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Abstract

Objective: Using preliminary data from the Binge-Eating Genetics Initiative (BEGIN),

we evaluated the feasibility of delivering an eating disorder digital app, Recovery

Record, through smartphone and wearable technology for individuals with binge-type

eating disorders.

Methods: Participants (n = 170; 96% female) between 18 and 45 years old with lived

experience of binge-eating disorder or bulimia nervosa and current binge-eating epi-

sodes were recruited through the Recovery Record app. They were randomized into a

Watch (first-generation Apple Watch + iPhone) or iPhone group; they engaged with

the app over 30 days and completed baseline and endpoint surveys. Retention,

engagement, and associations between severity of illness and engagement were

evaluated.

Results: Significantly more participants in the Watch group completed the study

(p = .045); this group had greater engagement than the iPhone group (p's < .05;

pseudo-R2McFadden effect size = .01–.34). Overall, binge-eating episodes, reported for

the previous 28 days, were significantly reduced from baseline (mean = 12.3) to end-

point (mean = 6.4): most participants in the Watch (60%) and iPhone (66%) groups

reported reduced binge-eating episodes from baseline to endpoint. There were no
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collection, analysis, interpretation of data, or

writing the manuscript.

Action Editor: Tracey Wade

significant group differences across measures of binge eating. In the Watch group,

participants with fewer episodes of binge eating at baseline were more engaged

(p's < .05; pseudo-R2McFadden = .01–.02). Engagement did not significantly predict

binge eating at endpoint nor change in binge-eating episodes from baseline to end-

point for both the Watch and iPhone groups.

Discussion: Using wearable technology alongside iPhones to deliver an eating disor-

der app may improve study completion and app engagement compared with using

iPhones alone.
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1 | INTRODUCTION

Binge-eating disorder (BED) and bulimia nervosa (BN) are serious,

often persist for years (mean duration of illness = 8–14 years

[Hudson et al., 2007]), carry high psychiatric and somatic comorbidity

(Fichter & Quadflieg, 2016; Thornton et al., 2017; Welch et al., 2016),

elevated suicide risk (Crow, 2014; Forrest et al., 2016; Huas

et al., 2013; Pisetsky et al., 2013) and significant impairment (Kessler

et al., 2013). However, widely accessible, effective treatment for BED

and BN is lacking. To increase reach of evidence-based eating disorder

(ED) treatments, we tested the feasibility of digital interventions using

smartphones and wearable technology.

Although cognitive-behavioral therapy (CBT) is the top evidence-

based treatment for BED and BN (Brownley et al., 2016; Hay

et al., 2004; Shapiro et al., 2007), problems with treatment delivery

models challenge treatment potency (Kazdin et al., 2017). First, the

“dominant model of treatment delivery,” CBT, is confined to the walls

of the clinic, delivered by a trained mental health professional, and

conducted face-to-face (Kazdin et al., 2017). The reach of this model

is poor. Second, this model of treatment delivery is underutilized

(Kazdin et al., 2017), with community studies in the United States indi-

cating that only �43.5% of individuals with a lifetime history of BED

or BN have ever sought ED treatment (Hudson et al., 2007), and poor

engagement and dropout remain problematic (Beintner et al., 2014;

Fassino et al., 2009; Waller, 1997). The delivery of face-to-face care

has been further limited by the COVID-19 pandemic (Termorshuizen

et al., 2020), highlighting the need for telehealth options. The

United States also has a dire shortage of mental health providers

(Health Resources & Services Administration, 2021; National Council

for Mental Wellbeing, 2017; Thomas et al., 2009) with competence in

CBT for EDs (Agras et al., 2017; Mussell et al., 2000), further impeding

delivery of evidence-based treatment. Third, interventions are typically

confined to ≤50 min/week, without real-time support in patients' daily

lives (Tregarthen et al., 2015), and traditional CBT approaches rely on

retrospective self-monitoring of “triggers” for ED behaviors (i.e., binge

eating, purging), a central component of treatment (Barakat

et al., 2017; Latner et al., 2002). ED symptoms and meals are fre-

quently recalled retrospectively in therapy sessions and are subject to

memory decay, social desirability, recall bias, and mood (Schoch &

Raynor, 2012; Smyth et al., 2001).

