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Abstract

Obijective: The objective was to explore whether socioeconomic, health, and behav-
ioral characteristics moderate the effectiveness of a text message intervention with
or without financial incentives versus a control group and to examine differences in
exploratory outcomes.

Methods: This three-group randomized trial including 585 men with obesity com-
pared daily automated behavioral text messages alongside financial incentives, text
messages alone, and a waiting list control for 12 months. Moderator analyses exam-
ined percentage weight change after 12 months for 9 socioeconomic and 11 health
factors. Exploratory outcomes included the following: self-reported physical activity,
sedentary behavior, smoking and alcohol behaviors, engagement in 15 weight-
management strategies, and weight-management-related confidence.

Results: No moderator effects were found by any factors for either comparison ver-
sus control. There were no differences across groups for health behaviors. 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 com-
pared with the control.

Conclusions: The Game of Stones interventions were equally effective across various
subgroups based on socioeconomic, health, or well-being status. Texts with financial
incentives group participants showed better engagement for some intervention ele-
ments. The implementation of Game of Stones is unlikely to increase health inequal-

ities. Future studies should focus on increasing engagement.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.
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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], evi-
dence suggests that men are less likely than women to engage in
weight-management interventions, programs, and services [4].
Gender-sensitized behavioral interventions that take the diverse
needs, experiences, and perspectives of men into account are
needed [5].

Behavioral weight-management interventions seeking volitional
changes in eating behaviors and physical activity remain a cornerstone
of accessible, low-risk obesity treatment. Several behavioral weight-
management interventions for men have started to successfully
engage men and support their weight loss [6, 7]. For example,
interventions delivered at professional sport team locations have suc-
cessfully supported weight loss in men through behavioral weight-
management interventions. These included diverse sporting contexts,
such as football [8], rugby [9], and hockey [10]. However, not all men
are able to attend group-delivered and in-person interventions. As
part of a whole system approach to obesity management, additional
interventions that are inclusive and a minimal burden for participants
and clinical staff are needed.

Text message-delivered behavioral interventions are a scalable,
inclusive, and low-burden form of delivery [11] and show
effectiveness to support weight loss. A systematic review that
included 12 randomized controlled trials reported that text
messaging-based weight-loss interventions showed a mean differ-
ence in weight change of —2.3 (95% confidence interval [CI]: —3.2 to
—1.4) kg compared with control [12]. However, evidence is limited in
terms of representation of men, and few interventions report results
at 12 months or longer. Financial incentives can help men living with
obesity lose weight [13], and the addition of behavior-change tech-
niques and consideration of economic theory can enhance effective-
ness [14, 15]. Financial incentives have been shown to support
clinically significant weight loss in low-income populations living with
obesity [16].

The Game of Stones trial randomized 585 men with obesity to
behavioral text messages with financial incentives, text messages
alone, or a waiting list control group [17]. Findings showed a 4.8%
weight loss at 12 months in participants who received text mes-
sages with financial incentives, which was significantly different
from the control group who lost 1.3% of their baseline weight [18].
The texts alone group lost 2.7%, which was not significantly differ-
ent 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, making it potentially
relevant for service providers serving men interested in self-
directed weight loss supported through text messages with
incentives.

Although the Game of Stones trial results are positive overall,

the intervention outcomes require further examination. It is critical

to ensure that the intervention does not disproportionately affect
vulnerable subgroups, such as those disadvantaged by socioeco-
nomic circumstances or health. Evidence gaps remain for engage-
ment and effectiveness of weight-management interventions in
men living with obesity who also report low socioeconomic status
[19, 20]. A systematic review examining socioeconomic factors in
36 trials of behavioral weight-loss interventions for men found
that only one study examined potential differential intervention
effects across socioeconomic groups [21]. Moreover, to effectively
target individuals who are most likely to benefit from an interven-
tion, it is critical to examine differential effectiveness in relevant
subgroups, including characteristics such as relationship or
employment status.

In addition to examining overall intervention effectiveness on pri-
mary and secondary outcomes, exploratory outcome may provide
additional insights into the impact on intervention processes. For
behavioral weight-management interventions, process-related out-
comes, such as behavior changes, engagement in weight-management
strategies, and psychological cognitions, can clarify the effect an inter-
vention had on weight-change-related factors.

Equitable, inclusive, low-burden, and scalable interventions are
required to address health inequalities associated with obesity and
engage underserved populations. It is important for behavioral
interventions to avoid intervention-generated inequalities and con-
tribute toward improving obesity-related health at a population
level [22]. Moreover, to fully understand the impact of behavioral
weight-management interventions, changes in process outcomes,
such as behavior, engagement in weight-management strategies,
and psychological cognitions, are required. Therefore, this second-
ary analysis of the Game of Stones trial aims to explore whether
baseline socioeconomic, health, and well-being characteristics mod-
erate the effectiveness of the primary outcome of percentage
weight change at 12 months for men with obesity randomized to a
text message intervention with or without financial incentives ver-
sus 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 and
July 2023 in three UK areas: Belfast, Bristol, and Glasgow [17, 18].
Men were invited through family practices, community information,
and social media targeting disadvantaged areas. Overall, 585 men with
body mass index (BMI) 230 kg/m? were recruited.

