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Abstract 
 
Objective 
To explore whether socio-economic, health and behavioural characteristics 
moderate effectiveness of a text message intervention with or without financial 
incentives versus a control group, and to examine differences in exploratory 
outcomes. 
 
Methods 
Three-group randomized trial including 585 men with obesity comparing daily 
automated behavioural text messages for 12-months alongside financial incentives; 
text messages alone; or a waiting list control. Moderator analyses examined percent 
weight change after 12 months for 9 socio-economic and 11 health factors.  
Exploratory outcomes included: self-reported physical activity, sedentary behaviour, 
smoking and alcohol behaviours, engagement in 15 weight management strategies, 
and weight-management related confidence. 
 
Results 
No moderator effects were found by any factors for either comparison versus control. 
There were no differences between groups for health behaviours. The texts with 
incentives group had higher levels of engagement in six strategies including weight 
goals, food changes and self-weighing, and higher levels of confidence compared to 
the control group. 
 
Conclusion 
No evidence of differential intervention effectiveness was found across socio-
economic, health or wellbeing status. The texts and financial incentives group 
showed greater engagement in weight management and favourable changes in 
weight management confidence compared to the control group.  
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Introduction 
 
Obesity is increasingly a worldwide problem and elevates the risk of adverse health 
conditions for individuals carrying excess fat on their body(1). Although 
approximately 26% of UK and 43% of US adult men are estimated to be living with 
obesity(2, 3), evidence suggests that men are less likely than women to engage in 
weight management interventions, programmes and services(4). Moreover, evidence 
gaps remain for engagement and effectiveness of weight management interventions 
in men living with obesity, particularly in those who also report low socio-economic 
status(5, 6). 
 
Behavioural weight management interventions seeking volitional changes in eating 
behaviours and physical activity remain a cornerstone of accessible low-risk obesity 
treatment. Equitable, inclusive, low-burden and scalable Interventions are required to 
address health inequalities associated with obesity and engage underserved 
populations. It is important for behavioural interventions to avoid intervention-
generated escalation of inequalities and contribute towards improving obesity-related 
health at a population level(7).  
 
The Game of Stones trial randomized 585 men with obesity to behavioural text 
messages with financial incentives, text messages alone or a waiting list control 
group(8). Findings showed a 4.8% weight loss at 12 months in participants who 
received text messages with financial incentives, which was significantly different 
from the control group who lost 1.3% of their baseline weight(9). The text messages 
alone group lost 2.7% which was not significantly different to the control group. 
Game of Stones is a remotely delivered low-burden intervention with direct in-person 
contact limited to four brief weight assessments over 12 months. Whilst the trial 
results overall are positive, the intervention requires further examination to ensure 
that it does not disproportionately affect vulnerable subgroups, such as those 
disadvantaged by socio-economic circumstances or health; and examine 
effectiveness in relation to exploratory outcomes such as behavioural changes, 
engagement in weight management strategies and psychological variables.  
 
This secondary analysis aims to explore whether baseline socio-economic, health 
and wellbeing characteristics moderate effectiveness of the primary outcome of 
percent weight change at 12 months for men with obesity randomized to a text 
message intervention with, or without, financial incentives versus a control group, 
and to examine differences in exploratory outcomes. 
 
 

Methods 
 
Intervention 
The Game of Stones trial was a three-arm parallel group, assessor blinded 
randomized clinical trial conducted between July 2021 to July 2023 in three UK 
areas: Belfast, Bristol and Glasgow(8, 9). Men were invited through family practices, 
community information and social media targeting disadvantaged areas. Overall, 585 
men were recruited with a body mass index ≥30kg/m2. 
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The three study arms were: i) daily automated behaviour-focused text messages 
designed to support weight management for 12 months alongside loss-framed 
incentives in which money was ‘lost’ from an initial endowment of $490 (£400) by not 
meeting verified weight loss targets (5% at 3 months, 10% at 6 months and 
maintaining 10% weight loss at 12 months), in comparison with baseline weight; ii) 
text messages (as described in i) above) alone; or iii) a 12-month waiting list for 
three months of text messages. All groups received access to a website containing 
evidence-based weight management information and a pedometer at baseline. 
Intervention groups also received localised webpages signposting to services and 
self-monitoring web pages.  
 
The study received ethical approval from the North of Scotland Research Ethics 
Committee 2 [20/NS/0141] and the protocol has been published(8). 
 
Outcomes and assessments 
Outcomes and assessments were based on the Game of Stones feasibility trial(10) 
which included extensive public, patient and stakeholder involvement to assess 
acceptability and burden of data collection tools informed by guidance on outcomes 
in weight management trials (STAR-LIGHT(11)), PROGRESS-Plus 
characteristics(12) and CONSORT equity reporting guidance(13). The study 
balanced potential academic and participants’ benefits and harms of data collection 
(14). 
 
Baseline data were collected before randomisation and used previously piloted(10) 
and validated measures, where available. No consensus on the most appropriate 
measures to evaluate behavioural weight management interventions in men with 
obesity currently exists. Outcomes were selected considering the different study 
recruitment routes of community and primary care. Participants included both 
younger men who were not engaging in health services and older men with multiple 
long-term conditions and disability. 
 
Pre-specified subgroup analyses for moderators of the primary outcome of percent 
weight change at 12 months from baseline were undertaken within three categories: 
i) socio-economic factors; ii) health and wellbeing status, and iii) recruitment route.   
 
Socio-economic factors.  
The assessments of level of disadvantage included use of the Index of Multiple 
Deprivation (IMD) which is a measure of relative deprivation based on UK postcode 
address where participants live, drawing on variables such as income, education and 
crime rates. The IMD can be used to divide the population into five deprivation 
categories which, for the current analysis, were aggregated into the two more 
deprived categories compared to the three more affluent categories. Data from 
England, Scotland and Northern Ireland were classified as per the country-specific 
methodology for allocation of IMD subgroup classification(12, 15). 
 
Guidance published by the UK Office for National Statistics(16) was used to 
harmonise and score key individual level variables including (participant) education 
(university degree level or above versus other qualification versus no qualification), 
living status (living alone versus living with others) and relationship status (single 
versus married/in a partnership). The harmonised guidance from the Scottish 
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Government(17) was used to assess working status (in paid work/self-employed 
versus unpaid). 
 
