale (IES) ... 449

Appendix 3.15 Diet Satisfaction Questionnaire (D-SAT).......cccccvvvcvrrrreeeeenn. 452



XViii

Appendix 3.16 Social Readjustment Rating Scale (SRRS) or Life Events

SCAIE (LES) ceetiiiiii ettt e et e e e e eeaee 456
Appendix 3.17 Depression Anxiety Stress Scales (DAAS) .........cccceeeeeeee. 458
Appendix 3.18 Beliefs about the causes of obesity ...........ccccoeeeeeiii, 460
Appendix 3.19 Study Schedule............ooooiiii 461
Appendix 3.20 End of Study Questionnaire (Diet A).......ccooeevviiiiiiiieeeieeee, 463
Appendix 3.21 End of Study Questionnaire (Diet B)..........ccceevvveiiviiiiinennnnn. 468
Appendix 3.22 Adverse Event Report Form (AE) ..., 474
Appendix 3.23 Ethics Certificate............ooooeeeiiiiii 475
Appendix 3.24 Predicted Probabilities (PP) by rating score for week -1

(baseline) through week 12 (end of the intervention)..........ccccccceeevveeeeieneenns 476
Appendix 4.1 Ethical Approval Certificate...........oooeeeiiieei 492
Appendix 4.2 Weight Efficacy Life-Style Questionnaire (WEL)................... 493
Appendix 5.1 Participant Information Sheet ...........cccccceeieiiiiiiiiiiiciee e, 495
Appendix 5.2 EAT WELL Plate .....ccooorieeeceee e 500
Appendix 5.3 Hospital Anxiety and Depression Scale (HADS).................... 501
Appendix 5.4 Dichotomous Thinking in Eating Disorders Scale................... 503
Appendix 5.5 Diet Readiness Scale (DRS) .......cccoovviiiiiiiiiiececeeeeie e 504

Appendix 5.6 Binge eating scale (BES).......ccccoeeeviiiiiiiiiiiiieeeeeeeeeee e 505



XiX

LIST OF TABLES

Table 2.2-1 List of search terms ($ denotes word truncation; * permits variation)

.......................................................................................................................... 57
Table 2.5-1 Predictors of weight loss following different dietary (with or without
exercise) and behavioural interventions (forty-nine studies) ..........cccccccceeeeeennn. 63

Table 2.5-2 Predictors of weight loss and weight loss maintenance (without
intervention during maintenance period) following dietary (with or without
exercise) and/or behavioural interventions (twenty-four studies) ...................... 86
Table 2.5-3 Predictors of weight loss maintenance (with intervention input
during maintenance phase) following different dietary (with or without exercise)
and/or behavioural interventions (eight StUdIES)..............uuuviiiiiiiiiiiiiiiiiiiiiiiiine 100
Table 2.5-4 Summary of predictors and evidence of their predictive power in
weight loss and weight loss maintenance (with or without intervention input

during maintenance period) studies presented as a fraction................c.......... 105
Table 3.3-2 Inclusion and EXCIUSION Crteria..........cccoeeeeeeeee e, 145
Table 3.3-3 Dietary advice for participants in Diet A and Diet B intervention

[0 Lo TU 0 13O 148
Table 3.11-1 Participant Characteristics at Screening (N=71)............ccceeveees 165
Table 3.11-2 Anthropometric, body composition characteristics and fasting
blood parameters at randomisation (WEek -1).............uuurumummummrrmimmmiiiiiiiiiniinnnne 166
Table 3.11-3 Psychological characteristics at randomisation (week -1) continued
(8] 00 L= =T | N 167
Table 3.12-1 Dietary Intake of participants at baseline (7 day food diary records)
........................................................................................................................ 168
Table 3.12-2 Habitual fibre intake of participants at baseline.......................... 169
Table 3.12-3 Pearson's product moment correlations across the different
methods used to assess fibre intake.............oooviiiiii e, 169

Table 3.12-4 Changes in macronutrient (g), alcohol (g/d) and fibre intake (g/d)
between participants on Diet A and Diet B assessed using food diary records

(110 ) I 173
Table 3.13-1 Changes in body composition measures assessed using the
BOAPOA ... 178
Table 3.14-1 Mean (SE) fasting blood lipids, glucose, insulin and leptin at
baseline and at the end of the Intervention ...............cccooeiiiiiii e, 179

Table 3.17-1 Eating behaviour characteristics across the intervention period 184
Table 3.18-1 Odds ratios with 95% confidence intervals for ratings of feeling fat

Table 3.18-2 Odds ratios with 95% confidence intervals for ratings of feeling
£5] 1] .1 SRR 187
Table 3.18-3 Odds ratios with 95% confidence intervals for ratings of feeling
LT =T o =] (o PP 188



XX

Table 3.18-4 Odds ratios with 95% confidence intervals for ratings of mental

=11 11T 189
Table 3.18-5 Odds ratios with 95% confidence intervals for ratings of mental

L1 =T0 | 1TSS 190
Table 3.18-6 Odds ratios with 95% confidence intervals for ratings of difficulty
(ol0] g [oT=T 0 (=11 0 [o [T TR TRRRTRTRRTN 191
Table 3.18-7 Odds ratios with 95% confidence intervals for ratings of physical
LELCET0 T2 192
Table 3.18-8 Odds ratios with 95% confidence intervals for ratings of
headaChes ... 193
Table 3.18-9 Odds ratios with 95% confidence intervals for ratings of bowel pain
........................................................................................................................ 195
Table 3.18-10 Odds ratios with 95% confidence intervals for ratings of

(o10] 4153 1] o=V o] o TP 196
Table 3.18-11 Odds ratios with 95% confidence intervals for ratings of bloating
........................................................................................................................ 197

Table 3.18-12 Odds ratios with 95% confidence intervals for ratings of

10 T =1 1 o] o PP 198
Table 3.18-13 Odds ratios with 95% confidence intervals for ratings of wind .199
Table 3.18-14 Odds ratios with 95% confidence intervals for ratings of breast

107 010 [T 0 1 1= 200
Table 3.18-15 Odds ratios with 95% confidence intervals for ratings of
NAPPINESS ... 201
Table 3.18-16 Odds ratios with 95% confidence intervals for ratings of stress
........................................................................................................................ 202
Table 3.19-17 Summary of diet*week interactions for symptoms (red indicates
positive outcomes for those oN DIiet B) .........cooovviiiiiiiiii i
Table 3.21-1 Baseline participant characteristics who completed the 1 month
FOHOW-UP (NT49). o 212
Table 3.21-2 Anthropometric, body composition characteristics at randomisation
(week -1 of the intervention), week 12 and at 1 month follow-up (N=49)........ 213
Table 3.21-3 Habitual fibre intake at screening, week 12 and at 1 month follow-
UP (NT49) e 216
Table 3.23-1 Characteristics of participants who returned for 12 month follow-
UP at SCIreeNiNg (N=34). .ouniiiiii e e e e e e eens 231
Table 3.23-2 Anthropometric, body composition characteristics at baseline
(week -1 of the intervention), week 12 and at 12 month follow-up (N=34)...... 232
Table 3.23-3 Habitual fibre intake of participants who returned for follow up at
screening, week 12 and at 12 month follow up (N=34) ...........cuuviriiiiiiiiiinnnnnnne 235
Table 3.23-4 Body shape perception and eating behaviour characteristics at
baseline (week -1), week 12 and at 12 months follow up (N=34) ................... 238