The three study arms were as follows: 1) daily automated
behavior-focused text messages designed to support weight manage-
ment 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
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maintaining 10% weight loss at 12 months) in comparison with base-
line weight; 2) text messages (as described in 1) alone; or 3) a
12-month waiting list for 3 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 localized web pages 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 [17]. A participant flow diagram also has been pub-
lished [18].

Outcomes and assessments

Outcomes and assessments were based on the Game of Stones feasi-
bility trial [23], which included extensive public, patient, and stake-
holder involvement to assess acceptability and burden of data
collection tools informed by guidance on outcomes in weight-
management trials (standardised reporting of lifestyle weight manage-
ment interventions to aid evaluation [STAR-LITE] [24]), PROGRESS
(i.e., place of residence, race/ethnicity/culture/language, occupation,
gender/sex, religion, education, socioeconomic status, and social capi-
tal)-Plus characteristics [25], and Consolidated Standards of Reporting
Trials (CONSORT) equity reporting guidance [26]. The study balanced
potential academic and participant benefits and harms of data
collection [27].

Baseline data were collected before randomization, and previ-
ously piloted [23] and validated measures were used, as available.
No consensus on the most appropriate measures to evaluate behav-
ioral weight-management interventions in men with obesity cur-
rently exists. Outcomes were selected considering the different
study recruitment routes of community and primary care. Partici-
pants included both men who were not engaging in health services
as well as those with multiple long-term conditions and/or a
disability.

Prespecified subgroup analyses for moderators of the primary
outcome of percentage weight change at 12 months from baseline
were undertaken within three categories: 1) socioeconomic factors; 2)

health and well-being status; and 3) recruitment route.

Socioeconomic 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 the 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 with the three more affluent catego-

ries. Data from England, Scotland, and Northern Ireland were
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classified as per the country-specific methodology for allocation of
IMD subgroup classification [25, 28].

Guidance published by the UK Office for National Statistics [29]
was used to harmonize and score key individual level variables, includ-
ing (participant) education (university degree level or above vs. other
qualification vs. no qualification), living status (living alone vs. living
with others), and relationship status (single vs. married/in a partner-
ship). The harmonized guidance from the Scottish Government [30]
was used to assess working status (in paid work/self-employed
vs. unpaid).

Perceived wealth was assessed using three items [31] (“I feel that
| have enough money,” “| feel that | live in a relatively wealthy
neighbourhood,” and “I feel relatively wealthy compared to others”),
which were scored from O (strongly agree) to 100 (strongly disagree)
and dichotomized into low (<50) and high (251). The perceived wealth
measures were unintentionally reverse scored, with lower scores indi-
cating higher perceived wealth, unlike the original measure in which
higher scores indicate higher perceived wealth.

Financial strain was assessed using one item based on French
(2017) [32] (“How well would you say you yourself are managing
financially these days?”), with five possible response options, dichoto-
mized into easier (“living comfortably,” “doing alright,” and “just about
getting by”) versus harder (“finding it quite difficult” and “finding it
very difficult”).

Health and well-being factors

Quality of life was assessed using the five-level EuroQol-5 Dimension
scale (EQ-5D-5L) overall utility score (dichotomized into high
[>0.4005] vs. low [<0.4005]) and EQ-5D-5L Anxiety and Depression
dimension (dichotomized into low [1-3] vs. high [4, 5]) [33]. The EQ-
5D-5L has excellent psychometric properties across a broad range of
populations, conditions, and settings [34].

Mental well-being was assessed using the Warwick-Edinburgh
Mental Well-Being Scale (WEMWABS) [35] 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), dichotomized into low (<40)
versus high (241). WEMWABS has been shown to be a psychometri-
cally robust scale [35].

