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A B S T R A C T   

Objective: This study is a secondary analysis testing the effects of an internet eating disorder prevention program 
on reward-based eating drive in a high-risk sample of college-aged women. 
Method: We analyzed data from 278 women who were randomized to internet dissonance-based intervention 
(DBI-I), internet cognitive-behavioral treatment (CBT–I), or no intervention (NI). Both active conditions con-
sisted of self-guided activities completed over the course of four weeks. Linear mixed effects modeling was used 
to test the effect of internet intervention on reward-based eating drive. 
Results: DBI-I was associated with greater reductions in reward-based eating over time than NI. No other Con-
dition × Time effects were found. 
Discussion: The results provide preliminary support for DBI-I as a strategy for reducing reward-based eating drive 
in a high-risk population relative to no intervention.   

1. Introduction 

Reward-based eating drive describes the tendency to engage in food 
consumption for emotional gratification and craving abatement, rather 
than in response to satiety cues (Epel et al., 2014). It is characterized by a 
lack of control over eating, lack of satiation, and preoccupation with food 
(Epel et al., 2014). Reward-based eating tends to occur in response to 
highly palatable foods (i.e., high in fat, sugar, and salt) and is theorized to 
relate to the neural reward system (Epel et al., 2012), rather than phys-
iological hunger. Neural substrates research has linked reward-based 
eating with dopaminergic pathways that modulate reward sensitivity 
(Epel et al., 2012)—the same neuronal systems implicated in the context 
of palatable food consumption and binge eating (Giuliani et al., 2014). 

Although reward-based eating drive is associated with binge eating 
(Pinaquy et al., 2003), the constructs of reward-based eating drive and 
binge eating differ in several respects. Reward-based eating drive de-
scribes a non-pathological response to palatable food (Epel et al., 2014). 
Reward-based eating can occur across a range of food serving sizes and is 
not time-limited (Epel et al., 2014). Binge eating, on the other hand, is 
defined by eating a larger than expected amount of food in a discrete 
period of time (American Psychiatric Association, 2013). In addition, 

binge eating tends to occur in discrete episodes (American Psychiatric 
Association, 2013), whereas reward-based eating drive describes a 
pervasive pattern of eating behavior (Epel et al., 2014). People who 
binge eat may or may not have high reward-based eating drive; none-
theless, previous research shows that binge eating behavior correlates 
with reward-based eating drive (Epel et al., 2014). 

To our knowledge, only one intervention has targeted reward-based 
eating drive. The Supporting Health by Integrating Nutrition and Exer-
cise (SHINE) trial applied mindfulness techniques to promote weight 
loss for adults with obesity (Mason et al., 2016). The SHINE intervention 
aimed to increase eating awareness, stress management, emotion regu-
lation, and exercise. The intervention significantly reduced reward- 
based eating drive, and that in turn predicted weight loss at 12-month 
follow-up. This study population comprised participants with over-
weight or obesity (Daubenmier et al., 2011; Mason et al., 2016), but 
importantly, these behaviors are also prevalent among people at risk for 
eating disorders (Stice et al., 2002). However, no known work has 
attempted to reduce reward-based eating drive in the context of eating 
disorder (ED) treatment or prevention. 

ED prevention programs aim to reduce ED risk factors among people 
with subthreshold ED symptoms (Stice et al., 2013). In general, health 
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prevention programs aim to either a) prevent the development of 
symptoms among healthy individuals (universal prevention); b) reduce 
existing symptoms among individuals at risk (selective prevention); or c) 
ameliorate symptoms among individuals presenting with symptoms of 
the targeted disease or behavior (indicated prevention; Gordon, 1983). 
The interventions applied in the current study were selective, as they 
targeted individuals at risk for EDs. Meta-analytic studies report that 
selective ED prevention programs yield superior post-intervention ef-
fects when compared to universal prevention for the reduction of 
negative affect, eating pathology, and dieting (Fingeret et al., 2006; 
Stice & Shaw, 2004). 

ED prevention programs adopting dissonance-based intervention 
(DBI) and cognitive-behavioral treatment (CBT) techniques are the most 
empirically supported (Beintner et al., 2012; Stice et al., 2013). DBI 
encourages participants to challenge the media-propagated thin-ideal 
(Stice et al., 2000). It is theorized that participants experience psycho-
logical discomfort from the discrepancy between their pre-existing pro- 
thin-ideal attitudes and the public, anti-thin-ideal behavior exhibited 
during the intervention. To reconcile this dissonance, participants shift 
away from the thin-ideal, reducing body image distress and maladaptive 
eating behaviors (Stice et al., 2007). CBT focuses on the association 
between body-related cognitions, negative mood, and maladaptive 
eating behaviors (Williamson et al., 2004). CBT interventions aim to 
restructure distorted thoughts pertaining to body weight and shape, and 
disrupt associations among distorted thoughts, negative emotions, and 
maladaptive eating behaviors (Wilson et al., 2002). 

