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Summary

Objective: Commercial online weight management programmes are popular and

easily accessible but often lack training in empirically validated behaviour change

strategies and produce suboptimal outcomes. This study evaluated the effects of a

Web-based virtual reality (VR) programme for enhancing behavioural skills training

and weight loss when offered as an adjunct to a commercial online weight

management programme.

Methods: N = 146 adults with overweight/obesity (body mass index [BMI]

27-40 kg/m2) were randomized to 6 months of no-cost access to the Weight

Watchers (WW) online platform alone or enhanced with the Experience Success

(WW + ES) programme, consisting of four Web-based VR sessions for training in

behavioural weight-loss skills related to the home environment, the workplace,

physical activity and social situations (i.e., a party at a friend's house). Weight was

measured at the research centre at baseline, 3 and 6 months.

Results: Both groups achieved statistically significant weight loss across the trial, with

no difference in mean ± standard error (SE) weight loss between WW and WW + ES

at 3 months (2.7 ± 1.1 kg vs. 4.2 ± 1.1 kg, respectively; P = .086) but greater weight

loss in WW + ES at 6 months (2.6 ± 1.3 kg vs. 4.9 ± 1.3 kg, respectively; P = .042).

Conclusions: This study demonstrates the potential of Web-based VR skills training

to enhance outcomes of commercial online weight management programmes that

are widely accessible. Compared with traditional didactic methods for online skills

training, VR simulation provides opportunities to learn behavioural skills via modelling

and experiment with skills in real-world situations. More research is needed to

identify specific behavioural mechanisms by which ES may improve outcomes.
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1 | INTRODUCTION

Gold-standard empirically validated behavioural weight-loss

programmes1 (BWLs) have failed to reach most individuals with

overweight and obesity due to the high cost and limited accessibility

of the frequent in-person treatment sessions they require.2 Commer-

cial online programmes have emerged as a potentially cost-effective

alternative; however, they vary widely in the degree to which they

incorporate evidence-based strategies and skills for weight loss.3

Furthermore, their online format limits the degree to which patients

can benefit from important experiential components of in-person

treatment. In particular, the behaviour change theories that serve as

the foundation for most BWLs, such as Social Cognitive Theory (SCT),

emphasize the importance of modelling (i.e., observing a treatment

provider or peer demonstrate appropriate skills use) and practice

(i.e., attempting and refining loss skills during treatment sessions

before implementing them in real-world settings) that are rarely

replicated online.4 This limited integration of empirically validated

skills training, and the lack of experiential learning, likely contribute to

the historically modest weight losses produced by online weight

management programmes.1 There is thus a need for adjunctive

resources to provide experiential training in empirically validated

weight management strategies in commercial online programmes.

Virtual reality (VR) technology has the potential to address the

aforementioned gaps in commercial online weight management

programmes by facilitating simulated learning experiences.5,6 The

hallmark of VR is ‘a three-dimensional image or environment that can

be interacted with in a seemingly real or physical way.’7 VR can be

highly ‘immersive’ when implemented via specialized equipment, such

as stereoscopic VR goggles, headphones and tactile gloves. Alterna-

tively, VR can be implemented in the form of a three-dimensional

environment that is viewed and navigated using a personal computer

(PC) with online connectivity, which is available to most US adults.