Mental health was assessed using four items of the reliable and
validated Patient Health Questionnaire-4 (PHQ-4) [36], consisting of
an anxiety subscale (Generalized Anxiety Disorder-2 [GAD-2],
two items) and a depression subscale (Patient Health Questionnaire-2
[PHQ-2], two items). Items were scored from O (not at all) to 3 (nearly
every day) and summed and dichotomized 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 reliable
and validated Weight Self-Stigma Questionnaire [37] consisting of
12 items (e.g., “I feel guilty because of my weight problems”) scored
from O (completely disagree) to 5 (completely agree) and dichotomized
into high (242) versus low (<41).
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Comorbidities were assessed with the item “Has a doctor ever
told you that you have/had...?” followed by the response options
“a stroke (including ministroke),” “high blood pressure,” “a heart con-
dition such as angina or atrial fibrillation,” “diabetes,” “cancer,”
“arthritis,” and “a mental health condition” (dichotomized into yes for
those reporting at least one comorbidity vs. no for those reporting
none). The presence of multiple long-term conditions was defined as
the coexistence of two or more comorbidities. In addition, a self-
reported mental health condition (yes vs. no) and diabetes (yes vs. no)
were analyzed separately in subgroup analyses.

A variable labeled “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 Anxiety and
Depression dimension, WEMWBS, or Weight Self-Stigma Question-
naire exceeded a threshold suggesting a possible undetected mental
health condition (see previous paragraphs for scoring details).

Self-reported disability was assessed with the two items based on
Office for National Statistics definitions [38]: “Do you have any physi-
cal 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 answer-
ing 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 “every day” (dichotomized into drinking every

day vs. not every day).

Recruitment

Participants were categorized according to the route of recruitment

(community based vs. via general practice).

Secondary exploratory outcomes

Physical activity and sedentary behavior 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 [39].

Smoking status was measured with one item (“Do you currently
smoke or have you ever smoked?”), with response options “yes, | cur-
rently smoke every day,” “yes, | currently smoke, but not every day,”
“yes, | used to smoke but have quit,” and “no, | have never smoked.”

Self-monitoring of activity and weight were assessed with one
item, respectively (“How often do you monitor your steps?” and
“How often do you keep track of your weight by weighing yourself?”),
with six response options ranging from “never” to “every day.”

Weight-management strategies were assessed with the following
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 [40].

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?” and “How
confident are you in your ability to keep lost weight off in the long
term?”), with responses on a 7point scale ranging from 1 (not confi-
dent) 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 to 12 months [18].

Analysis

The primary outcome subgroup modeling 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 interaction
term. Cl values 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 summarized 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 prespecified in the statistical anal-
ysis plan) included obesity-related comorbidity (present vs. absent)
and diabetes (present vs. absent). The confirmatory subgroup analyses
are based on hypothesized directions of effect modification of the
interventions informed by the weight-loss literature [41]. Weight loss
and/or weight-loss maintenance are part of disease management for
many obesity-related comorbidities, for example, diabetes and cardio-
vascular disease. All other prespecified subgroup analyses were desig-
nated as exploratory.

Secondary exploratory outcomes were analyzed using a
generalized linear model suitable for the outcome distribution,
adjusting for recruitment center, recruitment route, and the
baseline measure of the outcome if measured. Cl values for all sec-
ondary outcomes are presented at 97.5% for all secondary
outcomes.

All analyses were conducted as a complete case analysis and did
not impute for missingness in line with the prespecified statistical
analysis plan.

High levels of missingness in the subgroup analyses were
accounted for by introducing a missing group if the missing element

of a variable exceeded 10% of the total responses.

RESULTS

A total of 585 participants were randomized to the texts with financial
incentives group (n = 196), the texts alone group (n = 194), or the
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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 Hoddinott et al. [18]). Partici-
pants had a mean BMI of 37.7 (SD 5.7) and a mean age of 50.7
(SD 13.3) years, with participants’ ages ranging from 19 to 84 years.
Most were of White ethnicity (93%), were married/living with a part-
ner (62%), and reported one or more comorbidities (71%), including
18% of participants overall reporting diabetes.

The main results have been published previously [18]. The overall
mean (SD) percentage weight change was —4.8% (6.1%) for the texts
with financial incentives group, —2.7% (6.3%) for the texts alone
group, and —1.3% (5.5%) for the control group. At the 12-month
follow-up, the texts with incentives group had significantly greater
weight loss (mean difference in percentage change from baseline,
—3.2%; 97.5% Cl: —4.6% to —1.9%; p < 0.001), and the texts alone
group did not have significantly greater weight loss (mean difference
in percentage change from baseline, —0.4%; 97.5% Cl. —2.9% to
0.0%; p = 0.05) compared with the control group.

TABLE 1 Baseline characteristics by treatment allocation.