Table 4.6-1 Demographic and weight history of the whole sample (N=314)...281
Table 4.6-2 Weight status and weight history of the whole sample (N=314) ..282



XXi

Table 4.6-3 Characteristics of participants by cluster assignment (less or more

successful at Weight [0SS) ......uuuuiiiiii i e e 284
Table 4.6-4 Weight history, current weight and BMI of participants by cluster

= RS0 ] ] 41T | 285
Table 4.6-5 Behavioural and psychological characteristics (means and standard
deviations) of participants by cluster assignment.............ccccooveeiiiiiiiiiiiinneeenn. 286
Table 5.8-1 Participants’ characteristics at baseline (N=22). .......................... 305
Table 5.8-2 Psychological characteristics of participants assessed before and
after the 12 week weight management programme (N=22)..........cccccceeeeeeennn. 308

Table 6.2-1 Summary of the evidence for candidate affective, cognitive,
behavioural, motivational and physiological predictors of body weight loss
assessed across the systematic review and the three studies presented in this
LTSS PP 321



XXii

LIST OF FIGURES

Figure 2.2.3-1 Study SeleCtion PrOCESS. ... .ouvei et eeeeene 60
Figure 2.28-1 Conceptual framework to illustrate different personal

characteristics linked to weight loss and weight loss maintenance............... 136
Figure 3.3-1 Schematic representation of study phases............................ 144

Figure 3.3-2 Consort figure showing the flow of participants through each phase
of the trial (pre-screening, screening, randomisation and 1 month and 12 month

FOlOW-UP . .o 147
Figure 3.12-1 Changes in DINE scores from screening to the end of the

1Y C=T VL] o1 (o] o [P PP PP 171
Figure 3.12-2 Mean (+/-SE) changes in fibre intake (g/day) assessed using the
LWW-DINE from screening to the end of the intervention ........................... 172
Figure 3.12-3 Mean daily fibre intake (points/day) recorded in the wellbeing
diary booklets for those following Diet B during the intervention phase........... 172

Figure 3.12-4 Mean (+/-SE) changes in fibre intake (g/day) assessed using 3
and 7-day food diary records from screening to the end of the intervention

(NT50) i 174
Figure 3.13-1 Mean (+/-SE) body weight change assessed using the BodPod
from baseline to the end of the iINtervention .............ccccccveeiiiiiiiiiiiiiie 176
Figure 3.13-2 Weight change (kg) for each participant during the 12 week
intervention according to diet QrOUP ......covvviiiiiiiiiiiiiiiiieeeieeeeeeeeeeeeeeeeee e 177
Figure 3.16-1 Mean (+/- SE) changes in body shape perception at baseline and
during the two dietary INtervVeNtioNS ..........ccoovviiiiiiiiiiie e e 183

Figure 3.20-1 Regression lines showing relationship between changes in fasting
leptin from week -1 (V2) to week 12 (V5) and body weight at the end of the
intervention (week 12) for both dietS ..., 207
Figure 3.20-2 Regression lines showing the relationship between baseline leptin
and weight loss during the intervention (V2-V5; positive value indicates weight
[0SS) fOr DOth diets .......cooviiiiiii 208
Figure 3.20-3 Regression line showing the relationship between participants’
age and weight loss during the intervention (V2-V5; positive value indicates
weight l0ss) irrespective of diet group........ccoeveeeeiiieiiiii e, 209
Figure 3.20-4 Regression line showing the relationship between changes in
TFEQ disinhibition during the intervention (+value indicates reduction) and
weight loss during the intervention (V2-V5; positive value indicates weight loss)
fOr DOTH AIET GIrOUPS ...ttt 210
Figure 3.21-1 Mean (+/-SE) body weight change (kg) assessed using
bioimpedance from randomisation (week -1) to 1 month follow-up (N=49).....214
Figure 3.21-2 Weight change (kg) for each participant who attended the 1
month follow-up during the 12 week intervention according to diet group (+
values indicate WeIght 10SS) ........viiiiiiii e 215



XXiii

Figure 3.21-3 Weight change (kg) for each participant who attended the 1
month follow-up from week 12 to 1 month follow-up according to diet group..216
Figure 3.21-4 Changes in DINE scores from screening to 1 month follow-up

(N L 217
Figure 3.21-5 Mean (+/-SE) changes in fibre intake (g/d) assessed using the
LWW-DINE from screening to 1 month follow-up (N=49)........cccccccvrviriiinnnnnn. 218

Figure 3.21-6 Mean (+/- SE) changes in body shape perception from baseline
(week -1) to 1 month follow-up (N=49). Higher scores indicate lower body

SALSTACHION ... 219
Figure 3.21-7 Mean (+/- SE) changes in TFEQ restraint (a), disinhibition (b) and
hunger (c) from baseline (week -1) to 1 month follow-up (N=49).................... 220
Figure 3.21-8 Mean (+/- SE) changes in DEBQ restraint (a), emotional (b) and
external eating (c) from baseline (week -1) to 1 month follow-up (N=49)........ 221
Figure 3.22-1 Regression lines showing the relationship between baseline
fasting leptin and body weight at 1 month follow-up for doth diets.................. 223

Figure 3.22-2 Regression line showing the overall relationship between body
weight at baseline (week -1) and weight loss maintenance (weight change from

V5 to 1 month follow-up) irrespective of diet group ..........cccovvvvviiiiiiiieeeeeeeennns 224
Figure 3.22-3 Regression lines showing the relationship between fasting insulin
levels at week 12 and body weight at 1 month follow-up for doth diets........... 225

Figure 3.22-4 Regression line showing the overall relationship between body
weight at week 12 and weight loss maintenance (weight change from V5 to 1
month follow-up) irrespective Of diet Group ...........eeveeeeiimiiiiiiiiiiiiiiiiiiiiiiiiiiinee 226
Figure 3.22-5 Regression line showing the overall relationship between
changes in BSQ from V5 (week 12) to 1 month follow-up and body weight at 1
month follow-up irrespective of diet group .........ccceeeeiiiiiiiiiiciiii e, 227
Figure 3.22-6 Regression line showing the overall relationship between
changes in DEBQ emotional eating from V5 (week 12) to 1 month follow-up
and body weight at 1 month follow-up irrespective of diet group .................... 228
Figure 3.22-7 Regression lines showing changes in TFEQ disinhibition from V5
(week 12) to 1 month follow-up and weight loss maintenance (weight change

from V5 to 1 month follow-up) for each diet group .........cccccvvvvvviiiiiiiiiiiiininnnnn. 229
Figure 3.23-1 Mean (+/-SE) body weight change (kg) assessed using the
BopPod from baseline (week -1) to 12 month follow up (N=34).........ccc......... 233

Figure 3.23-2 Weight loss (kg) for each participant from baseline (week -1) to 12
month follow up (solid lines represent weight regain and dotted lines weight loss
ANA/OF MAINTENANCE) ...ttt bbaabnnannees 234
Figure 3.23-3 Changes in DINE scores from screening to 12 month follow up

Figure 3.23-4 Mean (+/-SE) changes in fibre intake (g/d) assessed using the
LWW-DINE from screening to 12 month follow up (N=34)........cccccoeevrviininnnns 237
Figure 3.23-5 Mean (+/- SE) changes in body shape perception from baseline
(week -1) to 12 months follow-up (N=34) .....ccoiiiiiiiiii e, 239