Using VR, individuals can be presented with realistic situations

involving common challenges to weight management. They can see

others model effective use of skills to overcome these challenges (one

of the most fundamental forms of human learning), practice

implementing skills in a realistic way and virtually experience the

consequences of their choices, both positive and negative. Experien-

tial learning methods have been shown to result in deeper and more

persistent learning compared with more didactic methods often

implemented in online weight management programmes, such as skills

training videos or informational Web pages.8–11

Several previous studies have demonstrated the potential of VR

for weight management, but none have specifically aimed to improve

outcomes of commercial online programmes.5,12–16 For example, a

PC-based weight-loss intervention delivered in the virtual world

Second Life that included the opportunity to practice weight-loss skills

and interact with peers produced statistically significant 12-week

weight losses that did not differ from those achieved via in-person

treatment (3.9 vs. 2.8 kg, respectively; P = .29).17 In addition, the

Second Life condition produced superior improvements in weight-

related self-efficacy. Another study with N = 20 found that

participants who received 9 months of weight-loss treatment in

Second Life achieved larger mean weight losses compared with

participants who received 3 months of face-to-face treatment

followed by 6 months of Second Life (14.0% versus 9.5% of initial body

weight, respectively; P < .05).18

In a previous study, our research team developed the standalone

‘Experience Success’ (ES) platform to deliver PC-based VR scenarios

targeting (1) knowledge of barriers that interfere with eating control,

(2) behavioural skills to cope with these barriers, (3) confidence for

using these skills and (4) commitment to using these skills in

real-world situations.19 A single scenario was developed that focused

on eating in social situations, which involved attending a virtual house

party populated with virtual guests. In navigating the party, users

were faced with social challenges such as peer pressure to overeat

and intrusive/negative comments about their weight-loss efforts.

They also faced practical challenges, including building a healthy plate

of food from a potluck buffet. Users were able to observe certain

guests demonstrating skills for coping with these challenges (model-

ling) and experiment with various skills themselves (practice).

In testing at a research centre with N = 37 adults with

overweight/obesity, participants described the scenario as highly real-

istic, and participants reported increased ability to cope with the types

of challenges presented in the scenario. The average of acceptability

and feasibility ratings was 6.5 out of 7, which encompassed compre-

hensibility, credibility, relevance, usefulness, applicability, ease of use,

liking and likelihood of recommending the VR scenario to others.

The purpose of the current study is to describe a more fully

developed ES system that includes three additional scenarios focused

on behavioural weight-loss skills related to the home environment,

the workplace and physical activity and to evaluate its effects on 3-

and 6-month weight losses when provided as an adjunct to a popular

commercial online weight management programme in a small

randomized trial. Change in weight control behaviours, many of which

were targeted by ES, were measured and tested as potential

contributors to change weight loss. Participant engagement was also

measured and tested as a potential contributor to change in weight

control behaviours and weight loss. Lastly, participant satisfaction

with ES was evaluated.

2 | METHODS

2.1 | Participants

Eligibility requirements included English language fluency, age 18 to

70 years, body mass index (BMI) 25 to 45 kg/m2, ability to walk two

blocks unassisted without stopping and access to an Internet-

connected PC. Exclusion criteria included: report of a heart condition,

chest pain during periods of activity or rest or loss of consciousness

on the Physical Activity Readiness Questionnaire;20 report of a medi-

cal condition that would affect the safety and/or efficacy of a weight

management programme involving diet and physical activity; report of

a condition that would render the participant potentially unlikely to
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be able to follow the study protocol for 6 months, including terminal

illness, substance abuse, eating disorder, dementia or other significant

uncontrolled psychiatric problem; current pregnancy, within 6-month

postpartum, or intention to become pregnant within 6 months; plan

to move out of the local geographic area within 6 months; previous

participation in a weight-loss study at the research centre within

2 years; and current use of weight-loss medication, and current partic-

ipation in another behavioural weight management programme. Indi-

viduals endorsing joint problems, medical conditions or use of

prescription medication that could limit physical activity were required

to provide documentation of physician approval prior to participation.

2.2 | Study design

This 6-month randomized controlled trial was conducted at the

Weight Control and Diabetes Research Center of The Miriam Hospital

and Brown University. Recruitment was conducted via ads in local

print media and announcements sent electronically to employees of a

large regional healthcare system. Initial eligibility screening was

conducted by phone. Individuals who screened eligible were invited

to attend an orientation session at the research centre where the

study procedures were explained in detail, informed consent

procedures were completed and height and weight were measured to

confirm their BMI was in the eligible range. During the following

week, participants were required to demonstrate Internet access and

ability to follow basic study procedures. They were first asked to visit

a study website to view an online lesson that reviewed the study

protocol. They were instructed to return to the study website approx-

imately 3 days later to answer five simple questions to confirm their

comprehension of study procedures. Participants who completed

these tasks successfully were then allowed to attend a randomization

visit at the research centre where they received printed instructions

for the treatment condition to which they were assigned. Participants

were randomized to condition using randomly permuted blocks of

two, four and six stratified by sex. Study procedures were approved

by The Miriam Hospital IRB.