A clear need exists for accessible, scalable CBT-based interven-

tions for the millions of individuals not otherwise seeking treatment,

but who may engage in a program that is discreet, affordable, and

accessible. Online ED interventions offer a potential solution, given

that almost all Americans have access to a cellphone and/or computer

(Pew Research Center, 2021), and online and mobile application-

based treatment programs for EDs have demonstrated initial efficacy

(Aardoom et al., 2016; Bauer & Moessner, 2013). Support tools such

as Recovery Record (RR) address the aforementioned problems by

increasing reach, providing 24/7 support for users, and encouraging

in-the-moment monitoring and interaction (Chapa et al., 2020;

Tregarthen et al., 2019). However, most technology-based tools and

ecological momentary assessment approaches rely on burdensome

self-report data, akin to in-person treatment.

The Binge-Eating Genetics Initiative (BEGIN) fills this gap by

adapting the 4-week CBT-based content for binge-type EDs delivered

via a smartphone app (RR) (Tregarthen et al., 2019) for use on Apple

Watches. Data collected will ultimately be used to design interven-

tions to personalize CBT-based just-in-time adaptive interventions

(JITAIs) to prevent unhealthy behaviors before they occur (i.e., an early

warning system), thereby increasing the reach of evidence-based

recovery tools and the scalability and utility of digital technology. This

study, representing the original feasibility investigation, compares

retention and engagement for participants using a first-generation

Watch alongside an iPhone with participants only using an iPhone

app. To date, only one study specifically evaluated RR engagement in

3294 users (Kim et al., 2022). This study, which did not include wear-

ables, indicated greater engagement and more actual time spent on

the app were associated with improved outcomes. This study serves

as a foundation for future work with JITAIs.

We present findings from the feasibility phase of BEGIN focusing

on associations between wearable technology, engagement in the RR

platform, and binge eating. We assessed whether (1) wearable tech-

nology (i.e., a first-generation Watch) improved study retention and

completion and enhanced engagement in the RR platform compared

to using the app exclusively in its traditional smartphone platform
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(i.e., iPhone group); (2) wearable technology was associated with

change in binge-eating episode frequency from baseline to endpoint;

(3) associations existed between severity of illness and RR engage-

ment and whether these associations differed between those

accessing RR on the Watch and those in the iPhone group. Specifi-

cally, we assessed whether the number of binge-eating episodes in

the 28 days prior to enrollment, number of binge-eating episodes dur-

ing the study, and change in binge-eating episodes from baseline to

endpoint were associated with engagement.

2 | METHOD

2.1 | Participants

Participants met the following enrollment criteria: (1) have lived expe-

rience of BED or BN; (2) currently experiencing binge-eating episodes;

(3) 18–45 years old, (4) be ambulatory, (5) be a U.S. resident, (6) speak

English, and (7) own an iPhone 5 or newer. Exclusion criteria included:

(1) current hormone therapy, (2) inpatient treatment or hospitalization

for EDs in the 2-weeks prior to enrollment, (3) active suicidality at

screening, (4) history of bariatric surgery, (5) pregnant or

breastfeeding, or (6) antibiotic or probiotic use in the past 30 days (for

fecal sampling in the parent study). There were no exclusions for

other types of past or current ED, nutritional, or weight loss

treatment.

2.2 | Procedure

The complete study protocol is published elsewhere (Bulik

et al., 2020); individuals recruited for the feasibility study are

included in the parent study. Participants in the feasibility study

were only recruited through the RR mobile app downloaded via the

Apple AppStore; recruitment was not limited to new users. RR sent

an invitation to the ED100K-v2 eligibility questionnaire (Bulik

et al., 2020; Thornton et al., 2018) to all app users who logged three

meals. Eligible individuals were invited to complete consent forms.

For the feasibility study, participants were randomized into the

Watch group (i.e., completed the study using the RR application

adapted for an Apple Watch in conjunction with their iPhone), or the

iPhone group (i.e., who only used the iPhone version of the RR

application). Participants received kits containing a first-generation

Watch (if in the Watch group), saliva collection kit, fecal sampling

kit, and instructions for study procedures. All participants were

instructed to log behaviors, urges, mood, and meals each day for

30 days; however, instructions regarding frequency of app usage

beyond daily logs were not specified. Watch group participants

were asked to wear the watch during waking hours and to log

behaviors, urges, and mood on the Watch; meals had to be logged

on the iPhone. Finally, participants completed the EDE-Q at end-

point (at 30 days); the EDE-Q was not administered at midpoint in

the feasibility study. Participants could keep the Watch and con-

tinue using RR after completing the study, but those data were not

collected.