XXiv

Figure 3.23-6 Mean (+/- SE) changes in TFEQ restraint (a), disinhibition (b) and
hunger (c) from baseline (week -1) to 12 month follow-up (N=34).................. 240
Figure 3.23-7 Mean (+/- SE) changes in DEBQ restraint (a), emotional (b) and
external eating (c) from baseline (week -1) to 12 month follow-up (N=34)...... 241
Figure 4.3-1 Flow diagram of partiCipants...........ccoooeeeeiiiie e
Figure 5.8-1 Means (SE) body weight before and after the 12 week weight
MaNageMENt PrOGIaMIME. .. ....uuuiiiiiiie et e e e e e e e e e e e e erna e eees 306
Figure 5.8-2 Mean weight loss/gain achieved during the 12 week weight
management programme by each participant (N=22); positive values indicate
WEIGNT IOSS ... e e e 307
Figure 6.2-1 A refined conceptual model to illustrate the different personal
characteristics associated with weight loss and weight loss maintenance......322



ADP
AE
AFA
AFS
ANCOVA
ANOVA
AOAC
BAI
BAQ
BCQ
BDD
BDI
BES
BIA
BIA-O
BIA-Q
BITE
BHF
BMI
BNF
BPSS-R
BRFS
BSFQ
BSQ-34
BSRS

BW

XXV

List of abbreviations

Air Displacement Plethysmography
Adverse Event

Anti-Fat Attitudes Questionnaire
Awakening from sleep

Analysis of Covariance

Analysis of Variance

Association of Official Agricultural Chemists
Beck Anxiety Inventory

Body Attitudes Questionnaire

Body Cathexis Questionnaire

Balanced deficit diet

Beck Depression Inventory

Binge Eating Scale

Body Image Assessment Questionnaire
Body Image Assessment for Obesity
Body Image Avoidance Questionnaire
Bulimic Investigatory Test of Edinburgh
British Heart Foundation

Body Mass Index

British Nutrition Foundation

Body Parts Satisfaction Scale
Behavioural Risk Factor Surveillance System
Bristol Stool Form Scale

Body Shape Questionnaire

Brief Symptom Rating Scale

Body weight



CCK
CES-D
CHO
CVD
DB
DEBQ
DINE
DIQ
DPP
DRT
DTEDS
EAT-24
EBI
EDE-Q

EDI
EDI-BD

EE
EES
E
EPB
EPDQ
EPQ
ESS
ESE

ESES

FF

XXVi

Cholecystokinin

Center For Epidemiological Studies Depression Scale
Carbohydrate

Cardiovascular Disease

Decisional Balance Inventory

Dutch Eating Behaviour Questionnaire

Dietary Instrument for Nutrition Education
Demographic Information Questionnaire
Diabetes Prevention Programme

Diet Readiness Test

Dichotomous Thinking in Eating Disorders Scale
Eating Attitudes Questionnaire

Eating Behaviour Inventory

Eating Disorder Examination-Questionnaire

Eating Disorder Inventory
Eating Disorder Inventory- Body Dissatisfaction

Emotional Eating

Emotional Eating Scale

Eating Inventory

Exercise Perceived Barriers

Eating Pattern Descriptions Questionnaire
Eating Patterns Questionnaire

Exercise Social Support

Exercise Self-Efficacy

Exercise Self-Efficacy Scale

Female

Fermentable Fibre



FFQ
FIT
FPC
GCOS
GHQ
Gl
GLP-1
GSl
HARU
HCCQ
HDL
HSE
HF
HOMA
HLOC
HLP-II
HRQL (SF-36)
IBS
IDED-IV
ISEL
P
IWQOL
KSP
LCD
LDL
LE|

LGI

XXVii

Food Frequency Questionnaire

Fibre Intake Table

Food Preference Checklist

General Causality Orientations Scale
General Health Questionnaire
Glycaemic Index

Glucagon-like peptide-1

Global Severity Index of the SCL-90
Human Appetite Research Unit
Health Care Climate Questionnaire
High-density lipoprotein

Health Survey for England

High Fibre

Homeostatic Model Assessment
Health Locus of Control
Health-Promoting Lifestyle Profile-Il
Health related quality of life- Short form-36
Irritable Bowel Syndrome

Interview for the Diagnosis of Eating Disorders-IV
Interpersonal Support Evaluation List
Inventory of Interpersonal Problems
Impact of Weight on Quality of Life
Karolinska Scales of Personality
Low calorie diet

Low-density lipoprotein

Life Events Inventory

Leeds General Infirmary



LOPAR
LOQ-UE
LS

LWW

M

MAAC
MAC
MACL
MADRS
MAEDS
MAQ
MARS-WL
Md
MBRQ
MBSRQ
MHI

MOS
NACNE
NKT

NHS

OBCS-Shame

OF
OWLQOL
PA

PAQ
PHQ-8

PIS

XXViii

Low Level Physical Activity

Larocque Obesity Questionnaire

Least squares

Leeds Women's Wellbeing

Male

Multiple Affect Adjective Check List

MacAndrews Scale

Mood Adjective Checklist

Montgomery-Asberg Depression Scale

Multiaxial Assessment of Eating Disorder Symptoms
Modifiable Activity Questionnaire

Motivation and Readiness Scale-Weight Loss
Median

Multidimensional Body Relations Questionnaire
Multidimensional Body-Self Regulations Questionnaire
Mental Health Inventory

Medical Outcomes Study;

National Advisory Committee on Nutritional Education
Nutrition Knowledge Test

National Health Service

Objectified Body Consciousness Scale Body-Shame
Obesity Functional health Scale

Obesity and Weight Loss Quality Of Life

physical activity

Physical Activity Questionnaire

Personal Health Questionnaire

Participant Information Sheet



XXiX

POMS Profile of Moods Scale

PSPP Physical Self-Perception Profile

PSQ Perceived Stress Questionnaire

PSS Perceived Stress Scale

PSS Perceived Social Support

PYY Peptide YY

QEWP-R Questionnaire on Eating and Weight Patterns-Revised
QoL Quality of Life

RAQ Relapse Analysis Questionnaire

RCT Randomised controlled trial

RMR Resting Metabolic Rate

RSC Rosenbaum Self-control Schedule

RSE Rosenberg Self-Esteem Scale

SCID-lI Structured Clinical Interview for the Diagnostic and

Statistical Manual

SCL-90-R Symptom Checklist for general psychopathology
SE Standard error

SE Self-efficacy

SEE Self-efficacy for Exercise

SEF Self-efficacy Form

SF Soluble Fibre

SF-36 Short form quality of life

SIAB-EX Structured Interview for Anorexia and Bulimia Nervosa
SIP Sickness Impact Profile

SOC Sense of Coherence

SOP Standard operating procedure

SPAS Social Physique Anxiety Scale



SRQ-E
STA
TAS-20
SMI
socC
TCI
T2DM
TEFQ
TMD
TREMORE
TSRQ
VLCD
VLED
WALI
WBIS
WEL
WDB
WDH
WHO
WL
WLM
WLRT
WPEQ
WRSM
YFAD

Yrs

XXX

Exercise Self-Regulation Questionnaire;
State-Trait Anxiety Inventory

Toronto Alexithymia Scale

Self- Motivation Inventory

Sense of Coherence

Temperament and Character Inventory
Type 2 Diabetes Mellitus

Three Factor Eating Questionnaire
Total Mood Disturbance

Treatment Motivation Readiness Test
Treatment Self-Regulation Questionnaire
Very Low Calorie Diet

Very low energy diet

Weight and Lifestyle Inventory

Weight Bias Internalisation Scale
Weight Efficacy Lifestyle

Wellbeing Diary Booklet

Weight and Diet History Questionnaire
World Health Organisation

Weight loss

Weight loss maintenance

Weight Loss Readiness Tool

Weight Perception Evaluation Questionnaire
Weight Related Symptom Measure
Yale Food Addiction Scale

Years



31

Chapter 1 — General Introduction &Thesis Aims

1.1 Background

Overweight and obesity are amongst the most prevalent non-communicable
diseases in our society (Elfhag & Réssner, 2005). Obesity is linked with increased
risk of cardiovascular disease (CVD), hypertension, type 2 diabetes and certain
types of cancer (Hollis et al., 2008; Lang & Froelicher, 2006). Scarborough et al.
(2011) reported an update of cost estimates of obesity highlighting that the largest
economic burden to the NHS is poor diet and overweight/obesity, which

increased from £3.2 to £5.1 billion per year to the National Health System (NHS).