2.3 | The Weight Watchers online programme

All participants received 6 months of no-cost access to the online

weight management programme offered by WW (formerly Weight

Watchers), accessible via website and mobile app. The WW pro-

gramme focused on the use of a points system to track dietary intake

relative to a daily goal in order to produce an energy deficit and

increase dietary quality. The daily points goal was personalized based

on sex, age, starting weight and activity level. Foods with high energy

density and/or little nutritional value (e.g., sweets and snack foods)

were assigned a high point value, while foods with better nutritional

quality with low energy density (e.g., fruit, vegetables, whole grains,

lean meats and other proteins) were assigned a low or zero-point

value. The WW programme also contained basic diet and physical

activity education, and while some online WW resources provided

information on theory-based behavioural weight-loss strategies, these

strategies were not the focus of the WW programme.

2.4 | The ES programme

Half of the participants were randomized to receive the ES

programme (WW + ES) in addition to the WW programme. ES

consisted of four separate ‘scenarios’ focused on challenges at home,

the workplace, the gym and social gatherings that were made avail-

able to participants at weeks 2, 4, 6 and 8, respectively. In addition to

capturing locations in which adult weight losers reported facing most

of their behaviour challenges in our previous study,19 these locations

are applicable across a wide range of participant demographics and

backgrounds and provided opportunities for a variety of different

types of weight-loss challenges. While our previous work on the ES

system involved fully 3D-modelled environments and avatars,

development was costly and more difficult to deliver via the Web due

to their graphically intensive nature. As such, the scenarios for this

study were developed using static 3D-modelled backgrounds that

were blended with live-action video recordings of human actors,

which reduced development costs and enabled Web-based delivery

to most PCs and mobile devices. This approach also had the added

benefit of improved emotional realism.

The scenarios followed the weight-loss journey of a character,

‘Alex,’ portrayed by a middle-aged White woman with obesity. This

demographic was chosen for the main character given that it

represents the background most common for individuals presenting

for obesity treatment, and the resources available for this project only

allowed for one version of Alex to be created. The scenarios were

presented in an order that depicted one full day in Alex's life (starting

at home, going to work, going to the gym and then ending the day at

a party at a friend's house). Each scenario allowed participants to

guide Alex's actions through several challenges unique to each

respective environment by choosing from a list of predetermined

options at key decision points, as described below. Consistent with

SCT, emphasis was placed on presenting participants with opportuni-

ties to observe Alex and other actors within the scenarios successfully

implement empirically validated behavioural weight-loss strategies.

The strategies emphasized were drawn from two theories, SCT and

Self-Regulation Theory, which serve as the foundation for BWL.

These strategies included goal setting, planning, self-monitoring,

self-administered rewards for meeting goals, stimulus control and

capitalizing on social support. To facilitate practice of key skills, the

scenarios included ‘mini-games’ in which participants were tasked

with completing a specific behavioural challenge requiring a multistep

problem-solving process (Figure 1).

The narratives of each scenario were linked, such that taken

together, they depicted a single day in Alex's life. The Web-based

dashboard that housed the ES programme used a ‘map of the

neighbourhood’ to organize the scenarios and allow participants to

navigate between them. Each time a new scenario was made
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available, it unlocked a new point of interest on the map. Once a

scenario was unlocked, participants had access to it for the remainder

of their participation in the study. Participants were encouraged to

complete each scenario more than once to experiment with applying

a diverse set of strategies to overcome behavioural challenges and to

experience different narrative outcomes related to their decisions. No

single approach was depicted as superior to the others. Rather, the

goal was to depict realistic outcomes of various solutions, both

positive and negative. For example, when faced with peer pressure to

eat birthday cake at a social gathering, deciding to be forthright about

Alex's weight-loss efforts quickly stopped the cake from being offered

but caused Alex to become the focus of sensitive personal questions

about why and how she is losing weight. Using an indirect communi-

cation strategy to deflect the offer of cake helped Alex to avoid such

questions, but it resulted in more sustained pressure to consume

high-calorie foods.