Perceived wealth was assessed using three items)(18) (e.g. “I feel that I have 
enough money”) scored from 0 (strongly agree) to 100 (strongly disagree) and 
dichotomised into low (≤50) and high (≥51). The perceived wealth measures were 
unintentionally reverse scored, with lower scores indicating higher perceived wealth, 
unlike the original measure where higher scores indicate higher perceived wealth. 
 
Financial strain was assessed using one item based on French (2017) (19) (‘How 
well would you say you yourself are managing financially these days?’ ) with five 
possible response options, dichotomised into easier (‘living comfortably’, ‘doing 
alright’ and ‘just about getting by’) versus harder (‘finding it quite difficult’ and ‘finding 
it very difficult’). 
 
Health and wellbeing factors. 
Quality of life was assessed using the EQ-5D-5L overall utility score (dichotomised 
into high [above 0.4005] versus low [below at 0.4005]) and EQ-5D-5L Anxiety and 
Depression dimension (dichotomised into low [1-3] versus high [4-5])(20).  
 
Mental wellbeing was assessed using the Warwick-Edinburgh Mental Well-being 
Scale (WEMWBS)(21) consisting of 14 items (e.g. “I’ve been feeling optimistic about 
the future”) scored from 1 (none of the time) to 5 (all of the time) dichotomised into 
low (≤40) versus high ≥41). 
 
Mental health was assessed using four items of the Patient Health Questionnaire-4 
(PHQ-4)(22), consisting of an anxiety subscale (GAD-2, 2 items) and a depression 
subscale (PHQ-2, 2 items). Items were scored from 0 (not at all) to 3 (nearly every 
day) and summed and dichotomised into high (≥3 for GAD-2 or PHQ-2) versus low 
(≤2 for GAD-2 or PHQ-2).  
 
Perceived weight-related stigma was assessed using the Weight Self-Stigma 
Questionnaire (WSSQ) (23) consisting of 12 items (e.g. “I feel guilty because of my 
weight problems”) scored from 0 (completely disagree) to 5 (completely agree) and 
dichotomised into high (≥42) versus low (≤41).  
  
Co-morbidities were assessed with the item “Has a doctor ever told you that you 
have/had…?” followed by the response options ‘a stroke (including mini-stroke)’, 
‘high blood pressure’, ‘a heart condition such as angina or atrial fibrillation’, 
‘diabetes’, ‘cancer’, ‘arthritis’, and ‘a mental health condition’ (dichotomised into yes 
for those reporting at least one co-morbidity versus no for those reporting none). The 
presence of multiple long-term conditions (MLTC) was defined as the co-existence of 
two or more co-morbidities. In addition, a self-reported mental health condition (yes 
versus no) and diabetes (yes versus no) were analysed separately in subgroup 
analyses. 
 
A variable labelled ‘Possible Latent Mental Health Condition’ was defined for men 
who did not self-report a mental health condition but whose scores on at least one of 
the PHQ-4, EQ-5D-5L-AD, WEMWBS or WSSQ exceeded a threshold suggesting a 
possible undetected mental health condition (see above for scoring details). 
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Self-reported disability was assessed with the two items based on Office for National 
Statistics definitions(24): “Do you have any physical or mental health conditions or 
illnesses lasting or expected to last 12 months or more?” and “Do any of your 
conditions or illnesses reduce your ability to carry-out day-to-day activities?”. Those 
answering yes to both were defined as having a disability. 
 
Alcohol consumption was measured using a single question (“During the last month, 
how many days did you usually have any kind of drink containing alcohol?”) with 
eight possible response options ranging from ‘Never’ to ‘Everyday’ (dichotomised 
into drinking every day versus not every day). 
 
Recruitment. 
Participants were categorised according to the route of recruitment (community-
based versus via general practice).  
 
Secondary exploratory outcomes. 
Physical activity and sedentary behaviour were assessed from the self-reported 
number of days of vigorous and moderate physical activity and time spent sitting 
respectively, using the International Physical Activity Questionnaire(25).  
 
Smoking status was measured with one item (“Do you currently smoke or have you 
ever smoked?”) with response options ‘Yes, I currently smoke every day’, ‘Yes, I 
currently smoke, but not every day’, ‘Yes, I used to smoke but have quit’, and ‘No, I 
have never smoked’. 
 
Self-monitoring of activity and weight were assessed with one item respectively 
(“How often do you monitor your steps?”, “How often do you keep track of your 
weight by weighing yourself”?) with six response options ranging from ‘Never’ to 
‘Everyday’. 
 
Weight management strategies were assessed with the item: “Which of these 
strategies have you used in the last 12 months to lose weight?”. Participants were 
provided with 13 response options (e.g. “Had a weight goal to work towards”) based 
on evidence of effective strategies for weight management(26). 
 
Confidence in ability to lose weight and confidence in ability to maintain weight loss 
long-term were each assessed with a single item (“How confident are you in your 
ability to lose weight?”, “How confident are you in your ability to keep lost weight off 
in the long term?”), with responses on a 7 point scale ranging from 1 (not confident) 
to 7 (very confident). 
 
Sample size calculation. 
The sample size calculation for this trial was for the primary outcome of percentage 
weight change from baseline and 12 months(9). 
 
Analysis 
The primary outcome subgroup modelling used linear regression adjusted for the 
recruitment areas (Belfast, Bristol, Glasgow) and recruitment route (family practice or 
community), treatment group, the subgroup of interest and a treatment-by-subgroup 
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interaction term. Confidence intervals are presented at 99.5% to reflect the number 
of subgroups tested and the exploratory nature of analysis, equivalent to a stringent 
level of evidence required for significance of p < 0.005. Results are summarised as 
Forest plots of within-subgroup treatment effects and the interaction term testing the 
moderating effect of the subgroup.  
 
Subgroup analyses are split into confirmatory and exploratory. Confirmatory 
subgroup analyses (as pre-specified in the statistical analysis plan) included obesity-
related comorbidity (present versus absent) and diabetes (present versus absent). 
The confirmatory subgroup analyses are based on hypothesized directions of effect 
modification of the interventions informed by the weight-loss literature (27). Weight 
loss and/or weight loss maintenance are part of disease management for many 
obesity-related co-morbidities, e.g. diabetes, cardio-vascular disease. All other pre-
specified subgroup analyses were designated as exploratory. 
 