Regarding specific treatment protocols, The Body Project, a dis 
sonance-based ED prevention program, and the Healthy Weight pre-
vention program, which promotes long-term adaptive exercise and 
eating habits, are the only programs to reduce ED symptoms and onset 
in trials across multiple independent teams (Stice et al., 2019). Evi-
dence also exists supporting CBT for ED prevention (Watson et al., 
2016). For example, Student Bodies, a computer-based CBT interven-
tion, has been shown to reduce ED risk factors, such as body dissatis-
faction, in multiple studies (Beintner et al., 2012). 

Only one known study has compared DBI and CBT for ED prevention 
in a randomized controlled trial (Chithambo & Huey, 2017). The study 
tested the efficacy of internet CBT (CBT–I), internet DBI (DBI-I), and 
no intervention control (NI) for the reduction of ED risk factors, 
including body dissatisfaction, thin-ideal internalization, global eating 
pathology, dieting, and depression symptoms. Results suggested that 
CBT-I was more effective than NI at reducing dieting, eating pathology, 
and depression symptoms. No effects were found for body dissatisfac-
tion or thin-ideal internalization. 

Reward-based eating drive is associated with high emotional distress 
and is correlated with scores on the Binge Eating Scale (Epel et al., 2014; 
Gormally et al., 1982). Yet, no known studies examine the efficacy of ED 
prevention for the reduction of reward-based eating drive. Utilizing 
internet technology for addressing reward-based eating is a novel 
approach that facilitates convenience and low-cost dissemination. The 
current study is a secondary analysis of data obtained in Chithambo and 
Huey's (2017) evaluation of DBI-I and CBT-I for internet eating disorder 
prevention. The intervention was delivered to a sample of college-age 
women at high-risk for EDs, as indicated by elevated Weight Concerns 
Scale scores (Killen et al., 1996). This study expands on the previous trial 
to evaluate a secondary outcome, reward-based eating drive, and in-
cludes data from a second intervention site. 

Emerging neuroscience has supported the role of reward in eating 
behaviors (Adam & Epel, 2007). However, previous ED prevention 
studies focus on aversive aspects of disordered eating symptoms, such as 
food restriction or eating until uncomfortably full (Le et al., 2017). It is 
important to examine whether behavioral interventions can address 
reward-based eating drive, which involves appetitive aspects of eating 
behavior. CBT has the potential to influence reward-based eating drive 
by targeting thoughts and behaviors pertaining to the reward value of 
food. Conversely, DBI-I has the potential to affect reward-based eating 

by addressing societally-influenced body preoccupation, a correlate of 
maladaptive eating behavior (Rosen, 2013). 

Kazdin (2007) recommended that experimental investigations adopt 
a design that allows the researcher to identify specific mechanisms that 
account for predicted outcomes. In the context of treatment evaluation 
research, such a design would compare the efficacy of therapies that 
differ only with regard to the elements specific to their theoretical 
perspectives. Other features, such as the structure and duration of 
treatment, the appearance of therapy materials distributed to patients, 
and the nature of participant-provider interactions would be held con-
stant across conditions whenever possible. In the current study, DBI-I 
and CBT-I were designed to be parallel in duration, appearance, and 
structure to increase the likelihood that differences in outcome could be 
attributed to theory-driven mechanisms specific to each treatment. 

Because reward-based eating drive involves distorted cognitions 
around food and satiety (Epel et al., 2014), we hypothesized that CBT-I 
would result in a greater reduction in reward-based eating drive than 
DBI-I, which evokes a sociocultural perspective not explicitly related to 
eating behavior. We hypothesized that both CBT-I and DBI-I would be 
more effective at reducing reward-based eating drive than no inter-
vention (NI). 

2. Methods 

Participants were students recruited from two large universities in 
southern California. The mean age for the sample was 20.50 (SD = 2.46). 
The mean BMI for the sample was 22.23 (SD = 3.49). Seven percent of 
participants were underweight, 77% normal weight, 12% overweight, 
and 3% obese. Forty-two percent of participants were Asian, 30% White, 
15% Latinx, 8% Multi-ethnic, 5% Black, and 1% Other. Only females 
were included, because intervention content addressed body standards 
specific to women. 