Texts with incentives

(n = 196)
Age, mean (SD), y; n 50.0 (12.7); 195
Weight and BMI, mean (SD) n=196
Weight, kg 120.3 (20.1)
BMI, kg/m? 38.2(5.9)
Deprivation category, n (%) n =195
Most deprived 48 (25)
More deprived 28 (14)
Deprived 25 (13)
Less deprived 39 (20)
Least deprived 55 (28)
Ethnic Group, n (%) n =190
Asian/Asian British 2(1.1)
Black/African/Caribbean/Black British 3(1.6)
Mixed/multiple ethnic groups 2(1.1)
White 179 (94)
Other 3(1.6)
Prefer not to say 1(0.5)
Comorbidities, n (%) n=196
One or more comorbidities 136 (69)
MLTC 82(42)
Physical or mental disability, n (%) n=193
Disability 60 (31)
Highest educational qualification, n (%) n=182
Degree level or above 92 (51)
Another kind of qualification 90 (49)

Ol O - WILEYL °

Moderator analyses

Confirmatory subgroup analyses found no evidence for an interaction
for the presence of a comorbidity or diabetes for either the texts with
incentives compared with the control group or the texts alone group
compared with the control group (p values for interactions > 0.19;
Table 2; Figures 1,2).

Exploratory subgroup analyses for socioeconomic factors found
no evidence for an interaction for deprivation category, education, liv-
ing status, relationship status, working status, financial strain, per-
ceived wealth, perceived enough money, and perceived neighborhood
wealth for either the texts with incentives group compared with the
control group or the texts alone group compared with the control
group (p values for interactions = 0.02; Table 2; for subgroup analyses
examining change in financial strain, perceived wealth, perceived
enough money, and perceived wealth compared with neighborhood,
see Table S1).

Exploratory subgroup analyses for health and well-being status
found no evidence for an interaction for overall quality of life (EQ-5D-

5L), anxiety/depression (EQ-5D-5L dimensions), mental well-being

Texts alone Waiting list
(n = 194) (n = 195)
51.7 (13.3); 194 50.2 (13.9); 195
n=194 n=195
117.2 (17.9) 118.1 (21.6)
37.3(4.7) 37.8(6.4)
n=192 n=194

36 (19) 50 (26)
37(19) 28 (14)
33(17) 29 (15)

40 (21) 31(16)

46 (24) 56 (29)
n=186 n=188
3(1.6) 6(3.2)
3(1.6) 3(1.6)

- 4(2.1)

174 (94) 172(92)
3(1.6) 2(1.1)
3(1.6) 1(0.5)
n=193 n=194
136 (70) 144 (74)

82 (42) 71(36)
n=193 n=192
47 (24) 58 (30)
n=166 n=174

71 (43) 86 (49)

95 (57) 88 (51)

Abbreviation: MLTC, multiple long-term conditions.
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TABLE 2 Subgroup analyses for percentage weight change at 12 months from baseline.

Analysis type

Texts with
Subgroup incentives Texts alone
category® (n = 146) (n = 128)

Confirmatory analyses: weight change, mean (SD), %; n

Has comorbidity

No —-5.8(5.3);46 —2.4(6.6); 36
Yes —4.3(6.5);,99 —2.9(6.2);92
Has diabetes
No —5.3(6.0); 117 —2.6(6.5); 106
Yes -2.8(6.7);28 —-3.5(5.3); 22
Exploratory analyses: weight change, mean (SD), %; n
Socioeconomic factors
Deprivation category
Less deprived —4.3(5.9); 90 —2.4(6.9); 80
More deprived —5.6 (6.6); 56 —3.4(5.0); 47
Highest educational qualification
No qualification indicated —5.6 (7.3); 10 —3.0(5.3); 15
Degree or above —4.6 (5.8); 70 —3.0(6.8); 49
Other qualification —49 (6.4); 66 —2.5(6.1); 64
Living status
Lives with others —4.6(6.2); 127 —2.5(6.4); 115
Lives alone —58(5.8);18 —4.5(4.8);13
Relationship status
Single —5.0(7.0;,28 —1.8(4.0); 26
Married/partnership —-4.8(5.9); 116 —3.0(6.8); 101
Working status
Not in paid employment ~ —6.0(6.5); 40 —4.0(5.5); 34
Paid/self-employed —4.3(5.9); 103 —2.4(6.6); 89
Financial strain
Easier —4.4(6.0); 127 —2.6(6.3); 114
Harder —8.3(6.6); 15 —4.5(6.8); 11
Perceived wealth
Low —5.4(6.2); 77 —2.8(5.4); 61
High -4.3(6.1); 64 —2.7(7.5);57
Perceived enough money
Low —-4.9(6.7); 71  —2.9(6.0); 50
High -4.9(5.7); 70 —2.7(6.8); 67
Perceived wealth compared with neighborhood
Low —4.9(6.4);, 66 —2.5(4.9); 52
High -4.8(6.0;,75 —2.9(7.4), 68
Health and well-being factors
EQ-5D-5L
Low -7.3(8.6); 14 —-53(7.4) 11
High —4.5(5.8); 131 -2.5(6.1); 117

Control
(n = 152)