Secondary exploratory outcomes were analysed using a generalized linear model 
suitable for the outcome distribution, adjusting for recruitment centre, recruitment 
route and the baseline measure of the outcome if measured. Confidence intervals for 
all secondary outcomes are presented at the 97.5% for all secondary outcomes.  
 
Results 

 
A total of 585 participants were randomised to text messaging with financial 
incentives group (n=196), text messaging alone group (n=194), or the waiting list 
control group (n=195), and 73% of participants (n=426) provided weight data at 12 
months. 
 
Key baseline characteristics are reported in Table 1. Intervention groups were 
comparable across trial groups – for information on all assessed baseline 
characteristics see (9). Participants had a mean BMI of 37.7kg/m2 (SD, 5.7) and a 
mean age of 50.7 (SD, 13.3) years. Most were of white ethnicity (93%), married/ 
living with a partner (62%), and reported one or more co-morbidities (71%), including 
18% of participants overall reporting diabetes.  
 
The main results have been published previously(9). The overall mean (SD) percent 
weight change was −4.8% (6.1%) for the financial incentives group, −2.7% (6.3%) for 
the text messaging group, and −1.3% (5.5%) for the control group. At the 12-month 
follow-up, the text messaging with incentives group had significantly greater weight 
loss (mean difference in percentage change from baseline, −3.2%;97.5% CI, −4.6 to 
−1.9; P < .001), and the text messaging alone group did not have significantly 
greater weight loss (mean difference in percentage change from baseline, −.4%; 
97.5%CI, −2.9% to 0.0; P = .05, compared to the control group. 
 
Moderator analyses 
Confirmatory subgroup analyses found no evidence for an interaction for the 
presence of a co-morbidity or diabetes for either the texts with incentives compared 
to the control group, or the texts alone group compared to the control group (p-
values for interactions ≥.19, Table 2, Figures 1 and 2). 
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Exploratory subgroup analyses for socioeconomic factors found no evidence for an 
interaction for deprivation category, education, living status, relationship status, 
working status, financial strain, perceived wealth, perceived enough money, and 
perceived neighbourhood wealth for either the texts and incentives compared to the 
control group, or the texts alone group compared to the control group (p-values for 
interactions ≥.02, Table 2).1 
 
Exploratory subgroup analyses for health and wellbeing status found no evidence for 
an interaction for overall quality of life (EQ-5D-5L), Anxiety/Depression (EQ-5D 
dimensions), mental wellbeing (WEMWBS), mental health (PHQ-4), self-reported 
mental health condition, multiple long-term condition, disability status, weight stigma, 
and alcohol consumption for either the texts with incentives compared to the control 
group, or the texts alone group compared to the control group (p-values for 
interactions ≥.06, Table 2).2 
 
Exploratory subgroup analyses for recruitment route found no evidence for an 
interaction for either the texts with incentives compared to the control group, or the 
texts alone group compared to the control group (p-value for interactions ≥0.73, 
Table 2). 
 
Secondary outcomes 
Health behaviours 
There were no statistically significant differences in self-reported number of days of 
vigorous and moderate physical activity or time spent sedentary between either the 
texts with incentives, or the texts alone groups compared to the control group (Table 
3). Moreover, no statistically significant differences were found for alcohol 
consumption and smoking status between either intervention group compared to the 
control group. 
 
Weight management strategies 
Nine of the 15 measured weight loss strategies (see Table 4) investigated showed no 
differences between the texts with incentives and control groups. Compared to the 
control group, participants in the texts with incentives group were more likely to 
report self-weighing (OR 2.2 [97.5% CI 1.3, 3.5], Table 4). At 12 months, 56.8% of 
the texts with incentives group reported self-monitoring their weight at least once a 
week, compared to 37.7% in the control group. There was no difference in self-
weighing between the texts alone and control groups. Moreover, there was no 
difference in self-monitoring pedometer steps between the control group and either 
the texts with incentives or texts alone groups. Compared to the control group, 
participants in the texts with incentives group were more likely to report avoiding 
certain foods (OR 3.0 (97.5% CI 1.6, 5.7]), having a weight goal to work towards (OR 
4.7 [97.5% CI 2.6, 8.5]), reminding oneself of the reasons for trying to lose weight 
(OR 3.2 [97.5% 1.8, 5.8]), swapping one type of food for another (OR 2.1 [97.5% CI 
1.2, 3.6]), and telling others about weight loss goals (OR 3.9 [97.5% CI 2.2, 7.1]). At 

                                            
1 For subgroup analyses examining change in financial strain, perceived wealth, perceived enough 
money, and perceived wealth compared to neighbourhood see online appendix 1. 
2 For subgroup analyses examining change in social weight loss reported by participants at 12 months 
see online appendix 1. 
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12 months, 65.5% of the texts with incentives group participants reported working 
towards a weight loss goal, compared to 34.6% of control group participants.  
 
Fourteen of the 15 weight loss strategies investigated showed no differences 
between the texts alone and control groups (see Table 4). Compared to the control 
group, participants in the texts alone group were more likely to report looking up 
strategies, tips, and plans on how to lose weight (OR 2.0 [97.5% CI 1.1, 3.5]). 
 
Weight management-related confidence. 
Compared to the control group, participants in the texts with incentives group had 
higher levels of confidence in their ability to lose weight (MD = 0.6 [97.5% CI 0.2, 
1.0]) and maintain weight loss (MD = 0.9 [97.5% CI 0.5, 1.3], see Table 5). There 
were no differences in confidence for weight loss and weight loss maintenance 
between the texts alone and control group. 
 

Discussion 
 
This secondary exploratory analysis found little evidence of any clinically important 
socio-economic, health or behavioural moderators of effectiveness for the 
intervention effects. Hence, Game of Stones appears to be equally effective across a 
variety of different sub-populations within the trial when examining a multitude of pre-
specified factors which have been associated with obesity. Based on these findings, 
the Game of Stones trial interventions of either behaviour-focused text messages 
alongside financial incentives, or text messages alone, are unlikely to contribute to 
intervention generated inequalities (7). This finding is in line with a systematic review 
examining inequalities in the uptake of, adherence to, and effectiveness of 
behavioural weight management interventions in adults, which found that most trials 
did not display an inequalities’ gradient (6). However, it should be noted that most 
trials in this systematic review were unlikely to have sufficient statistical power to 
identify if inequalities were present.  
 