The first scenario focused on the morning routine and challenges

in the workplace. Key decisions points included: whether to wake up

early and exercise or prioritize sleep; whether to self-weigh, and, if so,

how to react to only achieving modest progress; how to react to her

house guest who ate her healthy breakfast and baked her cinnamon

rolls as a substitute (see Figure 2); whether and how to pack a lunch

for work; what to order at the drive-thru during her commute;

whether or not to take the stairs or elevator; coping with being

offered doughnuts at work; reacting to a friend suggesting public

weigh-ins for a workplace weight-loss competition; how to handle an

impromptu lunch time celebration with high-calorie foods; and how to

respond to a coworker who is infringing on Alex's privacy regarding

her weight-loss efforts. This scenario predominantly emphasized

behavioural strategies related to planning, coping with feeling

disappointed and upset, stimulus control, capitalizing on positive

social support and assertive communication. The mini-game involved

packing a healthy lunch without being late for work. It indirectly

taught principles of food energy density and strategies for food

preparation by requiring participants to assemble a meal that is highly

satiating, without exceeding an upper calorie threshold or a time limit

for preparation.

The second scenario focused on challenges in the home after

work. Key decision points included how to handle temptation caused

by palatable high-calorie food in plain view in the kitchen, eating from

restaurants and coping with stress and weight-loss setbacks. This

scenario predominantly emphasized behavioural strategies related to

social support, stimulus control and emotional coping. The first

mini-game asked participants to plan ahead and problem solve to stay

under a calorie goal while ordering food from a takeout menu or

cooking at home. A second mini-game asked participants to create a

frozen yoghurt dessert from a self-serve establishment without going

over an upper calorie limit in a timed challenge. This mini-game was

timed to simulate the pressured experience of putting together a

dessert without holding up the line in a typical frozen yoghurt retail

setting to maximize self-efficacy in real-life time-limited situations. It

also emphasized hidden sources of calories in what may appear at first

to be healthy food choices.

The third scenario focused on exercising at a gym. Key challenges

and decision points included deciding on the most important features

when joining a gym, whether and how to exercise alone or with

others, coping with real and perceived weight stigma and how to

navigate a gym and relevant interpersonal interactions. This scenario

emphasized behavioural strategies including planning, establishing

social support, communication and emotional coping (particularly

F IGURE 1 The CONSORT flow
diagram includes data on assessment of
eligibility, patient enrolment, allocation to
condition, follow-up and primary analysis
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related to weight stigma). The mini-game focused on how to create a

workout schedule based on one's current physical fitness (see

Figure 3). This challenged participants to evaluate their current

activity levels and develop a reasonable plan to help them reach their

goals without causing excessive discomfort (and thereby reducing the

chances of future exercise) or injury. This game reinforced planning,

self-monitoring, goal setting and emotional coping.

The fourth scenario focused on attending a social gathering at a

friend's house. Key challenges and decisions points included whether

and how to disclose weight-loss efforts to friends, coping with

peer pressure to overeat, how to handle friends who espouse

misinformation and weight-loss myths and identification of personal

life values and goals that motivate weight-loss efforts. This scenario

emphasized behavioural strategies related to emotional coping, values,

interpersonal effectiveness and motivation. The mini-game focused

on estimating the number of calories expended in various forms and

durations of exercise and estimating how long one would need to

exercise to ‘burn off’ various snack foods. Achieving a better score in

this mini-game allowed Alex to consume healthier snacks after her

workout before the party, while worse scores led Alex to consume a

high-calorie snack. The game also addressed strategies for self-

reinforcement that facilitate continued weight-loss progress. A second

mini-game required users to match items from a buffet to the virtual

party goers' dietary requirements within a time limit. This mini-game

provided education about various healthy dietary approaches

(e.g., Mediterranean and vegetarian) and simulated the challenge of

selecting healthy foods in a time-limited situation, such as walking

along a buffet line.