—1.7 (6.4); 43
—1.1(5.1); 109

-1.3(5.7); 134
-1.3(3.8); 18

—0.7 (5.0); 95
—2.3(6.1); 56

—2.6(4.1); 14
—0.4(5.3); 73
—2.0(5.8); 65

—1.0(5.4); 133
—2.9(5.6); 19

—1.9(6.0); 31
—1.0(5.3); 116

—1.7 (4.9); 38
—1.1(5.7); 109

-1.1(5.3); 131
-21(7.2); 14

—0.5(4.7); 64
-1.4(6.1); 76

—1.0 (4.6); 58
—0.9 (5.9); 83

—1.6 (4.5); 55

—0.9 (6.2); 88

0.2(6.4);, 7
—1.4(5.5); 142

Texts with incentives
vs. control

Texts alone
vs. control

Interaction effect,
mean difference
(99.5% Cl); p value

1.16 (—3.12 to 5.44); 0.45

2.54 (-2.98 to 8.07); 0.19

0.22 (—3.80 to 4.24); 0.88

—1.06 (—8.60 to 6.49); 0.69
0.09 (—7.49 to 7.67); 0.97

0.61 (—5.38 to 6.59); 0.77

—0.69 (—5.66 to 4.28); 0.69

0.89 (—3.59 to 5.37); 0.58

—2.74 (—9.35 to 3.87); 0.24

2.02 (—2.08 to 6.12); 0.17

—0.08 (—4.20 to 4.04); 0.96

—0.56 (—4.71 to 3.59); 0.70

4.21(-3.90 to 12.33); 0.14

Interaction effect,
mean difference
(99.5% Cl); p value

—0.97 (—5.47 to 3.54); 0.55

—0.96 (—6.73 to 4.82); 0.64

0.71 (—3.47 to 4.89); 0.63

—2.20 (—9.23 to 4.82); 0.38
0.01 (—6.96 to 6.98); 1.00

—0.12 (—6.56 to 6.32); 0.96

—1.85 (—6.93 to 3.23); 0.30

0.81 (—3.87 to 5.48); 0.63

—0.83 (—7.94 to 6.28); 0.74

1.11 (—3.20 to 5.42); 0.47

0.22 (—4.14 to 4.58); 0.89

—1.15 (—5.49 to 3.20); 0.46

4.26 (—4.15 to 12.68); 0.15
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TABLE 2 (Continued)

Obesity [ NEAVY |5 vl B/

Texts with incentives Texts alone
e vs. control vs. control
Texts with Interaction effect, Interaction effect,
Subgroup incentives Texts alone Control mean difference mean difference
category® (n = 146) (n = 128) (n = 152) (99.5% Cl); p value (99.5% Cl); p value
EQ-5D-5L: 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 t0 10.76); 0.67 —1.60 (—11.45 to 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 —-32(62);25 —-04(4.2;28 -246(-7.311t0238);0.15 —1.40(—6.561t0 3.76);0.44
PHQ-4
Low —4.8(6.2); 67 —-22(64);62 —1.5(5.3);80
High -4.9(6.3);37 -26(61);34 —-09(55);33 —046(-541t04.49);0.79 —0.87(—5.90to 4.16); 0.63
Missing? —4.7(6.0,42 -39(6.3);32 —-1.2(58);39 —0.08(—4.77t04.62);0.96 —1.90(—6.84 to 3.05); 0.28
Mental health condition
No —-5.2(5.9); 68 —-25(4.1);67 -1.6(52);79
Yes —3.2(6.6);38 —4.4(8.0);33 —03(6.0);40 0.77 (—3.93t0 5.47); 0.64  —3.22 (—8.06 to 1.63); 0.06
Possibly latent —-57(5.9);39 -13(7.8);28 -1.7(5.3);33 —-0.17 (—5.05 to 4.71); 0.92 1.53 (—3.62 to 6.67); 0.40
MLTC
Absent -4.8(6.1);82 -28(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 to 4.35); 0.83 0.35 (—3.83 to 4.53); 0.81
Disability
No -4.6(6.0;,98 —25(64),95 —1.6(5.4);105
Yes —53(6.6);46 —3.4(58);33 —-04(5.5);,46 —1.84(—6.08t0241);0.22 —2.09 (—6.63 to 2.44);0.19
Weight stigma (WSSQ)
Low —53(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 (—3.61t05.58); 0.54 —1.11(-6.17 to 3.9¢); 0.54

Alcohol frequency

1.9 (2.5); 4

—2.73(—14.26 t0 8.81); 0.51 —2.72 (—17.53 to 12.09); 0.60

—1.2 (6.0); 102

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
Recruitment route
Recruitment
Community —5.0(6.0); 88 —2.5(6.2); 76
GP —4.6 (6.4); 58 —3.0(6.4); 52

—1.4(4.1); 50

0.49 (—3.58 to 4.56); 0.73  —0.32 (—4.53 to 3.88); 0.83

2A 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 Table S2.