2.3 | Recovery record and app engagement

RR delivers an innovative 4-week CBT-based program (including self-

monitoring) for binge-type EDs (Tregarthen et al., 2015; Tregarthen

et al., 2019). Users log daily meals, mood, urges, and disordered eating

behaviors (binge eating, vomiting, laxative/diuretic misuse, excessive

exercise). RR provides CBT-based content including goal setting, cog-

nitive restructuring, emotion regulation, behavioral techniques, and

coping strategies (e.g., mindfulness, positive activity scheduling, seek-

ing social support; see Figure 1).

RR is typically used as a mobile application with a smartphone.

Participants used the traditional app through their mobile device, and

the app was modified to deliver content through a Watch. Participants

could log behaviors, urges, and mood and engage with coping strate-

gies through the Watch and/or iPhone, but could only log meals

through the iPhone. Prior studies using ecological momentary assess-

ment that explored antecedents to and consequences of binge eating

(Berg et al., 2013; Berg et al., 2017; Goldschmidt et al., 2014;

Goldschmidt et al., 2018; Haedt-Matt & Keel, 2011; Hilbert &

Tuschen-Caffier, 2007; Smyth et al., 2007) informed our adaptation of

RR with reference to mood monitoring: participants could select

emojis that reflect negative and positive affect flanking binge or purge

episodes or when desired. If participants did not engage with RR for

23 days, they were sent email reminders (n = 1) and notifications to

continue using the app. Participants who experienced technical diffi-

culties related to the app or Watch (n = 4) contacted the research

team, who troubleshot case-by-case concerns.

F IGURE 1 Recovery record for apple
watch screen examples
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For this study, we evaluated how often participants engaged with

the app. For the Watch group, we counted all times the participant

interacted with the app, whether on the iPhone or the Watch. For the

iPhone group, this was the number of times the participant interacted

with the app on the iPhone. We defined “engagement” four ways:

(1) “DailyMeanMeals” is the daily mean of the number of times partici-

pants opened the app per day over the month, including the times they

opened the app specifically to log meals; and (2) “DaysUsedRRMeals” is

the number of days participants used the RR app during the month,

including logging meals. Because meal logs could only be entered on the

phone, we also assessed (3) “DailyMeanNoMeals,” defined as the daily

mean number of times participants opened the app per day over the

month, not including meal logs; and (4) “DaysUsedRRNoMeals,” which is

the number of days participants used the RR app during the month, not

including meal logs.

The research was reviewed and approved by an institutional

review board.

Trial registration: The ClinicalTrials.gov identifier is

NCT04162574.

2.4 | Measures

2.4.1 | Sample characteristics

Demographic data (age, sex, race, ethnicity) were collected at baseline.

Treatment history was assessed with three questions: (1) Have you

ever received any of the following hospital-based treatments for binge

eating with response options: inpatient, residential, emergency room, I

have never received any hospital-based treatment, or do not know/

refuse. (2) Have you ever received any of the following outpatient

psychotherapy treatments for binge eating? Outpatient treatment was

scored as 1 if the participant endorsed any psychotherapy and scored

as 0 if they endorsed not receiving any outpatient treatment or did

not endorse either. (3) Have you ever taken any of the following medica-

tions for binge eating? If participants selected any listed medications,

they were scored as 1 for medications and 0 otherwise.

The ED100K-v2 is a self-report assessment based on the Struc-

tured Clinical Interview for DSM-5, Eating Disorders Module, adminis-

tered prior to enrollment. Items assess DSM-5 criteria for BED, BN,

and anorexia nervosa; algorithms determined lifetime diagnosis of all

three EDs. Participant self-reported height and weight was used to

calculate current, lifetime highest, and adult lifetime lowest BMI.

ED100K-v1 is a valid measure of eating symptoms and behaviors

(Thornton et al., 2018).

Participants completed the following questionnaires at baseline. If

participants did not complete these questionnaires within 4 days, they

received reminder emails.

The Eating Disorders Examination Questionnaire-V6.0 (EDE-Q)

(Fairburn & Beglin, 1994) captures EDs pathology, including the fre-

quency and severity of binge episodes over the past 28 days, and

demonstrates moderate-to-good validity and reliability (Berg

et al., 2012). The EDE-Q was administered at enrollment and endpoint

30 days later. The number of binge-eating episodes was evaluated by

a single item: On how many of these times (where you ate what other

people would regard as an unusually large amount of food) did you

have a sense of having lost control over your eating (at the time you

were eating)? Discrete change in binge-eating episodes was calculated

as (endpoint episodes – baseline episodes).