Modest weight loss of 5-10% of initial body weight (considered a successful
weight change by many professionals), significantly improves CVD risk factors,
lowers blood pressure and lowers blood glucose in diabetic and non-diabetic
people (Hollis et al., 2008; Westerterp, 2004). However, although overweight or
obese individuals might be successful in weight loss in the short term, they find it
extremely difficult to keep weight off for a period greater than 2 years (Gage,
2012). Hence improving a person’s ability to maintain weight loss in the long term
and to prevent weight gain remains a major challenge in the treatment and
management of obesity and overweight (Lang & Froelicher, 2006). Current weight
loss interventions are not very effective over the long term with most people
following programmes of weight loss via diet (with or without physical activity)
and/or behavioural modification regaining all of their weight loss within 5 years
(Wing & Phelan, 2005a). Relapse in obesity is attributed to people’s failure to
adhere to weight loss behaviours, such as the continuation of a healthy eating
diet or increased physical activity (Byrne, 2002; Byrne, Cooper, & Fairburn,
2003). Different physiological, environmental and psychological factors are likely
to interact, contributing to post intervention weight gain (Lang & Froelicher, 2006).
Although success in weight loss maintenance has improved, more research is
needed to elucidate the factors that help individuals to sustain changes in their

food choices necessary for successful weight maintenance (Anderson, Konz,
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Frederich, & Wood, 2001). In addition, there is a lack of research investigating
the factors that are associated with weight loss and/or weight loss maintenance
and relapse in obesity (Byrne et al., 2003). Hence the identification of factors
affecting weight loss and/or weight loss maintenance may enhance our
understanding of the behaviours that are crucial in weight management (Elfhag
& Rossner, 2005).

1.2 Causes of obesity
Obesity is mainly caused by excess energy consumption (dietary intake) relative

to energy expenditure (energy loss via metabolic and physical activity) (Wright &
Aronne, 2012). However, the aetiology of obesity is highly complex and includes
several other factors such as genetic, physiological, environmental,
psychological, social, economic, and even political factors that interact in varying
degrees to promote the development of obesity (Wright & Aronne, 2012). A
systematic review of narrative and systematic review articles that examined
causes of obesity concluded that there is no agreement between studies
regarding the factors that contribute to the obesity epidemic in both adults and
children (Ross, Flynn, & Pate, 2015). Keith et al. (2006) examined the relationship
between obesity and a variety of factors, including physical activity, diet, sleep,
endocrine disruptors, ambient temperature, decreased smoking, use of
medication, distribution of ethnicity and age, maternal age,
intrauterine/intergeneration effects, reproductive fitness (yielding obesity
predisposing genes) and assortative mating (i.e. the non-random mating of
individuals with respect to phenotype and cultural factors). They concluded that
although the effect of these individual factors may be small, their combined effect
may be of great importance (Keith et al., 2006). Stubbs and Lee (2004) also
reviewed studies from the USA, Australia and Europe, to determine the cause of
obesity in adults. They suggested that an increase in food resources and
subsequent consumption, combined with decreases in physical activity, are the

main causes of obesity.
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1.3 Definition of successful weight loss and/or weight
loss maintenance

There is no agreement on the definition of weight loss maintenance in adults,
making comparison between studies difficult (Stevens, Truesdale, McClain, &
Cai, 2006). Various definitions of weight loss maintenance have been used
across a range of studies with some studies(Field et al., 2001; M R Lowe, Foster,
Kerzhnerman, Swain, & Wadden, 2001) using more than one definition in a single
study and justification of the definition rarely being stated (Stevens et al., 2006).
The Clinical Guidelines on the Evaluation and Treatment of Obesity in adults
defined weight loss maintenance as a weight regain less than 3kg in 2 years plus
a sustained reduction in waist circumference of at least 4cm (National Heart,
Lung, and Blood Institute [NHLBI] Guidelines, 2000). The Institute of Medicine
defined weight loss maintenance as losing at least 5% of body weight and
maintaining it for at least one year (Institute of Medicine, National Academy of
Sciences, 1995).

In some studies, weight loss maintenance has been defined as losing at least 5%
of baseline body weight between baseline and follow up and maintaining that
weight for an additional two years (Crawford, Jeffery, & French, 2000). However,
this definition has been criticized, since a weight change of at least 5% leading to
clinically relevant changes, does not necessarily imply that a change of less than
5% has no clinical relevance. Stevens et al. (2006) conducted a review of studies
with a follow up of at least one year and examined definitions of weight
maintenance. After taking into account expert opinions, public health and clinical
applications, different body sizes, measurement error, weight fluctuations (e.g.
fluid retention, menstrual cycle) and biological relevance, they suggested that
long term weight maintenance in adults should be defined as a weight change of
less than 3% of body weight (Stevens et al., 2006). They also recommended that
weight changes of between 3% and 5% should be considered small weight
fluctuations and changes of 5% or greater as clinically relevant (Stevens et al.,
2006). However, other studies have suggested that intentionality should be

added to the definition of successful weight maintenance, as unintentional weight
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loss might occur with different frequencies for different reasons and lead to

different consequences than intentional weight loss.

In a recent review of 22 intervention studies (involving dietary and physical activity
strategies), Barte et al. (2010) aimed to explore the relationship between weight
loss and weight maintenance after at least one year of unsupervised follow up.
They found that maintenance rates were not different between interventions
which achieved 5-10% and >10% weight loss, but mean weight loss differed
between these categories (3.7% vs 7% respectively). Overall, mean percentage
maintenance 1 year after interventions was 54%, similar to other reviews (J W
Anderson et al., 2001; Curioni & Lourenco, 2005) which reported a 50%
maintenance at 1 year follow up and 44% maintenance at 2 year follow up (Barte
et al., 2010). Barte et al. (2010) suggested that a weight loss of 10% or more
should be encouraged above lower initial weight loss (Barte et al., 2010). Weiss
et al. (2007) showed that a greater weight loss was associated with greater weight
regain. Those with a greater percentage of maximum weight lost (more than 20%)
had double the risk of regaining this weight compared with those who lost 10-
15% of their maximum weight (Weiss, Galuska, Kettel Khan, Gillespie, & Serdula,
2007). If people who lose more weight during any intervention are at a higher risk
of regaining this weight later on, then the definition of successful weight loss
and/or weight maintenance needs to be revisited. It might be more beneficial for
people to lose less weight and remain weight stable than to lose more but to
regain it. In particular, weight cycling has been suggested might have negative
effects on psychological factors such as health and wellbeing, binge eating,
eating self-efficacy and depression (Foster, Sarwer, & Wadden, 1997; Petroni et
al., 2007), which in turn could exacerbate further weight regain (Barte et al.,
2010).