Abbreviations: EQ-5D-5L, EuroQol-5 Dimension; GP, general practice; MLTC, multiple long-term conditions; PHQ-4, Patient Health Questionnaire-4;
WEMWABS, Warwick-Edinburgh Mental Well-Being Scale; WSSQ, Weight Self-Stigma Questionnaire.

(WEMWABS), mental health (PHQ-4), self-reported mental health con-
dition, multiple long-term conditions, disability status, weight stigma,
and alcohol consumption for either the texts with incentives com-
pared with the control group or the texts alone group compared with
the control group (p values for interactions = 0.06; Table 2; for sub-
group analyses examining change in social weight loss reported by
participants at 12 months, see Table S1).

Exploratory subgroup analyses for recruitment route found no
evidence for an interaction for either the texts with incentives com-
pared with the control group or the texts alone group compared with
the control group (p value for interactions = 0.73; Table 2).

Secondary outcomes
Health behaviors

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 and the control group (Table 3). Moreover, no statisti-
cally significant differences were found for alcohol consumption and
smoking status between either intervention group and the control
group.
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SRRV Obesity [ 1

Favors Texts+Incentive  Favors Control

Overall ‘ Interaction, (99.5% Cl); p value
Has Comorbidity N
o
Yos 1.16 (-3.12, 5.44); 0.45
Diabetes N
o —_—
Yes u 2.54 (-2.98, 8.07); 0.19
Deprivation Leasta ’
east deprive —
Most deppnved 0.22 (-3.80, 4.24); 0.88
Highest educational qualification |
go qualllicagon indicated 106 (.60, 6.49); 069
egree or above -1.06 (-8.60, 6.49); 0.
. Other qualification ——._I——-— 0.09 (-7.49, 7.67); 0.97
Living status
Lives with others —_—
Lives alone 0.61(-5.38, 6.59); 0.77
Relationship Status Sinal |
ingle
Margned/Pannership —IT_ -0.69 (-5.66, 4.28); 0.69
Working status Unpaid
npai
Pa\%/SeN-employed —_— 0.89 (-3.59, 5.37); 0.58
Financial strain .
asier ——
Harder -2.74(-9.35,3.87); 0.24
Perceived Wealth L —.+
ow
High —_— 2.02 (-2.08, 6.12); 0.17
Perceived Enough money . —.J—
ow
High _—— -0.08 (-4.20, 4.04); 0.96
Wealthy Neighbourhood L
ow
High —_— -0.56 (-4.71, 3.59); 0.70
EQ-5D . N
ow
High RS A — 4.21(-3.90, 12.33); 0.14
EQ-5D: Anxiety/Depression dimension .
ow
High 1.40 (-7.97, 10.76); 0.67
WEMWBS . [
ow —_—
High t -2.46 (-7.31, 2.38); 0.15
PHQ-4 .
o —_—
High -0.46 (-5.41, 4.49); 0.79
- Missing -0.08 (-4.77, 4.62); 0.96
Mental Health condition N T
o ——
Yes t 0.7 (-3.93, 5.47); 0.64
Possibly Latent -0.17 (-5.05, 4.71); 0.92
mMLTC Ab
sent
Present 0.30 (-3.75, 4.35); 0.83
Disability N [
o _——
Yes t -1.84 (-6.08, 2.41); 0.22
wssa .
ow —
High 0.99 (-3.61, 5.58); 0.54
Recruitment Strategy c it
ommuni — o
GP Y 0.49 (-3.58, 4.56); 0.73
Alcohol frequency Not Every _L_
ot Every Da
Every dani? Y t -2.73 (-14.26, 8.81); 0.51

FIGURE 1 Forest plot for subgroup analysis comparing percentage weight loss (99.5% Cl) at 12 months from baseline between the texts

with incentives group and the control group. EQ-5D, EuroQol-5 Dimension scale; MLTC, multiple long-term conditions; PHQ-4, Patient Health
Questionnaire-4; WEMWABS, Warwick-Edinburgh Mental Well-Being Scale; WSSQ, Weight Self-Stigma Questionnaire.