“Retention” in the study was defined as completing the EDE-Q at

baseline and endpoint. Study “completion” was defined as completing

the EDE-Q at baseline and endpoint and returning saliva (DNA) and

fecal samples. Analyses of saliva and fecal samples are the focus of

future reports.

The Patient Health Questionnaire (PHQ-9) (Kroenke et al., 2001) is

a 9-item, self-administered version of the PRIME-MD with good reli-

ability and validity (Kroenke et al., 2001). Items are based on DSM-IV

criteria for major depressive disorder and are scored as “0” (not at all)
to “3” (nearly every day). Sum scores indicate severity: 5–9 = mild,

10–14 = moderate, 15+ = severe symptoms.

The Generalized Anxiety Disorder 7 (GAD-7) (Lowe et al., 2008) is a

7-item, self-report questionnaire for generalized anxiety disorder with

good reliability (Spitzer et al., 2006) and validity (Lowe et al., 2008) in

the general population. Each symptom is scored on a 3-point scale:

“not at all” (0), “several days” (1), or “more than half the days” (2).

Items are summed to create a “GAD-7 total score.” Scores indicate

severity: 5–9 = mild, 10–14 = moderate, 15+ = severe symptoms.

2.5 | Data analysis

Statistical analyses were conducted using SAS® version 9.4 (SAS Insti-

tute Inc., 2013). Prior to analyses, descriptive statistics and graphics

were used to screen data for implausible values, errors, and check dis-

tributional assumptions. To evaluate missing data, participants who

met retention criteria were compared to those who did not across

demographic variables using χ2 tests for independence and indepen-

dent samples t-tests. Retention was defined by a single item, so miss-

ing data were not imputed.

Descriptive statistics were generated for sex, ethnicity, race, life-

time ED diagnosis (i.e., BED, BN, or both determined by algorithm

from the ED100K-v2), and treatment variables (n and %), and for age,

BMI variables, PHQ-9, and GAD-7 scores (mean and std) by group.

Groups were compared on these variables using χ2 tests for indepen-

dence and independent samples t-tests.

For Aim 1, χ2 tests were applied to evaluate whether the Watch

and iPhone groups differed in retention and completion. To evaluate

engagement, only participants who met retention criteria

(i.e., completed the endpoint EDE-Q) were included because we can-

not accurately determine when a participant decided to end participa-

tion based solely on app usage. To evaluate differences in

engagement, analysis of variance models were applied using PROC

GENMOD, predicting engagement from study group. Current BMI

was entered as a covariate. For these analyses and the generalized lin-

ear models described below, distribution and link functions were set

to normal and identity for DailyMeanMeals, DailyMeanNoMeals, and
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discrete change in binge-eating episodes, and to negative binomial

(overdispersion was observed) and log for DaysUsedRRMeals,

DaysUsedRRNoMeals, and number of binge-eating episodes.

For Aim 2, we evaluated differences between groups on two

binge eating measurements: (1) number of binge-eating episodes at

endpoint, and (2) discrete change in binge-eating episodes from base-

line to endpoint (endpoint episodes—baseline episodes) using analysis

of variance models, applied using PROC GENMOD. Current BMI and

baseline binge-eating episodes were entered as covariates; effect

sizes were calculated using McFadden's pseudo-R2; footnote 1. The

number of participants in each group who entered or sustained remis-

sion, defined as zero episodes of binge eating over 30 days, is also

reported.

For Aim 3, linear regression models (using PROC GENMOD) were

used to evaluate associations between severity of illness and RR

engagement. Specifically, we predicted engagement from the number

of binge-eating episodes reported at baseline; current BMI was

entered into models as a covariate. This indicates whether baseline

severity of illness influences engagement. We then predicted number

of binge-eating episodes at endpoint from engagement, accounting

for number of baseline episodes and current BMI. This indicates how

engagement influences severity at end of study. Lastly, to determine

if engagement was associated with a change in severity, discrete

change in binge-eating episodes from baseline to endpoint was

predicted from engagement, accounting for current BMI and baseline

binge episodes. Group (iPhone vs Watch) was entered into all models

as a covariate. If group was significant, the model was then stratified

by group. Results from the initial model, stratified models, and

McFadden's pseudo-R2 effect sizes are presented.