As research indicates that ED prevention is most effective for high- 
risk samples, participants were eligible if they scored ≥34 on the 
Weight Concerns Scale (Killen et al., 1996). This scale has shown pre-
dictive validity for ED onset (Killen et al., 1996). The cutoff represents 
the mean score from a community sample of women, and has been 
applied as a screening measure in previous ED prevention programs (e. 
g., Manwaring et al., 2008). Because the interventions were designed for 
subthreshold pathology, women who scored ≥20 on the Eating Attitudes 
Test (Garner et al., 1983) were excluded. Excluded individuals were 
provided a list of local mental health resources. Participants endorsing a 
“2” or “3” on the Beck Depression Inventory's suicidal thoughts item 
were disqualified (range = 0–3; Beck et al., 1996). In addition to 
providing referral information for local treatment providers, the first 
author called participants who expressed suicidal ideation (n = 1) to 
assess risk and assure safety. 

2.1. Design 

Participants (n = 367) from two universities were randomized to a 
study condition (University A n = 276; University B n = 91). Eighty-nine 
participants from University A were randomized prior to the addition of 
the RED scale, which was rolled out at both sites as a secondary measure 
upon the addition of University B. Therefore, in the current study, we 
analyzed RED scale data for the 278 participants (187 from University A, 
91 from University B) who were randomized to a study condition after 
the rollout of the RED scale. 

All participants completed measures assessing the primary study 
outcomes, which included body dissatisfaction, thin-ideal internaliza-
tion, global eating pathology, dieting, and depression symptoms. Inter-
vention effects for these outcome measures are described above and 
were reported in Chithambo and Huey (2017). 

Measures were collected at pre- and post-intervention via the online 
survey platform Qualtrics. An automated randomization feature assigned 
participants to DBI-I, CBT–I, or NI immediately after the pre-treatment 
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assessment. The post-treatment assessment took place four weeks later. 
See Fig. 1 for a CONSORT diagram of participant flow through the study. 

2.2. Procedures 

Study procedures were approved by both universities' respective 
IRBs. 

2.2.1. Screening and recruitment 
Participants were recruited from the psychology subject pools of two 

large universities. Interested parties were emailed a link to a screening 
questionnaire assessing ED symptoms and suicidal ideation. Participants 
received a study information sheet for consent, and the pre-treatment 
assessment questionnaire, via email. Participants were randomized to 
a treatment condition, and participants randomized to CBT-I or DBI-I 
were directed to Session 1 immediately after completing the assess-
ment questionnaire. Participants completed both pre-treatment and 
post-treatment measures independently; accordingly, participants and 
researchers were blinded to condition allocation. However, the first 
author was aware of participant allocation after randomization, as she 
collected homework assignments via email. 

Subsequently, three additional sessions were emailed on a weekly 
basis, for a total of four intervention sessions. The emails were auto-
matically sent once per week to the participants' registered email address 
via the Qualtrics software platform. Each email contained a hyperlink 
that connected participants to the present week's session. Participants 
completed one homework assignment each week, which they received in 
an automated email after completing the week's treatment session. 

Compensation differed between the two universities due to diverging 
IRB requirements. Participants at University A were rewarded five 
research credits at the final assessment regardless of study condition. 
University B required that participants receive compensation propor-
tionate to their time spent; therefore, NI participants received one credit, 
and DBI-I and CBT-I participants received five credits. At both sites, 
participants had the option to participate in alternative, non-research 
activities for course credit. 

2.3. Intervention conditions 

2.3.1. DBI-I 
The DBI-I program comprised four sessions that took place over the 

place of 28 days at a frequency of one session per week. A between 
session assignment was assigned each week and was due one week after 
the preceding session. Content was informed by the facilitator manual 
for the Body Project, an established DBI-I protocol for ED prevention 
(Stice et al., 2007). Prior to the launch of the study, two of the de-
velopers of the Body Project reviewed content from the DBI-I program 
and provided feedback (Stice & Rohde, personal communication, 
November-December 2012). In response to their comments, a “hint” 
feature was added to sessions eliciting verbal feedback to prevent par-
ticipants from becoming stuck on a prompt. During the first session, 
participants responded to prompts that provided education about the 
media-propagated thin-ideal, and generated arguments against pro thin- 
ideal statements. For homework, participants wrote a letter to an 
adolescent girl describing the costs of the thin-ideal. For session 2, 
participants wrote verbal challenges to statements that conveyed a drive 

Note. DBI-I = Internet dissonance-based intervention; CBT-I=Internet cognitive behavioral 
treatment; NI=No intervention. *89 individuals entered the study before the RED scale was 
added as an outcome measure.