Favors Texts alone

Favors Control

Overall —L—— Interaction, (99.5% Cl); p value
Has Comorbidity N |
o
Yes —_— -0.97 (-5.47, 3.54); 0.55
Diabetes N
o —
Yes ' -0.96 (-6.73, 4.82); 0.64
Deprivation Least d |
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Most deprived 0.71(-3.47, 4.89); 0.63
Highest educational qualification |
No quawicagon indicated 220,023, 4.82) 038
egree or above — -2.20 (- , 4.82);
Olhger qualification ﬂ—_h 0.01(-6.96, 6.98); 1.00
Living status
Lives with others —
Lives alone -0.12 (-6.56, 6.32); 0.96
Relationship Status Singl |
ingle
Maﬁ'\ed/Pannersh\p —.T__ -1.85 (-6.93, 3.23); 0.30
Working status nnaid
npai
Pa%/Sew-employed —_— 0.81 (-3.87, 5.48); 0.63
Financial strain Easi
asier e S——
Harder -0.83 (-7.94, 6.28); 0.74
Perceived Wealth . e
ow —
High ——— 1.11(-3.20, 5.42); 0.47
Perceived Enough money L
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High e 0.22 (-4.14, 4.58); 0.89
Wealthy Neighbourhood .
ow
High :_.—_— 115 (-5.49, 3.20); 0.46
EQ-5D L N
ow
High RS I — 4.26 (-4.15, 12.68); 0.15
EQ-5D: Anxiety/Depression dimension .
ow _—
High -1.60 (-11.45, 8.25); 0.65
WEMWBS . |
ow ———t—
High t -1.40 (-6.56, 3.76); 0.44.
PHQ-4 L
ow ———
High -0.87 ?5 90, 4.16;; 0.63
Missing -1.90 (-6.84, 3.05); 0.28
Mental Health condition N [
o D
Yes t -3.22 (-8.06, 1.63); 0.06
Possibly Latent 1.53 (-3.62, 6.67); 0.40
MLTC Ab
sent —
Present 0.35 (-3.83, 4.53); 0.81
Disability N
o —_—
Yes t -2.09 (-6.63, 2.44); 0.19
wssa L
ow —
High -1.11 (-6.17, 3.96); 0.54
Recruitment Strategy o )
ommunity —
GP S — -0.32 (-4.53, 3.88); 0.83
Alcohol frequency Not B b
ot Every Day —
Every dal)// v t .72 (-17.53, 12.09); 0.60

o -

FIGURE 2 Forest plot for subgroup analysis comparing percentage weight loss (99.5% Cl) at 12 months from baseline between the texts
alone group and the control group. EQ-5D, EuroQol-5 Dimension scale; MLTC, multiple long-term conditions; PHQ-4, Patient Health

Questionnaire-4; WEMWABS, Warwick-Edinburgh Mental Well-Being Scale; WSSQ, Weight Self-Stigma Questionnaire.
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(Continued)

TABLE 3

12 mo

Baseline

Texts with

incentives
(n = 143)

Texts with

incentives
(n = 195)

Texts alone vs.

Texts with incentives

Control

Texts alone
(n=127)

Control

Texts alone
(n = 193)

control (97.5% Cl)

1.2 (0.5 to 3.0)

vs. control (97.5% Cl)

1.4 (0.6 to 3.4)

(n=151)

(n = 193)

Variables

Smoking status (current)®, n/N (%)

8/193 (4.1) 9/191 (4.7) 8/143 (5.6) 4/126 (3.2) 6/151 (4.0)
5/151(3.3)

14/194 (7.2)
7/194 (3.6)

Current smoker (regular)

5/191 (2.6) 5/143 (3.5)

7/193 (3.6)

Current smoker (irregular)

68/191 (35.6) 48/143 (33.6) 63/126 (50.0) 55/151 (36.4)
82/143 (57.3) 85/151 (56.3)

88/193 (45.6)

67/194 (34.5)

Ex-smoker

109/191 (57.1) 59/126 (46.8)

90/193 (46.6)

106/194 (54.6)

Never smoked

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

7/126 (5.6) 5/147 (3.4)

6/142 (4.2)

Decreased

136/147 (92.5)
6/147 (4.1)

116/126 (92.1)

3/126 (2.4)

134/142 (94.4)
2/142 (1.4)

Stayed the same

OBESITY

Increased

3Scores range from O to 7 (none to every day). Each outcome was analyzed using an adjusted linear model.

SECONDARY ANALYSIS: THE GAME OF STONES TRIAL

bDrinking scores range from 1 to 8 (every day to never), and smoking scores range from 1 to 4 (yes, every day to no, never). Both outcomes analyzed using an ordered logit model adjusting for baseline scores.

Weight-management strategies

Nine of the fifteen measured weight-loss strategies (Table 4) investi-
gated showed no differences between the texts with incentives and
control groups. Compared with the control group, participants in the
texts with incentives group were more likely to report self-weighing
(odds ratio [OR] 2.2 [97.5% Cl: 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 with 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 with the
control group, participants in the texts with incentives group were
more likely to report avoiding certain foods (OR 3.0 [97.5% Cl: 1.6-
5.7]), having a weight goal to work toward (OR 4.7 [97.5% Cl: 2.6-
8.5]), reminding oneself of the reasons for trying to lose weight
(OR 3.2 [97.5% Cl: 1.8-5.8]), swapping one type of food for another
(OR 2.1 [97.5% Cl: 1.2-3.6]), and telling others about weight-loss
goals (OR 3.9 [97.5% Cl: 2.2-7.1]). At 12 months, 65.5% of the texts
with incentives group participants reported working toward a weight-
loss goal, compared with 34.6% of control group participants.