3 | RESULTS

3.1 | Sample characteristics

Across the United States, 170 participants (95.9% female, 87.1% non-

Hispanic, 89.7% White) met inclusion criteria. Most participants

(70.6%) reported a lifetime history of both BED and BN, whereas

11.8% reported a lifetime diagnosis of BED but not BN, and 17.6%

reported a history of BN but not BED. Almost 30% of participants had

never been treated for their ED. For the missing data analysis, those

who met retention criteria (n = 107) were more likely to be older

(p = .018) and female (p = .01) compared to those who did not meet

retention criteria (n = 63).

Participants were randomly assigned to the Watch group (n = 86)

or the iPhone group (n = 84). These sample sizes provide post-hoc

power (β = .80, α = .05) to detect moderate effect sizes, Cohen's

D = .40 and odds ratios ≥ 2.4.

Table 1 presents descriptive statistics and questionnaire responses

by group. Significant differences in ED diagnosis were observed: the

Watch group had more participants with BN only and fewer with both

BN and BED. On average, participants reported being mild-to-

moderately depressed and anxious. In the 28 days prior to enrollment,

the number of binge-eating episodes ranged from 0 to 56 and the aver-

age number of episodes was 11.7. Current BMI was significantly higher

in the iPhone group than in the Watch group. No other significant dif-

ferences were noted. Participants in the Watch group wore Watches

for an average of 8 hours/day. No adverse events were reported.

3.2 | Aim 1: Retention, completion, and
engagement

Although more participants in the Watch group (66.3%) met criteria

for retention (completing the EDE-Q at baseline and endpoint) than

those in the iPhone (59.5%) group, the difference was not significant

[χ2(1,n = 170) = 0.83; p = .37]. Significantly more participants in the

Watch group (54.6%) met criteria for study completion (completing

the EDE-Q at baseline and endpoint and submitting saliva and

microbiome samples) than in the iPhone group [39.3%;

χ2(1,n = 170) = 4.03; p = .045].

To be included in engagement analyses, participants had to meet

retention criteria: 57 participants in the Watch group and 50 partici-

pants in the iPhone group met retention criteria. However, one partic-

ipant in the Watch group and two in the iPhone group did not have

any logs; thus, 56 in the Watch group and 48 in the iPhone group

were included in the engagement analyses. Notably, of the total

observations for participants in the Watch group that were not meal

logs, 15.7% of observations (e.g., behaviors, urges) were logged on

phones.

Table 2 presents mean engagement by group and results. The

groups differed significantly in the mean number of times the app was

opened daily including meal logs (DailyMeanMeals) and excluding meal

logs (DailyMeanNoMeals), and the number of days the app was used

over 30 days excluding meal logs (DaysUsedRRNoMeals). In all cases,

the Watch group had greater engagement. No differences were found

between groups for the number of days used in 30 days including meal

logs (DaysUsedRRMeals).

3.3 | Aim 2: Binge eating

To assess group differences in binge eating at endpoint and change in

binge eating across the study, only participants with data from the

EDE-Q at baseline and endpoint were included (Watch group = 57;

iPhone group = 50). In this reduced sample, the mean (SD) number of

binge-eating episodes in the last 30 days recorded at baseline was

12.3 (11.6). At endpoint, the average number of episodes [mean

(SD) = 6.4 (6.5)] was significantly reduced (paired t-test t-value

[106] = 5.43, p < .0001). Most participants in each group (Watch

group = 59.7%; iPhone group = 66.0%) reduced the number of binge-

eating episodes from baseline to endpoint. However, no significant dif-

ferences between the groups were observed in number of binge-eating

1McFadden's pseudo R2 was calculated as the following: 1-LLmod/LL0, where LLmod was the

log likelihood of the value for the fitted model, and LL0 was the log likelihood of the value for

the null model.
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TABLE 1 Descriptive statistics for demographic, treatment, and clinically related variables measured at baseline, by group, and results
evaluating differences between groups on each variable

Watch n = 86 iPhone n = 84

χ2
(df,n) statistic (p-value)Variable Categories % (n) % (n)

Sex Female NR NR 3.60(1,170) (.12)
a

Male NR NR

Ethnicity Hispanic 9.3 (8) 16.7 (14) 2.05(1,170) (.16)

Non-Hispanic 90.7 (78) 83.3 (70)

Race African American NR NR 1.60(5,170) (.90)

Asian NR NR

White 87.2 (75) 86.9 (73)

More than one race 4.6 (4) 7.1 (6)