There was evidence of participants engaging in several evidence-based weight 
management strategies, particularly in the texts with financial incentives group. 
Engagement in strategies to facilitate behaviour change is critical for the long-term 
maintenance of behaviour change and weight(28). Participants in the texts with 
financial incentives group reported engaging in more weight management strategies, 
including motivational (e.g. reminding oneself of the reasons for trying to lose weight) 
and action focused strategies (e.g. swapping one type of food for another). Of note is 
that participants provided with financial incentives reported more goal setting 
strategies compared to control participants. All participants in this study were 
provided with a personalised weight loss goal following baseline measures by 
calculating the weight loss required for 5% and 10% weight loss, and it appears that 
the provision of financial incentives may have increased the relevance of the goal. 
Moreover, participants in the texts with incentives group reported higher levels of 
weight management confidence compared to the control group, suggesting that 
incentives alongside behaviour-focused text messages might activate a variety of 
psychological processes in addition to merely increasing motivation. 
 
There was no evidence of significant changes in self-reported health-related 
behaviours of physical activity, sedentary behaviour, alcohol consumption or smoking 
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status, which can affect weight loss. The lack of significant change in physical activity 
at both the moderate and vigorous level is unexpected, given that some evidence 
suggests that men often value the use of activity related behaviours for weight 
management (29, 30). Website information and text messages highlighted that 
dietary change is required to lose weight, but participants could choose the 
behavioural focus most relevant for them. Of relevance, a relatively high proportion 
of participants reported living with multiple long-term conditions and/or a disability 
compared to other studies, and these condition may pose additional challenges for 
physical activity and attending health promotion services.  
 
The current study has several strengths. The comprehensive moderator analyses 
undertaken were all pre-specified and focused on several relevant factors which 
might potentially explain differential effects in important subgroups. Moreover, the 
sample recruited to this trial represents an underserved population of men, 
displaying high levels of obesity, socio-economic disadvantage and obesity related 
co-morbidities.  
 
This study has some limitations. The sample size considerations for this study are 
based on changes in the primary outcome weight change at 12 months only, and the 
current analyses were not considered. This exploratory study presents multiple 
subgroup and exploratory analyses increasing the chance of type I errors. However, 
we have some confidence in the largely null findings since the confidence intervals 
suggest that we are not likely to be missing a clinically important effect size 
difference between the compared subgroups. Some of the subgroup classifications 
might have not been optimal, particularly when categorising continuous variables. 
Several subgroup analyses (e.g. EQ5D or alcohol consumption) had imbalances 
between the groups. The behavioural measures obtained were all self-reported and 
brief to reduce measurement burden and boost study retention, and dietary intake 
was not measured.  
 
Conclusion 
 
The Game of Stones trial suggests equitable effectiveness for all men living with 
obesity regardless of socio-economic, health or wellbeing status. The texts with 
financial incentives group showed greater engagement in some weight management 
strategies and favourable changes in weight management confidence.  
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Figure 1: Forest plot for subgroup analysis comparing percent weight loss 
(99.5% confidence intervals) at 12 months from baseline between the texts with 
incentives group compared to the control group. 
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Figure 2: Forest plot for subgroup analysis comparing percent weight loss 
(99.5% confidence intervals) at 12 months from baseline between the texts 
alone group compared to the control group.  
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Table 1: Baseline characteristics by treatment allocation 
 
 Texts with 

incentives (N=196) 
Texts alone 

(N=194) 
Waiting list 

(N=195) 

Age (yrs) - mean (SD); n 50.0 (12.7); 195 51.7 (13.3); 
194 

50.2 (13.9); 
195 

Weight and Body Mass Index (BMI)  - mean (SD) N = 196 N = 194 N = 195 

Weight (kg) 120.3 (20.1) 117.2 (17.9) 118.1 (21.6) 

BMI (kg/m2)  38.2 (5.9) 37.3 (4.7) 37.8 (6.4) 

Deprivation Category - n (%) N = 195 N = 192 N = 194 

Most deprived 48 (25) 36 (19) 50 (26) 

More deprived 28 (14) 37 (19) 28 (14) 

Deprived 25 (13) 33 (17) 29 (15) 

Less deprived 39 (20) 40 (21) 31 (16) 

Least deprived 55 (28) 46 (24) 56 (29) 

Ethnic Group  - n (%) N = 190 N = 186 N = 188 

Asian/ Asian British 2 (1.1) 3 (1.6) 6 (3.2) 

Black/ African/ Caribbean/ Black British 3 (1.6) 3 (1.6) 3 (1.6) 

Mixed/ multiple ethnic groups 2 (1.1) - 4 (2.1) 

White 179 (94) 174 (94) 172 (92) 

Other 3 (1.6) 3 (1.6) 2 (1.1) 

Prefer not to say 1 (0.5) 3 (1.6) 1 (0.5) 

Comorbidities  - n (%) N = 196 N = 193 N = 194 

One or more co-morbidity 136 (69) 136 (70) 144 (74) 

Multiple Long-term Conditions (MLTC) 82 (42) 82 (42) 71 (36) 

Physical or Mental Disability N = 193 N = 193 N = 192 

Disability - n (%) 60 (31) 47 (24) 58 (30) 

Highest Educational Qualification - n (%) N = 182 N = 166 N = 174 

Degree level or above 92 (51) 71 (43) 86 (49) 

Another kind of qualification 90 (49) 95 (57) 88 (51) 
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Table 2: Subgroup analyses for percent weight change at 12 months from baseline 
Analysis type 
Subgroup 
category* 

Texts with Incentives 
(n=146) 

Texts alone 
(n=128) 

Control 
(n=152) 

Texts with Incentives 
versus Control 

Interaction Effect: 
Mean Difference 

(99.5% CI); p value 

Texts alone versus 
Control 

Interaction Effect: Mean 
Difference (99.5% CI); p 

value 
 
Confirmatory analyses – mean % weight change, (SD), n 

Has Comorbidity 
No -5.8 (5.3); 46 -2.4 (6.6); 36 -1.7 (6.4); 43   
Yes -4.3 (6.5); 99 -2.9 (6.2); 92 -1.1 (5.1); 109 

 
1.16 (-3.12, 5.44); 0.45 -0.97 (-5.47, 3.54); 0.55 

Has Diabetes 
No -5.3 (6.0); 117 -2.6 (6.5); 106 -1.3 (5.7); 134   
Yes -2.8 (6.7); 28 -3.5 (5.3); 22 -1.3 (3.8); 18 2.54 (-2.98, 8.07); 0.19 -0.96 (-6.73, 4.82); 0.64 
 