2.5 | Measures

The primary outcome, objective body weight, was measured at the

research centre at baseline, 3 and 6 months using a calibrated Tanita®

F IGURE 2 After Alex's
friend eats Alex's healthy
prepared breakfast, the user
chooses Alex's response to her
friend's offer of cinnamon buns
for breakfast before going
to work

F IGURE 3 When Alex is in

the gym, the user is guided
through creating a fitness plan
and selecting appropriate
exercises, frequency, intensity
and duration consistent with
programme recommendations
and their activity preferences
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BWB-800 scale. Weight loss from baseline was calculated in

kilogrammes and percent of initial body weight. The proportion of

participants achieving a weight loss of greater than or equal to 5% of

initial body weight was also calculated.

Engagement with ES was measured in two ways. The first

involved tracking completion of ‘scenes’ within a scenario. Each scene

involved a few minutes of interaction to address a specific behavioural

challenge. Each scenario involved multiple scenes. The second

involved tracking completion of full scenarios.

The Weight Control Strategies Scale21 (WCSS) was used to

measure self-reported adoption of behaviours commonly taught in

BWLs to facilitate weight loss. Many of the behaviours captured by

the WCSS were also emphasized in ES, as described above. In addition

to producing a total score, the WCSS produces subscale scores for

several domains well-aligned with areas of emphasis in the ES

programme including Dietary Choices (WCSS-DC), Self-monitoring

Strategies (WCSS-SM), Physical Activity (WCSS-PA) and Psychological

Coping (WCSS-PC). The WCSS total score and subscale scores ranged

from a possible 0 (never) to 4 (always) with a midpoint of 2 (about half

the time). The WCSS total score and subscales have demonstrated

good internal consistency and reliability (Cronbach's alpha .79 to .89),

improve during BWL and are correlated with key BWL outcomes

including weight, energy intake and energy expenditure.

At 3 and 6 months, participants in both treatment conditions

were asked to rate their overall satisfaction with the weight-loss

programme that they received on a 7-point Likert scale ranging from

1 (very dissatisfied) to 7 (very satisfied). Participants were also asked

whether they would recommend the weight-loss programme to their

friends, family or coworkers on a scale of 1 (definitely would not

recommend) to 7 (definitely would recommend).

2.6 | Statistical analysis

All analyses were performed using IBM SPSS Statistics® for Windows,

Version 25.0 (IBM Corp., Armonk, New York). Descriptive statistics

for baseline characteristics and ES engagement were generated for

each treatment condition and the sample as a whole using the mean,

standard deviation, frequency and proportions, as appropriate.

The primary outcomes analysis testing overall and between-

groups change in weight was conducted via generalized linear mixed

models (GLMMs) using maximum likelihood estimation.22 Predictors

included treatment condition (WW and WW + ES), time (3- and

6-month assessment points), baseline BMI and covariates selected a

priori because of their known association with weight change during

BWL and routine inclusion in BWL outcome analyses (i.e., self-

reported age, sex and race/ethnicity represented as non-Hispanic

White versus all others). A random effect of subject was included in

the analysis. This approach followed intent-to-treat principles by

incorporating all available data and using a likelihood function to

estimate treatment effects without requiring explicit imputation of

missing data. Least-squares means were calculated via the GLMMs for

each condition and compared at 3 and 6 months.

GLMMs were also used to analyse change in WCSS scores, test

ES engagement as a predictor of WCSS change and weight loss and

test WCSS as a predictor of weight loss. Separate models were used

to test for overall change and between groups differences in the

WCSS total score and subscale scores. ES engagement was then

tested as a predictor of WCSS change in the WW + ES condition,

only. Change in WCSS scores and ES engagement were added

separately to the model of weight change, described above, to test for

associations. An interaction term between WCSS change and group

assignment was tested to determine whether the association between

change in WCSS and weight loss varied by group.