2.2 Procedures
Fig. 1. Participant flow chart 
Note. DBI-I = Internet dissonance-based intervention; CBT-I=Internet cognitive behavioral treatment; NI––No intervention. *89 individuals entered the study before 
the RED scale was added as an outcome measure. 
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towards thinness (e.g., “I am too chubby to eat dessert after dinner 
today”). For homework, participants provided examples of thin-ideal 
statements from their own lives, and provided counter-arguments. In 
session 3, participants wrote examples of comebacks to verbal state-
ments that endorse the thin-ideal. For homework, participants were 
assigned to provide a list of 10 ways to publicly challenge the thin-ideal. 
During session 4, participants read information on how to identify thin- 
ideal talk in their own lives. They also generated verbal challenges to 
statements indicative of thin-ideal talk. For homework, participants 
were assigned to write a second letter to an adolescent girl, taking into 
account the information they had learned throughout the program. 

2.3.2. CBT-I 
CBT-I also consisted of four weekly internet-delivered sessions that 

occurred over a span of 28 days. CBT-I content was derived from sections 
of The Body Image Workbook, a self-help manual for body dissatisfaction 
(Cash, 1997). The program was selected because it is amenable to a self- 
directed format and contained exercises that could be readily adapted in 
parallel to DBI-I. Although this was the first web-based adaptation of the 
program, the program has demonstrated efficacy in reducing body 
dysphoria and increasing appearance satisfaction (Nye & Cash, 2006; 
Strachan & Cash, 2002). The sessions were designed to be parallel in 
structure and appearance to DBI-I, but were based on an alternative 
theoretical model positing that thoughts, emotions, and behaviors 
contribute to negative body evaluation and maladaptive eating behav-
iors. As such, participants in this condition challenged common appear-
ance assumptions, and restructured thoughts associated with poor body 
image. In parallel to DBI-I, a hint feature allowed participants to view 
example responses. 

During the first session, participants wrote answers to questions that 
assessed their knowledge of the symptoms and prevalence of poor body 
image. The session also included content on the association between 
critical body image thoughts and low mood. For homework, they were 
assigned to write a one-page summary of what they learned during the 
session. In session 2, participants generated alternative interpretations 
of cognitive distortions that sustain poor body image. For homework, 
they were assigned to generate examples of “appearance assumptions” 
relevant to their own lives and identify alternative interpretations. 
During session 3, participants generated rational responses to negative 
body cognitions (E.g., “I am less attractive than everyone else”). As 
homework, participants were assigned to come up with 10 potential 
benefits of changing their body image thoughts. For session 4, partici-
pants wrote responses to hypothetical insensitive body remarks made by 
others. The participants were asked to write a one-page letter summa-
rizing what they had learned during the course of the intervention as a 
final homework assignment. 

In both active intervention conditions, participants received an 
automated email reminder to engage in the session every week. They 
also received emails to remind them to email their homework to the first 
author. The first author was available to assist with technical and 
administrative issues (e.g., collecting homework, logging into sessions, 
participant compensation). Other than this, no guidance was provided 
by the authors or other study personnel. 

2.3.3. NI 
Participants in NI completed pre-treatment and post-treatment 

questionnaires. NI participants were offered the opportunity to partici-
pate in an active condition after the completion of the post-treatment 
assessment. 

2.4. Measures 

2.4.1. Demographics 
A demographics questionnaire assessed age, self-reported height and 

weight, and self-identified racial/ethnic background. 

2.4.2. Reward-based eating drive 
The Reward-Based Eating Drive (RED) Scale was used to measure 

reward-based eating drive (Epel et al., 2014). The RED scale assesses 
lack of control over eating, lack of satiation, and preoccupation with 
food. The self-report questionnaire consists of nine items including “I 
feel out of control in the presence of delicious food” and “Food is always 
on my mind” using a five-point scale (0 = “very false” and 4 = “very 
true”). In a validation study of the RED scale, Epel et al. (2014) found 
correlations in the medium range for binge eating and ED symptoms, 
supporting reward-based eating as a unique construct. The RED scale 
has demonstrated convergent and discriminant validity and invariance 
across gender, age, and race/ethnicity (Epel et al., 2014). We used co-
efficient omega to evaluate internal consistency, as Cronbach's alpha 
assumes the existence of one latent construct and is therefore not well 
suited to measure reliability in multi-dimensional scales such as the RED 
(McNeish, 2018; Starkweather, 2012). Omega was 0.70, a value in the 
“acceptable” range. 

We followed guidelines provided by Jacobson and Truax (1991) to 
calculate the Reliable Change Index (RC) from pre-treatment to post- 
treatment. The index provides a metric for examining whether observed 
changes in outcomes are clinically significant. RC was derived using the 
conservative approach to calculating the standard error of measurement 
of the difference recommended by Maassen (2004). 