Fourteen of the fifteen weight-loss strategies investigated
showed no differences between the texts alone and control groups
(Table 4). Compared with 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% Cl: 1.1-3.5]).

Weight-management-related confidence

Compared with the control group, participants in the texts with incen-
tives group had higher levels of confidence in their ability to lose weight
(adjusted mean difference = 0.6 [97.5% Cl: 0.2-1.0]) and maintain
weight loss (adjusted mean difference = 0.9 [97.5% Cl: 0.5-1.3];
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 clini-
cally important socioeconomic, health, or behavioral moderators of
effectiveness for the intervention effects. Hence, Game of Stones
appears to be equally effective across a variety of different subpopula-
tions within the trial when examining a multitude of prespecified factors
that have been associated with obesity. Based on these findings, the
Game of Stones trial interventions of either behavior-focused text mes-
sages alongside financial incentives or text messages alone are unlikely
to contribute to intervention-generated inequalities [22]. This finding is
in line with a systematic review examining inequalities in the uptake of,
adherence to, and effectiveness of behavioral weight-management

interventions in adults, which found that most trials did not display an
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inequalities’ gradient [20]. However, it should be noted that most trials
in this systematic review were unlikely to have sufficient statistical
power to identify whether inequalities were present.

Compared with other group-based, in-person weight-management
interventions for men living with obesity [8-10], Game of Stones pro-
vides a low-burden behavioral weight-management intervention. The
current study suggests that both Game of Stones intervention groups
may be equally effective in vulnerable groups, including underserved
populations of men from lower socioeconomic groups. Furthermore, no
evidence of differential effectiveness across a variety of health variables
emerged, suggesting that specific targeting of subgroups of men living
with obesity is not required to increase intervention effectiveness.

Future research might further examine how to identify individuals
who are particularly likely to benefit from the intervention compo-
nents beyond the socioeconomic and health factors focused on in the
current study. Moreover, evidence has suggested that text message-
delivered weight-management support is acceptable and feasible for
delivery to postpartum women living with overweight and obe-
sity [42]. Further research could focus on adapting the intervention to
women beyond the childbirth context, particularly focusing on those
from disadvantaged backgrounds.

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 behav-
ior change is critical for the long-term maintenance of behavior change
and weight [43]. 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 incen-
tives reported more goal setting strategies compared with control par-
ticipants. All participants in this study were provided with a
personalized weight-loss goal following baseline measures by calculat-
ing the weight loss required for 5% and 10% weight loss, and it appears
that the provision of financial incentives may have increased the rele-
vance of the goal. Moreover, participants in the texts with incentives
group reported higher levels of weight-management confidence com-
pared with the control group, suggesting that incentives alongside
behavior-focused text messages might activate a variety of psychologi-
cal processes in addition to merely increasing motivation.

Previous evidence has shown that adherence to behavioral
weight-management components is associated with increased weight
loss in remotely delivered interventions [44]. Although the current
intervention components encouraged self-tailoring of weight-loss
strategies based on personal preference and circumstance, future
research should examine how adherence to key strategies may be
optimized, particularly in the texts alone group.

There was no evidence of significant changes in self-reported
health-related behaviors of physical activity, sedentary behavior, alco-
hol consumption, or smoking 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 has sug-

gested that men often value the use of activity-related behaviors for

Ol A D . WILEYL ®

weight management [45, 46]. Website information and text messages
highlighted that dietary change is required to lose weight, but partici-
pants could choose the behavioral 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 with
other studies, and these conditions may pose additional challenges for
physical activity and attending health promotion services.

The current study has several strengths. The comprehensive modera-
tor analyses undertaken were all prespecified and focused on several rele-
vant factors that 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 comorbidities.

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 consid-
ered. This exploratory study presents multiple subgroup and explor-
atory analyses increasing the chance of type | errors. However, we
have some confidence in the largely null findings because the CI
values suggest that we are not likely to be missing a clinically impor-
tant effect size difference among the compared subgroups. Some of
the subgroup classifications might have not been optimal, particularly
when categorizing continuous variables. Several subgroup analyses (e.
g., EQ-5D-5L or alcohol consumption) had imbalances across the
groups. The behavioral 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 socioeconomic, health, or well-being
status. The texts with financial incentives group showed greater
engagement in some weight-management strategies and favorable
changes in weight-management confidence. The implementation of
Game of Stones is unlikely to increase health inequalities.O
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