Participant retention and the proportion of participants achieving

a weight loss of greater than or equal to 5% were compared between

conditions at 3 and 6 months using a chi-square test. The 3- and

6-month between-groups difference in self-reported satisfaction with

treatment, and the likelihood that they would recommend the

treatment programme to others, were compared for completers only

using independent-samples t-tests.

All statistical tests were two-tailed with alpha = .05. A target

sample size of N = 125 was selected to be able to detect a minimum

clinically significant between-groups difference in weight loss of

1.6 kg as statistically significant. This sample size was increased to

N = 145 during the conduct of the trial in order to preserve statistical

power given observed rates of attrition.

3 | RESULTS

Participant flow through the trial is depicted using a CONSORT

diagram in Figure 1. Of 200 individuals screened for eligibility,

24 chose not to participate and 30 were excluded, most often

because of a BMI outside of the eligible range or medical condition.

Characteristics of the 74 participants randomized to WW and the

72 participants randomized to WW + ES are reported in Table 1; the

sample was primarily female, middle-aged and White. Retention was

68% (N = 99) at 3 months and 61% (N = 89) at 6 months and did not

differ by treatment condition (Ps > .520).

Results of the primary outcomes analysis are reported in Table 2;

both treatment conditions achieved statistically significant weight loss

at 3 and 6 months (Ps < .001). While there were no statistically

significant between-groups differences in weight loss at 3 months

(Ps > .085), WW + ES produced mean ± standard error (SE) weight

losses of 4.7 ± 1.1 kg and 4.9 ± 1.3% at 6 months, nearly twice the

2.6 ± 1.1 kg and 2.5 ± 1.3% produced by WW alone (ps<.047). There

were no between-groups difference in the proportion of participants

achieving a weight loss of greater than or equal to 5% at 3 and

6 months (Ps>.210).

Participants assigned to WW + ES completed a mean ± SD of

31.3 ± 23.2 ES scenes (range 1-119) and 1.5 ± 1.3 full ES scenarios

(range 0-4). Greater weight loss (kilogrammes) was associated with a

greater number of scenes completed (coefficient = .08; SE = .02;

P = .001) but not full scenarios completed (coefficient = .7; SE = .4;

P = .105).
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WCSS scores were analysed as a secondary outcome and are

reported for each condition, and the sample as a whole, in Table 3.

Both conditions exhibited statistically significant increases on the

WCSS total score and subscales (Ps < .001), but there were no

between-groups differences (Ps > .175). Greater improvements in

WCSS scores were associated with greater weight loss (kilogrammes)

across the sample (Ps < .033), and there were no between-groups

differences in the strength of the associations. ES engagement was

not associated with change in WCSS (Ps > .133) with two exceptions;

a greater number of ES scenes completed was associated with greater

improvements in WCSS-SM (coefficient = .009; SE = .005; P = .0044)

and WCSS-PC (coefficient = .007; SE = .003; P = .044).

Treatment satisfaction was higher in WW + ES than WW alone at

3 months (mean ± SE: 5.3 ± .2 vs. 4.6 ± .2; P = .033) but not at

6 months (4.9 ± .3 vs. 4.5 ± .2; P = .285). Participants assigned to

WW + ES were no more likely than those assigned to WW alone to

recommend the treatment programme to others at 3 months (5.6 ± .2

vs. 5.2 ± .2; P = .248) or 6 months (5.3 ± .3 vs. 5.0 ± .2; P = .77).