2.5. Analyses 

Linear mixed-effects regression with full-information maximum like-
lihood estimation was conducted using R (R Core Team & R. C, 2013) with 
time (pre- or post-treatment) at level 1 and participant at level 2. Post- 
treatment missingness was included as a covariate for all analyses – a 
flexible technique to control for unknown predictors of missingness 
(Hedeker & Gibbons, 1997). The variable was non-significant and 
consequently was dropped from study analyses. The coefficient for the 
treatment main effect reflects differences between conditions at baseline 
(Twisk et al., 2018). Therefore, the Time x Condition term was evaluated 
to test intervention effects, as this term allows for the evaluation of 
between-group differences in change from pre- to post-intervention. We 
included race/ethnicity as a fixed covariate because Chithambo and Huey 
(2017) found that race moderated the effect of DBI-I on eating pathology. 
Race/ethnicity included the following categories: Asian, Latino, Black, 
White, Multi-racial, Other. We designated “Asian” as the reference group 
in the regression analysis based on majority representation in the sample. 
Age and BMI were also included as fixed effects covariates, as both vari-
ables have been associated with ED prevention program outcomes in 
previous literature (Müller & Stice, 2013; Stice et al., 2007). In addition, 
we included study site (University A = 0, University B = 1) as a covariate 
to control for potential differences between sites. 

3. Results 

3.1. Baseline characteristics 

One-way ANOVA analyses found no group differences in baseline 
demographic characteristics, BMI, or reward-based eating (p values =
.13–.38). Independent samples t-test analyses found that University A 
had higher baseline RED scores (M = 2.01, SD = 0.06) than University B 
(M = 1.81, SD = 0.08; t(276) = 2.13, p = .03). University A students 
reported higher age (M = 20.73, SD = 0.20) than University B students 
(M = 20.03, SD = 0.08; t(276) = 2.24, p = .03). University A students 
also reported lower body weight (M BMI =21.83, SD = 0.26) than 
University B students (M BMI =23.04, SD = 0.35; t(276) = 2.75, p =
.01). The sites did not differ in race or ethnicity distribution. As 
described above, study site was included as a covariate in linear mixed 
effects analyses (Table 1). 
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3.2. Attrition 

Sixty-three percent of participants (n = 182) completed the post- 
intervention assessment. Dropout rates for DBI-I, CBT–I, and NI were 
40% (n = 36), 35% (n = 33), and 34% (n = 33), respectively and did not 
vary between conditions (χ2(2) = 0.99, p = .61). Overall, 37% of par-
ticipants did not complete the post-treatment assessment and thus are 
missing data for that time point. Baseline RED scores were not associated 
with likelihood of dropout (OR = 1.16, 95% CI: 0.85, 1.59, p = .35). 

3.3. Main outcomes 

The main study analyses are presented in Table 2 and Fig. 2. 
Significant main effects for the CBT-I vs. DBI-I and Site regression 

coefficients indicated pre-treatment differences in RED scores between 
sites, and between the CBT-I and DBI-I groups. A significant race/ 
ethnicity main effect indicated lower RED scores across both time pe-
riods among Latinos compared to Asians; no other race/ethnicity dif-
ferences were found. Regarding our study hypotheses, Time X Condition 
coefficients indicated that DBI-I participants showed significantly 
greater reductions in reward-based eating drive over time than partici-
pants in the NI condition (z = − 2.05, p = .045). β for the DBI-I/NI Time X 
interaction coefficient was 0.31, an effect size in the “medium” range 
(Cohen, 1988). No Time x Condition interaction effect was detected for 
comparisons between CBT-I and NI, or DBI-I and CBT–I. 

3.3.1. Reliable change 
Mean reliable change index scores for DBI-I, CBT–I, and NI were 

− 0.64, 0.01, and − 0.10, respectively (F(2) = 1.79, p = .17). Twenty-one 
percent of DBI-I completers (n = 11), 11% of CBT-I completers (n = 7), 
and 19% NI of participants (n = 12) showed clinically significant declines 
in RED scale scores from pre- to post-treatment per Reliable Change Index 
scores. Rates of clinically reliable RED scale score decline did not differ 
significantly between groups (χ2(2) = 2.14, p = .34). Six percent of DBI-I 

Table 1 
Demographic characteristics and outcome variable.   

Baseline Post-treatment  

Total 
(n = 278) 

DBI-I 
(n = 88) 

CBT-I 
(n = 94) 

NI 
(n = 96) 

Total 
(n = 176) 

DBI-I 
(n = 52) 

CBT-I 
(n = 61) 

NI 
(n = 63) 

Age (years), M(SD) 20.50 (2.46) 20.69 (3.69) 20.51 (1.66) 20.33 (1.53) – – – – 
Body mass index (BMI), M(SD) 22.23 (3.49) 22.65 (3.59) 22.20 (3.09) 21.87 (3.73) 22.04 (3.77) 22.89 (4.23) 22.27 (3.40) 21.10 (3.55) 
BMI category         