Exploratory Analyses – mean % weight change, (SD), n 

Socio-economic Factors 
Deprivation Category 

Less deprived -4.3 (5.9); 90 -2.4 (6.9); 80 -0.7 (5.0); 95   
More deprived -5.6 (6.6); 56 -3.4 (5.0); 47 -2.3 (6.1); 56 

 
0.22 (-3.80, 4.24); 0.88 0.71 (-3.47, 4.89); 0.63 

Highest Educational Qualification 
No qualification 
indicated 

-5.6 (7.3); 10 -3.0 (5.3); 15 -2.6 (4.1); 14   

Degree or above -4.6 (5.8); 70 -3.0 (6.8); 49 -0.4 (5.3); 73 -1.06 (-8.60, 6.49); 
0.69 

-2.20 (-9.23, 4.82); 0.38 

Other qualification -4.9 (6.4); 66 -2.5 (6.1); 64 -2.0 (5.8); 65 
 

0.09 (-7.49, 7.67); 0.97 0.01 (-6.96, 6.98); 1.00 

Living Status 
Lives with others -4.6 (6.2); 127 -2.5 (6.4); 115 -1.0 (5.4); 133   
Lives alone -5.8 (5.8); 18 -4.5 (4.8); 13 -2.9 (5.6); 19 

 
0.61 (-5.38, 6.59); 0.77 -0.12 (-6.56, 6.32); 0.96 

Relationship Status 
Single -5.0 (7.0); 28 -1.8 (4.0); 26 -1.9 (6.0); 31   
Married/Partnership -4.8 (5.9); 116 -3.0 (6.8); 101 -1.0 (5.3); 116 -0.69 (-5.66, 4.28); 

0.69 
-1.85 (-6.93, 3.23); 0.30 
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Working Status 

Not in paid 
employment 

-6.0 (6.5); 40 -4.0 (5.5); 34 -1.7 (4.9); 38   

Paid/Self-employed -4.3 (5.9); 103 -2.4 (6.6); 89 -1.1 (5.7); 109 
 

0.89 (-3.59, 5.37); 0.58 0.81 (-3.87, 5.48); 0.63 

Financial Strain 
Easier -4.4 (6.0); 127 -2.6 (6.3); 114 -1.1 (5.3); 131   
Harder -8.3 (6.6); 15 -4.5 (6.8); 11 -2.1 (7.2); 14 

 
-2.74 (-9.35, 3.87); 

0.24 
-0.83 (-7.94, 6.28); 0.74 

Perceived Wealth 
Low -5.4 (6.2); 77 -2.8 (5.4); 61 -0.5 (4.7); 64   
High -4.3 (6.1); 64 -2.7 (7.5); 57 -1.4 (6.1); 76 

 
2.02 (-2.08, 6.12); 0.17 1.11 (-3.20, 5.42); 0.47 

Perceived Enough Money 
Low -4.9 (6.7); 71 -2.9 (6.0); 50 -1.0 (4.6); 58   
High -4.9 (5.7); 70 -2.7 (6.8); 67 -0.9 (5.9); 83 

 
-0.08 (-4.20, 4.04); 

0.96 
0.22 (-4.14, 4.58); 0.89 

Perceived Wealth Compared to Neighbourhood 
Low -4.9 (6.4); 66 -2.5 (4.9); 52 -1.6 (4.5); 55   
High -4.8 (6.0); 75 -2.9 (7.4); 68 -0.9 (6.2); 88 -0.56 (-4.71, 3.59); 

0.70 
-1.15 (-5.49, 3.20); 0.46 

 
Health and Wellbeing factors 

EQ-5D-5L 
Low -7.3 (8.6); 14 -5.3 (7.4); 11 0.2 (6.4); 7   
High -4.5 (5.8); 131 -2.5 (6.1); 117 -1.4 (5.5); 142 

 
4.21 (-3.90, 12.33); 

0.14 
4.26 (-4.15, 12.68); 0.15 

EQ-5D: Anxiety/Depression dimension 
Low -4.9 (6.1); 139 -2.7 (6.2); 123 -1.3 (5.4); 144   
High -3.1 (8.4); 6 -3.6 (9.1); 5 -0.7 (6.8); 8 

 
1.40 (-7.97, 10.76); 

0.67 
-1.60 (-11.45, 8.25); 0.65 

WEMWBS 
Low -4.4 (6.1); 107 -2.6 (6.3); 103 -1.4 (5.7); 121   
High -6.1 (6.1); 35 -3.2 (6.2); 25 -0.4 (4.2); 28 

 
-2.46 (-7.31, 2.38); 

0.15 
-1.40 (-6.56, 3.76); 0.44 
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PHQ-4 
Low -4.8 (6.2); 67 -2.2 (6.4); 62 -1.5 (5.3); 80   
High -4.9 (6.3); 37 -2.6 (6.1); 34 -0.9 (5.5); 33 -0.46 (-5.41, 4.49); 

0.79 
-0.87 (-5.90, 4.16); 0.63 

Missing* -4.7 (6.0); 42 -3.9 (6.3); 32 -1.2 (5.8); 39 
 

-0.08 (-4.77, 4.62); 
0.96 

-1.90 (-6.84, 3.05); 0.28 

Mental Health Condition 
No -5.2 (5.9); 68 -2.5 (4.1); 67 -1.6 (5.2); 79   
Yes -3.2 (6.6); 38 -4.4 (8.0); 33 -0.3 (6.0); 40 0.77 (-3.93, 5.47); 0.64 -3.22 (-8.06, 1.63); 0.06 
Possibly Latent -5.7 (5.9); 39 -1.3 (7.8); 28 -1.7 (5.3); 33 

 
-0.17 (-5.05, 4.71); 

0.92 
1.53 (-3.62, 6.67); 0.40 

Multiple Long-term Condition (MLTC) 
Absent -4.8 (6.1); 82 -2.8 (7.2); 73 -1.2 (5.8); 100   
Present -4.8 (6.2); 63 -2.7 (4.9); 55 -1.4 (4.7); 52 

 
0.30 (-3.75, 4.35); 0.83 0.35 (-3.83, 4.53); 0.81 

Disability 
No -4.6 (6.0); 98 -2.5 (6.4); 95 -1.6 (5.4); 105   
Yes -5.3 (6.6); 46 -3.4 (5.8); 33 -0.4 (5.5); 46 