Native American NR NR

Not Reported NR NR

Diagnosis BED 12.8 (11) 10.7 (9) 6.18(2,170) (.046)

BN 24.4 (21) 10.7 (9)

BED and BN 62.8 (54) 78.6 (66)

History of inpatient treatment Yes 22.1 (19) 20.7 (17) 0.05(1,168) (.83)

No 77.9 (67) 79.3 (65)

History of outpatient treatment Yes 67.4 (58) 75.6 (62) 1.37(1,168) (.25)

No 32.6 (28) 24.4 (20)

History of any treatment Yes 67.4 (58) 75.6 (63) 1.49(1,169) (.23)

No 32.6 (28) 24.1 (20)

History of medication for binge eating Yes 57.0 (49) 61.0 (50) 0.28(1,168) (.60)

No 43.0 (37) 39.0 (32)

Mean (SD) [range] Mean (SD) [range] t-value(df) (p-value)

Age 28.0 (6.6) [18, 45] 29.5 (6.3) [20, 45] �1.54(168) (.13)

Current BMI 29.8 (9.3) [17.7, 56.9] 33.6 (11.0) [16.6, 63.8] �2.41(168) (.018)

Highest BMI 33.7 (9.9) [17.7, 63.5] 36.4 (11.4) [20.9, 66.7] �1.64(168) (.11)

Lowest BMI 22.4 (6.0) [12.3, 48.2] 23.4 (7.5) [12.3, 54.9] �0.97(168) (.34)

PHQ-9 Score (nWatch = 76; niPhone = 69)b 10.9 (5.3) [0, 25] 10.5 (5.3) [0, 23] 0.47(143) (.64)

GAD-7 Score (nWatch = 76; niPhone = 69)b 9.3 (5.1) [0, 21] 9.3 (5.5) [0, 21] �0.04(143) (.98)

Binge-eating episodes at baseline (nWatch = 75; niPhone = 74)b 12.0 (11.2) [0, 56] 11.4 (10.0) [0, 50] 0.32(147) (.76)

Note: NR, Not reported here to protect the privacy of participants.
aProbability based on Fisher's exact test.
bParticipants were not required to complete the PHQ-9, GAD-7, or EDE-Q (where binge episodes at baseline were reported), resulting in different Ns per group.

TABLE 2 Mean (SD) engagement with the recovery record app by group; results from analysis of variance modelsa evaluating group
differences in various engagement variables with current BMI as a covariate; and effect sizes

Watch n = 56 iPhone n = 48

χ2 statistic (df = 1) (p-value) McFadden's pseudo-R2Engagementa,b Mean (SD) Mean (SD)

DailyMeanMeals 13.6 (10.0) 10.2 (7.3) 3.95 (.047) 0.01

DaysUsedRRMeals 23.0 (6.6) 23.1 (6.9) 0.02 (.899) 0.00

DailyMeanNoMeals 3.5 (3.8) 0.2 (0.3) 33.01 (<.0001) 0.06

DaysUsedRRNoMeals 13.8 (9.2) 1.1 (1.7) 90.46 (<.0001) 0.34

aFor DailyMeanMeals and DailyMeanNoMeals, analysis of variance was applied with PROC GENMOD (distribution = normal, link = identity). For

DaysUsedRRMeals and DaysUsedRRNoMeals, analysis of variance was applied with PROC GENMOD (distribution = negative binomial, link = log).
bDailyMeanMeals = the mean number of times participants opened the app per day over the month, including meal logs; DaysUsedRRMeals = the number of

days the participant used the app during the month including meal logs; DailyMeanNoMeals = the mean number of times participants opened the app per day

over the month not counting meals logs; DaysUsedRRNoMeals = the number of days the participant used the app during the month, not counting meal logs.
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episodes at endpoint [χ2(1,n = 107) = 1.11, p = .30] or in the discrete

change in the number of binge-eating episodes from baseline to end-

point [χ2(1,n = 107) = 1.70, p = .20].

Despite endorsing current binge eating on the ED100K-v2, three

participants in the Watch group and four in the iPhone group reported

no episodes of binge eating at baseline and at endpoint in the EDE-Q,

indicating they may have been in remission. One participant in each

group was in remission at baseline (reported no episodes of binge eat-

ing on the EDE-Q at baseline) but reported binge-eating episodes at

endpoint, indicating possible relapse. Three additional participants in

the Watch group and seven in the iPhone reported entering remission

at endpoint.