Huberman (2012) suggested a new individual-centred definition of successful
weight loss. Based on this definition, successful weight loss is accomplished not
only when people have lost and maintained a significant amount of weight
following any weight management intervention, but also when they are able to
make changes in their life (Huberman, 2012). Overweight and obese people
might want to lose weight for many different reasons. For some, weight loss is

desired for health improvement, whilst for others positive changes on a personal
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and social level are sought. The significant weight loss that might occur is often
the first step in a much longer process toward achieving other life goals. From the
individuals’ perspective, successful weight loss is not measured only in terms of
weight loss or improvements in daily functioning, but also in terms of what they

feel they can achieve as a result of the weight loss (Huberman, 2012).

Taking these issues into account, the estimates of weight loss maintenance
obtained from studies may be unreliable, since they each use different definitions
of weight loss and weight loss maintenance. Therefore, it is important that
researchers reach a consensus on the definition of weight loss/maintenance and
the period on which the estimate is based, so comparability across studies is

made possible.

1.4 Different types of interventions for weight
management
Different approaches have been used to treat obesity with inconsistent evidence

regarding the effectiveness of each. Dietary and/or physical exercise
interventions, meal replacements, pharmacotherapy, surgery or other
behavioural interventions are amongst the most common methods used for
weight management. Studies also differ in terms of whether or not the
intervention or support continued during the maintenance phase, leading to
different conclusions and making comparisons between studies difficult. The
following sections discuss the effects of different weight management

interventions on weight loss and where available for weight loss maintenance.

1.5 Dietary interventions
Weight loss and subsequent weight maintenance is difficult for obese people

despite the variety of treatments available. Different dietary interventions have
been shown to lead to varying amounts of weight loss and weight maintenance
(Abete, Astrup, Martinez, Thorsdottir, & Zulet, 2010). Most people are unable to
maintain weight loss for a long period either due to increased hunger levels and/or
lack of variety in foods consumed (Abete et al., 2010). Although findings from
dietary intervention studies suggest that a low-carbohydrate dietary pattern may
be most effective in inducing weight loss in the short term, there is no conclusive

evidence that one diet is superior to another in the long term (Wu, Gao, Chen, &



36

van Dam, 2009). Alternative dietary strategies including meal replacement
products have, however, been shown to improve compliance with a low calorie
restricted diet (Abete et al., 2010).

Anderson et al. (2001) conducted a meta-analysis of 29 observational studies
examining the effects of structured weight loss programmes on long term weight
loss maintenance for up to 5 years. Thirteen studies used very low energy density
diets (VLED), 14 studies used hypoenergetic balanced diets (HBD) and two
studies used a combination of both. The length of treatment in these studies
ranged from 8 to 30 weeks. When all studies were included, 67% of initial weight
loss was maintained at 1 year and 21% at 5 years (J W Anderson et al., 2001).
Percentage weight loss maintenance was higher after VLEDs than after HBDs,
but the differences were significant only at 1 year. Between 3 and 5 years follow
up, those following VLEDs did not show significant weight regain, whilst those
following HBDs showed continued weight gain. However, Anderson et al.’s
(2001) findings were from observational studies rather than randomised
controlled trials (RCTs) and the studies reviewed did not provide information on

dietary changes during the weight loss and the follow up phase.

Tobias et al. (2016) conducted a systematic review and meta-analysis of 53 RCTs
comparing the long-term effect (=1 year) of low-fat and higher-fat (i.e. low-
carbohydrate) dietary interventions on weight loss. They found that low-
carbohydrate interventions resulted to significantly greater weight loss than low-
fat interventions when groups differed by more than 5% of calories obtained from
fat at follow-up (Tobias et al., 2016). Low-fat interventions were no more
successful than low-carbohydrate interventions in achieving and maintaining
weight loss and they only resulted to a greater weight loss when compared with
usual diet. Similarly, Sackner-Bernstein, Kanter and Kaul (2015) conducted a
meta-analysis of RCTs with =28 weeks follow up, comparing low carbohydrate
(£120gm carbohydrates/day) and low fat diet (£30% energy from fat/day). They
found that both low-carbohydrate and low-fat diets were effective in reducing
weight, but low-carbohydrate diets predicted lower risk of atherosclerotic
cardiovascular disease events (Sackner-Bernstein, Kanter, & Kaul, 2015).
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In conclusion, there is ongoing debate about what types of diet are most effective
for treating overweight or obesity. Several studies showed that low-carbohydrate,
high-protein diets resulted in more weight loss over the course of 3 to 6 months
than conventional high-carbohydrate, low-fat diets, (Foster et al., 2003; Yancy,
Olsen, Guyton, Bakst, & Westman, 2004) but other studies did not show this
effect (Das et al., 2007; Noakes, Keogh, Foster, & Clifton, 2005). Studies that
extended the follow-up to 1 year did not show that low-carbohydrate, high-protein
diets were superior to high-carbohydrate, low-fat diets (Dansinger, Gleason,
Griffith, Selker, & Schaefer, 2005). In general, dietary interventions result in
clinically meaningful weight loss regardless of which macronutrients they

emphasize.

1.6 Physical activity interventions
Interventions that focus on physical activity alone as a method of weight

management have found modest effects, with slightly better outcomes following
interventions that combined both exercise and diet strategies (Catenacci & Wyatt,
2007; Franz et al., 2007). It appears that the effectiveness of physical activity
interventions depends on the level of participants’ engagement with the
intervention (Jakicic, Marcus, Lang, & Janney, 2008). Despite the low
effectiveness of exercise interventions when used alone, it is recommended that
physical activity should be endorsed as part of a healthy lifestyle since physical
activity has important positive effects on lipid levels, insulin sensitivity and CVD
mortality (Franz et al., 2007).

Physical activity might not be a good predictor of initial weight loss but it is argued
that it is critical for weight loss maintenance (Stubbs & Lavin, 2013). However, it
is important that a gradual increase in activity behaviours is promoted since the
majority of the people engaging in physical activity interventions are initially
sedentary, which can result to poor compliance (Stubbs & Lavin, 2013). Physical
activity introduced during the maintenance phase of a behavioural weight loss
study did not lead to less weight regain as compared to a weight focused
maintenance group (weight loss maintenance was based on therapist-led group
problem-solving and not exercise) (Leermakers, Perri, Shigaki, & Fuller, 1999).
Results suggested that poor adherence to physical activity might account for the

poor relationship between physical activity and weight maintenance (Turk et al.,
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2009). Weinsier et al. (2002) found that 77-80 minutes per day of moderate
intensity activity was necessary in order to prevent weight regain following weight

loss.

1.7 Pharmacotherapy
Lifestyle interventions including both diet and exercise modifications are essential

for both prevention and management of obesity. However, pharmacotherapy is
considered if such interventions are ineffective for individuals with a body mass
index (BMI) 230 kg/m? or for those with a BMI 227 kg/m? when co-morbidities,
such as hypertension or type 2 diabetes mellitus are present (Kang & Park, 2012).
Different anti-obesity drugs have been approved for the treatment of obesity;
however, some of them (sibutramine, amphetamine and rimonabant) have been
withdrawn from the market because of their adverse effects (i.e. high risk of
psychiatric disorders and non-fatal myocardial infarction or stroke) (Kang & Park,
2012).