 
-1.84 (-6.08, 2.41); 

0.22 
-2.09 (-6.63, 2.44); 0.19 

Weight Stigma (WSSQ) 
Low -5.3 (6.3); 101 -2.6 (4.2); 102 -1.3 (5.2); 116   
High -4.0 (5.7); 42 -3.4 (11.6); 25 -0.9 (6.3); 32 

 
0.99 (-3.61, 5.58); 0.54 -1.11 (-6.17, 3.96); 0.54 

Alcohol Frequency 
Not Every Day -4.8 (6.2); 140 -2.7 (6.3); 125 -1.3 (5.5); 146   
Every day -4.6 (4.6); 5 -2.1 (1.3); 2 1.9 (2.5); 4 -2.73 (-14.26, 8.81); 

0.51 
-2.72 (-17.53, 12.09); 

0.60 
 
Recruitment route 

Recruitment 
Community -5.0 (6.0); 88 -2.5 (6.2); 76 -1.2 (6.0); 102   
GP -4.6 (6.4); 58 -3.0 (6.4); 52 -1.4 (4.1); 50 0.49 (-3.58, 4.56); 0.73 -0.32 (-4.53, 3.88); 0.83 
Note: * a missing subgroup was created if the missing element of a variable exceeded 10% of the total responses, subgroup analyses 
for social weight loss are displayed in Online Appendix 2. 
CI = Confidence Interval, EQ-5D-5L =  EuroQol-5 Dimension 5  Level scale, GP = General practice, n= Number, PHQ-4 = Patient Health 
Questionnaire-4, SD = Standard Deviation, WEMWBS = Warwick-Edinburgh Mental Well-being Scale, WSSQ = Weight Self-Stigma 
Questionnaire.
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Table 3: Health behaviours by treatment allocation at baseline and 12 months 
Variables Baseline 12 Months Texts with 

Incentives 
versus 
Control 

(97.5% CI) 

Texts 
alone 

versus 
Control 

(97.5% CI) 

Texts with 
Incentives 

(N=195) 

Texts 
alone 

(N=193) 

Control 
(N=193) 

Texts with 
Incentives 

(N=143) 
 

Texts 
alone 

(N=127) 

Control 
(N=151) 

Vigorous physical 
activity in past week 
(days)* - mean (SD); 
n 

1.2 (1.6); 
193 

1.3 (1.9); 
192 

1.1 (1.7); 
191 

1.6 (2.0); 
144 

1.5 (1.8); 
127 

1.4 (1.8); 
151 

0.3 (-0.2, 
0.7) 

0.1 (-0.4, 
0.5) 

 
Change in vigorous physical activity from baseline(days) - n/N (%) 

   Decreased    30/141 
(21.3) 

26/126 
(20.6) 

31/148 
(20.9) 

  

   Stayed the Same    58/141 
(41.1) 

53/126 
(42.1) 

71/148 
(48.0) 

  

   Increased    53/141 
(37.6) 

47/126 
(37.3) 

46/148 
(31.1) 

  

Moderate physical 
activity in past week 
(days)* - mean (SD); 
n 

3.4 (2.2); 
194 

3.2 (2.3); 
192 

3.3 (2.3); 
193 

3.8 (2.3); 
144 

3.3 (2.3); 
128 

3.5 (2.2); 
152 

0.4 (-0.1, 
0.9) 

-0.0 (-0.6, 
0.5) 

 
Change in moderate physical activity from baseline(days) - n/N (%) 

   Decreased    42/142 
(29.6) 

45/127 
(35.4) 

53/150 
(35.3) 

  

   Stayed the Same    31/142 
(21.8) 

40/127 
(31.5) 

38/150 
(25.3) 

  

   Increased    69/142 
(48.6) 

42/127 
(33.1) 

59/150 
(39.3) 

 

  

Sedentary behaviour 
in past week (days)* - 
mean (SD); n 

0.6 (0.3); 
191 

0.7 (0.3); 
191 

0.7 (0.3); 
192 

0.6 (0.3); 
142 

0.7 (0.3); 
128 

0.6 (0.3); 
151 

0.0 (-0.0, 
0.1) 

0.0 (-0.0, 
0.1) 

 
Change in sedentary behaviour from baseline(days) - n/N (%) 

 . 
C

C
-B

Y
-N

C
-N

D
 4.0 International license

It is m
ade available under a 

 is the author/funder, w
ho has granted m

edR
xiv a license to display the preprint in perpetuity.

(w
h

ich
 w

as n
o

t certified
 b

y p
eer review

)
preprint 

T
he copyright holder for this

this version posted D
ecem

ber 20, 2024. 
; 

https://doi.org/10.1101/2024.12.19.24319336
doi: 

m
edR

xiv preprint 

https://doi.org/10.1101/2024.12.19.24319336
http://creativecommons.org/licenses/by-nc-nd/4.0/


 

 22 

Variables Baseline 12 Months Texts with 
Incentives 

versus 
Control 

(97.5% CI) 

Texts 
alone 

versus 
Control 

(97.5% CI) 

Texts with 
Incentives 

(N=195) 

Texts 
alone 

(N=193) 

Control 
(N=193) 

Texts with 
Incentives 

(N=143) 
 

Texts 
alone 

(N=127) 

Control 
(N=151) 

   Decreased    70/138 
(50.7) 

69/127 
(54.3) 

76/149 
(51.0) 

  

   Stayed the Same    9/138 (6.5) 14/127 
(11.0) 

16/149 
(10.7) 

  

   Increased    59/138 
(42.8) 

44/127 
(34.6) 

57/149 
(38.3) 

 

  

Frequency of alcohol 
consumption In past 
month^ - n/N (%) 

      0.8 (0.5, 
1.4) 

1.1 (0.6, 
1.8) 

   Everyday 6/195 (3.1) 3/192 (1.6) 6/193 (3.1) 7/143 (4.9) 4/127 (3.1) 3/151 (2.0)   
   5 to 6 times a week 12/195 (6.2) 7/192 (3.6) 7/193 (3.6) 9/143 (6.3) 3/127 (2.4) 6/151 (4.0)   
   3 to 4 times a week 24/195 

(12.3) 
30/192 
(15.6) 

30/193 
(15.5) 