3.4 | Aim 3: Associations between severity of
illness and engagement

Table 3 presents results from models evaluating associations between

severity of illness and engagement. Baseline binge-eating episodes

significantly predicted DailyMeanNoMeals; group was significant in this

model. Stratified analyses revealed that, in the Watch group, fewer

binge-eating episodes at baseline predicted greater engagement as

measured by DailyMeanNoMeals. This association was not significant in

the iPhone group. Although DaysUsedRRNoMeals was not significantly

associated with baseline binge-eating episodes in the initial model,

group was significant. The stratified analyses indicate that

DaysUsedRRNoMeals was significantly associated with baseline binge-

eating episodes in the Watch group but not the iPhone group.

In contrast, no engagement variables were associated with the

number of binge-eating episodes at endpoint or with discrete change in

number of binge-eating episodes from baseline to endpoint. The most

consistently significant predictor of both endpoint episodes and change

in number of episodes was number of baseline binge-eating episodes.

4 | DISCUSSION

This study explored the feasibility of adapting the widely used CBT-

based ED app RR for use on the Apple Watch.

4.1 | Aim 1: Retention, completion, and
engagement

Although there was no difference in retention, significantly more par-

ticipants in the Watch group met criteria for study completion than

TABLE 3 Results from generalized linear models evaluating associations between severity of illness and engagement, accounting for current
BMI and group. For models where group was significant, results from analyses stratified by group and effect sizes are presented

Results from stratified analyses

Results from unstratified
analyses Watch iPhone

Modela B (SE)

χ2 statistic

(df = 1)
(p-value) B (SE)

χ2 statistic

(df = 1)
(p-value)

McFadden's
pseudo-R2 B (SE)

χ2 statistic

(df = 1)
(p-value)

McFadden's
pseudo-R2

Baseline binge episodes predicting engagement

DailyMeanMeals �0.015 (0.075) 0.04 (.84) 0.003 (0.110) 0.00 (.98) 0.01 0.011 (0.095) 0.01 (.92) 0.01

DaysUsedRRMeals �0.002 (0.003) 0.46 (.50)

DailyMeanNoMeals �0.052 (0.023) 5.02 (.025) �0.081 (0.040) 3.85 (.050) 0.02 �0.001 (0.004) 0.07 (.80) 0.05

DaysUsedRRNoMeals �0.011 (0.008) 1.79 (.19) �0.020 (0.008) 4.98 (.026) 0.01 0.016 (0.019) 0.69 (.41) 0.01

Engagement predicting endpoint binge episodesb

DailyMeanMeals 0.004 (0.011) 0.11 (.74)

DaysUsedRRMeals �0.003 (0.016) 0.03 (.86)

DailyMeanNoMeals �0.031 (0.039) 0.60 (.45)

DaysUsedRRNoMeals �0.009 (0.017) 0.31 (.59)

Engagement predicting discrete change in binge episodesb

DailyMeanMeals 0.020 (0.067) 0.09 (.77)

DaysUsedRRMeals 0.003 (0.089) 0.00 (.98)

DailyMeanNoMeals �0.152 (0.218) 0.48 (.49)

DaysUsedRRNoMeals �0.040 (0.096) 0.18 (.68)

aDailyMeanMeals = the mean number of times participants opened the app per day over the month, including meal logs; DaysUsedRRMeals = the number of

days the participant used the app during the month including meal logs; DailyMeanNoMeals = the mean number of times participants opened the app per

day over the month after meals logs were removed; DaysUsedRRNoMeals = the number of days the participant used the app during the month, calculated

after meal logs were removed.
bBaseline binge-eating episodes were as a covariate in models.
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those in the iPhone group, indicating that the Watch group was more

involved in the study. Similarly, the Watch group had greater engage-

ment than the iPhone group across three measures of engagement

(DailyMeanMeals, DailyMeanNoMeals, DaysUsedRRNoMeals). Using wear-

able technology alongside a smartphone may promote overall engage-

ment in apps like RR, which should be replicated with other digital ED

interventions in future research.

4.2 | Aim 2: Binge eating

Participants reporting an average of 11.7 binge episodes per month at

enrollment and the majority reporting prior ED treatment or pharma-

cotherapy for binge eating suggests that symptoms had not been fully

alleviated or they had relapsed at time of enrollment, underscoring

the need for effective and accessible treatments. Mean PHQ-9 and

GAD-7 total scores indicated the sample was also experiencing mod-

erate depressive symptoms and mild–moderate anxiety symptoms,

which is commonly observed in ED samples (Grilo et al., 2009;

Hudson et al., 2007).