Glazer (2001), in a review of the effectiveness and safety of pharmacotherapy for
the treatment of obesity, reported that in trials of 36 to 52 weeks, people receiving
sibutramine (a serotonin/noradrenaline reuptake inhibitor) had a mean weight
loss of 4.3 kg and those receiving orlistat (a gastrointestinal lipase inhibitor
preventing dietary fat absorption by 30%) 3.4 kg. In Franz et al.” s review (2007),
individuals taking orlistat experienced a mean weight loss of 3.3 kg more than
individuals following lifestyle interventions at 6 months, 3.7 kg more on average
at 12 months, and approximately 3 kg more on average at 24, 26, and 48 months.
Those taking sibutramine experienced a mean weight loss of 3.9 kg more than
lifestyle controls at 6 months, 4.9 kg and 6.1 kg at 12 and 24 months, respectively.
Continuous treatment with orlistat and higher doses were associated with less
weight regain (Turk et al., 2009). Although these medications might be useful in
weight loss/maintenance, their use is linked with adverse side effects.
Sibutramine is linked with increased blood pressure and heart rate and orlistat is
associated with gastrointestinal side effects (Turk et al., 2009). Additionally, these
medications are only approved for a maximum of two years continuous use and

weight regain occurs after stopping the medication (Turk et al., 2009).
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Yanovski and Yanovski (2014) conducted a systematic review of the efficacy of
medications used to treat obesity in adults in USA. Obesity drugs approved for
long-term obesity treatment, resulted in additional weight loss relative to placebo,
when used as an adjunct to lifestyle intervention, ranging from approximately 3%
of initial weight for orlistat and lorcaserin (selective serotonin 2C (5-HT2C)
receptor agonist that reduces body weight by reducing food intake) to 9% for top-
dose (15/92mg) phentermine/topiramate-Extended Release (ER) (combination
drug of low-dose phentermine with a non-standard dose of the antiepileptic
medication topiramate-ER) at 1 year. The proportion of patients achieving
clinically-meaningful (=5%) weight loss ranges from 37—-47% for lorcaserin, 35—
73% for orlistat and 67—70% for top-dose phentermine/topiramate-ER at 1 year.
The FDA suggests that both lorcaserin and phentermine—topiramate should be
discontinued after 12 weeks of treatment if the patient has not lost at least 5% or

3% respectively of the baseline body weight.

Obesity drugs might be a useful alternative to weight management for certain
type of patients. The guidelines for approval and market withdrawal are
considerable barriers to the development of new obesity drugs. More studies are
needed to determine the long-term safety and health effects of obesity
medications in large and diverse patient populations and how they can be

combined with diet/exercise interventions.

1.8 Bariatric surgery
Bariatric surgery is another strategy for managing obesity, considered as an easy

and quick method to lose excess weight (Madura & Dibaise, 2012). It is mainly
adopted by severely obese people, after many unsuccessful attempts to lose
weight using different weight loss methods. Research has shown that weight loss
surgery is the most effective intervention for weight loss for those with a BMI
greater than 40 kg/m? (Hollywood, Ogden, & Pring, 2012). A review and meta-
analysis by Gloy et al. (2013) showed that bariatric surgery leads to greater body
weight loss than non-surgical treatments and higher remission rates of type 2
diabetes and metabolic syndrome. However, data is available for only two years
of follow-up and based on a small number of studies and individuals (Gloy et al.,
2013). Weight loss outcomes following surgery vary across patients and by type

of surgery (Parker, O’'Brien, & Brennan, 2014) with some patients either not
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achieving the desired weight loss or regaining weight at follow up (Hollywood et
al., 2012).. The most commonly used bariatric surgery techniques are Roux-en-
Y gastric bypass, sleeve gastrectomy, and laparoscopic adjustable gastric
banding. Chang et al. (2014) conducted a systematic review and meta-analysis
of 164 studies examining the effectiveness and risks of bariatric surgery. They
found that gastric bypass was more effective in weight loss but associated with
more complications (Chang et al.,, 2014). Adjustable gastric banding was
associated with lower mortality and complication rates and less weight loss than
gastric bypass. Sleeve gastrectomy appeared to be more effective in weight loss

than adjustable gastric banding and similar to gastric bypass (Chang et al., 2014).

Bariatric surgery has become an effective intervention for moderately to severely
obese patients. The benefits of surgery include not only significant weight loss
and metabolic improvements, but also enhanced quality of life for most patients,
although some will face pre- and postoperative psychosocial challenges
(Bagdade & Grothe, 2012). Psychological issues related to diet, self-esteem,
coping, emotional eating and adverse psychological states before and after
surgery are rarely addressed and future interventions should aim to address

these issues.

1.9 Behavioural interventions
Behavioural interventions refer to the techniques and skills that people have to

learn in order to change their behaviours and habits. Abraham and Mitchie (2008)
developed taxonomies in order to identify and characterise specific behavioural
change techniques, which could help researchers identify the active ingredient in
the interventions and assist them in the implementation of the intervention.
Mitchie et al. (2011) revised the 26-item initial taxonomy, which led to the CALO-
RE taxonomy, a list of 40 behavioural change techniques. These techniques
include self-monitoring, problem solving, goal setting, stress management,
cognitive restructuring and prevention training, with little evidence that any one

technique is superior to others (Lang & Froelicher, 2006).

Behavioural interventions can be used alone or in conjunction with other diet or
physical activity interventions and have been found to be effective (Lang &

Froelicher, 2006). Johns et al. (2014) conducted a systematic review and meta-
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analysis examining the effectiveness of eight RCTs of combined (including both
diet and physical activity) behavioural weight management programs (BWMPSs)
targeting weight loss in comparison to single component programmes (diet-only
or physical activity-only), with at least 12 months of follow-up. They found no
significant differences in weight loss from baseline or at 3 to 6 months between
the BWMPs and diet-only arms, but at 12 months, significantly greater weight-
loss was achieved with the combined BWMPs (Johns, Hartmann-Boyce, Jebb, &
Aveyard, 2014). Combined behavioural weight management programmes were
more effective at weight loss both in the short and long term when compared with
physical activity interventions alone. However, evaluation of the evidence
regarding behavioural interventions is difficult, since the terms “behavioural’,
“lifestyle” and/or “multicomponent” are used interchangeably in the literature to
describe either interventions that incorporate both dietary changes and different
behavioural techniques mentioned earlier or interventions that used only

behavioural changes.

A problem with behavioural interventions is that it is difficult to identify which
aspects of the intervention are more important than others for weight loss and/or
weight loss maintenance. Hartmann-Boyce et al. (2014) conducted a systematic
review, meta-analysis and meta-regression of 37 RCTs to examine the
effectiveness of multicomponent behavioural interventions and to examine which
characteristics of the interventions were associated with weight change at 12
months. They found that most behavioural weight loss interventions were
effective, with the more effective ones resulting in an average weight loss of 8kg
in 12 months (Hartmann-Boyce et al., 2014). Counting calories, contact between
participants with a dietitian during the intervention and the use of behaviour
change techniques that involved comparing a participant's behaviour with that of
others were the characteristics which were associated with greater weight loss.
Moreover, these authors highlighted the great heterogeneity amongst
interventions, making comparisons between studies difficult and conclusions

difficult to draw (Hartmann-Boyce et al., 2014).
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In summary, behavioural weight loss programmes are effective for short and long
term weight loss. However, identifying the key aspects of the interventions that

lead to greater effectiveness is still a challenge.