18/143 
(12.6) 

14/127 
(11.0) 

20/151 
(13.2) 

  

   Twice a week a 
week 

33/195 
(16.9) 

37/192 
(19.3) 

36/193 
(18.7) 

22/143 
(15.4) 

25/127 
(19.7) 

28/151 
(18.5) 

  

   Once a week 20/195 
(10.3) 

27/192 
(14.1) 

29/193 
(15.0) 

12/143 (8.4) 19/127 
(15.0) 

23/151 
(15.2) 

  

   2 to 3 times a month 31/195 
(15.9) 

21/192 
(10.9) 

20/193 
(10.4) 

21/143 
(14.7) 

15/127 
(11.8) 

22/151 
(14.6) 

  

   Once a month 18/195 (9.2) 21/192 
(10.9) 

26/193 
(13.5) 

18/143 
(12.6) 

13/127 
(10.2) 

24/151 
(15.9) 

  

   Never 51/195 
(26.2) 

46/192 
(24.0) 

39/193 
(20.2) 

36/143 
(25.2) 

34/127 
(26.8) 

25/151 
(16.6) 

  

 
Change in alcohol consumption from baseline - n/N (%) 

   Decreased    35/142 
(24.6) 

40/126 
(31.7) 

48/149 
(32.2) 

  

   Stayed the Same    82/142 
(57.7) 

65/126 
(51.6) 

80/149 
(53.7) 

  

   Increased    25/142 21/126 21/149   
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Variables Baseline 12 Months Texts with 
Incentives 

versus 
Control 

(97.5% CI) 

Texts 
alone 

versus 
Control 

(97.5% CI) 

Texts with 
Incentives 

(N=195) 

Texts 
alone 

(N=193) 

Control 
(N=193) 

Texts with 
Incentives 

(N=143) 
 

Texts 
alone 

(N=127) 

Control 
(N=151) 

(17.6) (16.7) (14.1) 
 

Smoking Status 
(current)^ - n/N (%) 

      1.4 (0.6, 
3.4) 

1.2 (0.5, 
3.0) 

   Current smoker 
(regular) 

14/194 (7.2) 8/193 (4.1) 9/191 (4.7) 8/143 (5.6) 4/126 (3.2) 6/151 (4.0)   

   Current smoker 
(irregular) 

7/194 (3.6) 7/193 (3.6) 5/191 (2.6) 5/143 (3.5) - 5/151 (3.3)   

   Ex-smoker 67/194 
(34.5) 

88/193 
(45.6) 

68/191 
(35.6) 

48/143 
(33.6) 

63/126 
(50.0) 

55/151 
(36.4) 

  

   Never smoked 106/194 
(54.6) 

90/193 
(46.6) 

109/191 
(57.1) 

82/143 
(57.3) 

59/126 
(46.8) 

85/151 
(56.3) 

  

 
Change in smoking status from baseline - n/N (%) 

   Decreased    6/142 (4.2) 7/126 (5.6) 5/147 (3.4)   
   Stayed the Same    134/142 

(94.4) 
116/126 
(92.1) 

136/147 
(92.5) 

  

   Increased    2/142 (1.4) 3/126 (2.4) 6/147 (4.1)   
* scores range from 0-7 (None to everyday). Each outcome was analyzed using an adjusted linear model. ^ drinking scores range from 1-8 (Everyday to never) and 
smoking scores ranging from 1-4 (yes, everyday to no, never). Both outcomes analyzed using an ologit model adjusting for baseline scores 
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Table 4: Weight management strategies by treatment allocation at baseline and 12 months 
Variables - 
n/(N); % 

Baseline 12 Months Texts with Incentives 
versus Control Odds 

Ratio (97.5% CI) 

Texts alone 
versus Control 

Odds Ratio 
(97.5% CI) 

Texts with 
Incentives 

(N=196) 

Texts 
alone 

(N=194) 

Control 
(N=195) 

Texts with 
Incentives 

(N=145) 

Texts 
alone 

(N=128) 

Control 
(N=153) 

 
How often do you keep track of your weight by weighing yourself?* 

   Never 28/194 
(14.4) 

38/192 
(19.8) 

30/193 
(15.5) 

16/141 
(11.3) 

16/127 
(12.6) 

19/151 
(12.6) 

2.2 (1.3, 3.5) 1.2 (0.7, 1.9) 

   Less than once 
a month 

59/194 
(30.4) 

59/192 
(30.7) 

57/193 
(29.5) 

14/141 
(9.9) 

33/127 
(26.0) 

39/151 
(25.8) 

  

   Once a month 29/194 
(14.9) 

31/192 
(16.1) 

33/193 
(17.1) 

31/141 
(22.0) 

32/127 
(25.2) 

36/151 
(23.8) 

  

   Once a week 50/194 
(25.8) 

41/192 
(21.4) 

53/193 
(27.5) 

40/141 
(28.4) 

27/127 
(21.3) 

34/151 
(22.5) 

  

   A few times a 
week 

21/194 
(10.8) 

18/192 
(9.4) 

12/193 
(6.2) 

24/141 
(17.0) 

15/127 
(11.8) 

13/151 
(8.6) 

  

   Everyday 7/194 (3.6) 5/192 
(2.6) 

8/193 
(4.1) 

16/141 
(11.3) 

4/127 
(3.1) 

10/151 
(6.6) 

  

 
How often do you monitor your steps?* 

   Never 51/147 
(34.7) 

49/143 
(34.3) 

34/144 
(23.6) 

38/142 
(26.8) 

31/126 
(24.6) 

45/151 
(29.8) 

1.2 (0.7, 2.2) 1.7 (0.9, 3.1) 

   Less than once 
a month 

6/147 (4.1) 15/143 
(10.5) 

11/144 
(7.6) 

13/142 
(9.2) 

18/126 
(14.3) 

8/151 (5.3)   

   Once a month 5/147 (3.4) 6/143 
(4.2) 

8/144 
(5.6) 

5/142 (3.5) 6/126 
(4.8) 

7/151 (4.6)   

   Once a week 6/147 (4.1) 7/143 
(4.9) 

8/144 
(5.6) 

6/142 (4.2) 5/126 
(4.0) 

11/151 
(7.3) 

  

   A few times a 
week 

30/147 
(20.4) 

21/143 
(14.7) 

30/144 
(20.8) 

28/142 
(19.7) 

17/126 
(13.5) 