By end of study, most individuals who met retention criteria in

both groups reported substantial reductions in binge-eating episodes:

on average, the sample halved their binge episode frequency over

30 days. This result suggests that using RR as an intervention over

1 month could help individuals reduce the frequency of binge-eating

episodes. No significant differences emerged between the Watch and

iPhone groups in binge-eating episodes at endpoint and change in

binge-eating episodes from baseline to endpoint, suggesting that both

forms of the app may be suitable options for future users. Our results

support the utility and acceptability of a digital ED intervention app

delivered through wearable technology.

4.3 | Aim 3: Associations between severity of
illness and engagement

For those who met retention criteria, severity of illness, as indicated

by the frequency of binge episodes at baseline, predicted engagement

outside of meal logs (DailyMeanNoMeals and DaysUsedRRNoMeals) in

the app in the Watch but not the iPhone group: participants with less

frequent binge episodes engaged with the app more by logging

behaviors, urges, and mood. This observation has several possible

explanations. Participants using the app on the Watch who had fewer

binge episodes at baseline may have been more willing and/or able to

engage with the apps other features. Those with more baseline eating

pathology may have prioritized logging meals and binges over the

other available features. Alternatively, those with less severe ED

pathology and less impairment at baseline may have been more moti-

vated to engage or were already further along in recovery, and this

study provided an added boost.

App engagement was not predictive of endpoint binge-eating epi-

sodes or change in binge-eating episodes after accounting for baseline

binge-eating episodes. Nonetheless, binge-eating episode frequencies

were nearly halved by the end of the 30-day study, suggesting that using

a Watch and iPhone may not be required for change in binge episodes.

When combined with the high mean engagement rates, where partici-

pants used the app 76% of the days in the study and multiple times per

day, these results suggest that consistent use of RR through either smart

phone or wearable technology may lead to symptom improvement.

Future research may evaluate if such gains are sustained long term.

4.4 | Strengths and limitations

Strengths of the study include employing new wearable technology

that is more discrete to deliver evidence-based ED treatment for BED

and BN and that can be used alongside a smartphone. Moreover, the

absence of any reported adverse events speaks to the safety and

acceptability of this approach. Our use of a readily downloadable app

allows for immediate translation to real world scenarios.

Limitations should be noted. Although participants were recruited

from the United States, more specific geographic location is not

reported to protect confidentiality. Participants were not randomized

by diagnosis, which resulted in small but significant differences in

diagnosis frequency between Watch and iPhone groups. The sample

primarily comprised White females, which, despite not representing

U.S. demographics, aided in planning recruitment strategies to ensure

appropriate representation in the parent study. Differences were

observed in age and sex between those who met retention criteria

(thus did not have missing data and were included in analyses for Aims

2 and 3) and those who did not. However, differences in retention

might be explained by other variables that were not measured.

Participants in the Watch group may have felt that the Watch was

a reward for participation or were excited about the novelty of the

product and were subsequently more inclined to engage with the RR

app. Recruitment was open to all RR users, new or ongoing, if they were

actively engaged as indicated by logging three meals. It is possible that

new users may have engaged more due to the novelty of the app

and/or that the participant pool skewed more towards actively engaged

individuals who had experience with the app. Also, reminders may have

influenced participants' engagement, especially if received on both the

iPhone and Watch. Future research may address these limitations and

establish evidence for acceptability and satisfaction with the app.

Finally, an inclusion criterion was current usage of an iPhone; research

suggests these products are more widely used in higher socioeconomic

samples (Bertrand & Kamenica, 2018) and may limit the generalizability

of the results. Socioeconomic status was not queried—future research

should consider complementary options for lower cost platforms.

5 | CONCLUSIONS AND FUTURE
DIRECTIONS

Results of the feasibility study encouraged launching the parent study

to gather 30-days of RR data and passively collected data on

actigraphy and heart rate from Apple Watches. This combination
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extends beyond ecological momentary assessment technology and

will dramatically reduce participant burden by collecting passive and

active data discretely while gathering orders of magnitude more data

over a 30-day period than possible with standard approaches. These

intensive data allow for complex modeling that mirrors the dynamic

nature of BED/BN. Identification of low- and high-risk data patterns

will facilitate prediction of transitions to high-risk states signaling

impending binge or purge episodes and will provide a strong founda-

tion for the contextual nature of BED/BN critical to implementing

JITAIs.
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