1.10Commercial programmes
Commercial diets are an increasingly popular option for weight management.
Despite the large amount of money spent on popular commercial diets and the
plethora of choices provided to consumers, data on their comparative efficacy is
limited and conflicting (Truby et al., 2006). Weight Watchers (WW), which has
dominated the UK market has circa one million members (Gudzune et al., 2015).
Truby et al. (2006) examined the effectiveness of four commercial weight loss
diets (Atkins’ diet, Slim-Fast plan, WW’ points programme, and Rosemary
Conley’s plan) provided to adults in the UK. WW is based on a food, physical
activity and behaviour modification plan that uses a personalized points system
to encourage diet restriction accompanied by weekly group sessions. Atkin’s is a
4-phase diet based on very low carbohydrate intake, with unlimited protein and
fat consumption. The first phase (induction) includes consumption of >20 grams
of carbs per day for 2 weeks and high-fat, high-protein, diet. The second phase
(balancing) involves adding more nuts, low-carb vegetables and small amounts
of fruit in the diet. The third phase (fine-tuning), which more carbohydrates are
added in the diet as individuals approach their goal weight and fourth phase
(maintenance), whereas unlimited healthy carbs are allowed. Rosemary Conley
is a low fat diet including a weekly group exercise class and Slim-Fast is a meal-
replacement plan. A control group was also included in which participants were
asked to maintain their current diet and physical activity. The study was a six
month multicentre randomised unblinded controlled trial consisting of otherwise
healthy overweight and obese adults. All diets resulted in significant weight loss
over six months (Truby et al., 2006). There were no significant differences
between groups, but weight loss was greater in all groups when compared with
the control group. The Atkins diet resulted in a significantly greater weight loss
during the first four weeks, but by six months it was no more effective than the

other diets.
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Atallah et al. (2014) conducted a systematic review of 26 randomised controlled
trials (RTCs), which examined the effect of Atkins, South Beach (SB), Zone, or
WW on weight loss and cardiovascular risk factors. Zone is a low-carbohydrate
diet suggesting the consumption of low-fat proteins, low-glycaemic load
carbohydrates and small amounts of “good” fat such as olive oil. SB is a 3-phase
modified low-carbohydrate high-protein diet. The first phase involves low-
carbohydrate, high protein diet with healthy, unsaturated fats. In the second
phase 2, foods which were prohibited in the first phase are slowly added until the
goal weight has been reached. The third phase is a maintenance phase whereas
all types of food are allowed in moderation following the principles, which were
introduced in the previous phases. These diets were chosen as a representative
sample of popular commercial diets used by North Americans. Atallah et al.
(2014) argued that evidence for the efficacy of popular commercial diets is limited
and heterogeneous. They argued that Atkins, WW, and Zone achieve modest
and similar long-term weight loss, as well as similar effects on cardiovascular risk
factors (Atallah et al., 2014). Johnston et al. (2014) conducted a network meta-
analysis (a rigorous methodological approach in which multiple treatments are
being compared using both direct comparisons of interventions within
randomized controlled trials and indirect comparisons across trials based on a
common comparator) to examine the efficacy of major commercial diets at 6 and
12 months weight loss. They concluded that low-carbohydrate (e.g. Atkins) and
low-fat (e.g. Ornish) dietary programmes were associated with the greatest
weight loss, with minor weight loss differences between them at 6 month follow-
up (Johnston, Kanters, Bandayrel, & Al, 2014).

Gudzune et al. (2015) reviewed 45 studies (39 RCTs) to examine the efficacy of
commercial or proprietary weight-loss programmes compared with
control/education or behavioural counselling in overweight and obese adults.
They concluded that both WW and Jenny Craig (low calorie meal replacement
plan) were more effective at long term weight loss than both control/education
and counseling interventions, whereas the evidence for Nutrisystem (low calorie
meal replacement with exercise plans) was inconclusive and limited (Gudzune et
al., 2015). They also acknowledged WW as one of the lowest-cost programme

compared with other commercial programmes although estimates do not include
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cost of food. A common limitation with most of the studies included in these

reviews was the failure to report adherence, engagement, or adverse outcomes.

In summary, most calorie-reducing diets result in clinically important weight loss
as long as the diet is maintained (Johnston et al., 2014). Different commercial
diets offer considerable weight loss benefits and people may choose, among
those associated with the largest weight loss, the diet that gives them the least

challenges with adherence.

1.11Weight management programmes provided within the
UK National Health Service (NHS)

In the UK, national guidelines recommend multicomponent weight management
programmes involving calorie deficient diets, physical activity and behavioural
components for the management of patients who are either overweight or obese
(National Institute for Health and Clinical Excellence; NICE, 2006). Despite these
recommendations, the provision of weight management services across the UK
remains patchy and there is limited published evidence of the effectiveness of

such interventions within the National Health Service (NHS).

The Counterweight Programme was a prospective, evidence- and theory-based
intervention for weight management, evaluated in 56 general practices from
seven UK regions (Ross et al., 2008). The Counterweight Programme was
delivered in primary care settings with training of primary care staff provided by a
specialist team. The mean baseline BMI of participants was 37(x 6)kg/m2.The
Counterweight Programme report showed that 31% of patients who completed
the programme achieved = 5% weight loss but this rate of success was reduced
to 13.9% when all patients were included, suggesting high-drop-out rates.
However, this report was an audit rather than an evaluation and there were no

available measured or self-reported weight data for those who dropped out.

Jebb et al. (2011) compared the efficacy of primary care referral to a commercial
programme (WW) with standard care on weight and associated risk factors at 12
months post referral in overweight and obese adults. Participants were recruited

from primary care practices in Germany, in Australia, and in the UK. It was found
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that participants who were referred to the community-based commercial
programme lost more weight than those who received standard care in all three
countries (Jebb et al., 2011). Furthermore, a recent evaluation of primary-care
based interventions concluded that weight management programmes provided
by the NHS were ineffective (Jolly et al., 2011). Jolly et al. (2011) investigated the
effectiveness of several pragmatic interventions in primary care patients recruited
from the NHS. These included random allocation to a number of weight
management providers including commercial, pharmacy and primary care
services. They found that commercial programmes (Weight Watchers and
Rosemary Conley) resulted in significantly greater weight loss than did the
primary care programmes at 12 weeks, which were also the most costly to
provide. However, one major limitation of this study was that where direct body
weight measurement was unavailable due to non-attendance, final body weight

was self-reported.

Logue et al. (2014) evaluated the efficacy of NHS Greater Glasgow and Clyde
Weight Management Service (GCWMS) over 12 months, an integrated service
across primary and secondary care for patients with severe obesity and obesity-
related comorbidities, which included a large number of patients from areas of
high socioeconomic deprivation. NHS GCWMS resulted in 24% of participants
losing 5% of their body weight, when last observation carried forward (LOCF)
analysis was used. When complete cases were considered, 54% of participants
achieved at least 5 kg weight loss at 12 months (Logue, Allardice, Gillies, Forde,
& Morrison, 2014). Overall, men achieved greater weight loss than women. Those
with very high initial weight (>150 kg) also did well with 48% of women and 41%
of men losing 5 kg or more (38% and 26%, respectively losing 5%). The major
strength of this work was that findings came from a very large NHS service
specifically targeting severe and complex obesity (Logue et al., 2014). While
there are many NHS weight management programmes across the UK, the
majority are poorly evaluated or have not been at all, making their effectiveness
difficult to ascertain. This results in a lack of evidence for the commissioning and
decommissioning of these services and does not help in building arguments for
investment in such services at times of financial constraint. However, the major

limitation of weight management service evaluation was the lack of baseline
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characteristics and comprehensive recording of changes in clinical risk factors
(e.g., blood pressure, lipids and glycaemic control) or change in medications. This
is due to the data being from a real-life NHS service rather than a study
population. Therefore, it is essential that a standard methodology is adopted for
the evaluation, analysis and follow-up in weight management programmes in
order to make comparisons between studies easier to assist health authorities to

make informed choices when commissioning weight management services.