24/151 
(15.9) 

  

   Everyday 49/147 
(33.3) 

45/143 
(31.5) 

53/144 
(36.8) 

52/142 
(36.6) 

49/126 
(38.9) 

56/151 
(37.1) 

  

 
Strategies used in past 12 months to lose weight^ 

   Looked up 106/196 95/193 106/195 63/145 60/128 52/153 1.6 (0.9, 2.8) 2.0 (1.1, 3.5) 
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strategies, tips, 
plans on how to 
lose weight 

(54.1) (49.2) (54.4) (43.4) (46.9) (34.0) 

   Avoided certain 
foods 

157/196 
(80.1) 

147/193 
(76.2) 

145/195 
(74.4) 

119/145 
(82.1) 

88/128 
(68.8) 

93/153 
(60.8) 

3.0 (1.6, 5.7) 1.4 (0.8, 2.5) 

   Had a weight 
goal to work 
towards 

71/196 
(36.2) 

76/193 
(39.4) 

80/195 
(41.0) 

95/145 
(65.5) 

59/128 
(46.1) 

53/153 
(34.6) 

4.7 (2.6, 8.5) 1.8 (1.0, 3.3) 

   Reminded 
yourself of the 
reasons you're 
trying to lose 
weight 

117/196 
(59.7) 

120/193 
(62.2) 

110/195 
(56.4) 

109/145 
(75.2) 

75/128 
(58.6) 

78/153 
(51.0) 

3.2 (1.8, 5.8) 1.3 (0.7, 2.4) 

   Swapped one 
type of food for 
another 

98/196 
(50.0) 

94/193 
(48.7) 

100/195 
(51.3) 

68/145 
(46.9) 

49/128 
(38.3) 

51/153 
(33.3) 

2.1 (1.2, 3.6) 1.4 (0.8, 2.5) 

   Swapped one 
type of drink for 
another 

94/196 
(48.0) 

90/193 
(46.6) 

95/195 
(48.7) 

55/145 
(37.9) 

48/128 
(37.5) 

47/153 
(30.7) 

1.5 (0.8, 2.6) 1.5 (0.8, 2.7) 

   Told others 
about your 
weight loss goals 

71/196 
(36.2) 

72/193 
(37.3) 

74/195 
(37.9) 

64/145 
(44.1) 

29/128 
(22.7) 

29/153 
(19.0) 

3.9 (2.2, 7.1) 1.4 (0.7, 2.8) 

   Used a book, 
website, or app 

83/196 
(42.3) 

78/193 
(40.4) 

90/195 
(46.2) 

50/145 
(34.5) 

40/128 
(31.2) 

53/153 
(34.6) 

1.1 (0.6, 2.0) 0.9 (0.5, 1.7) 

   Checked the 
portion size of 
things you eat 

94/196 
(48.0) 

101/193 
(52.3) 

108/195 
(55.4) 

84/145 
(57.9) 

75/128 
(58.6) 

74/153 
(48.4) 

1.7 (1.0, 2.9) 1.6 (0.9, 2.9) 

   Kept track of 
the 
calorie/nutritional 
content of the 
things you eat 
and drink 

78/196 
(39.8) 

78/193 
(40.4) 

87/195 
(44.6) 

59/145 
(40.7) 

43/128 
(33.6) 

50/153 
(32.7) 

1.7 (1.0, 3.2) 1.2 (0.6, 2.3) 

   Used a weight 
loss service to 
help me manage 

31/196 
(15.8) 

30/193 
(15.5) 

49/195 
(25.1) 

10/145 
(6.9) 

5/128 
(3.9) 

15/153 
(9.8) 

0.9 (0.3, 2.5) 0.5 (0.1, 1.8) 
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my weight 
   Cut down on 
alcohol 

75/196 
(38.3) 

80/193 
(41.5) 

87/195 
(44.6) 

55/145 
(37.9) 

53/128 
(41.4) 

56/153 
(36.6) 

1.3 (0.7, 2.4) 1.3 (0.7, 2.4) 

   Increased the 
amount of 
physical activity, 
sport or exercise 
that you were 
doing 

136/196 
(69.4) 

124/193 
(64.2) 

129/195 
(66.2) 

97/145 
(66.9) 

77/128 
(60.2) 

79/153 
(51.6) 

1.9 (1.1, 3.4) 1.4 (0.8, 2.6) 

   None 10/196 
(5.1) 

12/193 
(6.2) 

9/195 
(4.6) 

1/145 (0.7) 1/128 
(0.8) 

12/153 
(7.8) 

0.1 (0.0, 0.8) 0.1 (0.0, 1.1) 

   Another 
Strategy 

78/167 
(46.7) 

56/160 
(35.0) 

62/162 
(38.3) 

33/115 
(28.7) 

25/98 
(25.5) 

36/128 
(28.1) 

1.1 (0.6, 2.2) 0.9 (0.4, 1.8) 

* scores range from 1-6 (Never to Everyday). Each outcome analyzed using an ordered logit model. ^ Each outcome analyzed using a binomial glm 
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Table 5: Confidence in weight management abilities by treatment allocation at baseline and 12 months 
 Baseline 12 Months Texts with 

Incentives versus 
Control 

MD (97.5% CI) 

Texts alone 
versus Control 
MD (97.5% CI) 

Variables - mean 
(SD); n 

Texts with 
Incentives 

(N=196) 

Texts 
alone 

(N=193) 

Control 
(N=195) 

Texts with 
Incentives 

(N=145) 

Texts 
alone 

(N=128) 

Control 
(N=152) 

Weight loss 
confidence 

4.2 (1.6); 
195 

4.3 (1.5); 
193 

4.5 
(1.6); 
195 

4.7 (1.6); 
144 

4.3 (1.7); 
127 

4.1 
(1.8); 
152 

0.6 (0.2, 1.0) 0.2 (-0.3, 0.6) 

Weight loss 
maintenance 
confidence 

3.3 (1.6); 
193 

3.4 (1.6); 
191 

3.4 
(1.6); 
195 

4.3 (1.7); 
145 

3.8 (1.8); 
128 

3.4 
(1.6); 
152 

0.9 (0.5, 1.3) 0.3 (-0.1, 0.7) 

* scores range from 1-7 (Not Confident to Very Confident). MD – adjusted mean difference. Each outcome was analyzed using a linear regression model adjusting 
for baseline. 
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