4 | DISCUSSION

In this randomized controlled trial, provision of a Web-based VR

programme for training in BWL skills in combination with a popular

commercial online weight management programme produced signifi-

cantly better weight losses than provision of the commercial online

programme alone at 6 months. The lack of a difference in weight loss

at 3 months suggests either that statistical power was inadequate to

detect the effect or that the total effect of the ES programme was

somewhat delayed. The former appears more likely given that the

magnitude of the between-groups difference was similar at 3- and

6-month timepoints. The weight losses overall were modest, but on

average, WW + ES exceeded the recommended minimum clinically

significant weight loss of 3% of initial body weight. In contrast, WW

alone approached, but did not reach, this important threshold. On

average, only 20% to 30% of participants reached the more common

threshold of 5% weight loss evaluated in clinical trials, and there was

no difference between groups. Taken together, these results provide

preliminary support for Web-based VR technology as a tool to

improve weight-loss outcomes of popular weight management

programmes delivered online. However, the large amount of missing

data in this study is a major limitation that limits confidence in any

conclusions that can be drawn about the efficacy of the ES

programme, and as such, the results of this study should be viewed as

preliminary.

Greater completion of ES scenes was associated with larger

weight losses, suggesting that ES may have been a driver of weight-

loss outcomes. Alternatively, completion of ES scenes may be a proxy

for overall intervention engagement or motivation. Completion of full

ES scenarios was not associated with weight loss, likely because it is a

less sensitive measure of engagement that does not capture partial

completion of a scenario, or a participant returning to an already

completed scenario to experiment with a wider range of behavioural

strategies.

Given the superior mean weight losses in WW + ES, it is

surprising that superior increases in self-reported use of weight

control strategies were not also observed. While WCSS scores

increased in both treatment conditions, the lack of a between-groups

differences suggest that either participants were not able to

accurately evaluate and report on their own behaviour, the WCSS did

not measure the constructs that explain the between-groups

difference in weight loss or the sample size was inadequate to provide

TABLE 1 Participant characteristics at baseline

WW

(n = 74)

WW + ES

(n = 72)

Total

(n = 146)

Sex, No. (%)

Men 17 (23.0) 15 (20.8) 32 (21.9)

Women 57 (77.0) 57 (79.2) 114 (78.1)

Age, mean (SD), years 59.6 (9.2) 57.0 (11.2) 58.3 (10.3)

Race, No. (%)

Asian 0 (0.0) 1 (1.4) 1 (0.7)

Black 2 (2.7) 1 (1.4) 3 (2.1)

White 70 (94.6) 68 (94.4) 138 (94.5)

Other 2 (2.7) 2 (2.8) 4 (2.7)

Ethnicity, No. (%)

Hispanic or Latino 1 (1.4) 1 (1.4) 2 (1.4)

Education, No.

High school or less 5 (6.8) 5 (6.9) 10 (6.8)

Some college 28 (37.8) 15 (20.8) 43 (29.5)

College or university

degree

16 (21.6) 25 (34.7) 41 (28.1)

Graduate degree 25 (33.8) 27 (37.5) 52 (35.6)

Weight, mean (SD), kg 92.3 (21.0) 90.5 (18.1) 91.4 (15.6)

Body mass index,

mean (SD), kg/m2

33.2 (5.1) 33.0 (4.6) 33.1 (4.9)

Abbreviations: ES, Experience Success; WW, Weight Watchers.

TABLE 2 Weight-loss outcomes

WW (n = 74) WW + ES (n = 72)

Weight loss, mean (SE), kg

3 months 2.7 (1.1) 4.2 (1.1)

6 months 2.6 (1.1) 4.7 (1.1)

Weight loss, mean (SE), %

3 months 2.8 (1.3) 4.6 (1.3)

6 months 2.5 (1.3) 4.9 (1.3)

Proportion achieving weight loss of ≥5% of initial weight, No. (%)

3 months 15 (20.0) 21 (29.2)

6 months 15 (20.0) 17 (23.6)

Note. Statistically significant weight loss was observed in both conditions

at 3 and 6 months (P < .001). Bolded values indicate a significant differ-

ence between groups (P < .05).