1.12Internet-based interventions

The recent increase in access to online services has led to a growth in the use of
the Internet as a platform for weight loss programmes. The Internet has the
potential to overcome limitations associated with traditional weight-loss
interventions (Manzoni, Pagnini, Corti, Molinari, & Castelnuovo, 2011). In addition
to being a source for health information that is accessible 24 hours a day, it offers
a number of novel opportunities for self-help programmes and also allows
healthcare professionals to access and maintain long term contact with large
numbers of individuals in a timesaving and cost-effective manner (Manzoni et al.,
2011).

Neve et al. (2010) carried out a review of 18 studies to examine the effectiveness
of web-based interventions on weight loss and maintenance and identify which
features of web-based interventions are associated with greater weight change
and low attrition rates. Four meta-analyses (each including two or three studies)
suggested that web-based interventions achieve similar weight loss to control or
minimal intervention groups, and web-based interventions with additional
features resulted in greater weight loss than those with education alone. Greater
weight change was observed in web-based weight loss maintenance
interventions as compared with controls (i.e usual care) (Neve, Morgan, Jones,
& Collins, 2010). However, results should be treated with caution due to

heterogeneity of designs and the limited number of comparable studies.

Manzoni et al. (2011) conducted a review examining the efficacy of web-based
interventions in weight loss and/or weight loss maintenance in obese or

overweight individuals. This review was an update to the previous review
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published by Neve et al. (2010). Manzoni et al. (2011) included 8 studies in
addition to the 18 studies included in Neve’s (2009) review, but was unable to
perform a meta-analysis due to the heterogeneity amongst the studies.
Nevertheless, behavioural internet-based interventions, which included
professional feedback and counselling appeared to be more effective in
promoting weight loss than education only web-site programmes (Manzoni et al.,
2011).

Arem and Irwin (2011) reviewed only RCTs (n=9), which examined the efficacy
of Internet-based weight loss and maintenance programmes on weight change.
All studies included were common to Neve’s (2010) and Manzoni’ reviews (2011).
The reviewed studies showed results ranging from no weight loss to an average
weight loss of 4.7 kg (based on intention-to-treat analysis) (Arem & Irwin, 2011) .
Conclusions on the potential impact of Internet-based weight loss programmes
were not feasible due to highly variable study methods between studies, low
adherence rates, minimal use of internet resources and lack of inclusion of a

control group in many studies.

Tang et al. (2014) conducted a systematic review of reviews of the efficacy of
self-directed interventions (including interactive websites, smartphone
applications, and text messaging) on weight loss and weight loss maintenance in
adults. They found that self-directed interventions promoted weight loss.
Individualised feedback, email counselling and online social support were some
of the features which appeared to enhance their effectiveness (Tang, Abraham,
Greaves, & Yates, 2014).

Self-monitoring and peer social support are two features of internet-based weight
loss programmes that have been associated with weight loss (Johnston et al.,
2014). Self-monitoring of weight has been consistently reported as an important
tool for weight control (Lasikiewicz, Myrissa, Hoyland, & Lawton, 2014). Keeping
food or exercise diary records is also associated with successful weight loss and
weight maintenance (Krukowski, Harvey-Berino, Ashikaga, Thomas, & Micco,
2008). It appears to be the act of self-monitoring, which might be related to an

increase in the sense of autonomy (Lasikiewicz et al., 2014), rather than the exact
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approach that affects weight loss outcomes (Johnson & Wardle, 2011). There is
little effect of recording method, for example electronic versus paper diaries (Yon
et al., 2006), the degree of detail recorded (Helsel, Jakicic, & Otto, 2007) or
whether participants receive training in recording or not (Lowe et al., 2008). Peer
social support is perceived to be valuable by many of those using Internet weight
loss programmes and may enhance outcomes and commitment to the
programme (Johnson & Wardle, 2011; Krukowski et al., 2008). However, active
involvement in peer chatrooms and message forums has been reported to be low
(Binks & van Mierlo, 2010) with women using them more than men (Johnson &
Wardle, 2011).

Although the Internet is a novel, feasible delivery tool for weight loss and weight
loss maintenance interventions, it has been relatively underutilized and under
evaluated (Neve et al., 2010). Additionally, the evidence of its effectiveness is
modest due to mixed results, heterogeneity of designs and low generalisability of
findings (Manzoni et al., 2011). Future research in the area should prioritise well-
designed trials that could determine, which features of internet-based
interventions are critical to achieve success in weight loss and weight loss

maintenance.

1.13Comparison amongst different weight loss

interventions
Different approaches have been used to enhance weight loss and weight loss

maintenance with mixed findings, and better outcomes are indicated following
interventions that used multiple intervention methods. Extended contact following
the end of the intervention also seems to also produce better long term outcomes

and improve people’s adherence to eating and/or exercise plans.

Franz et al. (2007) in a review of 80 studies found that interventions that used
diet alone or in combination with exercise and meal replacements resulted in a
mean weight loss of 5 to 8.5kg over a period of 6 months. Weight loss of 3 to 4kg
was maintained at 24, 36, and 48 months. Similar weight loss was observed with
diet and exercise interventions as was observed with weight loss medications,
but at 24 months the weight maintained with weight loss medications was 2 to

5kg more than with diet and exercise interventions (Franz et al.,, 2007).
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Interventions that focused only on exercise or provided advice by means of
booklets and/or weight loss manuals were not very effective in achieving and
maintaining weight loss (Franz et al., 2007). Exercise alone interventions resulted
in a mean 2.4 kg (2.7%) weight loss at 6 months and a mean weight loss of 1.0
kg (1.0%) at 24 months.

Curioni and Lourenco (2005) reported similar findings to Franz et al. (2007). Mean
weight loss achieved was 9.9kg with diet only interventions and 13 kg with diet
and exercise interventions (Curioni and Lourenco, 2005). Although, after one
year, individuals in the diet and exercise groups maintained a mean weight loss
of 6.7 kg compared to 4.5 kg for those in the diet only groups. Furthermore, in
both types of intervention half of the initial weight loss was regained (Curioni and
Lourenco, 2005). In a later review of 18 RCTSs, including interventions that had a
follow up of 2 years or more, it was found that interventions including a combined
diet and exercise programme resulted in greater long term weight loss than
interventions with a diet only programme (Wu et al., 2009). The pooled mean
weight loss was 1.14 kg greater for the diet plus exercise group as compared to
the diet only group (Wu et al., 2009).

Douketis et al. (2005) examined weight loss data following dietary/lifestyle
interventions (with 2 to 4 years follow up) and pharmacological studies (with a
one year follow up) and found that the former interventions resulted in less than
5 kg weight loss, whilst the latter achieved between 5 to 10kg weight loss
(Douketis, Macie, Thabane, & Williamson, 2005). These findings are in
agreement with those of Franz et al. (2007).

In conclusion, research has demonstrated that interventions, which included
combined diet (with or without exercise) and or behavioural modification resulted
in greater long-term weight loss than interventions that only included diet and/or
physical activity programmes. This difference in weight loss appears to be greater
for interventions with a duration longer than 1 year than that for shorter

interventions.
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1.14Factors associated with weight loss and/or weight

loss maintenance and relapse
Maintaining an optimum body weight after weight loss interventions require