Underweight, n (%) 20 (7.19) 8 (9.09) 4 (4.26) 8 (8.33) 12 (6.82) 4 (7.69) 4 (5.63) 8 (10.96) 
Normal weight, n (%) 214 (76.98) 61 (69.32) 75 (79.79) 78 (81.25) 138 (78.41) 37 (71.15) 54 (76.06) 56 (76.71) 
Overweight, n (%) 34 (12.23) 15 (17.05) 11 (11.70) 8 (8.33) 21 (11.93) 9 (42.86) 10 (14.08) 8 (0.10.96) 
Obese Class 1, n (%) 6 (2.16) 4 (4.55) 2 (2.13) 0 (0) 3 (1.70) 1 (1.92) 2 (2.82) 0 (0) 
Obese Class 2, n (%) 2 (0.72) 0 (0) 1 (1.06) 1 (1.04) 1 (0.57) 0 (0) 1 (1.41) 0 (0) 
Obese Class 3, n (%) 1 (0.36) 0 (0) 0 (0) 1 (1.04) 1 (0.57) 1 (1.92) 0 (0) 1 (1.36) 
Missing, n (%) 1 (0.36) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 

Ethnicity         
Asian, n (%) 112 (40.29) 36 (40.91) 36 (38.29) 40 (41.67) – – – – 
White, n (%) 84 (30.22) 22 (25.00) 30 (31.91) 32 (33.33) – – – – 
Latino, n (%) 42 (15.11) 14 (15.91) 17 (18.09) 11 (11.45) – – – – 
Black, n (%) 14 (5.04) 7 (7.95) 5 (5.32) 2 (2.08) – – – – 
Multi-ethnic, n (%) 22 (7.91) 6 (6.81) 6 (6.38) 10 (10.42) – – – – 
Other, n (%) 3 (1.08) 3 (3.41) 0 (0.00) 0 (0.00) – – – – 

RED Score, M(SD) 1.95 (0.78) 2.07 (0.72) 1.82 (0.79) 1.97 (0.79) 1.88 (0.79) 1.82 (0.75) 1.74 (0.81) 2.06 (0.76)  

Table 2 
Linear mixed effects regression results.  

Random effects Variance SE 95% CI 

Participant (Intercept) 0.14 0.04 0.07, 0.25   

Fixed effects      

Predictor β SE 95% CI z p 

Intercept  1.57  0.42 0.74, 2.39  3.72  <0.01* 
Time  − 0.02  0.11 − 0.24, 0.19  − 0.20  0.84 
Age  0.02  0.02 − 0.009, 0.05  1.34  0.18 
Race (ref: Asian)      
Latino  − 0.26  0.12 − 0.50, − 0.02  − 2.15  0.03 
Black  − 0.10  0.19 − 0.49, 0.28  − 0.53  0.59 
White  0.08  0.09 − 0.11, 0.26  0.82  0.41 
Multi-Racial  0.00  0.15 − 0.29, 0.29  0.02  0.99 
Other  − 0.23  0.34 − 0.88, 0.43  − 0.68  0.49 
BMI  − 0.00  0.01 − 0.03, 0.01  − 0.90  0.37 
Site  − 0.26  0.08 − 0.42, − 0.09  − 3.09  <0.01* 
CBT-I vs. DBI-I  0.50  0.23 0.03, 0.97  2.11  0.04* 
DBI-I vs. NI  0.42  0.23 − 0.04, 0.89  1.80  0.07 
CBT-I vs. NI  0.08  0.23 − 0.53, 0.38  0.33  0.74 
Time X DBI-I/CBT-I  − 0.23  0.16 − 0.54, 0.09  − 1.42  0.15 
Time X DBI-I/NI  − 0.32  0.16 − 0.62, − 0.01  − 2.00  0.05* 
Time X CBT-I/NI  − 0.08  0.15 − 0.39, 0.22  − 0.53  0.59 

Note. *p < .05. CBT-I=Internet cognitive-behavioral treatment. DBI-I=Internet 
dissonance-based intervention. NI = no intervention. Site was coded 0 = Uni-
versity A, 1 = University B. The DBI-I vs. CBT-I contrast variable was dummy 
coded 0 = CBT-I, 1 = DBI-I. The CBT-I vs. NI condition contrast variable was 
coded 0 = NI, 1 = CBT-I. The DBI-I vs. NI contrast variable was dummy coded 0 
= NI, 1 = DBI-I. 

Note. *p<.05. CBT-I=Internet cognitive-behavioral treatment. DBI-I=Internet dissonance-based 
intervention. 