Abbreviations: ES, Experience Success; WW, Weight Watchers.
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sufficient statistical power to detect what were potentially clinically

significance between-groups differences. The latter does not appear

likely, given the small average between-groups standardized effect

size of Cohen's d = .11 (range .01 to .22.), which are unlikely to

represent a clinically significant difference. Despite no evidence of

meaningful between-groups differences on WCSS scores, greater

engagement with ES was found to be associated with greater

improvements in two WCSS subscales related to self-monitoring and

psychological coping, again demonstrating a positive effect of ES, and

pointing to ways in which ES may contribute to positive weight-loss

outcomes. In sum, these findings highlight the need for further

research to explore the mechanistic pathways by which programmes

such as ES exert their effects. Real-time measurement methods that

avoid reliance on retrospective self-report, such as ecological momen-

tary assessment, may be especially well suited for this purpose.

The low cost, reach and scalability of commercial online weight

management programmes such as WW, and adjunctive interventions

such as ES, make them promising tools for addressing the obesity

epidemic. Improving access to effective weight-loss strategies for

individuals who cannot or will not seek in-person services is a public

heath priority. However, to date, these tools have demonstrated clear

limitations and shortcomings. In particular, they appear to appeal to a

limited demographic that is overrepresented by well-educated,

middle-aged, White women, which has been demonstrated in a range

of prior studies in addition to this one.1,23 Further efforts are required

to tailor treatment and recruitment strategies to other populations.

High rates of disengagement are another critical problem of online

programmes. Again, many studies have illustrated this phenomenon,24

which is further reinforced by the relatively high rate of attrition in

this study compared with programmes delivered face-to-face. While

ES was not explicitly designed to address this problem, it did not

reduce attrition despite indications that it improved satisfaction with

treatment. Strategies such as incorporating minimal human contact to

facilitate accountability and support appear to improve engagement

and treatment outcomes but tend to increase cost, highlighting

the need for additional work to promote engagement in fully

automated programmes.

5 | CONCLUSIONS

A Web-based VR programme for training in empirically validated

behavioural weight management skills produced modest improve-

ments in the average weight losses produced by a popular commercial

online programme. The improvements in weight control behaviours

produced by the VR programme were not significantly better than

those produced by the commercial online programme, alone.

However, greater engagement with the VR programme was

associated with better behavioural and weight-loss outcomes. While

VR technology is advantageous in terms of cost, scalability and reach,

better strategies are needed to motivate and sustain engagement

among a wider range of individuals.

TABLE 3 WCSS scores

WW (n = 74) WW + ES (n = 72) Total (n = 146) P value for WW vs. WW + ES

WCSS total score, mean (SE)

Baseline 1.27 ± .06 1.33 ± .06 1.30 ± .04 .482

3 months 1.55 ± .05 1.62 ± .05 1.59 ± .04 .329

6 months 1.91 ± .07 1.91 ± .08 1.87 ± .05 .425

WCSS - dietary choices, mean (SE)

Baseline 2.32 ± .07 2.39 ± .08 2.36 ± .05 .495

3 months 2.61 ± .06 2.73 ± .07 2.67 ± .05 .184

6 months 2.90 ± .09 3.08 ± .09 2.99 ± .06 .175

WCSS - self-monitoring, mean (SE)

Baseline .78 ± .09 .86 ± .09 .82 ± .07 .557

3 months 1.13 ± .08 1.32 ± .08 1.27 ± .06 .414

6 months 1.68 ± .11 1.78 ± .12 1.73 ± 08 .532

WCSS - physical activity, mean (SE)

Baseline 1.16 ± .11 1.25 ± .11 1.21 ± .08 .578

3 months 1.36 ± .10 1.39 ± .10 1.37 ± .07 .789

6 months 1.55 ± .13 1.54 ± .14 1.54 ± .09 .944

WCSS - psychological coping, mean (SE)

Baseline 1.08 ± .09 1.15 ± .09 1.11 ± .06 .583

3 months 1.49 ± .08 1.57 ± .08 1.53 ± .05 .487

6 months 1.90 ± .10 1.99 ± .11 1.94 ± .07 .578

Note. Statistically significant improvement in all WCSS scores was observed in both conditions (P < .001).

Abbreviations: ES, Experience Success; WW, Weight Watchers; WCSS, Weight Control Strategy Scale.
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