Fig. 2. Effects of CBT-I and DBI-I on reward-based eating 
Note. *p < .05. CBT-I=Internet cognitive-behavioral treatment. DBI-I=Internet 
dissonance-based intervention. 
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completers, 16% of CBT-I completers, and 14% of NI participants showed 
clinically significant increases in RED scale scores from pre- to post- 
treatment per Reliable Change Index scores. Rates of clinically reliable 
increase in RED scale scores did not differ significantly between groups 
(χ2(2) = 3.18, p = .20). Thus, although regression analyses showed that 
pre to post-treatment decline in RED scale scores was larger for DBI-I 
relative to NI, the findings may not be clinically significant. 

4. Discussion 

This study expanded on a previous randomized controlled trial by 
testing the effects of two strategies for internet ED prevention, CBT-I and 
DBI-I, on reward-based eating drive. We hypothesized that CBT-I would 
result in a greater reduction in reward-based eating drive than DBI-I. 
Contrary to our hypothesis, DBI-I was more effective at reducing 
reward-based eating drive than NI, whereas no effects were found for 
CBT–I. This finding is unexpected, as the CBT-I intervention was more 
effective at reducing global eating pathology and dieting than NI in 
primary data analyses, whereas DBI-I showed no effect (Chithambo & 
Huey, 2017). These findings may have occurred because CBT aims to 
restructure thought and behavior patterns; however, reward-based 
eating drive Is characterized by descriptive traits (e.g., “food is always 
on my mind”) that may be less amenable to cognitive restructuring. 
Similar to previous trials utilizing dissonance-based interventions for 
eating behavior, the DBI-I vs. NI effect size was moderate in size (Stice 
et al., 2012). Our findings provide preliminary evidence in support of 
internet interventions for the reduction of reward-based eating drive. 

DBI-I takes a sociocultural perspective, encouraging participants to 
argue against the thin-ideal (Stice et al., 2007). Strategies for changing 
eating behaviors are not explicitly discussed. However, dissonance- 
based intervention promotes an integrated self-concept by addressing 
the discrepancy between acknowledging the harm of the thin-ideal and 
harboring self-critical body attitudes. As body preoccupation and food 
preoccupation are closely associated (Rosen, 2013), challenging the 
thin-ideal may have reduced preoccupation with body shape and in turn, 
preoccupation with food. Although CBT-I discusses the associations 
between negative thoughts and eating behaviors, the intervention does 
not discuss the societal underpinnings of such thoughts, a potential 
explanation for the superior performance of DBI-I. Furthermore, the 
mechanism of change in CBT involves the identification of negative 
thoughts and emotions. Therefore, CBT may not be well suited to 
addressing non-pathological sensitivity to palatable food, as reward- 
based eating drive is theorized to be activated by environmental food 
cues, rather than negative thoughts or emotions. More work is needed to 
identify potential mechanisms that account for the effect of DBI-I on 
reward-based eating drive. 

Although previous interventions have targeted the reduction of 
reward-based eating among participants with overweight or obesity 
using mindfulness techniques, this is the first study to examine in-
terventions for reward-based eating in a sample with elevated ED risk, 
and predominantly of average weight. Previous research has found that 
mindfulness-based techniques are efficacious for reducing reward-based 
eating and related constructs (e.g., craving-related eating; Mason et al., 
2016, Mason et al., 2018). Furthermore, reward-based eating has been 
shown to mediate the effects of a mindfulness-based weight loss inter-
vention (Mason et al., 2016). However, little is known about associa-
tions between reward-based eating drive and clinical ED symptoms that 
contribute to weight gain, such as binge eating. This is a potential area 
for future study. 

4.1. Strengths and limitations 

Regarding study strengths, this investigation showed that reward- 
based eating drive can be reduced with a remotely-delivered, self- 
guided program. It is the first to test the effect of ED prevention on reward- 
based eating drive. As some studies have reported that discussing eating 

habits can be iatrogenic for subsyndromal individuals (Mann et al., 1997), 
it is encouraging that reward-based eating drive was reduced despite 
minimal content on altering eating behavior. The sample was racially/ 
ethnically diverse, supporting generalizability. 

Regarding limitations, longer term effects of the interventions on 
reward-based eating drive were not examined. The lack of follow-up 
data allows us to draw only preliminary conclusions at best regarding 
the effects of internet treatment on reward-based eating drive. The 
treatment content did not include specific strategies for modifying 
eating habits, making it difficult to ascertain mechanisms that explain 
the outcomes. Though the application of CBT-I and DBI-allowed for the 
direct comparison of active treatments, the NI control group lacked 
active intervention components and did not account for demand char-
acteristics. In addition, we did not objectively assess biological measures 
that are less susceptible to expectancies and demand characteristics, 
such as BMI. Instead, we utilized self-reported BMI as a control variable, 
potentially biasing our results. Though the first author reviewed the 
participants' responses to confirm they were on task, the intervention 
content did not include validation questions to ascertain that partici-
pants read the material. Thus, we are unable to verify whether partici-
pants were fully engaged with the intervention content. 

Because our study was 100% female, the results cannot be generalized 
to males. As the study was intended for a high-risk, non-clinical sample, 
we did not utilize clinical assessment measures to determine study 
eligibility. Instead, we used the community mean of the Weight Concerns 
Scale as a cutoff to identify eligible participants. However, adopting a 
more rigorous standard (such as quartiles) may have increased the like-
lihood of identifying clinically relevant differences between groups. Due 
to differing IRB boards, participants at University A were compensated 
similarly regardless of condition; in contrast, participants at University B 
were compensated in proportion to time spent on the study. This could 
have biased University B participants' engagement in study activities. We 
were unable to examine individual-level session progress because of a 
technical error that anonymized a portion of the respondents' data. 
Therefore, the extent to which between-condition discrepancies in study 
adherence and/or engagement affected study outcomes is unclear. 

The RED scale evinces high reliability and concurrent and predictive 
validity in other studies (Epel et al., 2014; Mason et al., 2015; Mason 
et al., 2016). However, the reliability of the reward-based eating mea-
sure in our study was relatively low (omega = 0.70). The discrepancy in 
reliability estimates may relate to differences between our sample and 
previous RED validation samples. Our sample consisted of women with 
elevated risk for developing an ED as indicated by high weight concern. 
Previous RED validation studies, on the other hand, did not use samples 
with elevated weight concern (e.g., Epel et al., 2014). In addition, the 
RED scale was originally validated in community samples (Epel et al., 
2014), whereas the current sample comprises university students. These 
differences in sample composition (younger, more educated, and with 
elevated ED risk) may be the source of the discrepancy. As such, the RED 
scale may not adequately measure reward-based eating drive in our 
study sample. In addition, though a significant effect was found for the 
DBI-I vs. NT interaction, reliable change index analyses showed no dif-
ference between conditions in symptom declines over time. Conse-
quently, the results suggest that our findings, although statistically 
significant, were not clinically reliable. Moreover, although our study 
was powered at 0.87 to detect a medium effect size, power to detect a 
small effect size was 0.17. Thus, the analysis was not adequately pow-
ered to detect small effect sizes, reducing our chances of detecting a true 
effect for the CBT-I vs. NI and DBI-I vs. CBT-I comparisons. 

As the interventions were designed to be parallel in content and 
structure, their protocols did not precisely replicate previously validated 
ED prevention protocols. For example, DBI-I was shorter in length than 
the Body Project, the most empirically supported dissonance-based 
intervention (Stice et al., 2019), and did not include a group interaction 
component, potentially attenuating treatment effects. CBT-I was adapted 
from the self-help manual The Body Image Workbook (Cash, 1997), and 

T.P. Haderlein and A.J. Tomiyama                                                                                                                                                                                                         



Eating Behaviors 43 (2021) 101572

7

was designed to replicate the structure of DBI-I. Accordingly, CBT-I as 
applied in this study was a novel approach compared to previously vali-
dated CBT prevention programs, such as Student Bodies (Beintner et al., 
2012). It is possible that effect sizes may have been larger had the study 
applied interventions adherent to the original protocols. This limitation is 
particularly relevant to CBT–I. Although the intervention was designed 
to be parallel in structure with DBI-I, no known previous studies have 
demonstrated efficacy of a four-session CBT ED prevention program such 
as the one applied in the current study. As such, though this study pro-
vides a theory-based comparison of dissonance-based intervention and 
CBT, the findings do not speak to the efficacy of specific protocols such as 
The Body Project and Student Bodies. 

The Cochrane Collaboration recommends selecting target outcomes 
prior to data collection risk of bias (Higgins & Green, 2011). The RED 
outcome measure was introduced to the study after addition of the 
second research site; the increase in participants allowed the study to 
reach adequate power to detect significant results. As AJT was based at 
the second study site and sought to contribute substantively to the 
project, given her previous research the authors agreed that assessing 
reward-based eating drive would be an innovative addition to the 
literature. However, the later inclusion of the RED scale presents a study 
limitation by increasing risk for outcome reporting bias. 

4.2. Future research 

Given that this is the first randomized-controlled trial to test internet 
ED prevention for the reduction of reward-based eating, replication is 
needed. Future research should utilize larger, more diverse samples to 
optimize the generalizability of study findings. More research is needed 
to test potential mechanisms of the effect of DBI-I on reward-based 
eating, such as reductions in food or body preoccupation. The influ-
ence of participant adherence on treatment effects for reward-based 
eating drive interventions also needs further study. Given the role of 
reward-based eating drive in the development of both ED pathology and 
obesity, this study provides a critical first step in the amelioration of this 
important eating symptom. 
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